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1 EXECUTIVE SUMMARY

1.1 Recommendation on Regulatory Action

In this second submission for approval of rufinamide as adjunctive treatment of partial seizures

in adults the re-evaluation does not identify further evidence to —======== _ This
reviewer recommends rufinamide be granted an complete response for this indication — -wes===—
B Y

' AE/ET1: The pivotal goal of establishing a dose response is lost when the linear dose response
analysis is reexamined by Dr. Siddiqui (FDA statistical reviewer) with proportional dose
recoding and placebo excluded. A secondary outcome measure, seizure frequency ratio of
response at each dose is reported by the sponsor to be significant at 400mg, 800mg and 1600mg,
however when the analysis is refined by multiplicity testing, only the 800mg dose is statistically
significant. In another secondary efficacy measure, the logistic regression analysis on the 25%
and 50% responder rate, none of the doses is significant after adjusting for multiplicity. The
significance of the logistic regression analysis of the GATE (Global Assessment of Therapeutic
Effect) scale is only significant at 1600mg after multiplicity adjustment. The Poisson regression
analysis on seizure frequency retains only 1600mg of rufinamide significant after multiplicity
adjustment. In addition when the model is refitted without the 200mg dose the 400mg and
800mg subsequently lose significance. Dr. Siddiqui notes that each dose should independently
have power to demonstrate significant efficacy. The ANCOVA on rank of total seizure
frequency was repeated without transformation and with country as covariate. Again after
multiplicity testing none of the doses was statistically significant.

In the initial review it was also seen that the percent reduction in seizure frequency for the
rufinamide group over placebo was non linear. There was less reduction in at the 1600mg dose
then at 800mg.

There is no clear dose response when placebo is removed from the dose response analysis; this

- implies that the significant slope in the dose response analysis is created by the placebo and the
cluster of dose points which behave as a single point rather than an array of points with
progressive increase in effect. The review also reveals a weak medication effect with
significance oscillating between the 800mg a day and 1600mg a day dosage. This study does not
define a usable range of medication dose. In order to define a clear effective dose range for this
product a new dose ranging study is needed. :

021A: The efficacy of rufinamide is modest and when analysis is limited to the US population only,
significance is lost. A secondary analysis of efficacy measures was performed by the FDA statistical
reviewer, using an ANCOVA model of rank of total partial seizure frequency / 28 days during
baseline phase with treatment, country, age and sex as covariates there was no significance. An
additional consideration by the FDA statistical reviewer pointed out the primary efficacy variable of

4

b(4)
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percent change in seizure frequency may have an advantage over change in total seizure frequency
when there are a predominance of subjects with low baseline seizure frequency. In those
circumstances a small reduction during treatment may translate into a large percent change in seizure
frequency. These features indicate that the anticonvulsant effect is not robust.

In this second submission for approval of rufinamide in treatment of LGS (Lennox-Gastaut
syndrome) the re-evaluation reveals that 022 is a positive study. It is also acknowledged that
although studies AE/ET1 and 021A =~ ——
«———""—o provide support for study 022 in approval of rufinamide for LGS treatment. Based on
this evidence this reviewer recommends approval of rufinamide for treatment of Lennox-Gastaut

syndrome. b(4)

1.2 Recommendation on Postmarketing Actions

Rufinamide has the novel adverse effect of dose related QT shortening. Data already collected
during the rufinamide development program may be informative on the interaction of rufinamide
with other drugs thought to shorten the QT interval or act to block sodium channels. The sponsor

will be requested to examine the effect of concomitant medications on rufinamide treatment and
shortening of the QT interval for clinical trials where QAT data was collected.

1.2.1 Risk Management Activity

none

1.2.2 Required Phase 4 Commitments

1. The sponsor will be asked to provide the following analysis on existing clinical study data:

a. The baseline (pre-treatment) mean QT interval (as measured by all three correction methods)
in rufinamide-treated patients receiving concomitant drugs believed to shorten the QT interval
(see appendix 10.5) and in patients without such concomitant medications.

b. The mean on-treatment QT interval (again by all three correction methods) for rufinamide-
treated patients receiving concomitant drugs believed to shorten the QT interval (appendix 10.5)
and in patients without such concomitant medications.

c. the same analysis for sodium channel blocking drugs (appendix 10.5).

2. Conduct an in vitro metabolism study to characterize the potential serious safety risk of the
inhibitory effect of rufinamide on P-gp.

3. Conduct a juvenile dog toxicology study to identify the unexpected serious risk of adverse
effects on postnatal growth and development.
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1.2.3 Other Phase 4 Requests

None recommended

1.3 Summary of Clinical Findings

1.3.1 Brief Overview of Clinical Program

Rufinamide is a new molecular entity with properties that show potential for use as an adjunctive
antiepileptic drug for treatment of partial seizures and seizures associated with Lennox-Gastaut
syndrome (LGS). The mechanism of action has not been fully elucidated but has been shown to
limit the frequency of sodium dependent neuronal action potentials. The earliest elements of the
development program began in 1989 with a PK study. Safety and efficacy trials in the initial
submission span the interval from 1997 to year 2000. These studies have yielded three pivotal
trials which are the focus of this submission, studies AE/ET1 and 021A for partial seizures in
adults and study 022 in LGS .

e Study AE/ET]1 is a multicenter, multinational, double blind, randomized, placebo-
controlled, 5 arm parallel trial in patients with partial seizures on up to three concomitant
antiepileptic drugs to investigate efficacy and tolerability in doses of
200mg/day,400mg/day,800mg/day, 1600mg/day. There was no dose titration. The trial
period spanned November 1992 to December 1994. 647 patients were randomized to
double blind treatment phase and 554 completed double blind treatment.

e Study 0021A is a multicenter, multinational, double-blind, placebo-controlled,
randomized, stratified, parallel-group trial of rufinamide as adjunctive therapy in children
and adults with inadequately controlled partial seizures. Primary objective to evaluate the
safety and efficacy of rufinamide as adjunctive therapy, relative to placebo, in patients
with inadequately controlled partial seizures. Dosing started at 800 mg/day and was
titrated to 3200 mg/day over a 1 to 2 week period beginning at 400mg twice a day then
advancing 800mg a day to achieve 3200mg a day. The rate of dose escalation may be
reduced but the dose attained at the end of the two week titration will remain the patient
dose during the maintenance period. Study interval spanned November 1997 to May
1999. A total of 274 adult patients were planned for analysis. A total of 313 adult patients
were randomized with 156 randomized to rufinamide and 157 randomized to placebo.

e Study 0022 is a Multicenter, multinational, randomized, double-blind, placebo-
controlled, parallel trial comparing the safety and efficacy of rufinamide as adjunctive
therapy relative to placebo in patients with inadequately controlled Lennox-Gastaut
Syndrome. The study objective was to evaluate the safety and efficacy of rufinamide
relative to placebo as adjunctive therapy in patients with inadequately controlled seizures
associated with Lennox-Gastaut syndrome (LGS). Dosage was administered based on
patient weight starting at 10mg/kg/day and titrated to a target of 45mg/kg/day over 1 to 2
weeks. The study interval spanned March 1998 to September 2000. 138 patients received

6
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double blind treatment. 74 received rufinamide of which 64 completed the study. 64
patients received placebo, 59 completed the study.

Completed clinical trial exposure

In the population of all rufinamide-treated patients in completed clinical studies, 1978 patients
received rufinamide during the Double-blind Phase, the Extension Phase, or both. The total
exposure to rufinamide in this population was 2552.96 patient-years. The mean daily dose was
1700 mg/day. The duration of exposure ranged from less than 1 month to 4 years or more. More
than half of the 939 patients with median doses of less than 1600 mg/day were treated for at least
6 months. More than half of the 1039 patients with median doses of 1600 mg/day or more were
treated for at least 12 months.

In all double — blind study participants medién doses were 2400 to 3200mg/day for 291 (23.5%)
of patients and more than 3200mg/day for only 1 (0.1%) patient. More than half of the patients
who received median doses of 2400 to 3200 mg/day were treated for at least 3 months.

In combined double blind and open label studies combined 1156 patients have had greater than
six months exposure to a dose range 2400 to <3200mg. 705 subjects have had 12 months or
greater exposure to the dose range 2400 to <3200mg. 141 patients have had 6 months or greater
exposure to >3200mg daily dose. 88 patients were exposed for >12 months to >3200mg.

Ongoing clinical trials

In addition to the exposure in completed clinical studies there is further exposure in ongoing
study E2080-A001-301 and extension phase E2080-A001-302. 223 patients were randomized
into study A001-301 with 141 subsequently entering open label extension. The total exposure to
study drug (rufinamide or placebo) in the double-blind portion of study E2080-A001-301 per (
cut-off date is 33,084 patient-days; total exposure to rufinamide either during the transition phase
of study E2080- A001-301 or during open-label extension study E2080-A01-302 (all patients on
rufinamide) is 21,632-days.

Post Marketing Exposure

Rufinamide has been approved for treatment of Lennox-Gastaut syndrome in the European

Union since January of 2007. Using the available data from factory sales data on the number of

tablets sold and with the defined daily dose for rufinamide considered to be 1600 mg with

‘maximum dose 3200mg a day, it is estimated that there have been over .—= patient-days of b(a)
exposure from product launch to 15 January 2008. The available post-marketing exposure data

indicates approximately 73% of the exposure is estimated to be in the pediatric population (age

0-18 years) and 50% of the exposure is estimated to be in females. In the absence of highly valid

data, these estimates are based on local affiliate market research data, key opinion leader

interviews, and qualitative feedback from prescribers.
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Rufinamide will be supplied as 100mg, 200mg and 400mg. For Lennox-Gastaut syndrome the
recommended dosage is 45mg/kg/day to a maximum of 3200mg total daily dose divided into two
doses daily.

1.3.2 Efficacy

1.3.2.1 Adult partial seizures

The second submission is presented with no additional studies. The sponsor again presents

analysis of the adult pivotal trials AE/ET1, and 21A. In the EOR meetmg of December 18, 2006

the FDA agrees that these are two positive trials. ~— The

statistical analysis of AE/ET1 reveals a therapeutic effect but madequate differentiation between h( 4)
800mg / day and 1600mg a day. Study 016 (a double blind, randomized, parallel group

monotherapy study of 112 days which enrolled 142 patients) compounds this observation with

no difference identified between the 300mg and 3200mg a day dose. In this submission the

sponsor presents pooled data pharmacometric analysis showing a concentration response curve

in adults and to a lesser extent in children,

T e e

The sponsor also presents an argument based on effect size. This is presented in response to the

implication of low effect size in the approvable letter. They note the 20.4% effect size in the b(4§
highest study dose of 21A is within the range of effect size noted for several currently approved
anticonvulsants. The magnitude of this effect size is generally within the lower range of the

approved agents. This does not contradict FDA conclus1on that ruﬁnamlde is effective but the

effect is modest. T

1.3.2.2 Lennox-Gastaut Syndrome (LGS)

In agreement with the initial submission, study 022 is strongly positive, p=0.0015 (Wilcoxon
rank-sum test) based on primary efficacy endpoint of the percent change in total seizure
frequency per 28 days during the Double-blind Phase relative to the Baseline Phase. The
secondary efficacy measure of 50% responder rate for tonic-atonic seizure frequency relative to
baseline was also highly positive with a 42.5% reduction in the rufinamide group compared to
16.7% in placebo, p=0.0020.

There is a large divergence in baseline seizure frequency between the rufinamide and placebo
groups. The median baseline total seizure frequency in the rufinamide group is 290 seizures per
28 days and 205 seizures per 28 days in the placebo group. The median seizure rate during
double blind treatment phase for the rufinamide group was 204.1 and 205.1 in the placebo group.
Both treatment and placebo had numerically very close medians during treatment phase the
resultant percent change in seizure frequency for rufinamide was -32.7%, where the source of
significance in the study lies in the baseline seizure frequency. If there was a randomization bias
resulting in the baseline difference then the significance of this value falls into question.
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The sponsor was requested to re-evaluate the randomization procedure for systematic bias. There
were three patients with a randomization error; two of those could not have any influence on the
study. Examination of the distribution of 11 baseline variables with rufinamide and placebo
treatment as covariates revealed p values ranging from 0.127 to 1.0, indicating no evidence of a
systematic randomization bias see appendix 10.3.

Reviewer comment: Study 022 is a positive study, this in conjunction with two additional,
although not robust, positive studies of efficacy in adult partial seizures are sufficient evidence
that rufinamide is effective at the tested dose of 3200mg daily or 45mg/kg daily for the treatment
of Lennox-Gastaut syndrome and approval is recommended

1.3.2.3 Efficacy related to concomitant anti-epileptic drugs.

In response to the concern in approvable letter that effectiveness may be associated with other
AED’s due to specific pharmacodynamic interactions the sponsor provides tables of efficacy for
subgroups of patients taking 1-3 concomitant AED’s as well as specific individual AED’s. There
are no systematic improvements in efficacy associated with AED subgroups in this analysis. See
section 6.1.4.3.

1.3.3 Safety
For comprehensive review see Dr. Ramon initial safety review.

In this submission safety review was guided by issues expressed in the approvable letter of
September 2006 and the end of review meeting of December 2006. These issues included:

1. clinically notable final laboratory values without follow up |

2. hypothyroid response

3. status epilepticus

4. QT interval shortening

5. new safety data- ongoing clinical trials, dropouts and discontinuations
6. vomiting at higher doses

In preparation for labeling, the initial safety review was again reviewed, several residual issues
were identified: '

1. hyperthermia

2. hyponatremia

3. hypersensitivity

4. leukopenia

1.3.3.1 clinically notable final laboratory values

In summary the sponsor provided the tabular and narrative reports for the final clinically
notable laboratory values pertaining to hepatobiliary function, renal laboratory values,
hematology parameters and chemistry laboratory parameters. In the all of the four categories
inclusive there were 217 final laboratory values that were clinically notable. These were

9
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primarily isolated events preceded by normal laboratory values on study drug generally for
several months before the final parameter was obtained at end of study or exit from open label
treatment. In only 7 of these were follow up values obtained. This small number was insufficient
to draw any new conclusions. In all seven cases the values normalized at follow up of which 6 of
7 were off medication at recheck. In one case medication status was unknown. This implies a
dechallenge effect, however a six patient dechallenge across three areas of physiologic function
are insufficient to conclude study drug causality. However each of the follow up values will be
discussed in the specific laboratory area of section 8.

1.3.3.2 hypothyroid response

The approvable letter requested re-evaluation of the clinically notable thyroid studies
with emphasis on those with elevated TSH and reduction in thyroxine values. The sponsor
identified five patients with this profile. Upon analysis a confounding possible alternate cause of
a hypothyroid response was identified, medication in 4 cases and abnormal baseline in one. The
reviewer then returned to the clinically notable entries from the original submission ISS
(integrated summary of safety). All clinically notable thyroid values were reviewed. Out of 263
entries 12 had the profile of elevated TSH and decrease in serum thyroxine. The sponsor
submitted an additional case not present in the clinically notable data table raising the total to 13
cases. As a result of this review the thyroid data was found to be flawed due to unexplained
changes in free thyroxine values seen in many cases. The best explanation for this observation is
inconsistency in units expressing the thyroid values.

Review of the sponsor tables of clinically notable thyroid abnormalities reveals 39 cases of free
thyroxine measurement that change units from ng/dl to pmole/liter part way through the study
data. The-ng/dl measures are all low relative to the SI unit measure of pmole/liter. These are
marked abnormal in the table indicating the sponsor analysis has integrated these values into
their analysis as abnormal and low. Four of these errors occur in study 027, 35 occur in study
AE/ET1. 11 cases of a similar type of error are seen in the total thyroxine laboratory values.

On November 5, 2008 a teleconference with the sponsor took place to inform the sponsor of the
broad profile of thyroid laboratory errors and the logical conclusion that these will incorrectly
deflect the values of the statistical summary tables (shift table, table of central tendency and
clinically notable table) which incorporate these erroneous values.

On November 10, 2008 the sponsor submits the corrected tables for studies 016, 018, 021A,
021P, 022, and 038. In addition separate tables are submitted for studies AE/ET1 and AE/PT2.
The sponsor indicates that several isolated incorrect data entries as well as unit conversion errors
were corrected in AE/ET1 and the tables recalculated.

The values of abnormal TSH and free thyroxine found in the corrected tables are in opposite
physiologic direction in both the recent studies and older (AE/ET1,AE/PT2) studies. The
expected direction of abnormality based on the preclinical features that resulted in this laboratory
monitoring were values representing hypothyroidism. These changes do not reach a threshold
either together or independently that indicated a thyroid safety signal.

10



Clinical Review

Steven T. Dinsmore, D.O.
NDA 21-911 Submission 2
rufinamide

1.3.3.3 status epilepticus

Status epilepticus did not occur in any patient who received placebo in any of the double-
blind studies in the rufinamide clinical development program. Status epilepticus was an adverse
event in 0.9% of all patients who received at least 1 dose of rufinamide, a serious adverse event
in 0.3%, and an event that led to discontinuation of treatment in 0.1%. None of the affected
subjects had a previous history of status epilepticus.

1334 QT interval shortening

This has been thoroughly evaluated by the QT consult team and the office of surveillance
and epidemiology (OSE). Rufinamide was observed at the time of initial review to cause QT
shortening. The approvable letter the sponsor was asked to parse the QT observations into
specific intervals for better analysis of this effect. Dr. Jones again identified that a dose related
QT shortening effect occurs in the data available, 92% (3200 mg) to 100% (7200 mg) of subjects
recorded a QT interval decrease of >20 msec during at least one of the time points after dosing.
However no patients had a decrease in QT interval below 300msec. There is no signal for
unexpected malignant cardiac dysrhythmia present. The consensus of the safety and cardiology
consultants is that there is no identifiable threat in the population with baseline normal QT
interval, however there is a potential threat for the very rare patients with short QT syndrome
rufinamide should not be used in that population. It is unknown if there is synergy between
rufinamide and other drugs that shorten the QT interval.

1.3.3.5 ongoing clinical trials

There is an ongoing double blind trial conducted in North America. As of 15 February
2008 there have been 223 patients randomized (study drug status currently blinded) in the
E2080-A001-301 clinical trial; of these, 141 patients have rolled over into the open-label
extension study E2080-A001-302. This trial has yielded additional safety data since the initial
NDA submission. Review of discontinuations and serious adverse events do not reveal a profile
that is different from the studies in the initial submission. The most common adverse event
leading to discontinuation was dizziness in 9 / 15 patients. There were no discontinuations due to
bone marrow suppression, status epilepticus or hypersensitivity response. No deaths are reported
in the annual report of study interval September 30,2006 to September 29,2007. The ISS update
of February 28, 2008 is silent on deaths related to the new study so it cannot be ascertained if any
death occurred from end of annual report in September 2007 until February 2008.

1.3.3.6 vomiting

At the end of review meeting on December 18, 2006 a concern about the safety and tolerance of
rufinamide at high dose emerged. This concern noted in approvable letter, was prompted by the
lack of clear dose direction in the treatment of partial seizures. If a higher than needed dose is
selected the adverse event profile will likely increase. Vomiting is a common adverse event in
anticonvulsant treatment and is present in rufinamide also. A discussion was requested of the
sponsor to provide insight into the relation of high dose range rufinamide and vomiting. The
sponsor notes the incidence of vomiting has a weak dose response relationship and is comparable
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to several currently marketed anticonvulsants. They also indicate that much of the adverse event
vomiting is confined to the pediatric population with LGS.

Review of the initial ISS, July 2006 reveals a dose response trend for vomiting that increases to
the 1600 to 2400mg dose interval then levels off, Dose <400mg 6%, 400mg to 1600mg 10.9%,
1600 to 2400mg 17.3%, 2400 to <3200mg 16.2%, >3200mg 16.7%.

1.3.3.7 hyponatremia

This adverse effect is reviewed for the new submission because it was a residual issue indicated

in the initial safety review. The case reports were examined for the possible hyponatremia cases.
The case report reviews did not substantiate a hyponatremia response unique to rufinamide. The
4 cases were confounded by the presence of alternate medications or processes that could result

in hyponatremia. There was no signal present in the summary statistics of the initial ISS.

1.3.3.8 hyperthermia

This adverse effect is reviewed for the new submission because it was a residual issue indicated
in the initial safety review. The case reports were examined and found to contain processes that
could produce hyperthermia or the clinical course was not consisted with a drug related
hyperthermia. No unique signal for hyperthermia related to rufinamide was identified.

1.3.3.9 hypersensitivity

Several cases with features of hypersensitivity were identified. One case was consistent with a
drug induced hypersensitivity syndrome with multiorgan involvement. There were no serious
skin reactions ( Stevens-Johnson syndrome, toxic epidermal necrolysis or erythema multiforme)
in the development program. The observed cases with multiorgan features was of sufficient
concern that an addition of Multi-organ hypersensitivity reactions is added to the label.

1.3.3.10 leukopenia

This adverse effect is reviewed for the new submission because it was a residual issue indicated
in the initial safety review. Review of clinically notable summary statistics reveals a 2.5%
difference in WBC decrease between rufinamide and placebo. There is also 1 case reports with a
dechallenge response to WBC suppression. This leaves a suspicion for leukocyte suppression,
however placement of this observation in the adverse events labeling is appropriate

1.3.3.11 ‘ hepatobiliary response

There were no reports of serious adverse events related to hepatobiliary laboratory tests or the
hepatobiliary system. Descriptive statistics, shift table analysis and summary clinically notable
values between rufinamide treatment and placebo for all double blind study participants reveals
no difference between treatment and placebo groups.

There are three individual cases of clinically notable hepatobiliary abnormality. One with an
isolated increase in bilirubin to 10 times ULN with no other abnormal hepatobiliary laboratory
parameter. This prompted a call to the sponsor for further investigation which revealed this to be
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a transcription error from the case report form. The entry on the case report form indicated a
value of less than 17, indicated as <17 which apparently was transcribed as 217umol/L. The
second case with hepatobiliary abnormality revealed bilirubin elevated to 2 times ULN, SGOT
elevated to 13 times ULN, SGPT elevated to 20 times ULN, alkaline phosphatase normal based
on the laboratory established normal range. These abnormalities occurred on a background of a
multiorgan hypersensitivity response. There was only one unconfounded clinically notable case
with a transaminase elevation related to the study medication with dechallenge resolution. In this
case the liver function abnormality was mild and otherwise asymptomatic, bilirubin was not
elevated .

Conclusion: The primary safety concerns with this agent are the QT shortening, which almost
only theoretical in threat is an issue of emerging understanding in cardiac electrophysiology, thus
modification in labeling may be needed over time. Potentially intrusive but non - life threatening
effects of somnolence and vomiting are anticipated at high dose range. Further data on this issue
will be available from the ongoing open label study which has an option to advance dose to
4800mg daily. The safety profile is favorable compared to early generation anticonvulsant agents
based on several counts, there have been no serious skin reactions, life threatening hepatitis, or
serious bone marrow suppression. There is some indication of potential for hypersensitivity. In
light of the significant efficacy for LGS, the safety profile is balanced.

1.3.4 Dosing Regimen and Administration

Rufinamide is indicated as adjunctive treatment of seizures associated with Lennox-Gastaut
syndrome in adults and children age 4 years and older.

Rufinamide should be given with food.

b(4)

Children: Treatment should be initiated at a daily dose of approximately 10 mg/kg/day
administered in two equally divided doses. The dose should be increased by approximately 10
mg/kg increments every other day to a target dose of 45 mg/kg/day or 3200 mg/day whichever is
less, administered in two equally divided doses. It is not known if doses lower than the target
doses are effective.

Adults: Treatment should be initiated at a daily dose of 400-800 mg/day administered in two
equally divided doses. The dose should be increased by 400-800 mg/day every 2 days until a

maximum daily dose of 3200 mg/day, administered in two equally divided doses is reached. It is
not known if doses lower than the target doses are effective.

Drug-Drug Interactions

In vitro studies
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Rufinamide shows no inhibition of most cytochrome P450 enzymes, and weak inhibition of
CYP2EI. Drugs that are substrates of CYP2E1 (e.g. chlorzoxazone) may have increased plasma
levels in the presence of rufinamide.

Drugs that may induce the activity of carboxylesterases may increase the clearance of
rufinamide. Broad-spectrum inducers such as carbamazepine and phenobarbital may have minor
effects on rufinamide metabolism via this mechanism. Drugs that are inhibitors of
carboxylesterases may decrease metabolism of rufinamide.

Antiepileptic Drugs

The most notable interaction is between rufinamide and valproate in children where valproate at
high dose may increase rufinamide concentration up to 70%. Phenobarbital, primidone and
phenytoin may decrease rufinamide concentration up to 46%, carbamazepine may decrease
rufinamide concentration up to 26%. Lamotrigine has no effect on rufinamide concentration.

Rufinamide may decrease carbamazepine and lamotrigine concentration by up to 13% and
increase phenobarbital concentration up to 13%. Rufinamide may increase phenytoin
concentration up to 21%.

e ‘ o by
(U

Special Populations

No new studies are submitted for review, the conclusions of the initial safety reviewer ( Dr.
Ramon) will be summarized.

Influence of sex was assessed only in the population PK analyses. A small difference between
male and female patients was estimated, women showing a slightly lower apparent clearance. No
specific study of ethnic differences in pharmacokinetics was conducted. The effect of ethnic
origin was evaluated by population PK modeling using a pooled database in a study of healthy
subjects. In the pooled dataset only the Black and White populations were sufficiently
represented for an analysis, which showed no difference in clearance or volume of distribution
after controlling for body size. In the pediatric age range no significant differences in plasma
pharmacokinetic parameters as a function of age were observed. The only factor affecting both
the apparent clearance and apparent volume of distribution was body size described either by
weight or surface area. Geriatric pharmacokinetics were evaluated in 8 health elderly subjects
compared to 7 young subjects. There were no significant differences found in the plasma and
urine pharmacokinetic parameters of rufinamide between the younger and elderly subjects. In
renal impairment pharmacokinetic evaluation showed that rufinamide pharmacokinetics were not
affected by renal function impairment. There are no specific studies addressing the effect of
hepatic impairment. There are also no adequate well controlled studies in pregnant women.
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Based on the findings of embryo-fetal toxicity at doses associated with maternal toxicity, the
sponsor proposed label classifies the drug as Pregnancy Category C.

Appears This Way
On Original
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2 INTRODUCTION AND BACKGROUND
2.1 Product Information

2.2 Currently Available Treatment for Indications

None in the United States. The first approval of rufinamide for marketing worldwide was
the European Union plus Norway and Iceland via the centralized procedure on the 16 January
2007 (International Birthdate (IBD)). The requested indication in the application was for
adjunctive therapy in the treatment of seizures associated with the Lennox-Gastaut Syndrome
(L.GS) in patients 4 years and older.

2.3 Availability of Proposed Active Ingredient in the United States

Not available in the United States

2.4 Important Issues With Pharmacologically Related Products

Anticonvulsant agents as a class have central nervous system adverse effects due to site of
action. Several have significant risk of severe hypersensitivity response. Hepatobiliary adverse
effects are also seen as an important issue in some of this class.

2.5 Presubmission Regulatory Activity
Dr. Hershkowitz initial efficacy review informs on the details of early rufinamide development.

“The IND for this product (#35,534) was originally filed on September 26, 1990 by Ciba-Geigy.
Ciba-Geigy later merged with Sandoz to become Novartis. Novartis met with DNDP for an end
of phase 2 meeting on April 23, 1998. At that meeting the proposed adjunctive study program
was thought to generally be adequate. At that time, the proposed eoou__________—— not
thought as adequate. Moreover, at that time, the division’s statistical consultant made
suggestions for - «—————————— in the Lennox-Gastaut study. Novartis discontinued
development of this product for “business reasons” in 2001. Eisai and Novartis met with DNDP
in December 10, 2003 as part of a pre-NDA meeting. With minor exceptions the research
program was considered adequate for filing an NDA for adjunctive treatment of partial seizure
and seizures associated with Lennox-Gastaut syndrome. The Sponsor was, however, told that the
final decisions on approval will be an issue of review. Latter in 2004 Eisai licensed rufinamide
from Novartis. The Sponsor was granted Orphan status for rufinamide in the treatment of
Lennox-Gastaut syndrome on October 8, 2004. A final pre-NDA meeting with Eisai occurred on
November 15, 2004, during which the Sponsor was given advice on the format of the future
submission as well as other specific information about analyses and data that will be required. “
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An initial NDA submission was filed on November 17, 2005. The submission was supported by
3 pivotal trials and several supporting trials. 2 of the pivotal trials were in adults, one in the
pediatric population and one in Lennox-Gastaut syndrome. Following review an approvable b(4)
letter was issued in September 2006. The concerns of the division were questionable efficacy of
the agent with -~ . There were also
safety concerns. The studies had final study laboratory values that were abnormal with no follow
up, the sponsor was requested to obtain follow up on outcome of these values. A possible
hypothyroid response was present and further characterization of this response was requested.
The potential for precipitation of status epilepticus was a concern with a .9% occurrence in the
rufinamide group and none in the placebo group. The sponsor was asked to identify the
proportion of these patients that had a history of status epilepticus. A dose related shortening of
QT interval was identified therefore the division requested a representation of the QT data by
absolute QT duration and also by reduction from baseline.

The adult trials consisted of a dose ranging trial of 200mg, 400mg, 800mg, 1600mg, and a fixed
dose trial at 3200mg. The dose ranging trial established a minimal efficacy but did not
distinguish any gradient of effect between 400mg and 1600mg. The fixed dose trial established
efficacy based on the primary efficacy variable, however when a reanalysis is performed on log
transformed 28 day seizure frequency with baseline frequency and country as covariates the
study does not retain statistical significance.

The pediatric trial fails to establish significance at a fixed dose of 3200mg. The Lennox-Gastaut
trial was highly significant at a fixed dose of 45mg/kg/day or maximum dose of 3200mg a day.
The Lennox-Gastaut trial, although positive stood alone which was insufficient to support
approval.

An end of review meeting occurred on December 18, 2006. The significant conclusions from this

meeting were that studies AE/ET1 and 21A would be considered to meet the standard for two

adequate and well controlled trials to demonstrate a seizure reducing effect of rufinamide as add

on treatment for adults with partial seizures. The agency continued to hold the position that b(4}
although the drug is effective.
ee——

The sponsor initiated an additional trial in May of 2006 using a fixed dose of 3200mg a day for
adjunctive treatment of partial onset seizures in adults. This is a North American trial only. In the
present submission of this NDA the sponsor is seeking approval of rufinamide for adjunctive
treatment of partial seizures in adults and adolescents greater than 12 years old. In addition the
submission is seeking approval for adjunctive treatment of seizures associated with Lennox-
Gastaut syndrome in children 4 years and older and adults.

2.6 Other Relevant Background Information

Ongoing Clinical Trials-
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In May of 2006 the sponsor initiated a double-blind, placebo-controlled, parallel study of
rufinamide given as adjunctive therapy in patients with refractory partial seizures in patients 12
to 80 years old (E2080-A001-301). The study will recruit 408 patients from 80 North American
centers. As of 15 February 2008 there have been 223 patients randomized (study drug status
currently blinded) in the clinical trial; of these, 141 patients have rolled over into the open-label
extension study E2080-A001-302. The total exposure to study drug (rufinamide or placebo) in
the double-blind portion of the study by February 2008 is 33,084 patient-days; total exposure to
rufinamide either during the transition phase of the double blind study or during open-label
extension study (all patients on rufinamide) is 21,632-days.

4 DATA SOURCES, REVIEW STRATEGY, AND DATA INTEGRITY

4.4 Data Quality and Integrity

The clinically notable thyroid data is of poor quality. There were 263 patient entries for clinically
notable thyroid values in table 8.6-9 of the initial ISS. Those included on this table may have an
abnormality in TSH or abnormal free thyroxine or abnormal thyroxine, and have abnormality in
one or more of the thyroid parameters at any of the study visits. Review of the table reveals 39
cases (14.8% of entries) where a portion of the free thyroxine levels are reported in ng/dL then
change to SI units (pmol/L). In most cases the baseline and early study visits are reported in
ng/dL then change to SI units in the study visits that are in the interval from April 1995 to June
1996. The values in ng/dL are marked by an asterisk indicating a clinically notable result.

In addition to the unit variability in the free thyroxine values there are also recording errors in the
total thyroxine data. Eleven cases (4.1% of entries) are found with sudden appearance of a very
large value. As a example, one case begins with a correct thyroxine value of 82.6 nmol/L and at
the subsequent visit the value jumps to a meaningless value of 61900000. The sponsor indicates
that the second value had been entered as millimole/L and was subsequently converted from
millimole to nanomole. Ten addition instances of this type were found in the data table. These
large values are marked as abnormal on the data table.

In a teleconference November 5, the sponsor was advised of these anomalies and they submitted
corrected tables of summary statistics (mean/median change in value from baseline to
termination between rufinamide and placebo, shift tables for the interval from baseline to final
thyroid laboratory result, and clinically notable thyroid laboratory values, low or high, placebo
and rufinamide treatment) these are reviewed in section 8.1.3.1.3.

- 6 INTEGRATED REVIEW OF EFFICACY

This is a second submission for this product. This has created a sequence of initial presentation
by sponsor, then review by FDA with issuance of an approvable letter. There was a subsequent
end of review meeting with further clarification of the positions stated in the approvable letter.
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It is noted in Dr. Hershkowitz initial efficacy review -the primary endpoint result revealed a
median time of 4.8 days for the rufinamide group and 2.4 days for the placebo group. This barely
met statistical significance (p=0.0499). A worst case scenario of the percent of patients exiting,
where dropouts (i.e. from adverse events, withdrawal of consent, or protocol violations) are
considered to have met exit criteria in drug but are considered completers placebo, found no
numerical difference between drug and placebo groups (67.3% Vs 69.2%, respectively). This
study acts as week supportive evidence for the Sponsor’s intended use.

6.1.1.3.3 0016- This was a multicenter, double-blind, randomized, parallel-group
monotherapy study of rufinamide in patients with inadequately-controlled partial seizures.
Patients were randomized to receive either 300 or 3200 mg/day rufinamide for 112 days. A total
of 142 patients were randomized: 70 patients to 300 mg/day rufinamide and 72 patients to 3200
mg/day rufinamide. No difference between doses was identified.

6.1.1.34 0018- This was a multicenter, multinational, double-blind, placebo-controlled,
randomized, parallel-group study of rufinamide (800 mg/day versus placebo) as adjunctive
therapy in patients with inadequately controlled PGTC seizures. The study consisted of a 56-day
Baseline Phase and a 140-day Double-blind Phase during which patients were randomized to
receive either rufinamide or placebo. A total of 155 patients were randomized: 80 to rufinamide
800 mg/day (78 treated) and 75 to placebo (75 treated). Although a greater median reduction in
PGTC seizures was seen in the rufinamide group compared to the placebo group, the difference
between the groups was not statistically significant.

Reviewer comment- — b(@

reveen o
s

6.1.2 General Discussion of Endpoints

© 6.1.2.1 Partial Epilepsy
Two studies were performed examining partial epilepsy.
6.1.2.1.1 Study AE/ET1:

6.1.2.1.1.1 Primary efficacy variable- A linear trend in dose response for seizure frequency per
28 days, constructed using all four doses of rufinamide and placebo for log-transformed seizure
frequency during the double blind phase.

The initial study primary endpoint was set to time from randomization to fourth seizure. Sample
size was set to this analysis. Prior to the unblinding of the trial, at a decision based on discussion
of Working group 2 on August 30™, 1994 it was determined that this was not the best choice of
endpoints as primary variable for evaluating seizure frequency in the traditional add on design. A
decision was subsequently made to change the primary efficacy variable to the seizure frequency
per 28 days in the double blind treatment phase.
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The sponsor has initiated a second submission in response to the points in the approvable letter
and end of review meeting which in turn has generated follow up statistical review of the pivotal
trials.

In order to achieve improved understanding of this multi-tiered submission, the efficacy review
format will be structured to provide a brief summary of the initial clinical trial review, followed
by the specific analysis in the approvable letter and subsequent modifications in the end of
review meeting. Next the sponsor response to each approvable letter and end of review point will
be given followed by updated review of efficacy.

6.1 Indication

The sponsor seeks the following indications:

1. Adjunctive treatment of partial-onset seizures with and without secondary generalization
in adults and adolescents 12 years of age and older.

2. Adjunctive treatment of seizures associated with Lennox-Gastaut syndrome in children
4 years and older and adults.

6.1.1 Methods

6.1.1.1 Partial epilepsy

Discussed in 1.3.1, Brief overview of clinical program
6.1.1.2 Seizures associated with Lennox-Gastaut Syndrome
Discussed in 1.3.1, Brief overview of clinical program

6.1.1.3 Additional Supportive Studies

6.1.1.3.1 AE/PT2- Multicentre, multinational, double-blind, randomized, 2-armed parallel
weekly rising dose trial in patients with epilepsy on up to 2 concomitant antiepileptic drugs
(AED’s) to investigate pharmacokinetics and tolerability in single (open design) and multiple
dose (double-blind; 400/800/1200/1600mg/day). 25 subjects were recruited for treatment arm
(rufinamide) and 25 to placebo. This study was not designed to carefully examine therapeutic
efficacy. It was of short duration, small in size and did not have a pre-established primary
endpoint. When the primary statistical analysis was performed with an intention to treat cohort,
the result was not statistically significant.

6.1.1.3.2 0038- This was a multicenter, US, double-blind, placebo-controlled, randomized,
parallel-group study of rufinamide as monotherapy in patients age 12 years or older with
refractory partial seizures who had completed an inpatient presurgical diagnostic examination.
The primary efficacy variable was the time to meeting one or more of four exit criteria. The
primary objective of this study was to evaluate the safety and efficacy of rufinamide versus
placebo as monotherapy in patients with refractory partial seizures. A total of 104 patients were
randomized: 52 to rufinamide and 52 to placebo.
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The initial efficacy review Dr. Hershkowitz indicated the primary endpoint in the study was -
somewhat atypical in using a regression analysis for the slope of a dose response curve of the
absolute seizure frequency during the treatment period. He indicates “In studies with multiple
doses this division usually depends upon a primary analysis of simple drug dose to placebo
comparison with methods to maintain type 1 error: e.g. sequential high to low dose analysis is
commonly used.” The sponsor did perform such an analysis as a secondary endpoint but used a
non-parametric analysis that did not allow correction for pertinent covariates.

6.1.2.1.1.2 Secondary efficacy variables

6.1.2.1.1.2.1 Analysis of seizure frequency treatment/baseline per 28 days (seizure frequency |
ratio) in double blind treatment phase divided by that in baseline phase, analyzed using
Wilcoxon rank-sum tests

6.1.2.1.1.2.2 Responder rates, 25% and 50% reduction in seizure frequency analyzed by logistic
regression.

6.1.2.1.1.2.3 Global Assessment of Therapeutic Effect (GATE), a 4 level ordered categorical
scale completed by the investigator for the patient.

6.1.2.1.2 Study 021A. The second study used a typical ANCOVA analysis of the percent change
from baseline of seizure frequency.

6.1.2.1.2.1 Primary efficacy- the primary efficacy was evaluated by determining the percent
change in partial seizure frequency of the double blind phase relative to the baseline phase.
Rufinamide was considered effective if the percentage reduction was statistically significantly
greater (p<0.05) than placebo.

6.1.2.1.2.2 Secondary efficacy results

6.1.2.1.2.2.1 Total partial seizure frequency per 28 days during the double blind phase.

6.1.2.1.2.2.2 Responder rates, 25% and 50% reduction in partial seizure frequency relative to

baseline. : :

6.1.2.2 Seizures Associated with Lennox-Gastaut Syndrome
6.1.2.2.1 Primary Efficacy variables 1) the percent change in total seizure frequency per 28 days;

2) the percent change in tonic-atonic (the sum of tonic and atonic seizures) seizure frequency per
28 days; and 3) the seizure severity rating from the Global Evaluation of the patient’s condition.
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The protocol specified that rufinamide would be considered effective if

1. The percent reduction in total seizure frequency per 28 days in the Double-blind Phase relative
to the Baseline Phase was significantly greater (p < 0.025; two-sided) for rufinamide than
placebo and/or

2. Both of the following were true

* The percent reduction in tonic-atonic seizure frequency per 28 days in the Double-blind Phase
relative to the Baseline Phase was significantly greater (p < 0.025, two-sided) for rufinamide
than placebo.

* The seizure severity rating from the Global Evaluation of the patient’s condition was
significantly greater (p < 0.025, two-sided) for rufinamide than placebo

6.1.2.2.2 Secondary efficacy variables- 1) response to treatment (i.e., experiencing at least a 50%
reduction in tonic-atonic seizure frequency during the Double-blind Phase relative to the
Baseline Phase); 2) percent change in the frequency per 28 days for seizure subtypes other than
tonic-atonic; and 3) the composite score for the Global Evaluation of the patient’s condition.

From Dr. Hershkowitz initial NDA review —“The analysis of this data was performed so that
efficacy was concluded under one of two conditions: 1) the percent reduction in total seizures
frequency was greater for the rufinamide then the placebo group at an alpha of 0.025, and/or 2)
Superiority for the rufinamide group over placebo in the global and percent reduction in tonic

- and atonic seizures (both must be significant at an alpha of 0.025). The normal then lower alpha
was added at the FDA's request to correct for multiple comparisons. Similar endpoints have been
accepted by the FDA for anticonvulsant labeling in Lennox-Gastaut in the past. Thus topiramate
was Jabeled based upon the dual endpoints of the global severity scale and percent change in
drop attacks and lamotrigine was labeled based upon the percent change in “major motor”
seizures (e.g. major myoclonic, tonic, atonic, myoclonic, tonic-clonic). The global is added
because of the subtlety of some seizures and the difficulty in counting some. It adds additional
face value to the endpoint. In conclusion, the present primary endpoints are acceptable and
similar to those previously accepted for other drugs approved for this indication.”

6.1.3 Study Design

For full study design see the initial NDA efficacy review by Dr. Hershkowitz

6.1.4 Efficacy Findings

6.1.4.1 Partial Seizures

6.14.1.1 Study AE/ET1 :

6.14.1.1.1 Sponsor initial submission- A positive slope of the dose-response relationship for
seizure frequency per 28 days in the Double-blind Treatment Phase was statistically significant
(p=0.003), and associated with a general decrease in seizure frequency per 28 days in the
Double-blind Treatment Phase as the dose of rufinamide increased from placebo. This result was
reproduced by demonstration of a statistically significant dose-response relationship in 25%
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responder rate (p=0.0035). Furthermore, analysis of AUC plasma concentrations of rufinamide
clearly demonstrated a dose-response relationship between reduction in seizure frequency and
increasing AUC (p=0.0077).

Having confirmed that rufinamide was effective in the primary analysis, the seizure frequency
ratio of individual doses of rufinamide was compared to placebo. This was done using
pairwise Wilcoxon rank-sum tests to avoid dependence on distributional assumptions and the
effects of outliers. The three higher doses, 400,800, and 1600 mg/day, produced a significant
reduction in median seizure frequency compared with placebo of 11% (p=0.0274), 16%

(p=0.0123), and 17% (p=0.0163), respectively. Rufinamide 200 mg/day was shown to be
indistinguishable from placebo (reduction compared with placebo of 4%; p=0.8116). Thus,
the minimum clinically effective dose in this trial was 400 mg/day in adults. This result was
confirmed in the analysis of 25% responder rate; rufinamide 200 mg/day had a similar
response to treatment (22.8%) as placebo (24.1 %) but as the rufinamide dose increased the
25% responder rate also increased to a rate of 37.6% for patients who received rufinamide
1600 mg/day. The percentage of patients with at least a 50% reduction in seizure frequency
per 28 days was considerably less than the 25%responder rate, but was higher for patients who
received rufinamide 400,800, 1600 mg/day than placebo (16%,11.6%, 14.3% vs. 9%
respectively).

6.1.4.1.1.2 Initial Review analysis-

FDA reviewer’s analysis Dr. Siddiqui- The reviewer compared individual dose group vs.
placebo after considering the multiplicity adjustments. Based on the ANCOVA model (including
Country as a factor, and log,-transformed seizure frequency per 28 days at baseline as a

" covariate), only 800mg dose group (LSMEAN comparison) appeared to be statistically
significant (p-value= 0.014) compared to placebo group. The p-values of the other doses vs.
placebo comparisons were greater than or equal to 0.078. After multiplicity adjustment (either
using Hochberg’s method or Bonferroni

The percent reductions in seizure frequency for the rufinamide groups over placebo group
were not linear (see Table 6.1.4.1-1). For the 1600 mg, the reduction was lower than the
reduction for the 800 mg. Although the slope was statistically significant, the slope is very
difficult to interpret if the trend is not linear. Only 800 mg dose showed some efficacy of
rufinamide. Hence the study results were inconclusive to demonstrate the efficacy of rufinamide.

oy, o g T b -
/-L,vfmfi.,(.‘cﬁ s Wo
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Table 6.1.4.1-1  Median seizare frequency per 28 days in thie Bascline and Double-blind Phases; Stndy
AFET1

‘Median seizure | ANCOVAY model Analysis on seizure frequency per
Data | Treatment | No.of | frequencyper | 28 days (log;-transformed) at double-blind phase
seta patients 98 ) = ‘
Basel | Double- | LSMEAN P-value
ine blind YReduction'in {RUF vs. Placebo)
Phase | Phase Seizure Frequency | fFom ANCOVA
, over Placebo #*
ITT | Placebo. 133 11.67 11:86 2633 ) )
Ruf 200 mg 127 1108 11.00 2665 ~3.251 0.661
Ruf 400 mg . 125 1183 10.67 7.516 ' 11.041 0.114
Ruf 800 mg’ 129 | 1267 | 1100 2452 16556 0.014
Ruf 1600 mg 133 1133 10.67 2502 12:278 9.078
® The sponsor. used the same model to estimate regression siope.

ss‘%'Re;:i‘v(z:ti'can over placebo = 100'x {1-exp (LSMEAN rufinamide- LSMEAN placebo)]
LSMEAN: Least Square Mean.

Dr. Siddiqui, FDA Statistical Review

Medical Reviewer analysis, Dr. Hershkowitz- The reviewer was troubled by the very
different distribution of placebo group as compared to all rufinamide dose groups. Thus, while
all median frequencies amongst the placebo and dose groups are similar, the mean for the
placebo is >30% that of all dose groups. While the logarithmic transformation presumably
corrects for this, this difference still concerned the reviewer. The, review, would also depend
upon other analysis performed as secondary endpoints.

6.1.4.1.1.3 Approvable letter- “Study ET1 compared 4 doses of rufinamide (200, 400, 800, 1600
mg/day) and placebo as adjunctive therapy in patients with partial seizures. Your primary
outcome analysis (the linear trend test) was positive and we believe that the study does, overall,
provide evidence of an effect, even though the results were not linear, with 800 mg having the
largest effect. The results of the dose-finding aspect of the study, however, are hard to interpret.
The reductions in seizure frequency compared to baseline were very modest, barely one to 1.5
seizure per month and the percent reductions compared to placebo were -3% 11%, 17% and 12%
for the 200, 400, 800 and 1600 mg doses, respectively. We also note that your amended
statistical plan for this study called for an analysis of the individual doses using a Poisson
regression. The results of this analysis are not presented in your application; we request that

you provide these results.

Although we acknowledge that the results of the Wilcoxon analysis that you did present yielded
nominal statistical significance for all doses above 200 mg/day, in this reasonably large study
(about 125-130 per group) only the 800 mg group attained a nominally statistically significant
result when analyzed with a more traditional ANCOVA that included country as a covariate.
Thus, the study suggests (but again, with an extremely small effect on seizure frequency), that
800 mg is at least as effective as a larger dose.”
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6.14.1.14  End of Review Meeting- further discussion developed on study AE/ET]1 at the
December 18, 2006 EOR. The minutes reflect that Eisai believes that study AE/ET1 and 21A
were positive trials by test of their protocol specified primary endpoints and asked if the Agency
did concur that the two trials meet the standard for two adequate and well controlled trials to
demonstrate a seizure- reducing effect of rufinamide as add on treatment for adults with partial
seizures. The Agency responded “yes”

The sponsor also reiterated that for rufinamide 400mg, 800mg, and 1600mg were all positive
doses and that 3200mg was positive in one trial concluding there may be a gradual dose
response. In response the division agreed that the drug is effective, however they will not
approve a dose of 3200mg if 800mg is just as good but they are not yet convinced as to the
efficacy of 800mg or lower doses. They (FDA), does not want to unnecessarily dose patients
four times too high.

6.1.4.1.1.5 On February 28, 2008- In their second submission the sponsor continues the claim
that the primary outcome, linear trend of dose-response for seizure frequency per 28 days, had
significance (p=0.003). The sponsor also indicates that there were seven sensitivity analyses of
dose-response performed showing consistent results (all p< 0.0271). A further exploratory
analysis to examine the AUC for rufinamide plasma concentration and seizure frequency per 28
days was performed using a linear regression model. This also confirmed that seizure frequency
per 28 days in the double-blind phase decreased significantly (p=0.008).

In the second submission the sponsor also looks to secondary outcome measures for
confirmations. These included seizure frequency ratio of each treatment group compared to
placebo which showed a statistically significant reduction of seizure frequency for the doses of
400mg/day, 800mg/day and 1600 mg/day (all P < 0.0274). Relative to placebo, these significant
differences corresponded to a reduction in median seizure frequency of 11%, 16% and 17%,
respectively. 200mg was not significant. The linear trend of dose response in terms of the 25%
and 50% responder rates were statistically significant (P=0.0035 and P=0.0319) The sponsor
again notes the significance of the GATE scale (see 6.1.2.1.1.2.3), notes that time to 4™ seizure
was also significant at doses of 800mg and 1600mg.

A Poisson regression which was not included in the first submission was provided in this
submission. The Poisson regression was performed on the double-blind phase. The results of the
analysis on the primary outcome measure are presented in Table 6.1.4.1-3 (below). These results
are in agreement with the primary and secondary analysis presented in the CSR of linear trend of
dose-response and pair-wise comparisons using the Wilcoxon rank sum test, respectively.

The sponsor notes that when tested, using the Pearson chi-square statistic, the assumption of
proportionality of the mean and variance is not sustained. Therefore an analysis performed on
seizure data using ANCOVA on ranks is most appropriate. The sponsor presents this data which
shows significance at 400mg (p=0.0273), 800mg (p=0.0131) and 1600mg (p=0.0113). The
sponsor also dissents from the Agency opinion that a traditional ANCOVA with country, sex and
age as covariates is most appropriate and supports with several arguments that ANCOVA on
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ranks is the correct approach. The sponsor concludes that AE/ET1 is a posmve dose ranging '
study which establishes a minimum effective dose, —= - b@f

~

6.1.4.1.1.6  Exposure response relationship

The sponsor creates an exposure response relationship based on pharmacokinetic data available
from studies 027,018,016,21A,021P, AE/ET1, AE/PT2, and 022. The sponsor calls on this PK-
PD model to add support to the conclusion that there is a dose response increase between 400mg
and 3200mg a day. The sponsor notes that because of the difficulty in conducting and
interpreting concentration-controlled trials, especially when exposure is not linearly related to
dose level as in rufinamide, a pooled study approach was chosen. Figure 6.1.4.1-1 presents the
model predictions for the exposure response for rufinamide in adult partial seizures from pooled
PK-PD analysis of AE/ET1, AE/PT2 and study 21A. Study 022 is presented separately in figure
6.14.1-2

Modet Predicted Totat Seizure Frequency per.28 Days.

Adtsits {Studies AE/ET1, AEPT2, and 214} Kodel pfetﬂcied totatt:elzure frequency per-28 days
23 {study22 onty)
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Rufinamide Cone. (ugm) Figure 6.1.4,1-2 Model predicted effect of rufinamide

Figure 6.1:4.1-1 Adults with Partial Seizures e :
on total seizure frequency

The sponsor presents several additional concentration response analyses to support a dose range

from - to 3200mg. In addition a similar analysis is performed for children (study 21P) h(@?
where the sponsor finds a significant rufinamide concentration response relationship but the

slope is less steep (-0.011 mL/pg, Figure 6.1.4.1-3) than observed for the pooled analysis in

adults (-0.023 mL/pg, figure 6.1.4.1-3). This compares to -0.021 mL/pg for the study 022 and -

0.020 mL/pg for the pooled model.

6.1.4.1.1.6 FDA response to second submission

6.1.4.1.1.6.1 Statistical review, Dr. Siddiqui- The reviewer points out that the statistically
significant dose response analysis might be due to either (i) there was a linear dose-response
trend or (ii) there was no linear trend but a difference in responses between Placebo vs. all doses
together (in presence of plateau dose response of the selected doses).

Dr. Siddiqui reports that in the dose response analysis the sponsor reassigned a numerical order
to the 200mg,400mg,800mg, 1600mg as 0,1,2,3,4. He indicates that the numerical reassignment
should maintain the proportionality of the dose and reassigned values of 2,4,8, and 16 instead of
1,2,3, and 4. The analysis is repeated with and without placebo arm using both the simple 1 to 4
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assignment and the proportional assignment. Upon this subsequent reanalysis there is no
significance (p=0.086) when the placebo is dropped and the dose values are coded
proportionately at 2,4,8,16, (see table 6.1.4.1-2 below, FDA four modes of regression analysis).
The insignificant slope indicates the efficacy of the four doses, 200mg, 400mg, 800mg, and
1600mg were similar. When the placebo group remains in the slope analysis, the value of the
slope is significant (p =0.015), this finding indicates that the statistical significance of the slope
is derived from the difference between placebo and treatment. However the non-significant slope
obtained from treatment without placebo, indicates that there is no significant gradient of effect
between the individual dosages between 200mg and 1600mg. A

Table 6.1.4.1-2 FI__)_A, four modes of regression analysis for dose response

Regression Analysis’® Estimated Slope | P-value
Sponsor’s ‘analysis: Placebo arm was included in the model, and | -0.048 ' 10.003
doses were coded as 0, 1, 2, 3, and 4

Reviewer’s analysis: Placebo atm is included in the model, and | -0.0001 0.015
doses were coded as 0, 2, 4. 8, and 16

Reviewer’s analysis: Placebo-armis dropped, and doses were -0.0655 0.019
codedas 1,2, 3 and 4

Reviewer’s-analysis: Placebo arm s drepped, and doses were -0.00008 0.086
coded as 2, 4. 8, and 16

$The primary statistical analysis for seizure Jrequency per 28 days (log,-transformed)
was a normal multiple regression model. ‘

Dr. Siddiqui, Statistical review, 2™ submission

Poisson Regression analysis (Table 6.1.4.1-3) — FDA reviewer, Dr. Siddiqui repeated the Poisson
analysis with multiplicity adjustment (either using Hochberg’s method or Bonferroni
adjustment). Following this adjustment only 1600mg of rufinamide remains significantly
different from the placebo group.

Table 6.1.4.1-3 Sponsor Poisson Regression Analysis on Seizare Frequency during the
administration double blind phase, prior to multiplicity adjustment
Treatment Percent reduction

Group relative to placebo Pair-wise comparisons to placebo
Estimate (SE) 93%CL Pvalue
200mg §.7% 0.933 (0.0640) 0,816, 1.068 0.2136
400mg 14.5% {853 {0.0635} 0.739. 0.989 0.0347
800mg 12.8% 0.872 {0.0593) 0.763, 0.996 0.0436
1600mg 15.6% 0:844 (0.0565) 0.740, 0.962 00112

Linear Trend of Dose-response

Dose-Response | 0665(0.1020) | 0453,0.898 | 00078

Note: Results are based on a generalized linear model with ordinal dose, country, sex, age, and log (baseline counts) as
covariates and adjusted for over-dispersion nsing Pearson Chi-square-as a scale factor,

Source: clinical overview of the submission dafed Feb 29, 2008

In another modification of the Poisson regression model, Dr. Siddiqui dropped the 200mg dose
and refitted the model. Table 6.1.4.1-4 below lists the findings of the analysis. In absence of the
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200mg dose in the model, the 400mg and 800mg failed to retain the significance levels seen in
table 6.1.4.1-4. Each dose group should have independent capability to demonstrate significant
efficacy. The sponsor included log-transformed baseline seizure count as a covariate in the
Poisson model. Since the seizure frequency data of post-baseline was modeled as count data, it
is more appropriate to include the baseline seizure frequency data as a covariate without any
transformation. Dr. Siddiqui then included baseline seizure frequency data as a covariate in
the model without any transformation, and found that none of the doses were statistically
significantly (p-values >0.245) different from placebo.

Table 6.1.4.1-4 Poisson Regression Analysis on Seizure Frequency during the
administration doubie blind phase (exclude 200mg)
Treatment group Estimate (SE) P-value (dose vs. placebo)
400 mg vs. Placebo: 0.888 (0.080) 0.139
800 mg vs. Placebo 0.887 (0.073) 0.101
1600 mg vs. Placebo 0.856 (0.072) 0.030

Dr. Siddiqui, Statistical review, 2" submission

ANCOVA on Rank of percent change vs. Rank on total seizure frequency

The sponsor performed an ANCOVA on the rank of percent change in total seizure frequency
per 28 days to compare the efficacy of the individual doses vs. placebo. Dr. Siddiqui repeated the
analysis with multiplicity testing (either using Hochberg’s method or Bonferroni adjustment),
and found only 1600mg rufinamide had statistically significant difference from the placebo
group. Dr. Siddiqui subsequently performed an ANCOVA analysis on the rank of total seizure
frequency per 28 days at post-baseline, rather than rank of percent change in seizure frequency.
In the analysis, the rank of baseline total seizure frequency per 28 days and country were
included as covariates. Table 6.1.4.1-5 lists the p values of the analysis before multiplicity
testing. After multiplicity adjustment (either using Hochberg’s method or Bonferroni adjustment)
none of the doses were statistically significantly different from placebo in the rank of total
seizure frequency based on ANCOVA analysis.

Table 6.1.4.1-5 ANCOVA on Ranks of Total Seizure Frequency per 28 days
at Post-baseline
Dependent Measure: Rank of Total Seizure Frequency Per 28 Days at
Post-baseline ‘ '
P-value ¥
200mg vs. Plb 0.962
400mg vs. Plb 0.033
800mg vs. Plb 0.034
1600mg vs. Plb : 0.0601

P-value based on ANCOVA model with ranked baseline Seizure and country as covariates

Dr. Siddiqui, Statistical review, 2" submission
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Secondary endpoints

In Table 6.1.4.1-6, the sponsor performed Wilcoxon rank-sum test was used to compare the
seizure frequency ratio (a secondary measure) of each individual dose vs. placebo. Multiplicity
adjustment is performed by Dr. Siddiqui (either using Hochberg’s method or Bonferroni
adjustment), subsequently only 800 mg of rufinamide was statistically significantly different
from the placebo group. The sponsor did not consider any multiplicity adjustment in stating the
significance of the dose vs. placebo comparisons.

Table 6.1.4.1-6 Secondary endpoints for AE/ET1
Sefzure frequency ratio * | Percentage of patients with | Percentage of patients | Estimated odds-ratio for
- 2 25% reduction in sefzare. | with x $0% reduction in GATE?
frequency £ seizure frequency :

Mesdian Puslue Pralne Pyalne P value
Placebo 163 " 9
200 migiday 101 0.8118 228 87847 47 01822 1432 0.1188
400 maiday 0.83 00374 23 81198 i 0.0873 1734 0.0197
200 mziday .88 00123 341 40803 ils D.4812 1,731 0.0143
1600 mgiday §.87 90163 376 60238 143 GI97% 2238 16005

! The seiziwe frequency ratio for each patlent was the numiber of seizures that ocewrred duri ing the. Double-
blind Phase divided by the number of seizures that occurred duri ing the Baseline Phase. This was
expressed per 28-day intervalé. Wilcoxon rank-sum test was wsed fo conipare the seizure fisquency ratio.

%34 Based on Logistic Regression .
Source: clinical overview of the submission dated Feb 29, 2008

Reviewers comment: As the statistical review proceeds through the sponsor’s analysis the points
of significance fall away. The pivotal goal of establishing a dose response is lost when the linear
dose response analysis is reexamined by Dr. Siddiqui (FDA statistical reviewer) with
proportional dose recoding and placebo excluded. A secondary outcome measure, seizure
Jrequency ratio of response at each dose is reported by the sponsor to be significant at 400mg,
800mg and 1600mg, however when the analysis is refined by multiplicity testing, only the 800mg
dose is statistically significant. In another secondary efficacy measure, the logistic regression
analysis on the 25% and 50% responder rate, none of the doses is significant afier adjusting for
multiplicity. The significance of the logistic regression analysis of the GATE (Global Assessment
of Therapeutic Effect) scale is only significant at 1600mg after multiplicity adjustment. The
Poisson regression analysis on seizure frequency retains only 1600mg of rufinamide significant
after multiplicity adjustment. In addition when the model is refitted without the 200mg dose the
400mg and 800mg subsequently lose significance. Dr. Siddiqui notes that each dose should
independently have power to demonstrate significant efficacy. The ANCOVA on rank of total
seizure frequency was repeated without transformation and with country as covariate. Again
after multiplicity testing none of the doses was statistically significant.

In the initial review it was also seen that the percent reduction in seizure frequency for the
rufinamide group over placebo was non linear. There was less reduction in at the 1600mg dose
then at 800mg.

There is no clear dose response when placebo is removed from the dose response analysis, this
implies that the significant slope is created by the placebo and the cluster of dose points that
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behave as a single point rather than an array of points with progressive increase in effect. The
review also reveals a weak medication effect with significance oscillating between the 800mg a
day and 1600mg a day dosage. This study does not define a usable range of medication dose. In
order to define a clear effective dose range for this product a new dose ranging study with
adequate power is needed.

6.14.12 Study 21A

6.14.1.2.1 Sponsor Initial Submission- The primary efficacy variable, percentage change in
partial seizure frequency per 28 days of the Double-blind Phase from the Baseline Phase, was
significant in favor of the rufinamide treatment group relative to the placebo treatment group
(Wilcoxon rank-sum test, p=0.0158). Rufinamide-treated patients experienced a 20.4% median
reduction in partial seizure frequency per 28 days from the Baseline Phase compared to a 1.6%
median increase for placebo-treated patients. Table 6.1.4.1.2-1.

Summary of percentage change in partial seizure frequency per

Table 6.1.4.1.21 28 days from Baseline Phase {Intent-to-treat patients)

Rufinamide {N=156) Placebo (N=156)
Median :Rangs Median Range
Baseline partial seizure 85 {3.0; 2750) 810 (2.5, 578.5)
frequency per 28 days
Double-blind partal seizure 76 (0.0, 552.2) 87 (0.0, 418.3)
frequency per 28 days
Percentage change inpartiall ~ -204°  (-100.0, 987.5) 16 {-100.0, 8837.8)

seizure frequency per 28 days
from baseline

Cross-reference: Post-text Table @.1-1; Appendix 8.1, Table 8.1-1, Appendix 7.1, Selected
Patient Listing 9.1-1.
* Between-group comparison usirig Wilcoxon rank-sum test p-value = 0.0158.

The sponsor also finds that patients in the rufinamide treatment group demonstrated a consistent
reduction in seizure frequency for each of the three partial seizure subtypes with median
reduction ranging between 27.0% and 37.8%. In contrast the placebo treatment group showed
wide variability in its reduction of the various partial seizure subtypes with median reduction
ranging between 2.6% and 37.8%. Table 6.1.4.1.2-2.
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Table 6.1.4.1.2-2 Summary of percentage change in partial seizure frequency per
T 28 days from Baseline Phase by seizure type {intent:-to-treat patients)
Rufinamide (N=156} , Placebo {N=156}
Seizure type N  Median Range N Median Range
Simple partial 80 871 (1000, 1154.8) 67 286 (-100.0,11528.7) -
seizuies

Complex partial 136  27.0 {1000, 1125.0) 130 120 {-100:0, 647.3)
seizures :

Secondarily 47 378  (-1000,3356) 54 378 (-100.0, 304.4)
generalized ' ' '

seizures

Cross-reference: Post-text Tables 971-2;9.2-3, Appendix 7.1, Selected Patient Listing 9.1-1.

The sponsor also performs an analysis of the percent change in partial seizure frequency per 28
days of the Double-blind Phase relative to the Baseline Phase that included only those patients
who completed the Double-blind Phase (rufinamide N=120, placebo N=137). Results of this
analysis confirmed the statistical superiority of rufinamide over placebo with respect to the
reduction in partial seizure frequency (p=0.0019) and demonstrated the robustness of the results
provided by the intent-to-treat patient population.

An additional analysis of the percent change in partial seizure frequency per 28 days was
performed using the first 274 randomized patients in the intent-to-treat patient population.

This analysis was performed to evaluate the consistency of the results obtained had the

original planned sample size discussed in Section 6.2 been utilized. Results of the analysis on
 the first 274 enrolled patients (p=0.0036), confirmed the results of the analysis of the primary
efficacy variable in the intent-to-treat population (n=312). Over-enrollment occurred because late
in the conduct of the study, centers enrolled at a rate faster than anticipated

Secondary Efficacy Results

The sponsor performed an analysis of the total seizure frequency per 28 days during the double
blind phase which demonstrated a trend towards significance (p=0.092). The sponsor attributes
this lack of statistical significance to the lack of normality in this variable despite the loge
transformation. To confirm this conclusion a post-hoc, analysis of variance model, was fitted
with treatment and country as factors relative to the ranks of the change in seizure frequency
relative to baseline (double blind minus baseline seizure frequency). This model produced a
result similar to what was seen for the primary efficacy variable (p=0.008).

50% responder rate: Significantly more patients receiving rufinamide treatment experienced a
50% reduction in partial seizure frequency relative to baseline during double-blind therapy
compared with patients receiving placebo (p=0.0381, logistic regression model). The observed
odds ratio of 1.76 indicates that patients who received rufinamide were 1.76 times more likely to
experience at least a 50% reduction in partial seizure frequency relative to baseline compared
with those receiving placebo.
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25% responder rate: Significantly more patients receiving rufinamide treatment experienced a

25% reduction in partial seizure frequency relative to baseline during double-blind therapy
‘compared with patients receiving placebo (p=0.0013, logistic regression model). The observed

odds ratio of 2.18 indicates that patients who received rufinamide were 2.18 times more likely to

experience at least a 25% reduction in partial seizure frequency relative to baseline compared
-with those receiving placebo.

6.1.4.1.2.2  Initial Medical Reviewer Analysis- This reviewer feels that this study has
potentially demonstrated a therapeutic effect of rufinamide at 3200 mg/day. The magnitude of
this effect appears to be of a moderate magnitude. Because of the uncertainty of the effect of
rufinamide in the second pivotal study, performed at lower doses, the non-pivotal trials will need
to be examined to determine reproducibility of this finding.

6.1.4.1.2.3  Approvable letter- “Study 21A compared rufinamide 3200 mg/day to placebo in a
population similar to study ET1, showed a significant effect on the protocol-specified Wilcoxon
rank sums test, but in a study with substantial geographic distribution it is desirable to examine
effects of country and other covariates. Our ANCOVA analysis on log transformed 28 day
seizure frequency, with baseline frequency and country as covariates, gave a p-value of 0.09. The
study thus provides some, but not strong, evidence of an effect and again, the median change
compared to baseline is just 20% (15% in US patients), a reduction compared to placebo of about
one seizure per month. The dose, moreover, is fully 4 times that of the dose with the greatest
treatment effect in study ET1.”

6.14.1.2.4  End of Review Meeting- further discussion developed on study AE/ET1 at the
December 18, 2006 EOR. The minutes reflect that Eisai believes that study AE/ET1 and 21A
were positive trials by test of their protocol specified primary endpoints and asked if the Agency
did concur that the two trials meet the standard for two adequate and well controlled trials to
demonstrate a seizure- reducing effect of rufinamide as add on treatment for adults with partial
seizures. The Agency responded “yes”

The sponsor again quires if the agency considers 21A a positive trial although the secondary
endpoint of ANCOVA on log transformed 28 day seizure frequency during double blind phase
did not demonstrate statistical significance (p=0.09). The agency response was “yes”

6.14.1.2.5 Second submission February 28, 2008- The sponsor reiterates that study 21A is a
positive study based on the primary efficacy endpoint of percent change in seizure frequency per
28 days from baseline phase. They indicate concern that the secondary analysis of change in
seizure frequency per 28 days from baseline in the double blind phase turns out non-significant
until the analysis is performed using a non-parametric method (ANCOVA on ranks including
baseline and country as covariates). They report the results from this method as highly
significant (p=0.008) and supportive of the primary efficacy measure. Eisai believes that the lack
of significance of the log transformed 28-day seizure frequency is a reflection of the inadequacy
of the log transformation of the seizure frequency. This due a non normal distribution of the
transformed data.
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The sponsor counters the FDA reviewer statement that 21A provides “some, but not strong
evidence of an effect” by stating “that in order to more accurately evaluate the clinical benefit on
a population, individual subject responses and not the change in the median number of seizures is
the more appropriate analysis.” In support of this statement the sponsor generated a cumulative
distribution function (CDF) for % change from baseline in seizure frequency. Figure 6.1.4.1.2-1
below.

Figure 6.1.4.1.2-1 Stady 214 {add—on partial semlres) Empirical Camalative
Distribution Fanction for percent change from baseline in
setzure irel;uanc;g by treatment group

100 _ . <
| ==~ Hlacebo
90 4 —0— Rufinamide
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Placebo 50%
18 -
) : responder
A0 TR WS 35 00 28 300 7% 100 00 300 400 30D S0 200 508 000 1006

Percent Change from Baseline in Seizure Frequency

Following extretme value is not inchudedin this graph:
Subject ID: CRUF3310021 _1224 05059, % Change =6837. 77778, Treatment Group: ?haze‘on

Based on this analysis the sponsor indicates that rufinamide demonstrates a consistent superiority
over the range corresponding to larger seizure rate reductions.

6.1.4.1.2.5.1 Effect size

In the approvable letter FDA is concerned about the minimal effect size (median rufinamide
seizure reduction — placebo median seizure reduction) in the positive studies. The sponsor
counters by stating the study observed effect size does not have a clear correlate in clinical
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practice or in the drug effect in an individual patient. Sponsor also proposes that the clinical trial
population is more refractory to treatment than patients in normal clinical practice. The sponsor
proposes that the cumulative distribution functions (CDF) are a more informative summary of
individual patient respornise to treatment. In the CDF of study 21A the 50% responder rate can be
seen, which was statistically significant. A CDF for study AE/ET1 expressed by individual doses
and a CDF on the pooled population response of study AE/ET1 and 21A are shown below (see
table 6.1.4.1.2-2 and 6.1.4.1.2-3).

Figare 6:1.41.2-3  Pooled datz from stadies AE/ETL and 21A {add-on
partial seizores): Empirical Camulative Distribntion

Figure 6.1.4.12-2  Study AEETI (add-on partial seizares): Empirical Function for percent change from baseline in seizure
Cumalative Distribution Fanction for percent change freqiency by treatment group
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Subject ID: CRUF3310020_1284_05059, %o Chanigs= 683777778 |, Treatmeert Group: Placebo

6.14.1.2.6  FDA Response to Second Submission

6.14.1.2.6.1 Statistical Review- Dr. Siddiqui was able to reproduce the sponsor’s reported
primary and secondary efficacy results. Since about 50% patients were randomized from USA, it
was important to evaluate the efficacy of rufinamide for the USA patients. Therefore, the
efficacy of rufinamide was evaluated for the USA and non-USA patients separately using
Wilcoxon Rank Sums test. Table 4 lists the efficacy findings by USA vs. non-USA patients.

For the USA and Non-USA randomized patients, the median percentage changes in seizure
frequency relative to baseline of the two treatment groups were very similar. However, for the
USA patients (with 77 placebo patients and 80 Ruf patients), the rufinamide group was not
statistically significantly (p-value=0.106, Wilcoxon Rank Sums test) different from placebo.

Dr. Siddiqui did a secondary analysis on the efficacy data of the study 21A. Table 6.1.4.1.2-3
lists the p-values for the comparison of rufinamide 3200mg vs. placebo for the secondary
analyses. According to the sponsor, the lack of statistical significance in the ANCOVA analysis
(i.e., Model#1) was due to the lack of normality in this variable despite the log transformation.
The sponsor stated that an ANCOVA rank analysis is more appropriate in analyzing seizure
frequency data. Therefore, as a remedy for the lack of normality, one can use an ANCOVA
model (Model#2) on rank data of total partial seizure frequency per 28 days during the Double
blind Phase including rank of total partial seizure frequency per 28 days during the baseline with
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age, treatment, Country, and gender as covariates factors in the model. The model provided a p-
value of 0.118. So, rufinamide was not statistically significantly different from placebo based on
ANCOVA model on rank data of post-baseline seizure frequency.

Table 6.1.4.1.2-3 Study 21A- Comparison of Rufinamideé 3200mg vs Placebo

Secondary Efficacy Measures : P-value
Model #1: ANCOVA: Log (total partial seizure frequency per 28 days 0.092
during the Double-blind Phase) = Log (Total partial seizure frequency per
28 days during the baseline Phase)+ Treatment +Country+sex-tage
Model#2:ANCOVA: (comparable to Model#1): Rank of total partial 0.118
seizure frequency per 28 days during the Double-blind Phase = Rank of
total partial seizure frequency per 28 days during the baseline Phase+
Treatment + Country +Age +Sex

Dr. Siddiqui, Statistical review, 2" submission

Therefore, although Study 21A was a positive study with respect to the protocol specified
primary efficacy measure and primary statistical method, the findings of sensitivity
analyses put some uncertainties in the efficacy conclusion of rufinamide.

Table 6.1.4.1.2-4 lists the mean and median seizure frequency per 28 days in the baseline and
double-blind phases for the studies AE/ET1 and 21A. The changes in median seizure
frequency from baseline to double-blind period were in the range of -1.16 to -0.95 for the
doses of 400mg to 3200mg. The changes in median seizure frequency from baseline to
double-blind period did not support any evidence of efficacy trend of the dose range

400mg to 3200mg. The same was true for the mean changes in seizure frequency.

Table 6.1.4.1.2-4 Median and Mean seizure frequeicy per 28 days in the Baseline and Double-
blind Phases, Studies AE/ET:and 21A

Data Mean seizure freq per 28 Median seizure freq per 28 Median
set (ITT Base | Double- Change | Base Double | Change | %
sample) Phase | blind Jrom | Phase -blind . | from Change
N Phase Base ‘Phase | Base from
Base
Study- Placebo 133 | 363 444 8.1 11.67 11.86 .19 4.89
AE/ET | 200mg 127 243 [ 251 0.8 11.08 | 11.00 | -0.68 | 045
L 400 mg 125 | 238 |[215 2.3 11.83 1067 | -1.16 | -6.93
800 mg 129 | 28.1 | 264 -1.7 12.67 11.00 -1.67 -12.5
1600 mg 133 | 263 | 262 -0.1 11.33 10.67 -0.66 -13.18
Study- Placebo 156 | 207 218 11 3.00 8:66 -0.66 1.61
21A 3200 mg 156 | 218 20.9 0.9 8.50 7.55 -6.95 -20.42

Dr. Siddiqui, Statistical review, 2™ submission
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6.1.4.1.2.6.2 Pharmacometrics Review

Dr. Bhattaram analyzed the data as submitted by the sponsor and was able to confirm

the sponsor’s findings. He concluded there is evidence of effectiveness based on concentration-
response analysis in adults however the effectiveness of rufinamide in children and adolescents
based on reduction in seizure frequency was not clearly demonstrated.

6.1.4.1.2.6.3 Medical Reviewer comment: Based on primary efficacy endpoint study 214 is
positive. The efficacy however is modest and when analysis is limited to the US population only,
significance is lost. On analysis of secondary efficacy measures by the FDA statistical reviewer,
using an ANCOVA model of rank of total partial seizure frequency during baseline phase with
Treatment, country, age and sex as covariates there is no significance. The primary efficacy
variable of percent change in seizure frequency may have an advantage over change in total
seizure frequency when there are a predominance of subjects with low baseline seizure
Jrequency. In those circumstances a small reduction during treatment may translate into a large
percent change. These features indicate that the anticonvulsant effect is not robust.

6.1.4.2 Lennox Gastaut Syndrome (LGS)
6.14.2.1 Study 022
6.14.2.1.1 Sponsor initial submission

6.1.4.2.1.1.1 Primary efficacy variables. The sponsor examined three primary efficacy variables,
percent change in total seizure frequency per 28 days relative to baseline (intent to treat patients),
percent change in tonic-atonic seizure frequency per 28 days relative to baseline (intent to treat
patients), and seizure severity rating of the global evaluation of the patient condition (intent to
treat patients).

Primary efficacy variable 1, the percent change in total seizure frequency per 28 days during the
Double-blind Phase relative to the Baseline Phase, showed a significant difference between the
two treatment groups in favor of rufinamide (p = 0.0015). Rufinamide-treated patients had a
32.7% median reduction and placebo-treated patients had an 11.7% median reduction in total
seizure frequency (Table 6.1.4.2.1-1). Exploratory analysis using an ANCOVA model on ranks
with treatment and region as factors and baseline total seizure frequency as a covariate verified
these results (p = 0.0026). No significant treatment-by-region interaction was observed (p =
0.7373). Rufinamide remained significantly superior to placebo after adjusting for the number of
AED’s used at baseline (p = 0.0021)
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Table 6.1.4.2.1-1 Suminary of percent change in tofal 'seizure frequency
per 28 days relative to baseline (intent to treat patients)
 Rafinamide Placebo
1 Median Range n  Median Range

Baseline serziwre frequency
pér 28 days

Double-blind seizure
frequency per 28 days
Percent change 1n seizure
frequency per 28 days fiom T4 327 (-92.3.381.4) 64 117 (-82.8, 550.6)
baseling®

Cross-feference: Post-text Table §.1-1; App»endlx .1, Selected Patieny Listings 9.1-1 and 9.1-2.

* Between-group cofipdrison using Wilcoxon rank- sum st p—vaiue 0. 0015

74 2900 {48.0.537600) 64 2050 (21.0, 109714.0)

74 204.1 (5.4, 43262.3) 64 2054 {50:7, 113165.0)

Primary efficacy variable 2, the percent change in tonic-atonic seizure frequency per 28 days
during the Double-blind Phase relative to the Baseline Phase, showed a significant difference
between the two treatment groups in favor of rufinamide (p < 0.0001). Rufinamide-treated
patients had a 42.5% median reduction and placebo-treated patients had a 1.4% median increase
in tonic-atonic seizure frequency per 28 days. A brief summary of the results is presented in
Table 6.1.4.2.1-2. Exploratory analysis using an ANCOVA model on ranks with treatment and
region as factors and baseline tonic-atonic seizure frequency as a covariate verified these results
(p <0.0001). No significant treatment-by-region interaction was observed (p =0.3864).
Rufinamide remained significantly superior to placebo after adjusting for the number of AED’s
used at bascline (p < 0.0001)

Table 6.1.4.2.1-2 Summary of percent change in tonic-atonic seizure frequency
per 28 days relative fo baseline (intent to treat patients)
Rufinamide Placebin

: ' Median Range n* _ Median Range
Bageline tonic-atonic seizire 73 92.0 {5.0, 14304) 60 92.5 (1.0, 13122}
frequiency per 28 davs »
Pouble-blind tonic-atonic seizure 73 60.7 (0.0,12036:1) 60 762 (0. 17500}
frequency per 28 days '
Percent change. in tonic-ateitic 73 -42.5 (-100.11908) &0 14 {-100, 709.6)
seizure freqnency per 28 days
from baseline”

C'mss reference: Post-text Table 9.1-2; Appendix 7.1, Selected Patient Listings 9.1-1 ‘and 9.1-2.
5 patiesits (1 rufinarhide, 4 placebo} did not experience tonic-atonic seizures dating the Baseline Phase.
® Between-grotip comparison using Wilcoxon rank-suta test p-valué < 0.0001.

Primary efficacy variable 3, the seizure severity rating at the end of the Double-blind Phase,
showed a significant difference between the two treatment groups in favor of rufinamide

(p = 0.0041). An improvement in seizure severity was observed in 39 (53.4%) of the 73
rufinamide-treated patients compared to 19 (30.6%) of the 62 placebo-treated patients. A brief
summary of the results is presented in Table 6.1.4.2.1-3. Exploratory analysis using a Cochran-
Mantel-Haenszel test with region as strata confirmed these results (p = 0.0029)
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Table 6.1.4.2.1-3 Summary of seizure severity rating of the Global Evalnation of
‘the patient’s condition (intent to treat patients)

Rufinamide Placebo

(N=73) (=6
Seizure severity B Yo a’ %
Very much worse 0 0.0 0 0.0
Much worse 3 4.1 4 6.5
Manismally worse 3 43 4 8.5
‘No change 28 384 35 56.5
M;mma}ly improved 14 192 10 16.1
Much improved 16 215 8 12.9
Very much improved 9 123 1 1.6

' Cross reference: Post-text Table 9.1-3; Appendix 7. 1, Selected Patient Listing 913
Wilcoxon razﬂ\—smt test p-value =0.0041

*3 patients (1 sufinamide;” ] piaceh::)) did not have'a seizure seventy evaluation.
6.1.4.2.1.1.2 Secondary Efficacy Variables

Responder rate, tonic-atonic seizures- As shown in Table 6.1.4.2.1-4, the percent of patients who
experienced at least a 50% reduction in tonic-atonic seizure frequency per 28 days, relative to
baseline, was significantly higher in the rufinamide group (42.5%) than in the placebo group
(16.7%) (p = 0.0020). The observed odds ratio of 3.81 indicates that patients who received
rufinamide were approximately four times more likely to experience at least a 50% reduction in
tonic-atonic seizure frequency, compared with those receiving placebo. .

Table 6.1.4.2.1-4 Summary statistics of patientsvih responded to-treatment with at least
a50% reduction in tonic-atonic seizure frequenc; relative to baseline
(intent to treat patxents)

_ Rufinamide Placeba v
Responder Rate # %% # Yo Odds Ratio® Povalue®
50% 31/73. 425 10/60 167 381 0.0020

Cross reference: Post-text Table 9.2-1; Appendix 7.1, Selected Patient Listing 9.1-2..

* 'The odds of a rufinamide-treated patient experiencing at least a 50% reduction in tonic-atonic seizure
frequency per 28 days relative to the odds of a placebo-treated patient experiencing at least a 50%
reduction in tonic-atonic seizure frequency per 28 days. S

* Dvalue based on Iogzstic regression model with treatment, region, sex, and age as explanatory variables.

6.14.2.1.2  Initial Reviewer analysis

The initial medical review concluded that all primary endpoints of the protocol were satisfied at
the required p value even when correcting for multiple endpoints. The secondary endpoint data
also strongly supported the conclusion derived from the primary endpoint of a therapeutic benefit
in the treatment of seizures associated with Lennox-Gastaut. Although not all endpoints
exhibited a statistical significance there was a consistent therapeutic trend.
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6.1.42.1.3  Approvable letter

“We also do not consider the data adequate to support an indication for use of rufinamide in
LGS. While study 22 is clearly positive and there is at least some other evidence of activity from
the adult studies, we do not at this time consider the evidence sufficient to support approval
based on the single study. In the past, approvals based on single studies in LGS have been
supported by clear evidence of an effect on partial seizures in adults, generally at least 2 clearly
positive studies. We do not find that support here.”

6.14.2.1.3  End of review meeting- no further discussion

6.142.14 Second Submission

The sponsor supports approval of rufinamide for Lennox-Gastaut syndrome based on 1998
Guidance for Industry, Providing Clinical Evidence of Effectiveness for Human Drugs and
Biological Products. The guidance reviews the approval of lamotrigine for treatment of Lennox-
Gastaut syndrome which was based on a single adequate and well controlled trial and due in part
to related data showing efficacy of the drug in partial onset seizures in adults. The sponsor cites a
parallel between study 022 as the single well controlled trial and studies 21A and AE/ET]1 as the
supportive data showing efficacy in adult partial seizures. At the end of review meeting FDA
agreed that studies AE/ET1 and 21A were 2 positive add on trials in adults with partial seizures.

6.14.2.1.5 FDA Response to Second Submission
6.14.2.1.5.1 Statistical Review

Primary variable 1: Total seizure frequency per 28 days Rufinamide was effective (p-
value=0.0015) in reducing the percent change in total seizure frequency per 28 days during the
Double-blind Phase relative to the Baseline Phase. However, the median total seizure frequency
per 28 days at double-blind period was almost same for the two groups (Table 6.1.4.2.1-5).
Therefore, the statistical significance of the difference of the two groups might be due to the
imbalance baseline seizure frequency per 28 days for the two groups at baseline.
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Table 6.1.4.2.1.5 ‘Summary of percent change in total seizure fréquency
‘ ‘per 28 days relative to baseline (intent to treat patients)
Rufinamide Placebo
n gﬂedian ‘ Range Tt Z\*ig'{lian_ R;mg_e

_'Baseline serzire frequency
per 28 da}s

‘Double-blind seizure
frequency per 28 days
Pescent change 1 setzure :
frequency per 28 days from 4 327 (£92:3,381.4) 64 117 {-82.8, 550.6)

“baseling®

' Crosb—reference ‘Post-text Table 9.1 1 Appenchx 7.1, Selected: Pat:ent Listings 9.1-1 and 9. 12
* Between-group comparison using Wilcoxon rank- S test p- vaiue = 0.0015

74 2900  (480.337600) 64 2050  (21.0,109714.0)

2041 (5:4:432623) 64 2054  {50.7,113165.0)

Primary efficacy variable 2: Tonic-atonic seizure frequency per 28 days In comparison to
placebo, rufinamide was effective (p-value<0.0001) in reducing the percent change in tonic-
atonic seizure frequency per 28 days during the Double-blind Phase relative to the Baseline
Phase

Primary efficacy variable 3: Seizure severity subscale of Global Evaluation of patient’s
Condition. Rufinamide was also effective (p-value=0.0041) compared to placebo with respect to
the changes in seizure severity rating at the end of the Double-blind Phase.

Secondary efficacy measures.

Table 6.1.4.2.1-6 lists the median number of atypical absence, tonic, myoclonic, partial,
and absence seizures that occurred during the Baseline Phase were higher in the
rufinamide group than in the placebo group. That is, the two groups were imbalanced at
baseline with respect to the subtypes seizure frequency.

Among the atypical absence, tonic, myoclonic, partial, and absence seizures subtypes
seizure frequency, rufinamide was significantly effective in controlling atonic seizures
(p-value = 0.0125) and combined absence and atypical absence seizures (p-value =
0.0222). The median percent decreases in other subtypes of seizures for the rufinamide
group were numerically higher but not statistically significant as compared to the placebo

group.

40



Clinical Review

Steven T. Dinsmore, D.O.
NDA 21-911 Submission 2
rufinamide

Table 6.1.4.2.1-6 Summary of percent change in frequency of other seizure fypes per
28 days relative to baseline (intent to treaf patienis)

Rufinamide Placebo

n“ Median Riinge n’ Median Range p-Value®
.Absence & afypical absence seizives
Baseline frequency/ 28 days 66 635 (1,217 56 53.0 {1, 4009
Double-blind frequency/ 28 days 86 301 {0,2793.7) 56 430 (0, 5628.3)
% change in frequency/ 28 days 66 -50.6 {-160; 1720.2) 36 20.8 {-100, 5384.3) 00222
Tonic seizares
Basgline fréquency? 28 days 52 663 {1, 14304} 43 49.0 {1, 1066}
Double-blind frequency/ 28 days 53 470 {6, 12036.1) 43 533 0, 1228.6)
% change in frequency’ 28 davs 32 278 {-100; 3003.6) 43 18 100, 300 0.0821
Atonic seizures
Baseline frequency/ 28 days. 45 36.0 {1.4037) 33 49.0 2,13122)
Double-blind Fequency/ 28 days 43 246 {0,.3450.2) 3 60.3 {0, 16946.7) _
% change in frequency/ 28 days 43 48 £:100, 13660 3 210 160,708.6)  0.0125
Myoclonicseizares ‘
Baseline frequency/ 28 days 37 800 {1,38928) 31 508 {1, 92583)
Double-bling frequency/.28 days 37 523 ¢0.3,30352.8) 31 383 (0,90350.7) _
%% change in frequency’ 28 days 37 <304 (-98.7,338.6) 31 -13:6 100,184.7 0.5711
Tonic-clonic seizures ‘ )
Baseline frequency/ 28 davs 37 1890 (1.336) 27 150 {1,788}
Double-blind frequency/.28 days 37 9.8 ©, 7149 27 137 {D; 200}
% change in frequency/ 28 days 37 -45.6 {-100,789.2) 27 -18:1 {100, 729.6 0:3306
Partinl seizaves _ ) _
Baseline frequency/ 28 days . 5 49:0 (1,4185) 9 410 {3,723}
Double-blind frequency/ 28 days 1L 143 {0, 7862) 2 236 (0, 600.T)
%o change in frequency’ 28 days 1L -71.9 {-109,126.1) ¢ =111 (-100,43.4) —

Cross reference: Post-text Tables 9.2-2.t0.9.2-11; :Appendix 7.1; Sélected Patient Listings 9.1-1 and 9122,
* Number of patients who experiénced a given type of seizure during the Baseline Phase.

* Wilcoxon fank-sum text.

“ No p-value seported because this fype of seizure occured in -220% of the patients.

Dr. Siddiqui (the statistical reviewer) is concerned about the imbalanced baseline seizure
frequency. Median seizure frequency in the rufinamide treated group is 290 at baseline while the
median seizure frequency for the placebo group is 205 seizures / 28 days. The statistical
significance between the groups may be due to this imbalance. The statistical reviewer believes
that this indicates that the patients who had a greater disease severity were more likely to be
randomized into the rufinamide group.

Key to the validity of the study is reliable randomization. In response to this unexpected
divergence in distribution of baseline seizure frequency the sponsor was asked to reaffirm that
the patient randomization performed by the study 022 investigators conformed to the
randomization process described in the study protocol. In response the sponsor identifies three
errors during the randomization process. One patient did not receive study drug although he was
entered into the study under number 2101. The patient was allowed to enter the extension study
thereafter. The second patient was re-randomized at visit 4, effectively he was double entered
into the study. The patient was subsequently withdrawn from the study. In the third case one
patient was given two bottles of medication belonging to a different participant, however both of
the participants were randomized to rufinamide therefore there was no net effect on study. Full
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narratives are in appendix 2. These three randomization errors could not contribute significantly
to the large baseline difference between treatment and placebo groups.

In addition the sponsor provides the centers and the subject randomization sequence for each
center.. The study population was drawn from 36 centers in Europe, South America (Brazil) and
the United States. Brazil and Europe contributed 20 centers which entered in total 75 patients,
the largest contributor was a German center which recruited 15 subjects. The United States had
16 centers which entered a total of 63 patients. The largest US center contributed 14 patients.
The two largest center contributions were the German and US, contributing 15 and 14 patients
respectively. The next largest center contributions were three contributing 8 subjects each. The
average subject recruitment per center was 3.8. The center recruitment sequences are examined
by the reviewer and there is no appearance of systematic non-randomness.

In the initial submission the intent to treat population of rufinamide and placebo cohorts was
tested for evidence of significant difference in each of 11 baseline variables. These variables
include sex, race, age, weight and baseline frequency of total, tonic- atonic, absence, myoclonic,
tonic, tonic-clonic, and atonic seizures. Sex and race were tested for significant difference using
Fisher’s exact test. The remaining variables were tested using a Wilcoxon Rank-sum method. No
significant difference was identified between rufinamide and placebo groups for any of the
variables examined. The absence of difference in any of 11 variables acts as an index of the
random quality of baseline group assignment. This provides evidence against a systematic bias in
treatment assignment. (see table 6.1.4.2.1-7 below).

Bpeendin 5.1, Table 1 (Pags 1 of 11
. Baseline coaparsbility of trastment groups
’ra-ble 6.1.4.2.1-7 for dencsgraphic and baselins variablsa

(Ipbenk-po-Lrear patieuts)

Tasgt .
Yariable Teat sratistiv  B-valus
Haxn tishex s Hwact 10006
Rawo Fishey's Bxach &, 957
age @ileoKon Rank-Sum ~wBb2 0.423
Ueight &t rapdonization Wilooxon Fomic: S Q. 3G 0,458
Bazaking tOTAl selzure Tréy: per 28 days Bilooxon Rank-Sum -1.828 G.laT
Bageline tonic-avonic ssizurs fre«»:_;, per 28 da;ys #ilooxon Ksaide- S ~0.946 D344
Bazaling atyp. ahsende seipuvrs freq. per 2% dave Wd lebmnn, RankSum O, 5Bt o, BER
Basoling myoclonis saizh‘rn Lrncg. pat 38 days 3 Jeoeon Rank-Sizn -0, 842 0400
Baseline touls seizurs ey, per 29 davs Wileoxon Rank-Sum -0, 8T G. &3
Baseline tonts-clonis seinire fonyg, per 28 davs Fileowon Fomlk-Sim -4 142 £.253
Basgeline aronde seizurs freq. pey 28 days Wi loowon Ramic-Sum - 882 . 388

+r Indicatzs statisticoal sigmificance at the 0.0% laowal

Baseline comparisens were performed for ssizurs sebbypes sxpericnced by
at lesst 20% of ths patisnts Surinyg the Baseline bhass
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6.1.4.3 Efficacy related to concomitant anti-epileptic drugs (AED’s)

It is possible that rufinamide may be effective only due to synergistic interaction with a
concomitantly administered anticonvulsant agent. This issue was raised in the approvable letter.
The sponsor was asked to provide subgroup analysis of rufinamide efficacy according to
concomitant administered AED’s . This was requested for all controlled trials including the 21P.
The sponsor provided the analysis for 5 studies but not for study 022 the pivotal Lennox- Gastaut
study.

6.1.4.3.1 study 018

Subgroup analysis reveals no difference in efficacy when comparing 1 concomitantly
administered AED to two concomitantly administered AED’s. There is no difference in efficacy
identified between 4 named AED’s, lamotrigine, carbamazepine, phenytoin, and valproate. See
appendix 10.4, table 6.1.4.3.1. '

6.14.3.2 study 021A

In the adult partial seizure study there is an increase in significance in the 2 AED subgroup
analysis. This is the only significance identified. There is no difference in effectiveness among
concurrent use of the specific anticonvulsants lamotrigine, phenytoin, or carbamazepine. See
appendix 10.4, table 6.1.4.3.2.

6.1.4.3.3 study 21P

In this pediatric partial seizure study there is no difference in efficacy noted based on number of
prescribed AED’s or the specific anticonvulsants lamotrigine, carbamazepine or valproate. See
appendix 10.4, table 6.1.4.3.3

6.1.4.3.4 study AE/ET1

This dose ranging study provides subgroup analysis of efficacy for 1, 2 and 3 concomitant
AED’s in addition to the specific named AED’s vigabatrin, carbamazepine, phenytoin and
valproate. There is significant efficacy in analysis of 1 concomitant AED at the 400mg / day and
800mg / day dose of rufinamide. There is no significance noted at 2 or 3 concomitant AED’s or
with concomitant use of vigabatrin, carbamazepine, phenytoin, or valproate. See appendix 10.4,
table 6.1.4.3.4.

6.14.3.5 study AE/PT2.
In this adult partial seizure trial there is no significant difference in effectiveness upon

examination of subgroups on 1 or 2 concomitant AED’s or with examination of carbamazepine,
phenytoin, or valproate. See appendix 10.4, table 6.1.4.3.5.
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Reviewer comment: the subgroup analysis of study 214 reveals significance with two AED’s that
is not present with 1 AED or lamotrigine, phenytoin or carbamazepine. In study AE/ETI there is
significant efficacy at the 400 and 800mg dose on 1 AED with no significant difference in
efficacy at any dose or with 2 or 3 concomitant AED’s or with vigabatrin carbamazepine,
Phenytoin, or valproic acid. There is limited difference in efficacy in the aforementioned
subgroup analysis, at only two doses in AE/ETI and with one AED in study 21a.

Carbamazepine was a concomitant AED in subgroup analysis with each of the 5 studies.
Lamotrigine in 3 of 5 studies, phenytoin in 4 of the five studies valproate in 4 of 5 studies and
vigabatrin in one of five studies. No difference in efficacy was seen across studies for any of
these anticonvulsants and there was no systematic improved efficacy with increasing numbers of
AED’s. :

There is no evidence of synergy between rufinamide and concomitant AED’s to account for
rufinamide efficacy. ’

6.1.5 Efficacy Conclusions

Reviewer comment: Study 022 of epilepsy control in Lennox-Gastaut syndrome. The current
study reveals statistically significant endpoints for study 0224 in percent change in total seizure
per 28 days relative to baseline for intent to treat patients. In addition there is a significant
reduction in tonic-atonic seizure frequency per 28 days in rufinamide treatment patients relative
to placebo. A secondary efficacy variable of percent change in seizure frequency over baseline
Jor absence / atypical absence and atonic seizures was also positive.

The difference in baseline seizure frequency between placebo and treatment is unexpectedly
large, however there does not appear to be a breach in study protocol randomization to account
Jor the divergence. Therefore the sponsor has fulfilled evidence that rufinamide is effective at the
tested dose of 3200mg / 45mg/kg daily for the treatment of Lennox-Gastaut syndrome and
approval is recommended.

7 INTEGRATED REVIEW OF SAFETY ONGOING TRIALS

7.1 Methods and Findings

New safety data from ongoing studies was reviewed to update the safety analysis for the second
cycle of this NDA submission. Ongoing study safety data was presented in the ISS addendum of
February 27, 2008 and used to populate the appropriate subheadings of the review template
section 7.
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7.1.1 Deaths

The ISS addendum of February 27, 2008 is silent on the issue of deaths in ongoing clinical
rufinamide trials under IND 35534, although there is not an explicit statement that no deaths
have taken place. This reviewer assumes that the absence of a statement indicates that there have
been no deaths. The sponsor reports no deaths in their annual report on IND 35534 of September
29, 2007.

7.1.2 Other Serious Adverse Events

There are 15 serious adverse events (Table 7.1.2-1) in ongoing trials E2080-A0001-301
and open label extension E2080-A0012-302. These studies contain 223 unique patients. One
serious adverse event occurred in ongoing study 2301 an ongoing compassionate use open label
extension of study 022 the Lennox-Gastaut clinical trial (LGS).

Fifteen patients of study E2080-A0001-301 and E2080-A0012-302 are analyzed. Eight of fifteen
were in double blind treatment, 4 of these withdrew from the study. Seven were in open label
treatment, one withdrew due the adverse effect, one disposition is unknown and five remained in
the study. The mean age of subjects with an adverse effect was 35.2 years old, with a median of
32 years and a range of 1 4 to 61 years. The mean time to onset of adverse effect after initiating
treatment (Double blind) was 41.5 days, the median 26 days with a range of 3 to 111 days. The
mean time to onset for subjects in the double blind group was 46.6 days, mean time to onset in
the open label group was 36.1 days.

Table 7.1.2-1
Serious adverse effect in ongoing studies under IND 35534 (rufinamide)
Patient Event DB/OL Age Onset Intervention | Withdraw/cont
number days
508-001/ Prolonged OL 32 (7
- seizure years)
10825002 Increased CP | DB 56 24 Dose
seizure reduction
10075021 Adenomyosis | DB 45 23 NA Continued
10365003 Seizure DB . 61 111 Dose Withdraw
reduction
10575002 | Decreased OL 39 56 Hospital , no | Continued
WBC change A
rufinamide
10465003 Increase DB 14 53 Continued
seizures
10095003 | Fall from OL 51 ? Unknown Unknown
seizure
10095010 | No benefit, DB 31 54 Pht toxic after | Withdraw
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toxic withdraw
10555004 | Weight loss, | OL 20 46 Discontinued | Withdraw
chg seizure
10205009 | Ataxia, DB 19 14 Dose Continue
lethargy, reduction
nausea,
vomiting v
10185002 | Fall- shoes OL 32 17 Continues
caught on
stairs
10725003 | Flurry of DB 35 83 Withdraw
seizures :
10075003 Asthmatic OL 30 67 Continues
bronchitis
10725007 | Seizure flurry | DB 22 3 Withdraw
10135003 | Seizure flurry | OL 28 3 Continue
10155004 | Pneumonia OL 45 28 continue

Reviewer comment: Sixteen serious adverse events are noted, the most frequent are seizures, 2 in
open label, 4 in double blind. There are two falls, one from seizure, the second apparently a trip
and fall on steps. The remaining 7 events are stand alone event with no pattern emerging. The 4
seizures that occur in double blind treatment raise the possibility of an increase seizure activity
but blinding prevents association with medication. One case of leucopenia is present. The
narrative report does not disclose the lowest value, only reporting that the patient was
hospitalized on ~===for decreased WBC count. The low WBC count later resolved after
discontinuation of trimethoprim/sulfamethoxazole.

7.1.3 Dropouts and Other Significant Adverse Events

7.1.3.1 Overall profile of dropouts

In study E2080-A001-301 there were fifteen patients with 26 adverse events and resultant
discontinuation from the study (Table 7.1.3-1 & 7.1.3-2). The most common adverse event
leading to discontinuation was dizziness in 9 patients. There has been 1 report each of dizziness,
unsteadiness, visual blurring, drowsiness, anxiety attacks, and difficulty speaking. An additional
three patients dropped out due to adverse effects of increased seizure frequency, partial motor
seizure and tongue numbness respectively.
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Table 7.1.3-1 discontinuation by symptom Table 7.1.3-2 discontiuation by patient number
Patient # Symptom / problem Patient# Symptom / problem
10555004 CHANGE IN SEIZURE TYPE 10105005 TONGUE NUMBNESS
10205006 DIPLOPIA 10495003 INCREASE SEIZURE FREQUENCY
10055001 DIZZINESS 10595002 PARTIAL MOTOR SEIZURE
10055002 DIZZINESS 10055001 DiZZINESS
10125001 DIZZINESS " 10055002 DiZZINESS
10135002 DIZZINESS 100650068 ELEVATED DILANTIN LEVEL
10205006 DIZZINESS 10125001 DIZZINESS
10215006 DIZZINESS 10135002 DiZZINESS
10335003 DIZZINESS 10205006 DIPLOPIA
10575006 DIZZINESS ‘ ) . DIZZINESS
105985001 DIZZINESS 10205008° FATIGUE
10575006 DOUBLE VISION 10215006 DIZZINESS
10755001 DOUBLE VISION 10215006 FOGGINESS
10065006 ELEVATED DILANTIN LEVEL -10255001 INCREASED SLEEPINESS

DIZZINESS
LIGHTHEADEDNESS
SYNCOPE
CHANGE IN SEIZURE TYPE
WEIGHT LOSS
WEIGHT LOSS
DIZZINESS
DOUBLE VISION
NAUSEA
SLURRED SPEECH
10595001 DiZZINESS
10725003 SEIZURE FLURRY
/55007 DOUBLE VISION
INABILITY TO CONCENTRATE
10825002 INCREASE COMPLEX PARTIAL SEIZURES

10205006 FATIGUE

10215006 FOGGINESS

10755001 INABILITY TO CONCENTRATE
10825002 INCREASE COMPLEX PARTIAL SEIZURES
10255001 INCREASED SLEEPINESS
10335003 LIGHTHEADEDNESS

105750086 NAUSEA

10725003 SEIZURE FLURRY

10575006 SLURRED SPEECH

10335003 SYNCOPE

10555004 WEIGHT LOSS

10575001 WEIGHT LOSS

10495003 INCREASE SEIZURE FREQUENCY
10595002 PARTIAL MOTOR SEIZURE
10105005 TONGUE NUMBNESS

A total of six patients dropped out of open label study E2080-A001-302.

7.1.3.2 Adverse events associated with dropouts

In study E2080-A001-301 the adverse event most prominently associated with dropout was
dizziness. The next most common cause of dropout was seizure related. Three had an increase in
seizure frequency noted as an increase in seizure in two and seizure flurry in one. One noted a
change in seizure type and one noted partial motor seizure but did not indicate if this was a
change in seizure type. An elevation in phenytoin level occurred in one instance. This event may
have been precipitated by rufinamide which may increase phenytoin level by 7 to 21%. There
were two symptoms of double vision, two of fatigue, one each of fogginess and inability to
concentrate, one of nausea, one syncope, one of tongue numbness, and two of weight loss.
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A total of six patients dropped out of open label study E2080-A001-302 due to adverse effects.
One for each of the following symptoms. Dizziness, unsteadiness, visual blurring, drowsiness,
anxiety attacks, and difficulty speaking.

7.1.4 Other Search Strategies-

Annual report September 2006 to September 2007 reviewed

7.1.5 Common Adverse Events

Common adverse events in ongoing studies E2080-A001-301 and E2080-A001-302 are reviewed
in7.1.5.1-7.1.5.2

7.1.5.1 Incidence of common adverse events

A total of 469 adverse event (placebo or rufinamide) were reported in 211 patients in ongoing
clinical trial E2080-A001-301. The most common SOC (system organ class) were the nervous
system, the gastrointestinal system, general disorders and administration site conditions.

Table 7.5.1-1 (below) provides the number of adverse events in Study E2080-A001-301 that
occurred in frequency greater than 5 events, with the exception of confusional state and gait
disturbance. Confusional state and gait disturbance although with only 4 and 3 occurrences
respectively are likely to be central nervous system side effects and provide insight into the
overall frequency of potential central nervous system adverse effect.

Reviewers comment: The adverse event profile for study E2080-A001-301 (currently blinded) is
generally typical for anticonvulsant, centrally nervous system active agents. There is a
preponderance of central nervous system adverse effects with dizziness most frequent occurring
45 out of 460 events, somnolence 20 occurrences, fatigue 15 occurrences, convulsion 8
occurrences, balance and gait disorder totaling to 9 occurrences, blurred vision 6 occurrences,
tremor 6 occurrences and confusion 4 occurrences. The adverse event profile reveals headache
is the second most common event behind dizziness. In the available data from adult double blind
studies from the initial NDA submission, headache was modestly more common than placebo by
3%.

7.1.5.2 Common adverse event tables

Table 7.1.5.-1
Study E2080-A001-301 Adverse events >5
events of 460 occurrences (remains

blinded),
dizziness . 45
Headache 41
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Somnolence

N
o

Nausea
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Fatigue
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Diplopia
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Upper respirator tract infection
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Contusion
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Nasopharyngitis
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Convulsion

Constipation

Diarrhea

Urinary Tract infection

Skin laceration

Coordination, Abnormal

Balance Disorder

Vomiting

Tremor

Blurred vision

pyrexia

Confusional state

Gait Disturbance
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The sponsor reports a total of 60 adverse events were reported in 101 patients in clinical trial
E2080-A001-302. The most common SOC’s were the nervous system, general disorders and
administrative site conditions. There were 75 adverse events identified in sponsor’s listing 1.2, p
59 ISS addendum (February 2008). Adverse events occurring in a frequency greater than or
equal to two are noted in Table 7.1.5-2. Dizziness is the most frequent of adverse events -
occurring 13 of 75 events with the next most frequent event of skin laceration occurring in 3 of
75 events. This is not an unexpected finding in a centrally acting agent and was also prominent in
the data from all double blind treated patients from the initial NDA submission. In that data the
occurrence of dizziness was 15.5% in the rufinamide treated group compared with 9.4% of the

placebo group.

event= 2 of 75

Table 7.1.5-2
Study E2080-A001-302 Adverse

dizziness

skin laceration

decreased appetite

Asthenia

somnolence

nausea

muscle spasm

irritability

insomnia

headache

feeling abnormal

oo oo el |w o
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Balance disorder 2
Back pain 2
Ataxia 2

7.1.5.3 Identifying common and drug-related adverse events

The clearly drug associated events are central nervous system (CNS) and gastrointestinal. The
central nervous system events are dizziness, somnolence, fatigue, and diplopia. This category of
adverse effect is common in the anticonvulsant class of medication due to their inherent CNS site
of action. The gastrointestinal effects is nausea, for rufinamide this is dose related with a notable
increase in the 3200mg dose.

7.1.6 Less Common Adverse Events

The review of ongoing studies does not allow analysis of less common adverse events due to the
limited database.

7.1.7 Laboratory Findings

A full ISS with laboratory findings is not yet generated for the ongoing studies.

7.1.8 Vital Signs

Vital sign data is not provided in the submission for the studies which are ongoing.

7.1.9 Electrocardiograms (ECGs)

Vital sign data is not provided in the submission for the studies which are ongoing.

7.2 Adequacy of Patient Exposure and Safety Assessments

See section 8.2

7.2.1 Description of Primary Clinical Data Sources (Populations Exposed and
Extent of Exposure) Used to Evaluate Safety

See section 8.2

50



Clinical Review

Steven T. Dinsmore, D.O.
NDA 21-911 Submission 2
rufinamide

7.2.2 Description of Secondary Clinical Data Sources Used to Evaluate Safety

7.2.2.1 Other studies- full developrrient program has been evaluated in the initial submission by
Dr. Ramon.

7.2.2.3 Literature
8 INTEGRATED REVIEW OF SAFETY SECOND CYCLE SUBMISSION

8.1 Methods and Findings

Source documents reviewed to address these concerns were the ISS (Integrated Summary of
Safety) addendum submitted by sponsor February 27, 2008, Dr. Ramesh Raman Medical Officer
Safety review from September 8, 2006, the sponsor’s clinical overview submitted February 217,
2008 ISS submitted July 26,2005.

The primary guidance for this second submission safety review was directed by the approvable
letter issued by FDA in September 2006. The issues of concern were

1. The final outcome or disposition of patients noted in the initial safety review to have clinically
notable changes in laboratory parameters at final visit.

2. a potential signal for hypothyroid response

3. a potential signal for an increase in status epilepticus

4. synergy with a concomitantly administered AED to produce efficacy

5. QT interval shortening

6. subject death and discontinuation.

New safety data from ongoing studies was reviewed to update the safety analysis. Ongoing study
safety data was presented in the ISS addendum of February 27, 2008 and used to populate the
appropriate subheadings of the review template section 7.

Method of review was to address the questions and concerns of the approvable letter by review
of data in the ISS of February 27, 2008. Further depth of investigation required some review of
the initial ISS, insight and analysis was provided by the Medical Officer Safety review of Dr.
Raman. The review template was modified by adding a section 8, identical in outline structure to
. the standard section 7 “Integrated Review of Safety” , in this case to place the issues related to
the second cycle submission distinct from review of the ongoing clinical trial which is placed in
section 7 “Integrated Review of Safety”.
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8.1.1 Deaths

These have been reviewed by Dr. Ramon section 7.1.1 in the initial submission, medical safety
review.

8.1.2 Other Serious Adverse Events

These have been reviewed by Dr. Ramon section 7.1.2 in the initial submission, medical safety
review.

8.1.3 Dropouts and Other Significant Adverse Events (abnormalities related to
initial NDA submission safety review, including Thyroid abnormalities 8.1.3.1.3)

These have been reviewed by Dr. Ramon section 7.1.3 in the initial submission, medical safety
review.

8.1.3.1 Other significant adverse events- related to initial NDA, safety review
8.1.3.1.1 Hyponatremia

The safety review for the initial submission of November 17, 2005 revealed a concern for
hyponatremia. Four cases were identified.

Patient 1276-05044 in study 021A a 39 year old female was on 2400mg of rufinamide which had
been initiated 6 years earlier. The patient discontinued rufinamide on her own volition, one day
after discontinuation she was hospitalized for loss of interest in her environment and
constipation. On admission serum Na+ was found to be 129mEq/L with mild anemia. The
patient was on concurrent carbamazepine 600mg a day and lamotrigine 500mg a day.

Patient 1284-5033, a 54 year old female with incomplete data reveals an interval of
hyponatremia for 5 days. The baseline sodium is noted to be 143mmol/L with a decrease noted
after patient was hospitalized for nausea, vomiting and sleepiness two days after beginning
oxcarbazepine. The patient had a rapid titration beginning 300mg BID advanced the following
day to 450mg BID. On this second day it is reported that the serum sodium was low but the
numerical value is not provided. Concurrent medications included hydrochlorothiazide (HCTZ).
The HCTZ and oxcarbazepine were discontinued with normalization of serum sodium along with
mental status and resolution of nausea and vomiting.

Patient D/0008/1168 study AE/ET1e. Subject a 61 year old male on concurrent carbamazepine
found to have hyponatremia during double blind phase of study on 800mg of rufinamide 800mg
a day persisting into open label treatment also at 800mg a day. A fluctuating sodium level is
noted over an interval from 5-31-1994 to 8-1-1994. The narrative report indicates the patient was
in double blind treatment until 6-18-1994 when he entered open label treatment with rufinamide
at 800mg a day. Sodium values are noted in table 8.1.3.1-1
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Table 8.1.3-1, Na+ values aligned with study mode
Date Sodium Treatment
5/31/1994 126 mmol/L Double blind
6/3/1994 143 mmol/L, Double blind
6/14/1994 124 mmol/L Double blind
8/1/1994 140 mmol/L Open label 800mg daily

Patient B/0001/1631 study AE/ET1e. Subject a 30 year old female began open label rufinamide

treatment on 7/4/94. On ~——— day ~_—of rufinamide therapy) the patient was receiving b(ﬁ)
1200mg a day of rufinamide, the patient was hospitalized for dizziness, confusion and health

deterioration for three days. Laboratory study revealed hyponatremia (value unavailable).

The patient was on concurrent therapy with carbamazepine which had reached an overdose level
due to patient non compliance, this apparently occurred in the same interval as the hyponatremia.
Carbamazepine levels are not provided. Carbamazepine was reduced and rufinamide
discontinued due to the adverse event.

Four hyponatremia serious adverse events are noted in the initial safety review by Dr. Raman. In
3 of these cases identification of the cause of hyponatremia is seriously confounded by ongoing
treatment in each of the patients with carbamazepine.. In the first case there was six years of
preceding treatment using rufinamide with no report of hyponatremia. The patient was also on
carbamazepine 600mg a day. The second case was confounded by concurrent use of
oxcarbazepine and hydrochlorothiazide, the fourth case had been on rufinamide for 4 years
without report of hyponatremia but developed hyponatremia after her carbamazepine dose had
been elevated through non-compliance. In the third case as noted in table 7.1.3.3-1 the patient
was not only on confounding carbamazepine but sodium normalized when on open label
rufinamide 800mg a day 8 weeks after the first noted hyponatremia.

Reviewers comment: Review of data from all completed double blind studies reveals only a 0.1
of 140.0 mmol/L decrease in mean sodium in rufinamide treated cohort between baseline and
termination of treatment compared to 0.0 change in the placebo group between baseline and
treatment termination. This is a negligible change. Shift table analysis of sodium values reveals a
2.1 percent shift from normal to low in rufinamide treatment group compared to a 1.7% shift
Jrom normal to low in the placebo group. This is a minor 0.4% change between the groups.

When this data is taken in review of the identified clinically notable cases of hyponatremia
above, there is not sufficient evidence to implicate rufinamide as a hyponatremic agent.

8.1.3.1.2 Hyperthermia

The safety review for the initial submission of November 17, 2005 revealed a concern for
hyperthermia. Two cases were identified.

Subject 3054/2071 in study 022e. Patient is a 4 year old female in open label extension trial of
rufinamide. The patient developed a fever of 107 degrees F, no further data given but this did
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follow a hospitalization for pneumonia which preceded the fever admission by approximately
one month.

The patient again developed a fever approximately 10 weeks after the first fever hospitalization.
A numerical temperature reading is not provided but the clinical report is an uncontrollable
fever. Patient had agitation and was inconsolable. Hospital admission diagnosis is malignant
hyperthermia and dehydration. Video EEG revealed agitation was not seizure activity. Fever was
considered neurogenic and not associated with infection. Recovery was complete and patient
discharged approximately 10 days following admission. Approximately six months later the
patient was found expired in bed. Rufinamide was continued throughout the course.

Subject 0003-6419 in study 0021A. Patient is a 26 year old male who was admitted to the
hospital for five episodes of complex partial seizures. Patient on rufinamide 3200mg a day. In 24
hours the flurry of seizures was controlled with diazepam both po and intramuscular.
Subsequently the patient required an additional 100mg of IV diazepam and had hexobarbital
1000mg im. An additional 80mg of IM diazepam was given the following day. On the second
day of treatment, corresponding to the day of seizure resolution, the patient developed abdominal
pain, peritoneal signs and one episode of vomiting. He subsequently had a diagnostic laparotomy
and was found to have acute hemorrhagic pancreatitis and peritonitis.

Four days after the initial breakthrough of seizure the patient developed a body temperature of
107.2 F (41.8 C), tachycardia, tachypnea and decreased level of consciousness. A lumbar
puncture was performed demonstrating increased intracranial pressure but analysis of protein,
glucose, RBC’s and WBC’s was within normal limits. Total peripheral WBC count was within
normal limits but had increased bands at 33%. The patient subsequently expired, autopsy
confirmed cerebral edema and herniation. There was also pulmonary edema, dystelectases in
posterobasal parts of lungs, dynamic intestinal ileus with focal intramural hemorrhages in the small
intestine and venous congestion in all visceral organs.

The patient’s significant medical history included CT-confirmed hydrocephalus, excision of right
temporal cystic lesion for the treatment of therapy resistant seizures in 1989, meningeal
adhesions in areas of convex and right temporal lobe, and a syndrome of intracranial
hypertension. The intracranial hypertension was diagnosed by echoencephalography at 8 years of
age following an influenza infection. Symptoms of the intracranial hypertension were
intermittent headaches, nausea and vomiting. The patient was treated with biannual 3-week
courses of acetazolamide (Diacarb) and potassium/magnesium aspartate (Panangin) for the
previous 5 years as prophylactic treatment of the intracranial hypertension.

Reviewer comment: Case 2071 had two episodes of fever in the range of hyperpyrexia. These
episodes were separated in time by approximately 8 weeks with no report of fever in the
intervening interval. There is a report of agitation but no indication of any variety of muscle
rigidity. The patient continued on rufinamide 1000 mg a day through both episodes. The episodic
occurrence of hyperpyrexia while rufinamide treatment is maintained point away from a
mechanism of fever that is driven by rufinamide. It is highly unlikely that the both febrile
episodes would resolve with the inciting agent present. The scenario for case 6419 is most
consistent with severely elevated temperature associated with the diffuse cerebral destruction of
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cerebral edema and herniation. The underlying inflammatory effect of the pancreatitis and
peritonitis also provide some pyretic influence. Neither of these cases support a hypothesis that
rufinamide is a generator of malignant hyperthermia syndrome.

8.1.3.13 Thyroid Abnormalities

The structure of the thyroid abnormalities section is base on a concern of the primary review of
initial NDA submission November, 2005. This section begins with the approvable letter then
provides the sponsor response and then moves into reviewer analysis.

Approvable letter: The FDA commented that “ ... a clinically more meaningful evaluation of
thyroid function tests suggesting a hypothyroid function response should be submitted. For the
different subgroups of patients in the safety database, please submit re-analyses of the
proportions of patients who simultaneously experienced an increase in serum TSH and a
decrease in serum thyroxine (T3 T4 free and bound) or vice versa by treatment.”

Sponsor response: 36 patients who had an increase in TSH and 5 of these 36 patients had a
decrease in serum thyroxine. For all of these patients, high TSH/low thyroxine values occurred
as the last measured value. However, abnormal values occurred at baseline (pre-treatment) for 3
of the 5 patients; 1 patient had a high TSH, another had a low free thyroxine, and a third had a
low thyroxine (Table 8.1.3.3-2). In addition, another patient (Patient 0002 01608 in AE/ET1) had
a medical history of hypothyroidism.

v Patients with Increased TSH and Decreased T3 and T4 (Free and

8.1.3-2 Bound)

Study ‘PatientNuinber Medical History Abuormal Baseline Coneomitant Medication

018, 114200030 - Valproate .

022, ‘0019, 02099 High TSH Valproate

AE/ET1 0002 1608 Hypothyroidism ,

AE/ET] 0002 07508 Low free thyroxine Carbamazepine

AE/ET1 000707078 Low thyroxse Carbamazepine and valproate

Cross-reference; Patient profile (medical history); patient CRFs (concoinitant medications)

Table, increase TSH -decrease thyroxine, from ISS amendment

Review analysis: The sponsor provides a narrative indicating 11 patients had a decrease in TSH,
none of these had and increase in thyroxine. 36 patients had an increase TSH but only 5 of the 36
had the profile of greatest concern, a concurrent elevation of TSH and depression of thyroxine
values. Of these five subjects there were baseline hypothyroid abnormalities in 3 of the five. A
fourth patient had a medical history of hypothyroidism. A fifth patient remains with a
combination of elevated TSH and depressed thyroxine value consisted with hypothyroidism. In
this case the patient is on valproic acid which may be associated with hypothyroidism. Although
the concomitant use of valproic acid is a mitigating circumstance there remains the possibility
that case 00030 is a true hypothyroid response. Although the sponsor accounts for 4 the 5
patients with the combination of increase in TSH and decrease in thyroxine value, the remaining
31 case of elevated TSH may represent a state of early, compensated hypothyroidism.
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The features of the overall thyroid laboratory dataset via a shift table, a table of central tendency
and a table identifying clinically notable changes are examined. This approach can inform on the
impact of the above identified case of TSH elevation and thyroxine decrease have on the overall
safety analysis. In addition the role of the 31 cases of elevated TSH alone need to be evaluated
in the prospective of TSH changes seen in the placebo group.

The tables in their original form from the sponsor are contaminated by errors in units of v
measurement. Review of the sponsor tables of clinically notable thyroid abnormalities reveals 39
cases of free thyroxine measurement that change units from ng/dl to pmole/liter part way through
the study data. The ng/dl measures are all low relative to the SI unit measure of pmole/liter.
These are marked abnormal in the table indicating the sponsor analysis has integrated these
values into their analysis as abnormal and low. Four of these errors occur in study 027, 35 occur
in study AE/ET1.

11 cases of a similar type of error are seen in the total thyroxine laboratory values. In these cases
the unit of nmol/L is amplified by a factor of 10°. 10 of these errors were found in study 021, and
one in study 018. The initially submitted tables of thyroid laboratory value are rendered unusable
by these errors. These errors result in artifactual designation of low to normal transitions during
study treatment in many of the free thyroxine values of study AE/ET1. All 11 of the total
thyroxine errors result in a designation of normal to high thyroxine transition. 12 of these errors
are initially brought to the attention of the sponsor on September 17, 2008. These are
individually corrected but reflection on the overall impact of these errors made it clear that the
mix of accurate and inaccurate laboratory values in both free and total thyroxine was obscuring
conclusions on thyroid safety. Correction of patient data focused in one category such as those
with the combined elevation of TSH with depression of thyroxine would not elucidate the overall
picture of safety for which accurate shift, clinically notable and comparison of means tables are
needed.

On November 5, 2008 a teleconference with the sponsor took place to inform the sponsor of the
broad profile of thyroid laboratory errors and the logical conclusion that these will incorrectly
deflect the values of the statistical summary tables (shift table, table of central tendency and
clinically notable table) which incorporate these erroneous values.

The sponsor reported that data from studies AE/ET1 and AE/PT2 could not be reliably corrected
due to the remote age of the studies, trial completion December 1994 and January 1992
respectively. Sponsor reports that part way through trial completion there was a change in study
laboratory. The sponsor is then requested to provide a corrected series of tables for the more
recent studies where reliable laboratory data can be obtained for correction and a separate series
of thyroid laboratory tables for pooled studies AE/ET1 and AE/PT2.

On November 10, 2008 the sponsor submits the corrected tables for studies 016, 018, 021A,
021P, 022, and 038. In addition separate tables are submitted for studies AE/ET1 and AE/PT2.
The sponsor indicates that several isolated incorrect data entries as well as unit conversion errors
were corrected in AE/ET1 and the tables recalculated. All of these tables are presented below.
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To provide the corrected tables 8.1.3-3 to 8.1.3-5 the sponsor identified any thyroid laboratory
values that were 10% greater than or equal to the upper limit of the normal reference range or
10% less than or equal to the lower limit of the normal reference range. If the plausibility of the
value was in question the raw database and when possible the case report forms were reviewed
and errors were corrected.

For studies (CRUF3310016, CRUF3310018, CRUF3310021A, CRUF3310021P,
CRUF3310022, and CRUF3310038):
1. Unit conversion errors (between pg/dL and nmol/L) in total thyroxine values were
corrected for:
a. CRUF3310016, centers 1844, 1902, and 1903
b. CRUF3310018 centers 0001, 0002, 0003, 0005, 0006, 0035,0036, and 0037
c. CRUF3310022_0019_02098, CRUF3310022 0019 02099, and
CRUF3310022_2863_02089 on dates 2000-09-06, 2000-09-07, 2000-09-14
2. 18 subjects with total thyroxine values greater or equal to 61,000,000 were identified.
These values resulted from incorrect multiplication of the correct value by 10° and are
corrected in the revised tables.
3. No systematic errors were identified for any TSH values

change in terminatiop Tof TRyrold 1aboraTory. parameter values Trom Daseline. Dy 1aDOratory 1est ang treatment
{All trieated patients witn epilapsy during double-ulind ‘only}
{Studies: CRUF3310016, CRUF3310018, CRUF3310021A, CRUF33100212, CRUF33:0022, CHI]F331OOSB)

Table 8.1.3-3
Treatment
fuTinamice Placabo
Laporatory 7est (N=638) {N=480}
(87" units) . )
sumsary statistics. Stavistics Baseline Termination DiTTerence’ Baseling Termination pirrerence
Thyroxine: {nwoljL} N 499 400 450 368 368 368
wean 76.6 86.5 9.8 78.8 79.0 0.7
St -Dev. 18.72 21.72 18,80 21.60 22,04 14.67
Hedian 74.6 85.2 7.7, 7610 74.8 0.8
Hin 34.7 36.6 -42.6 30.9 az.2 :54.2
#ax 148.0 169.2 82.6 7.0 179.3 75.9
T84 (WUSLY N 487 457 457 330 330 ago
uean 2.2 2.3 0.3 2.3 2.5 0.2
S1d.Dev. 2,08 2:43 2.02 1462 8.34 8.81
segian 1.7 1.8 0.0 1,9 1.9 0.6
uin 0.0 0.1 25.5 0.1 0.2 8.1
ax 82.6 41.9 2352 14.2 52,0 51.4

- Baseline = The lasl 1aDoratory test obtained prior 1o the siart or STugy drug.

- TBrfination. = The 1adt laboratory test taken during treatment.

-: FOT each ‘laporazory 1est, only patients with a valus at botn paseline. anu termination are included.
- There were no Free Thyroxing (FT4} measurement during Double-Blind

- CGBNOVOBI17:47 * [By! soTiat}

Table 8.1.3-3, A baseline to final, means/medians, treatment/placebo, corrected-pooled studies 016, 018, 021A,
021P, 022, 038. '
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summary of changes Trom the paseline thyroid iaboratory rasuit, 1o’ tne Timal tnyroid javeratory result
(A1} treaxed patients wixh epiiepsy ouring double-diind oaly}
Table 8.1.3-4 {8tunies: CRUF3810016, CRUF3310036, GAUF3310021A, CBUF3S10021P, CRUFS310022, CRUF3310088)
Final laboratory
Rutinamide {N=5638] Placeno (N=480)
tap ] Hot ] HoT
paseline Low Hormal Hign. Availdple Total Low ormal Hign Availadle  Tvotal
Thyroxine
Low 55{10.20}  80(12.50) 0(-9.00)  15{ 2;20) 160{25.10} TAL15.40)  84(17:10) ©( 8.00)  10§°2,10) ¥18{24.50)
Normal 24{ 3,80) B26(51.10) 4( 0.050) 38{ 6.00) 392(51.3d) 20¢ 6.00} 228(47.50) 2{ 0.40) 24} 5.00) 2583({59.00)
Hign G¢ - 0.00) 0 6.00) d( 0.00} 1{ 0.20} T{ 0.20) 0{ 0.00) o( 0:00) 1{ 6.20) 0 ©.00) 1{ 0.20}
NA A 7¢ 1.10y  18( 2.80) of 0.0} 0{ 0.00) 25{ 3.90} §{1.00) 17( 3.50) 0{.0.00% 0(.0.00) . 22{ 4.60)
Total 96{15.00) 424{65.50) 4(8.60) 54{ 8.50) 578{20.60} 108(22.50) 279(58.10} 8{ 0.80) 84( 7.10) 424{88.30}
TSH (MUfL)
Low 1( 0.20) 3¢ -0:.50) o 0.00) 1{ 0:20) 5( 0.89} 0{ 0.00) 2{:0.40} 1{0:20§ T{H0020y 4 10.80)
Normal 4¢ 0.603 421(66.00) 20(.3.10) 112{17.60)} §557(87.30} 2{ 0s40) 205(61.50} 1B{ 2.10} 96{20.00) 4D3{84.00)
High 0{-0.00) 10} 3.80) 8{ 1.30} 6{ 0.00}  24{ 5,80} 0(:0.00) 10(.2.70) 18{.2.18)  6(.1.80) ~26{ 5.40)
NA ¥ Gy .06y 229 3,40} 2{ b.30} 0{ 0.00)  24( .83} 3(0.20)  22{ .60} 2f 0. 40} 0{70.00) - 25¢( 5.20}
Total 5{ 8.80) 455{71.50) SO{ ¢.70; 119{18.70) £10(95:69) 3(.0.60) B29{6B:50} 23{ 4.80) 108{21:50) 458{05.40)

- aseline = The 1ast. iaboratory 1est obtzinsd pricr to Thé sTart of STudy orig.
- TerminaTion = The 1ast. 1aboratory test taksn guring treatment.

< # NA=Not .availahle, -data was noi callected.

- TRere -were no-Free THYFoxing (FT4) measurement during Double-Bling

- 0BNOVEBI17:58 * [By: sofiat]

Table 8.1.3-4 shift, baseline to final, low-normal-high, corrected-pooled studies 016, 018, 021A, 021P, 022, 038.

Appears This waqy,
On Origingj
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Treatment-emergent cliriically notable laboraiory values for thyroid laboratp?y"tests
. : N LA
Table 8.1.3-5 ‘ Difl ;anor;ﬁory t st and tr_‘eatment A
fAlY treated patients with epilepsy during double-blind: only)
CRUF3310016, CRUF3310018, CRUF3310021A, CRUF3310021P, CRUF3310022, CRUF3310038}:

Treatment
Rutinamide Flacepo
Lab Test criteria n{%) (%)
Thyroxine (nmolfi) Total Patients 499 368
Decrease’’* 5 { 1.0) 15 4.1¥
ncrease 2 { 0.4} 1§ 0.8}
Total, - 7 1 1.4% 18" { 4.8}
Tor (musLy Total Patients 467 336
Decrease * 4 {o.ey 2 { .6.8)
InCraase *. 6 { 1.3} 4 1.2}
Total 10 2:1) 6 {1.8)

- ~ = patients are counted ohly iT ine baseline value was normal.
- Patients who had measurement-at both baseline and past baseline are -imciluded.
- There were no Free Thyroxine. {FT4} measurement during Double-Blind

Table 8.1.3-5 clinically notable, 1 or | in value, corrected-pooled studies 016, 018, 021A, 021P, 022, 038.

Tentatively Corrected Tables for studies AE/ET1 & AE/PT2. For these studies the sponsor
performed the following interventions.

1. Unit conversion errors were corrected for free thyroxine (ng%, ng/100 ml,
ng/dL and pg/ml to pmol/L) for identified subjects in CRU331AEET1.

2. For USUBJID "CRUF331AEET1_0003_05036" for visit 14 dated 1994-04-
13 the original and standard result was changed from 180 to 1.8 based on
CRF review.

3. For subjects CRUF331AEET1_0001_01625 and
CRUF331AEET1 0001 01622 the total thyroxine values at visits 13 and
15, respectively, were incorrectly entered into the database as free thyroxine
values. Values were correct assigned to as total thyroxine with appropriate
reference range. There were no recorded free thyroxine values for these
visits.

4. No changes were made to values for study CRU331 AEPT2.
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Note that the Triiodothyronine values for the two older studies (CRUF331AEET1 and
CRUF331AEPT?2) were left unchanged compared to the original NDA submission.

thange in terminarion Tor thyroid.laboratory parameter values Trom baseline by laporatory Test-ang Irsatrment
{ALL Treated patients with epilepsy uuring deutle-vlind only)

Table 8.1.3-6 {Studies: CRUFGBIAEETY, CRUFASIAEPTR)
Treatment
Rurinamide PracEns
Laboratory. Test {N=55%) (=133}
{81 units) -
Sumpary statrisvics sraristics Baselins Termination Ditrerente Baseline  Termination pigTerence
Free thyroxine. (pmoLjL} N 475, 475 475 121 124 121
Wean 12:5, 12,6+ 8.3 12.4 2@ 20t
419, Dev. 550t 4:82. 3.07 3.73 4.5 2557
wegiah 1.8 12.0 0.6 azit 2.2 -0:1
in 6.9 6.8 0.0 1.1 1.0 50,7
uax: 33.0 31.2° 25.2. 25.7 22.8 10.3
Trifogotsyronine. (nhok L) N 40 40 49 .ne .= LR
tean 2.5 2.4 ‘0.0
sta: Dev. 1.84 1.49 052 - i .- -
uedian 1.9 1.8 <0ut amn . -e-
ain v:a 11 “1.8 [ e
HAX 6;9 8:8 1.4 2 L “es
Treatment
BuTinamice P1ECElD
Laboratory Test {NT664) =138y
{81 units}
sumeary-statistics Statistics Baseline Termination pifterence Baseline Termination DiTTerence
Thyroxine (nEGL/LY N 550 ‘550 560 128 129
Mean 8.7 68.5 -0.2 72.7 ~011
sta. Dev. 21,74 22,59 12.80 16.10 15,66
Hedian 69,5 79:0 0.0 69.5 0.0
Min 8.0 0.0 -84.0 45.2 <79.8-
Hax. 120.0 147.0 43.8 122.8 4T
TSH (mujL} N 563 563 ‘563 132 132 192
nean 2.0 1.9 -0.1 1.9 1.8 L0071
Std. Dav. 1.81 1249 1,47 3.27 .15 0.78
_tledian 16 16 -9.1 1.6, 1.6 EL 3
nin G:0 L2000 -18.9 8.0 0.0 -4.3
Hax 22.0 15.5 145 8.9 8.6 159

- Baseline = Tne.last laporatory test obtained prier to the sIart o7 study drug.
- Termination = The last laboratory test taken curing treatment.
- For gach 1avoratory lest, enly patients witn a .vaiue ar botn daseline ang termination aré included.

Table 8.1.3-6 A baseline to final, means/medians, treatment/placebo, corrected studies AE/ET1-AE/PT2.
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Summary. o7 chasiges.TroB the paselime ThyFole 1aporatory result 1o the TinaL Tnyroie laveratory: result
{413 treated pafients:witn epilepsy during gouble-nling oniy}
Table 8.1.3-7 (STUGies: CRUFSBIAEET1, CRUFIZIAEPTZ)
Final laboratory
SuTinamioe{N=565) PLECEDO{N=128)

Lap Not Hot ]
paseline Low Norsal High Availagle  Total Low fNormai High Availagie. TYozal
Freg-thyroxine {FT4)

Low 79(14.00) 52( 9.20), 0{ 0.00) 0¢ 0.00) 181(23.20) 20(715.90) 6¢ 4.50) 0( 0:00) 100} B8{19.50}

Norpal 86( 6.40) 296(52.50) 98{ 1.60) 3{ 0.203 242(60.60) 18(13.50) 76{57.10) o1 6.00} :80)  $5{7140

Hign 0( 6.090) T( 0.20) 2{ 0.40)  0( 0.00) 8( 0.50) 6 6.00) 1( 0:88) 0. 0.00) 900y

NA % o( ©.00) 5{ 8:90)  0f 0:00) 0{ 0,09} 5 0.203 8('0.00) 1¢70:86) 0{ 0:00) 00}

Total 115(26,40) 454{62.80) 11{ 2:00) 1{ 6.20) 481(35.80) 3B({28.60) 84(63.20) o{ £.00) .80)
Tricgothyronine

Low G{ ©.08) of 0.00).  Of 0,00}  O( 0.00) 0 0.00) 0{ 9.0C) 0 0.00} 0{ 6,00)

‘Normal 2{ 0.40}, 84( 6.00)  1{ 0.20} o9{ 0.80). 37{ 8,60; o 6:00) o 0.00) p{ ©.00}

High O{ G.00}.  1( 0.20). 11{ 2.00) 0] 0:00) 12{ 2.10) 9(-6.00) (. 0.00) 6 6.00}

NA ¥ 0{ 0.00) of 6.00) 1{ 0.20§ 0{ 0:60) 1{ 0.20} 0( 6.00) 0f 0.00) B{ 0.0}

Total 2{ G-40}  SB( 6.20). 18( 2.30) 0f 0:60) 50{ 8.90) 6(.0.00) 0{ G.00) 6 0.00}

Final laboratery
-RUTINanige {N=564 ) Placepo(N=123)

Lan . . . hot .. ) Mot .
paseline Low Hormal HIghH Availaple. T7otal Low sormay Hign Avatiable. Total
TRyroxine .

LOW 143(25.40}  71{12,60} - O 0.00) 0¢ 0.00} 214(37.90) 25(18,80)  1B{}8.50) of (0,805 44(85.10)

Normax §3{ 9.48) 283(50.20) of 0.00) o 6,00} 336(59.60) 18{12.06) 706(52.640) 64 0(:0:00]  BO{BALTO)

High G{ 0.90) of 0.80) oL 0.00) o 0.00} ¢ ¢.00) ¢{ 0.00) o{ €.80) o0 6,06} (0,00} (0.0

NA 8§ 0.00) ¢{ 0.00)  Of 0.00} 6{ 6.00} o( "9.003 o{ ©.00) of ©.00) 00700y  .9{ 0.00) 0O{ 0.00}

Total  196(34.60) 854(62.80)  O( 0.00)  Of 0.00} 550({97.50) 41(30.80) - 8B(66.20)  0{ 8:00)  1('0.80) 130(07.70)

TSH (RUJL)

Low 2( 0.40)  4{ 0;70)  ©0( 0,00).  ©§f 0.00}  G( 1.10) T¢ 0.86)  1(.0380)  Of 8,003  0(-0,00)  2{ 1:60)
Normal 7{ ¥.20) 514(91.10) 1§( 2.80)  Of 0.00) .534{04.70) O 0.00) 124(03:20)  T{'0.80)  1{70:80} 126(94.70)
High G{ 0.00) .15{ 2.76)  8( 1.49)  ©0{ 065} =23({ 4:10j ©f 0.607  4('8.00y  T{ 0i80y 0p-D80}  5{°3.80)
NA ¥ G{ 0.08)  3{ 0,206)  ©( 0.09)  Of 608}  1{ 0.20} 006,005  6(-0.00) 6{0:00) O{'6.00;  of 6:00)
Totdl S{ 1.60} 584(04,70) 21(-8.v0y  O( 0.00} S5b4{i00.0} $( 6.86) 129(97.00) 2{ 1.50)  1( 08D}y 34a[i00.0)

- Baseiine = The 1ast laboralory Iest obtalned prior To The s3art OF STugy arug.
- Termindrion = THe 1asT. 1aDOratory Test taken guring treatmeft.

- % NASNOT -available, data was not coligcted.

- 08NOV0B:17:58 x [8y:-soTiat)

Table 8.1.3-7 shift, baseline to final value, low-normal-high, corrected studies AE/ET1-AE/PT2

Appears This Way
On Original
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Treament-emergent clinically notable laporatory values Tor thyrold laperatory. tesis
by lavoratory test and treatment
(A1l treated patients with epilepsy during double-dlind only}

Table [Studies: CRUFSBIAEETY, CRUF331AEPTR)
8.1 '3'8 Treatment
RuTinamide Placebo

tap Test Griteria R{%) %y

Free thyroxine {pmoljL}y Total Patients 475 121 )
Decrease » 114 {240} 36 {29.8)
increase ¥ 17 { 8.8) 2 { 1.7}
Total 131 {27.6) 38 {81.4}

Triledotnyronine {nmal/L} Total Patients 49 o
Decrease * 1°{ 2.0} 1]
Increasg * 5 {10.2) ]
Total. 612,28} 4]

Thyroxine {npmolyL) Total Patients 550 129
pecrease ¥ 56 {10.2) 12 {:9:8)
Increase * ] a
Total 56 {10.2} 12 {785

TSH (mUsL} Total Patienis 565 182
Decraase ¥ 17 { 8.0} 5 {3.8)
Increasg * i1 { 2.0) 3 (2.8}
Total 28 { 5.0) 8 ( B.1)

- ¥ = Patients -are counteg only IT ihe baseline walue was normal.
- Patients wno 'had measurefent al botn baseline and post. baseline are incilugey.
- OBNOVOB:17:50 % [By: spTiat)

Table 8.1.3-8 clinically notable, 1 or |in value, corrected studies AE/ET1-AE/PT2

Tables 8.1.3-3 to 8.1.3-5 are taken as the most reliable representation of thyroid function
laboratory values. These more recent studies did not capture a free thyroxine value as did study
AE/PT1. The largest placebo to treatment gradient occurs in the table of mean differences
between baseline and termination value for total thyroxine. In this case there is a difference of
9.1% between placebo and rufinamide treatment. This represents a relative increase in total
thyroxine at termination value for rufinamide treatment. There is no meaningful difference in
TSH termination values between placebo and treatment groups.

The shift table analysis for total thyroxine reveals a shift from normal to low in 3.8% of

rufinamide treated patients and 6% of placebo patients. There is a shift from normal to high in
.6% of the rufinamide treatment patients and .4% of placebo patients.
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The shift table analysis for TSH reveals a shift from normal to low in .6% of rufinamide treated
patients and .4% of placebo patients. There is a shift from normal to high in 3.1% of rufinamide
treatment patients and 2.1% of placebo treatment patients, a positive gradient of 1.0% toward
rufinamide treatment.

The table of treatment emergent clinically notable values does not reveal any difference between
treatment group and placebo that is unfavorable to the rufinamide treatment group.

Tables 8.1.3-6 to 8.1.3-8 represent the mean differences of thyroid values between baseline and
study termination, shift tables and table comparing clinically notable values for studies AE/PT1
& AE/PT2. The reliability of the data corrections is questioned. The sponsor reports limitations
obtaining confirmation of the nature of the errors from the source laboratory for these studies
with last patient entry in 1994. The tables are presented for review but are not considered
adequate for the thyroid function safety analysis.

In the table of mean differences between baseline and termination visit the differences between
treatment group and placebo do not exceed .1% for means or medians. The shift table revealed a
1.5% difference between rufinamide treatment and placebo in the examination of patients who
shift TSH value from normal at baseline to high at final thyroid laboratory study, where the
rufinamide group has the greater incidence of shift from normal to high. There is a 1.6%
difference between rufinamide treatment and placebo in the examination of patients who shift
free Thyroxine value from normal baseline to high at final study visit, where the rufinamide
group has the greater incidence of shift from normal to high. There are no other shift changes of
a magnitude that may indicate a thyroid safety concern for rufinamide. The table of clinically
notable values for free thyroxine reveals 3.6% of rufinamide treated patients has an increase in
value whereas 1.7% of placebo treated patient has an increase in free thyroxine. This represents a
1.9% positive gradient between the placebo and rufinamide treatment group.

Reviewer comment: The values of TSH and free thyroxine are in opposite physiologic direction
in both the recent studies and more remote studies AE/ET1 & AE/PT2. The expected direction of
abnormality based on the preclinical features that resulted in this laboratory monitoring were
values representing hypothyroidism. These changes do not reach a threshold either together or
independently that indicated a thyroid safety signal.

8.1.3.14 Hematologic Abnormalities

In section 7.1.7.5 the related clinically notable final hematology laboratory parameters are
covered. It is noted that there is follow up in only 3 of 121 clinically notable final laboratory
values.

In the initial NDA by Dr. Raman identifies several cases of clinically notable hematologic
alteration. Upon reexamination 2 of 9 cases remain as possibly indicating a hematopoietic signal.
In the first case 0003-06026 described below there was a clinically notable drop in WBC count
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that resolved with dechallenge. The second case is less compelling with minimum WBC count
and absolute neutrophil count not réaching clinically notable.

Patient 0003-06026 in study AE/ET1 an 18 year old female on a stable dose of carbamazepine
had a steady decline in WBC count after beginning rufinamide 400mg daily. At baseline the
WBC = 4.6 x 10° . Three days after beginning ruﬁnamxde the WBC = 3.4 x 10°, approximately 4
weeks later the WBC count dechned t0 2.7 x 10°. Rufinamide was d1scont1nued and five days
later the WBC count was 6.5 x 10°.

Patient 0003-04265 in study AE/ET1 a 36 year old female developed a mild depression of WBC
count which developed slowly after beginning rufinamide. Patient was on concomitant
carbamazepine and phenytoin. On day 3 of treatment her total WBC count was 5.7 x 10° with
56% neutrophils. Day 13, WBC= 4.2, with 5 8% neutrophils, Day 28, WBC = 7.3 with 61%
neutrophils, Day 55, WBC = 3.5, with 43% neutrophils. On day 29 the patient developed
furuncles. The investigator wonder if the furuncles were the result of neutropenia (1505). Patient
was discontinued prematurely from the trial.

Descriptive statistics are reviewed from the initial ISS of July 26, 2005 for hematology
laboratory parameters, for all double blind study participants. These reveal a WBC change of 0.1
x 10° L between baseline and final study visit for patients treated with rufinamide and a change
of 0.0 between baseline and final study visit for patients treated with placebo. Hemoglobin
reveals a change of 0.0 between baseline and final visit for patients treated with rufinamide and -
0.1g/L between baselme and final visit in patients treated with placebo. Platelet count reveals a
change of 3.6 x 10° /L between baseline and ﬁnal visit (3.6 out of baseline 233.4) for patients
treated with rufinamide and a change of 1.7 x 10° between baseline and final visit for patients
treated with placebo (1.7 out of 238.0 baseline). The neutrophil percent increased by 2.0% from
baseline to final study visit (2.0% out of 55.4% at baseline) in rufinamide treated patients,
increased by 0.4% between baseline and final study visit (0.4% out of 53.5% at baseline) in
placebo treated patients.

Shift table analysis of WBC for all double blind patient participants reveals a change from
normal to low in 3.7% of rufinamide treated patients and 2.4% of placebo treated patients. For
hemoglobin there is a change from normal to low in 8.3% of rufinamide treated patients
compared to a change from normal to low in 7.4% of placebo treated patients. Platelet count
reveals a change from normal to low in 2.5% of rufinamide treated patients and a change from
normal to low in 2.7% of placebo treated patients. Neutrophil counts changed from normal to
low in 2.6% of rufinamide treated patients and from normal to low in 4.1% of placebo treated
patients.

Statistics for clinically notable values were reviewed for all double blind patient participants.
WBC count reveals a 3.7% decrease for rufinamide treated patients and a 1.2% decrease in
placebo treated patients. Platelet count decreases in 1.9% of rufinamide treated patients
compared to 1.1% of placebo treated patients. Hemoglobin decreases in 0.9% of rufinamide
treated patients compared to 0.7% of placebo treated patients.
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Reviewer comment: Group statistics reveal a suspect hematopoietic signal. Evaluation of group
clinically notable decrease in WBC count reveals a decrease of WBC in 3.7% and 1.2% in the
placebo group . No compelling change is seen in clinically notable group values in platelet
count, neutrophils or hemoglobin. The clinically notable change in group WBC is correlated
with the individual cases from the initial safety review (0003-06026 study AE/ETI) and the
observation of a dechallenge response in the final abnormal lab (3087-02073 in Study 022). An
entry in labeling adverse events for leukopenia should be added.

8.1.4 Other Search Strategies

8.1.5 Common Adverse Events

Common adverse events in ongoing studies E2080-A001-301 and E2080-A001-302 are reviewed
in 7.1.5. Common adverse events are reviewed for the full development program by Dr. Ramon
in the medical safety review 7.1.5.

8.1.6 Less Common Adverse Events

full development program see Dr. Ramon medical safety review, initial submission 7.1.6

8.1.7 Laboratory Findings-as addressed in approvable letter: clinically notable
changes in final visit laboratory values.

8.1.7.1 Special assessments

In the approvable letter of September 2006 it was noted “ There were a number of patient
with clinically notable changes in some laboratory parameters noted at the final visit. The final
disposition of such patient was not clear to us. Pleas re-examine the records for these patients
and for each patient, clearly state whether there was follow-up on the abnormal lab value the
nature of the follow up if one existed and final outcome if known”

In response to the agency’s request, Eisai has assessed and written narratives for each
patient with clinically notable changes in hepatobiliary, renal, hematology, and chemistry
laboratory parameters. Each narrative specifically addresses the elevated value, follow-up if any,
and final disposition of the patient. The summary responses to these questions are given in each
of the above noted categories.

8.1.7.1.1 Clinically Notable Hepatobiliary abnormalities

In response to the request in the approvable letter the sponsor provides narratives for 24 patients
with abnormal, final hepatobiliary parameters. Only two patients were found to have complete
laboratory follow up parameters. In both of these the studies normalized and patients were not on
- rufinamide at follow up laboratory study. In case 0002_08019 study AE/ET1 the patient had a
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severe secondarily generalized seizure and developed a muscle entrapment syndrome as a result
of the seizure. The abnormal hepatobiliary studies were obtained at the time of this severe
medical event. These included SGOT of 1314 U/L, SGPT of 1056 U/L and bilirubin 32umol/L
(1.6X ULN). The blood parameters returned to normal after rufinamide was discontinued
creating a dechallenge association. Alternatively the medical extremis caused by the severe
seizure and subsequent compartment syndrome may have caused or contributed to the laboratory
abnormalities.

Subject 0513-00151 in study 38 had an approximately 3.5 x ULN elevation of ALT, with all
other hepatobiliary parameters normal. The ALT elevation resolved after the patient completed
rufinamide treatment. This dechallenge supports association between treatment and the mild liver
function abnormality.

Subject 0003-07035 in study AE/ET1 was treated with rufinamide for 1 year and 6 months
without clinically significant laboratory parameters when an elevated bilirubin of 217 umol/LL
was identified at final study visit. No other hepatobiliary parameters were abnormal at the same
study. A three month follow up laboratory panel was obtained revealing no abnormal
hepatobiliary parameters, however bilirubin value was not obtained at that study. On November
6, 2008 the sponsor was asked to participate in a teleconference to further explore this substantial
elevation on bilirubin. Later the same day the sponsor reported that the elevation never occurred
but was a transcription error from a case report form. The sponsor sent a tiff image of the case
report form for the record.

Subject 0005-04408 in study 021p had severe elevation in AST, ALT, and LDH as well as
bilirubin without corresponding elevation of alkaline phosphatase. However this occurred in the
context of a severe hypersensitivity reaction involving skin, lung and a mild increase in
eosinophils. The entire syndrome resolved after rufinamide discontinued. This case was
addressed by Dr. Raman in the initial NDA safety review, however in response to the current
review the sponsor was asked to review the subject database for additional cases that could fulfill
criteria for a multiorgan hypersensitivity response.

Reviewer comment: only one case stands out as a possible unconfounded hepatotoxic response
to the study medication based on ALT elevation with dechallenge resolution. In this case the liver
Sfunction abnormality was mild and otherwise asymptomatic. The review of final laboratory
values for hepatobiliary parameters is congruent with the findings from the ISS summary
statistic tables for hepatobiliary parameters where there is no increase of transaminases or
bilirubin greater than seen in placebo in change from baseline, shift table or clinically notable
values. The potential for liver function abnormality is indicated in the current draft labeling

~

8.1.7.1.2 Clinically Notable Renal Laboratory tests

There were a total of 10 subjects with renal laboratory abnormalities at final visit across all of the
epilepsy studies. One of the 10 had simultaneous elevation of BUN and creatinine. Most were
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elevations in BUN. None had follow up evaluation. Review of the initial NDA ISS for all
patients from double blind studies reveals no change in BUN for rufinamide treated patient
between baseline and last study visit and no change between baseline and termination in placebo
treated patients. Summary statistics for creatinine reveal an increase of 2.7 umol/L between
baseline and termination visit for rufinamide treated patients and an increase of 0.9 between
baseline and termination visit for placebo treated patients. These values are changes over a
baseline of 78.9 umol/L and 78.8umol/L respectively.

Shift table analysis for BUN reveals a change from normal to high in 1.9% of rufinamide treated
patients and 2.4% of placebo treated patients. Creatinine reveals change from normal to high in
3% of rufinamide treated patients and 3.3% of placebo treated patients.

Reviewer Comment: There is no follow up study to determine outcome of final abnormal
laboratory studies but no extreme values identified. Review of summary statistics reveals no
signal for renal damage.

8.1.7.1.3 Clinically Notable Hematology Laboratory Parameters

Under this category, data for all patients with clinically notable hematology lab test results at
the final/termination visit was examined in detail. The hematology parameters included
platelets, RBC, hematocrit, hemoglobin, WBC, basophils, eosinphils, lymphocytes,
monocytes, and neutrophils. There were a total of 121 patients in this category across all of the
epilepsy studies, some of whom had clinically notable values for multiple parameters.

In only 3 of 121 cases was the laboratory parameter in question clearly repeated to investigate a
response to discontinuation of medication. In each of these cases the abnormal laboratory value
returned to normal range. This occurred when the abnormal hemoglobin of subject 1747-02023
(Study 022) was rechecked approximately 2 months after finding severely reduced hemoglobin.
A return to normal was also found for subject 3087-02073 (Study 022) who had significant
leukopenia which returned to normal range when rechecked 43 days after the last dose of
rufinamide. Subject 0501-00004 (Study 101) had mild thrombocytopenia which returned to
normal when the value was repeated 20 days after last dose of rufinamide.

Reviewer comment: These three dechallenge cases are suggestive of a potential for bone
marrow suppression. There was one case each of anemia, leukopenia and thrombocytopenia.

8.1.7.1.4 Clinically notable Chemistry Laboratory Parameters

Approvable letter: There were a number of patients with clinically notable changes in some
laboratory parameters noted at the final visit. The final disposition of such patients was not clear
to us. Please re-examine the records for these patients and, for each patient, clearly state whether
there was follow-up on the abnormal lab value, the nature of the follow-up if one existed, and the
final outcome if known.

67



Clinical Review

Steven T. Dinsmore, D.O.
NDA 21-911 Submission 2
rufinamide

There are 62 clinically notable abnormalities in chemistry parameters. Follow up evaluation is
only available for 2 of the 62 abnormalities. In a case of hyperuricemia, the abnormality resolved
on follow up. The second, a case of hypercholesterolemia resolved at a 4 day recheck. Table
8.1.7-1 provides a numerical listing of the clinically notable chemistry abnormalities.

Table 8.1.7-1 Numerical listing of clinically notable chemistry parameters
Number

Hyperkalemia 23 7 studies obtained >1 month
after medication
discontinued, lab handling
highly probable in 2 cases

Hypoglycemia 12

Hyperuricemia 12

Hyponatremia 6

Hypercalcemia 3

Hyperglycemia 3

Increased bicarbonate 1

Hypercholesterolemia 2

Reviewer comment: Based on the nature of the question in the approvable letter these laboratory
values were final laboratory values predominantly isolated events without preceding
abnormality. Hyperkalemia, the most frequent abnormality was very unlikely to be related to
rufinamide. In 7 of 23 cases treatment cessation was more than a month before the laboratory
study. In two cases the hyperkalemia is due to laboratory mishandling. In the remaining 14 cases
the cause is unknown and no follow up available. Hyperuricemia was present in 12 subjects and
was mild based on upper limit of male normal. Hypoglycemia was identified in 11 cases, in all
cases the finding was a single event, etiology is uncertain without follow up. Hyponatremia was
reported in 6 cases, 2 of these patients were on oxcarbazepine and one on carbamazepine which
are confounding agents because of their ability to cause hyponatremia. The three remaining
cases are of uncertain significance and had no follow up study. Three final results of
hypercalcemia were identified, one case was lab error. Two were of uncertain significance. One
case of hypochloremia was identified, of uncertain significance. Three cases of hyperglycemia
were identified of which one occurred in the same case of hypercalcemia. There was
hyperglycemia in one case and hypercholesterolemia in two. One of the hypercholesterolemia
cases had follow up and was found to be resolved when rechecked 4 days later.

Overall there is no compelling safety signal in the final abnormal chemistry parameters.
Reviewer summary comment on sponsor response to approvable letter.: In this section follow up
of abnormal final laboratory values is extremely limited and the dechallenge data that might be

revealing is lost. There were a total of 227 clinically notable final laboratory parameters with
only 8 available follow up laboratory values.
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8.1.8 Special Safety Studies
8.1.8.1 Status Epilepticus

Status Epilepticus: Approvable letter: “... across controlled trials, 1% of rufinamide-treated
patients experienced status epilepticus while none of the placebo-treated patients experienced
SE. We ask that you further address this finding.

“Status Epilepticus

Estimates of the incidence of treatment emergent status epilepticus among patients treated with
rufinamide are difficult because standard definitions were not employed. In controlled Lennox
Gastaut trials 3 of 74 (4.1 %) patients had episodes that could be described as status epilepticus
in the rufinamide treated patients compared with none of 64 patients in the placebo-treated
patients. In all controlled trials, that examined different epilepsies, 11 of 1,240 (0.9%) patients
had episodes that could be described as status epilepticus in the rufinamide-treated patients
compared with none of 635 patients in the placebo-treated patients.”

Overview of Status Epilepticus Adverse Event.in All Epilepsy

Table818-1  patients During Double-Blind Trials
) Rufinamide Placebo
N n{%) N n{%)

‘Incidénce of Status Epilepticus

AlLAEs 1240 11 (0.9) 635 0(0.0)

Related AEs 1240 2.(0.2) 635 0{0.0)
Severity

Moderate 1240 7(06) 635 0{0.0)

Severe 1240 4(03) 635 0 (0.0)
Gender

Male 620 4(0.6) 338 0 {0.0)

Female 420 7D 297 0 (0.0}
Age

<12 S 1{0.8) 112 01(0.0)

12-16: ‘ 93 332 84 0(0.0)

17-64 1019 70 433 0 {0.0)
Discontinued

All AEs 1240 1(0.1) 635 0(0.0)

Related AEs 1240 6 (0.0) 633 0(0:0)
Serious Adverse Event

All AFs 1240 4(0:3) 635 0 {0.0)

Related AEs 1240 0(0:0) 635 0 (0.0)

Table 3 from Sponsor ISS p15
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As noted, status epilepticus did not occur in any patient who received placebo in any of the
double-blind studies in the rufinamide clinical development program. As shown in table 8.1.8-1,
status epilepticus was an adverse event in 0.9% of all patients who received at least 1 dose of
rufinamide, a serious adverse event in 0.3%, and an event that led to discontinuation of treatment
in 0.1%. Of the 1240 epilepsy patients who were in the double blind studies, 4 rufinamide-treated
patients and 1 placebo-treated patient had a history of status epilepticus prior to entering the
trials. However, none of these patients with a previous history of status epilepticus experienced
the event during the double-blind rufinamide trial (table 8.1.8-2 below).

Table 8.1.8-2 Patients with Status Epilepticus.

|- History of statis | Buration of
epilepticns! Poseof | rufinamide o
. Triggering rufinamide | treatment Relatedness by Rufinamide
Study Number/ID Ape/zex factors {(mg/day) (days) investigator Owicome’, discontinged
Patierits who had status epilepticus as SAE vot leading to discontinuation o ‘ ‘ )
CRUF3310016¢1245- 00581 " 35F None known 3200 73 - | Not Sispected. Completely Resofved No
CRUF3310021/0601.04223 1 IsM None knowa 1860 93 Not Suspected Completely Resolved No’
CRUF3310021/1266..03037 15/F None known 2400 46 Not Suspected Completely Resolved | No
CRUF3310038/0518 00110 450F Presurgical 3200 2 Not-Suspected No'
withdfawai of
AEDs
Patients-who had status epilepticus as non-5AF leading to disConfinuation )
CRUF331002¥/1273 05151 1 30F [ Hypoglycemiz | 800 [7 - Not Suspectsd Completely Recovered | Yes
Patients who bad status epilepticus as non-SAE not leading to discontinuation )
CRUF3310021/0011_06231 3x Pnenmonia, 2400 81 “Not Suspected Complete Recovery No
vomiting. severe
dehydration
CRUF3310021/1266 063066 13/M None known 1666 52 "Not Suspected Complete Recovery No
800 1028
CRUF3310022/0001_02923 1T None kiown 1460 25 Not Suspected: Cormnplete Recovery No
CRUF3310022/0002_ 02539 25M None known 1400 19 Suspected Complete Recovery No.
CRUF3310022/1553-02083 1M None known 1800 12 “Not Suspected Complete Recovery. No
260 88
200 98
200 126
CRUF331AEET14064_05001 22F None known 800 74 Nat Suspected. Complete Recovery Ne

Table S from Sponseor ISS p17

Reviewer comment: The occurrence of status epilepticus in the treatment group and none in
placebo is of concern. These were also first time cases of Status epilepticus. This risk has been
addressed in the label under precautions.

8.1.8.2 QT interval Shortening
From team leader review initial NDA submission:

“Of the 23 deaths, Dr.Raman identified 9 that could potentially be classified as sudden
unexplained deaths of epilepsy, a phenomenon that is described in the literature and

which has been explored during NDA reviews for other AED’s. Importantly, in light of the
QT interval discussion below, Dr.Raman has found the incidence of sudden '
unexplained death in epilepsy (SUDEP) in the rufinamide safety database to be roughly
the same as in other AED NDA's approved by the division.”
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Dr. Lisa Jones of the DNP Safety Team performed a targeted review of the NDA safety

. data based on the finding that rufinamide has the potential to decrease the QT interval.

At clinically relevant plasma levels, rufinamide has the potential to shorten QT by about

20 msec, perhaps the most dramatic example of QT shortening encountered by the

agency’s cardio-renal division to date. Several cardiology experts who were contacted

by the cardio-renal division agree that QT shortening might be expected to put patients

at risk of rhythm disturbances just-as QT lengthening. However, the degree of

shortening that would do this is uncertain. As a result, Dr. Jonés reviewed the safety

experience, looking for any adverse events that might reflect cardiac rhythm disturbance
(sudden death, arrhythmias, etc.). She did not identify any signal that might arise from this issue.

DNP consulted with the agency’s Cardio-Renal Division about the significance of the QT
shortening. Dr. Shari Targum addressed the issue in an 8/31/06 consult. She points out
that their concerns are based on a genetic Short QT Syndrome first described in 2000.
Affected patients can experience syncope, atrial fibrillation, life-threatening arrhythmias,
or sudden death. A theoretical argument has also been proposed that would put

patients with shortened QT at risk for ventricular fibrillation. However, no acceptable
cutoff for degree of QT shortening can be proposed at this time and Dr. Targum’s

consult did not propose that the observed phenomenon with rufinamide should stand in
the way of an approval action.

From Approvable Letter, initial submission the agency commented “The results of Study E2080-
A001-002, which examined QT intervals, found rufinamide to be associated with reduction of
the QT interval ranging from approximately 2 to 20 msec. For this study (E2080-A001-002) and
for the ECG data collected in the clinical trials, please provide outlier tables summarizing the
number and percent of patients with QT intervals in each of the following categories. We ask
that you provide this table for each dose level and stratify by heart rate correction method”.

- The reformatted data set has been submitted by the sponsor and Dr. Lisa Jones of the DNP safety
team has reevaluated. In this review Dr. Jones has included tables using only the Fridericia
correction of QT interval (QTcF). FDA table 8.1.8-3 below from Dr. Jones review provides a
view of the relationship between the corrected QT duration and the dose of rufinamide. FDA
table 8.1.8-4 from the same review illustrates the relationship between rufinamide dose and the
magnitude of QTcF shortening.
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FDA Table 8.1.8-3: Summary of QT-Related Data in the Rufinamide Development Program —
Percent Subjects with QTcF from <410 to <300 msec at 5.4 hours (Tmax) after dosing

Percent (N) of Patients with QTcF
<410 msec
Dose (mg) Rufinamide Placebo
2400 92.3 (n=48) 81.0 (n=47)
3200 94.2 (n=49) 82.7 (n=43)
4800 93.9 (n=46) 84.6 (n=44)
7200 97.9 (n=47) 84.6 (n=44)
Percent (N) of Patients with QTcF
<400 msec
Dose (mg) Rufinamide Placebo
2400 88.5 (n=46) 60.3 (n=35)
3200 82.7 (n=43) 50.0 (n=26)
4800 91.8 (n=45) 53.8 (n=28)
7200 91.7 (n=44) 55.8 (n=29)
Percent (N) of Patients with QTcF
<390 msec
Dose (mg) Rufinamide Placebo
2400 63.5 (n=33) 31.0 (n=18)
3200 61.5 (n=32) 32.7 (n=17)
4800 69.4 (n=34) 28.8 (n=15)
7200 62.5 (n=30) 34.6 (n=18)
Percent (N) of Patients with QTcF
<350 msec
Dose (mg) Rufinamide Placebo
2400 0 (n=0) 0 (n=0)
3200 3.8 (n=2) 0 (n=0)
4800 4.1 (n=2) 0 (n=0)
7200 6.3 (n=3) 1.9 (n=1)
Percent (N) of Patients with QTcF
<300 msec
Dose (mg) Rufinamide Placebo
2400 0 (n=0) 0 (n=0)
3200 0 (n=0) 0 (n=0)
4800 0 (n=0) 0 (n=0)
7200 0 (n=0) 0 (n=0)
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FDA Table 8.1.8-4: Summary of All QT-Related Data in the Rufinamide Development Program
— Percent and Number of Subjects with QTcF Decrease from Baseline of >5msec to >20 msec

at 5.4 hours (Tmax) after dosing

Percent (N) of Patients with QTcF decrease from baseline

>5 msec
Dose (mg) Rufinamide Placebo
2400 90.4 (n=47) 56.9 (n=33)
3200 86.5 (n=45) 44.2 (n=23)
4800 98.0 (n=48) 53.8 (n=28)
7200 91.7 (n=44) 59.6 (n=31)

' Percent (N) of Patients

>10 msee
Dose (mg) Rufinamide Placebo
2400 86.5 (n=45) 34.5 (n1=20)
3200 76.9 (n=40) 34.6 (n=18)
4800 85.7 (n=42) 30.8 (n=16)
7200 79.2 (n=38) 40.4 (n=21)

Percent (N) of Patients with QTcF

>15 msec
Dose (mg) Rufinamide Placebo
2400 71.2 (n=37) 19.0 (n=11)
3200 65.4 (n=34) 15.4 (n=8)
4800 77.6 (n=38) 17.3 (n=9)
7200 68.8 (n=34) 25.0 (n=13)

Percent (N) of Patients with QTcF

>20 msec
Dose (mg) Rufinamide Placebo
2400 46.2 (n=24) 5.2 (n=3)
3200 46.2 (n=24) 7.7 (n=4)
4800 65.3 (n=32) 9.6 (n=5)
7200 60.4 (n=29) 13.5 (n=7)

The review indicates that following a 3200mg dose 92% of subjects recorded a QT interval
decrease of >20 msec, and 100% of subjects given a dose of 7200mg recorded a QT interval
decrease of >20 msec. None of the subjects reduce their QTcF duration to less than 300 msec
which is the threshold of concern based on data from familial short QT syndrome.

Dr. Jones reiterates the conclusion of her first review and that of the QT team review that “there
is no algorithm for risk assessment” regarding QT reduction. As noted above the 9 events of
sudden death in the development program are comparable to sudden death in other AED’s,
NDA’s approved by the division. In his review Dr. Raman also concludes that of the 9 sudden
deaths 5 fit SUDEP criteria, and the remaining 4 meet probable criteria. However, these
conclusions do not provide full assurance that QT shorting has not precipitated a malignant
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ventricular rhythm. Dr. Jones points out in her review “ In fact, the ICH E14 guidance to industry
on QT studies notes that arrhythmic events may be mistaken for seizures.”

There is additional patient data since the initial review from ongoing clinical trials of rufinamide.
In this data no additional deaths have been reported in the IND annual report between September
29, 2006 and September 29, 2007. No cardiac or hemodynamic type adverse events have
appeared in 15 day AE reports. There have been 17 reports of dizziness, however this is not an
unexpected occurrence in a central nervous system active agent. There are no deaths reported
over the interval September 29, 2006 to September 29, 2007. One syncope and resultant study
withdraw has occurred in study E2080-A001-301. This is not entirely unexpected and as a single
event cannot be taken as a safety signal related to QT shortening. In the data from all double
blind patients in the initial submission ISS, there were a higher proportion of syncope in the
placebo than in the rufinamide treated groups, 0.5% vs. 0.2% respectively.

The remaining approach to monitor for QT shortening related events is continued monitoring for
unexpected increase in sudden death or events that may be related to QT shorting which are
postulated to be ventricular arrhythmias or spontaneous atrial fibrillation or syncope.

Dr. Jones has recommended a phase 4 commitment to evaluate the QT interval in rufinamide
treated patients with and without concomitant medications that may shorten QT interval and in
those patients treated with and without other agents that are considered sodium channel blockers.
She has also recommended that labeling for rufinamide “include a summary of the QT data, a
statement that the clinical effects of this degree of shortening is unknown and a recommendation
that patients with known short QT not be treated with rufinamide.” This has been captured in the
following draft labeling:

CONTRAINDICATIONS: TRADENAME (rufinamide) is contraindicated in patients with Short
QT syndrome.

PRECAUTIONS: QT Shortening

Formal cardiac EKG studies demonstrated shortening of the QT interval (up to 20 msec) with
rufinamide treatment. In a placebo-controlled study of the QT interval, a higher percentage of
rufinamide-treated subjects (46% at 2400 mg, 46% at 3200 mg, and 65% at 4800 mg) had a QT
shortening of greater than 20 msec at Tmax compared to placebo (5 — 10%).

Reductions of the QT interval below 300 msec were not observed in the formal QT studies with
doses up to 7,200 mg/day. Moreover, there was no signal for drug-induced sudden death or
ventricular arrhythmias.

The degree of QT shortening induced by rufinamide is without any known clinical risk. Familial
syndromes of shortened QT interval are associated with an increased risk of sudden death and

ventricular arrhythmias, particularly ventricular fibrillation. Such events in these syndromes are

believed to occur primarily when the corrected QT interval falls 300 msec. bm)
Nongclinical data also indicate that QT shortening is associated with ventricular fibrillation. ’
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Patienfs with short QT syndromes should not be treated with TRADENAME (rufinamide) (see
Contraindications). Caution should be used when administering TRADENAME (rufinamide)
with other drugs that shorten the QT interval.

8.2 Adeqﬁacy of Patient Exposure and Safety Assessments

8.2.1 Description of Primary Clinical Data Sources (Populations Exposed and
Extent of Exposure) Used to Evaluate Safety

ISS July 26, 2005, Clinical overview and ISS amendment February 28, 2008

8.2.2 Adequacy of Overall Clinical Experience

Completed clinical trial exposure

In the population of all rufinamide-treated patients in completed clinical studies, 1978 patients
received rufinamide during the Double-blind Phase, the Extension Phase, or both. The total
exposure to rufinamide in this population was 2552.96 patient-years. The mean daily dose was
1700 mg/day. The duration of exposure ranged from less than 1 month to 4 years or more. More
than half of the 939 patients with median doses of less than 1600 mg/day were treated for at least
6 months. More than half of the 1039 patients with median doses of 1600 mg/day or more were
treated for at least 12 months.

In all double — blind study participants median doses were 2400 to 3200mg/day for 291 (23.5%)
of patients and more than 3200mg/day for only 1 (0.1%) patient. More than half of the patients
who received median doses of 2400 to 3200 mg/day were treated for at least 3 months.

In combined double blind and open label studies combined 1156 patients have had greater than
six months exposure to a dose range 2400 to <3200mg. 705 subjects have had 12 months or
greater exposure to the dose range 2400 to <3200mg. 141 patients have had 6 months or greater
exposure to >3200mg daily dose. 88 patients were exposed for >12 months to >3200mg.

Ongoing clinical trials

In addition to the exposure in completed clinical studies there is further exposure in ongoing
study E2080-A001-301 and extension phase E2080-A001-302. 223 patients were randomized
into study A001-301 with 141 subsequently entering open label extension. The total exposure to
study. drug (rufinamide or placebo) in the double-blind portion of study E2080-A001-301 per
cut-off date is 33,084 patient-days; total exposure to rufinamide either during the transition phase
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of study E2080- A001-301 or during open-label extension study E2080-A01-302 (all patients on
rufinamide) is 21,632-days. -

Post Marketing Exposure

Rufinamide has been approved for treatment of Lennox-Gastaut syndrome in the European

Union since January of 2007. Using the available data from factory sales data on the number of

tablets sold and with the defined daily dose for rufinamide considered to be 1600 mg with

maximum dose 3200mg a day, it is estimated that there have been over———— patient-days of h(4)
exposure from product launch to 15 January 2008. The available post-marketing exposure data

indicates approximately 73% of the exposure is estimated to be in the pediatric population (age

0-18 years) and 50% of the exposure is estimated to be in females. In the absence of highly valid

data, these estimates are based on local affiliate market research data, key opinion leader

interviews, and qualitative feedback from prescribers.

Reviewer Comment: rufinamide exposure has been adequate to ICH E1A “Guideline for
Industry, The Extent of Population Exposure to Assess Clinical Safety”.

9 OVERALL ASSESSMENT

9.1 Conclusions
Partial Seizures

The sponsor seeks approval for rufinamide use in partial seizures for adults and adolescents 12
years of age and older <= _ ‘ ap—

7 S . b(g)
> |

In this second submission the sponsor presents additional argument and analysis in support of
rufinamide for adjunctive treatment of partial seizures. These include a proposal that there is
precedent in the approval process for other anticonvulsants where there has been variability in
efficacy between studies and review of the statistical analysis of study AE/ET1. In addition they
present a PK/PD analysis of rufinamide concentration response based on pooled data from
multiple trials. This reveals a decreasing seizure rate with increase in rufinamide dose; however
it is supplemental to the statistical analysis but does not supersede the individual study statistical
analysis. No additional clinical study to establish dose ranging study is performed.

The FDA statistical review reveals that there is no gradient of medication efficacy noted between
400mg and 800mg a day in study AE/ET1. When some multiplicity testing is performed on the
ANCOVA of rank of percent change only the 1600mg a day retains significance. When an
ANCOVA on rank of change in total seizure frequency between baseline and treatment,
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comparing rufinamide to placebo, no dose remains significant when certain multiplicity testing is
performed. The sponsor examines seizure frequency ratio between rufinamide and placebo using
a Wilcoxon rank sum test without multiplicity testing. When the FDA statistical reviewer -
imposes multiplicity testing only the 800mg a day dose retains significance.

Study 21A is positive but not robust. The rufinamide dose was 3200mg. The primary endpoint is

positive but when secondary efficacy measures are examined with more complete covariates

there is no significance. The combined view of study 21A and AE/ET1 inform the reviewer that

rufinamide has a modest anticonvulsant effect ~———————-of appropriate dose for partial onset h(4)
seizures, from the range of 400mg to 3200mg is not clarified in this submission.

LGS

Rufinamide is studied for effectiveness at 45mg/kg/day or a maximum of 3200mg a day in
Lennox-Gastaut syndrome. The study is strongly positive for percent change in total seizure per

28 days relative to baseline. There is a concern that baseline seizure frequency is unequally

distributed but reevaluation by the sponsor does not reveal a breach in the randomization

process. The agent is additionally supported by the evidence from the partial seizure trials which b(4}
indicate anticonvulsant activity —

Safety

The safety profile is free of the most threatening skin reactions of Steven-Johnsons syndrome
and toxic epidermal necrolysis. There were however significant hypersensitivity reactions in the
pediatric age range including a case of multiorgan hypersensitivity which is reflected in labeling.
There was also a modest signal for leukocyte suppression which is reflected in the adverse
events sectionin labeling. There was no hepatobiliary safety signal.

A hypothyroid response was suggested by several clinically notable cases of elevated TSH with
depression of total T4. These clinically notable cases were reviewed. During the review process
-errors in the clinically notable thyroid dataset were identified. These consisted of units mixed
between international standard (SI units) and alternate measurment systems. It was concluded
that the summary tables for change between baseline and final visit comparing placebo to
treatment group, were unreliable. These tables allow differences between placebo and treatment
group to be identified. Recalculation and correction of the tables was problematic because the
abnormal values could not be confirmed as unit changes in the studies AE/ET1 and AE/PT2. The
more recent trials (CRUF3310016, CRUF3310018, CRUF3310021A, CRUF3310021P, CRUF3310022,
CRUF3310038) however were able to undergo accurate recalculation .

The sponsor provided recalculated tables. On examination there were some differences between
placebo and rufinamide treatment but these were not of sufficient magnitude to indicate a safety
signal. In addition changes were in opposite directions physiologically. In the recalculation of the
recent trials TSH had a 1% greater shift from normal to high than placebo. In the recalculation of
the mean difference between baseline and termination thyroxine had an increase that was 9.1
nmol/L greater than the placebo group mean change from baseline to termination value. This
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increase is of small magnitude compared to the upper limit of normal for total thyroxine which is
155nmol/L. It is an even smaller portion of the study designated clinically notable upper limit of
173.3 nmol/L. This rise in thyroxine is contrary to the 1% greater shift to elevation in the TSH
result noted above. Such a change in TSH would forecast a mean decrease in thyroxine rather
than an increase. ’

The more recent trial group did not have free thyroxine obtained which shifted the analysis to
TSH and total thyroxine. Total thyroxine is subjected to variability due to underlying patient
medical status. Although not of confirmed accuracy, the recalculated tables for studies AE/PT1
and AE/PT2 are reviewed. In these studies a free thyroxine was performed. The differences seen
between treatment and placebo groups were small and like the results in the other group of more
recent studies the deviations of thyroxine and TSH were in opposite directions. A significant
concern for a hypothyroid safety signal was not substantiated by the descriptive statistics, shift
table analysis or clinically notable values form double blind studies.

9.2 Recommendation on Regulatory Action

“Approval” response for treatment of Lennox-Gastaut syndrome ages 4 to adult at adose up to
45mg/kg/day up or a maximum of 3200mg a day whichever is less.

1

g — — EE hm)

9.3 Recommendation on Postmarketing Actions
9.3.1 Risk Management Activity

9.3.2 Required Phase 4 Commitments

1. The sponsor will be asked to provide the following analysis on existing clinical study data:

a. The baseline (pre-treatment) mean QT interval (as measured by all three correction methods)
in rufinamide-treated patients receiving concomitant drugs believed to shorten the QT interval
(appendix 10.5) and in patients without such concomitant medications.

b. The mean on-treatment QT interval (again by all three correction methods) for rufinamide-
treated patients receiving concomitant drugs believed to shorten the QT interval (appendix 10.5)

and in patients without such concomitant medications.

c. the same analysis for sodium channel blocking drugs (appendix 10.5).
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2. Conduct an in vitro metabolism study to characterize the potential serious safety risk of the
inhibitory effect of rufinamide on P-gp.

3. Conduct a juvenile dog toxicology study to identify the unexpected serious risk of adverse
effects on postnatal growth and development.

9.3.3 Other Phase 4 Requests

none

9.4 Labeling Review

The sponsor proposed label has been modified to remove *
~ Short QT syndrome has been added as a
contraindication. Central nervous systems adverse reactions of somnolence and motor
coordination abnormalities. QT shortening has been added to precautions with a statement that
caution should be used when administering rufinamide with other drugs that shorten the QT
interval. Multiorgan hypersensitivity response and leukopenia have been added to precautions.

Drug interactions: specific rufinamide- phenytoin, valproic acid-phenytoin, and interaction with
ethinyl estradiol and norethindrone have been added to the label.

The sponsor was asked to generate a list of the most commonly observed adverse reactions in
patients participating in double blind studies. These reactions are stratified according to observed
frequency. The list will be generated for events > 10% and >5%, at all doses studied, also events
>5% at 45mg/kg/day in children and at 3200mg a day in adults. The sponsor is also requested to
provide the percent of discontinuations according to adverse effect.

9.5 Comments to Applicant
I —— : — — b(4)
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10 APPENDICES

10.1 Review of Individual Study Reports

To perform second submission review the sponsor February 28, clinical overview and ISS
amendment as well as the initial Efficacy review by Dr. Hershkowitz and initial safety report by
Dr. Ramon served as initial data source. Referral to the individual study AE/ET1, 21A, and 022
was made on an as needed basis and are indicated in the efficacy review headings ¢ initial
sponsor submission”

10.2 Line-by-Line Labeling Review

Performed at team meetings.

10.3 Randomization errors- case narrative

Randomized Patient USA/3054/2101 did not receive double-blind study drug due to an
‘administrative error. The patient number (2101) was arbitrarily assigned. He was allowed
to enter the Extension Phase directly after completing Visit 1. For the sole purpose of
identification, information about this patient was placed in the rufinamide treatment
group. This patient was not included in the double-blind analysis because he did not
receive study medication and had no post-baseline efficacy or safety assessments in
Study 0022.

* Patient USA/2863/2058 in the placebo group was mistakenly re-randomized by the
investigator after completing Visit 4 and was assigned Patient number SA/2863/2060.
The error was discovered in approximately 3 days and the patient was withdrawn from
the study due to administrative problems. All data for this patient are included under
Patient number 2058. Seizure information through Visit 4 was included. Efficacy data up
to Visit 4 were included in the analyses.

* Patient USA/19/2097 was inadvertently given two bottles of study medication for Patient
USA/19/2099 at Visit 5. Both these patient numbers were randomly assigned to receive
rufinamide, so this error did not affect any of the data collected for Patient USA/19/2097.
This patient was included in all efficacy and safety analyses.

10.4  Efficacy subgroup analysis for interaction with concomitant AED’s
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Summary of percent change in PGTC seizure frequency per 28
Table 6.1.4.3.1 days relative to baseline by number and type of AEDs (Intent-to-
treat patients) in Study 18

Rufinamide Placebo
N .Median Range N Median Range p-Valng®
A _
Baseline frequency/ 28 days 25 35 15,525 26 23 15,03
Double-blind frequency’ 28 days 25 12 00278 26 12 60,110
% change in frequency? 28 days 25 600 -160.0,270.0 26 549 2100, 3400 0.6729
2 AEDs N ! ,
Baseline frequenty’ 28 days 49 35 15,848 48 63 1.5, 740
Double-blind frequericy! 28 days 49 32 0.0;61.2 48 43 0:0, 1480
% chiange in frequency/ 28 days- 49 234 -10000,2333 48  -110  -1000,13800 09923
Lamotrigine:
Baseline frequency/ 28 days 14 25 15840 22 30 15918
Diuble-blind frequency’ 28 days 14 45 0.0, 506 22 31 04,366
% change in frequency/ 28 days 14 81 +100.0,2333 22 276 955,450 03634
Carbamazepine
Baseline frequency/ 28 days 16 35 15,840 22 30 15,350
Doublebling frequency! 78 davs 1% 23 0.0,50.6 22 18 00,442
% change it frequency/ 28 davs 16 217 21000, 60.0 22 339 -1000,2220 09627
Phenytoin
‘Baseline frequency/ 28 days 13 40 15,565 18 40 15,740
Double-blind frequency? 28 days 3. 40 00,612 18 28 0.0;736
% chiztige in frequency? 28 days 13 373 -160.0. 1782 18 255 -1000.3400 05158
Yalproate
Baseline frequency/ 28 days 92 28 15,64.0 34 40 15,575
Double-blind frequency’ 28 days 42 24 00,448 34 33 0.0,690
% change in frequenicy/ 28 days 42 -36.1 -1600,2333 34 354 -100.0,76.0 09778

*Based on the ANCOVA analysxfs on the rank of percent change in total seizure ffequen(:) per 28 days with freatment and reg;wn
as factors and rank of baseline fofal seizure frequency asa covariates.

Table 10.6-1
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Summary of percent change in Total seizure frequency per 28
Table 6.1.4.3.2  days relative to baseline by number and type of AEDs (Intent-to-
treat patients) in Study 21A

Rufinamide Placebo

‘N Median ‘Range N Afedian ‘Range. i g alue®
1AED ’
Baseline frequency/ 28 days 47 7.5 3.0,2415 56 70 3D, 5785
Donble-blind fiequency/ 28 days 47 72 0.0, 5522 50 735 0:0,416.3
% change in frequency/ 28 days 47 8.0 -100.0,987.5 50 31 -100:0,6837.8 04263
2 AEDs » B
Baseline frequency’ 28 days 108 103 30,2750 106 85 23,1355
Pouble-blind frequency’ 28 days 109 7 9.0, 153.1 106 3.7 60,1207
% change in frequency/ 28 days 109 243 -1000,4714 106 25 1000, 7061  0.0126
Lamotrigine
Baseline frequency’ 28 days. 34 125 30,825 28 80 30,900
Dauble-blind frequency/ 28 days 34 130 1:8,166.7 28 75 0.0, 1560
%% change in frequency’ 28 days 34 8.7 -72.8,471.4 28 55 -100.0,99.1 08175
Phenytoin
Baseline fraquency/ 28 days 20 108 30,1215 3¢ 65 30,1355
Double:blind frequency/ 28 days 20 83 80,1247 30 70 00,4163
% change in-frequency! 28 days 20 <269 <10611,119.1 30 91 -106:0,6837.8 04234
Carbamazepine
Baseline frequency/ 28 days o4 83 3.0, 2750 89 gs 25,3785
Double-blind frequency/ 28 days 94 73 00,1531 89 87 06,1207
% changein frequency/ 28 dayvs o4 -13.2 -100.0,987:5 39 18 -91.2,706.1. 0.0509

" Based on the ANCOV A analysis on the rank of pereent chiange in total seizure frequency per 28 days with treatment and region
as factors. and 120k of baseline total seizure frequeicy asa covariates.

Table 10.6-2
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_ _ Summary of percent change in Total seizure frequency per 28
Table 6.1.4.3.3  days relative to baseline by number and type of AEDs (Intent-to-
treat patients} in Study 021P

Ruficamide: “Placebo
‘N Median ‘Range. N°  Median ‘Range p-Value®

1AED '

Baseline frequency/ 28 days 47 115 30,7740 35 106 20,1279

Dauble-blind frequency/ 28 days 47 93 0.0, 14368 35 6.3 03,2225

% change in frequency’ 28 days 47 -196 -1000,3921 35 216 9726467 0.3899
2AEDs _ , .

Baseline frequency/ 28 days. 88 175 30,9108 9. 150 302430
Double-blind frequency/ 28 days 88 162 00,9455 96 146 0:6,307.7

% change in frequency’ 38 days &8 700 <1000,758.1 96 -60 -80.7,12030 03073
Lamptiigine

"Baseline frequency? 28 days - 23 115 30,7740 27 105 40,1326
“Double-blind frequency/ 28 days 23 156 055, 14368 27 106 12,1826

Yo'change in ffequency/ 28 days 23 103 -88.7, 4647 27 =170 7671211 0.2438
Carbamazepine. _ - _

Baseline frequency/ 28 days 70 133 3.0.451.0 67 12.0 20,2430
Double-blind frequency/ 28 days 70 10:6 00,3351 &7 140 03,2810

% change in frequency/ 28 days 70 5.8 £100.0,254:4 67 45 972, 12030 08100
Valproate

Baseline frequency/ 28 days 42 155 30,9108 43 14.0 35,2050
Double-blind frequency/ 28 days 2 120 00,9455 43 143 0.9,307.7

9% change in frequency/ 28 days 42 1 -100.0, 758.1 43 -101. -B97,1293.0  0.2305

* Based on the ANCOVA analysis.on the ragk of percent c}}ange i totat sefzure frequency per 28 days witly treatment and region
as factors and rank of baseline total seizure frequency as a-covatiates:

Table 10.6-3
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Table 6.1.4.3.4 Adjusted Mean Seizure Fre‘qagncy and Seizure Frequency ratio by
Number and Type of AED in Study AE/ET1

Seizure Frequency Ratie Comparison to

-Seizure Frequency Placebo
N Adjusted Mean ® Ratio 95%CE p-value *
1AED ’

- 200mg 38 12:3 0.81 0.66, 1.01 0.0600
400mg 29 10.7 071 0.37,0.80 0.0030.
$00mg 39 108 072 (.58, 0.8¢ 0.0027
1600mz- 31 124 0.82 0.66, 1.03 £.0829
Placebo 26 152 '
2AEDs
200mg 57 4.7 116 0.83.147 (.1043
400mg 68 114 051 0.73;1.14 0.4248
800mg 57 . 109 087 069, 1L.10 32415
1600mg 73 35y 0935 0.76, 118 0.6233
Placebo 89 123
3AEDs
200mg 2 163 052 067,127 .61
400mg 33 167 094 0.68,1.31 0.7221
S00mg 32 139 o7 058, 1.08 0.1390.
16001 28 12:1 0.69 049,085 0.0246
Placebo 38 177 . '
¥igabatrin _
200mg 26 120 103 0.71, 148 0.8957
400mg 29 1Lt 0.04 066, 136 17534
800mg 22 9.5, 0.82 056,120 0.2055.
1600mg 28 9.8 0.84 059,128 03385
Placebo 37 187
Carbamazepine
200mg 93 151 108 092,125 03549
400mg o1 128 452 079, 1.07 02674
800mg 84 122 087 075,102 2.0508
1600mg 93 124 088 076,103 0.1182.
Placebo’ 95 141
Phenyioin »
200mg 24 152 107 0.66,1.74 0.7726
400mg 27 132 053 0:59, 148 07582
800mg 32 126 089 0.57, L4l 06222
1600mg 36 12.6 088 (57,138 0.5930
Placebo 23 142
Yalproate
200mg 33 154 .97 175125 0.8042
400mg 25 132 0.56 072,136 0.7510
800mg 30 127 .80 0.62:1.05 01021
1600mg 36 1357 0.86 066, 112 0.2533
Placebo 38 16.0

*Derived from an ANCOVA model with baseline, country, sex, age and treatment as covatiates.

Table 10.6-4
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