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DISCLAIMER STATEMENT

The attached package contains background information prepared by the Food and Drug
Administration (FDA) for the panel members of the advisory committee. The FDA background
package often contains assessments and/or conclusions and recommendations written by
individual FDA reviewers. Such conclusions and recommendations do not necessarily represent
the final position of the individual reviewers, nor do they necessarily represent the final position
of the Review Division or Office. We have brought NDA 22-250/S-0, fampridine tablets, for
improvement of walking ability in patients with Multiple Sclerosis to this Advisory Committee
in order to gain the Committee’ s insights and opinions. The background package may not
include all issues relevant to the final regulatory recommendation and instead is intended to
focus on issues identified by the Agency for discussion by the advisory committee. The FDA
will not issue afinal determination on the issues at hand until input from the advisory committee
process has been considered and all reviews have been finalized. The final determination may be
affected by issues not discussed at the advisory committee meeting.



MEMORANDUM

DEPARTMENT OF HEALTH & HUMAN SERVICES
Public Health Service
Food and Drug Administration

Date: September 16, 2009

From: Eric Bastings, MD. Deputy Director, Division of Neurology Products

Through: Russell Katz, MD. Director, Division of Neurology Products

To: Members of the Peripheral and Central Nervous System Drugs Advisory
Committee

Subject: NDA 22250 for Fampridine Sustained Release (Amaya)

Asyou know, the Peripheral and Central Nervous System Drugs Advisory Committee
will meet on October 14, 2009 to discuss New Drug Application (NDA) 22250 for
Fampridine Sustained Release (Amaya). In preparation for that meeting, the divisionis
providing the following reviews for your consideration:

e Clinical safety, by Dr. Gerad Boehm (team leader Dr. Sally Y asuda)

e Clinical efficacy, by Dr. Kachi Illoh (team leader Dr. Billy Dunn)

e Statistics, by Dr. Sharon Y an (team leader Dr. Kun Jin)

e Clinical Pharmacology/Biopharmaceutics, by Dr. Dr. Jagan Parepally and Dr.

Joo-Y eon Lee (team leader Dr. Angela Men and Dr. Y aning Wang).

1. Introduction

Acorda submitted a new drug application (NDA) to support the marketing of fampridine
Sustained Release (Amaya) for the (symptomatic) improvement of walking ability in
patients with multiple sclerosis (MS). Thisisanew indication, never granted by the
Agency, as currently approved MS drugs are indicated to decrease relapse rate, and in
some cases to prevent the accumulation of disability.

Fampridine (also known as 4-aminopyridine) is a potassium channel blocker that has a
long history of usein the United States, even though it was never approved by the FDA.
Prior to itsinvestigational and off label use in humans, 4-aminopyridine has been known
primarily as a bird poison (trade names Avitrol 200 and Avitroland, classified by the EPA
as a Restricted Use Pesticide), and as aresearch tool to characterize subtypes of
potassium channels in bench research. Based on non clinical evidence suggesting that 4-
aminopyridine enhances action potential conduction in demyelinated nerve fibers, the
drug has been compounded in pharmacies and used off-label with the goal of improving
walking in anumber of neurological conditions for more than 20 years. That off |abel use
was hot based on substantial evidence from adequate and well controlled studies.

4-aminopyridine has been investigated since the early nineties in anumber of clinical
studies, both by research and pharmaceutical sponsors (first by Elan, and since 1998 by
Acorda). Various neurological disorders have been targeted, including Guillain-Barre
syndrome, spinal cord injury and multiple sclerosis. Acorda has conducted atotal of 56
studies for these three indications, but in recent years has concentrated their clinical



development on the latter indication, as studies in Guillain-Barre syndrome and spinal
cord injury have been largely negative.

For the multiple sclerosis indication, the subject of this new drug application, the sponsor
has conducted two pivotal efficacy studies under special protocol assessment (SPA)
program. As stipulated in the SPA guidance, “having agreed to the design, execution, and
analyses proposed in protocols reviewed under this process, the Agency will not |ater
alter its perspective on the issues of design, execution, or analyses unless public health
concerns unrecognized at the time of protocol assessment under this process are evident”.
The SPA guidance also stipulates that “However, final determinations are made after a
complete review of a marketing application and are based on the entire datain the
application”.

Asdiscussed at greater length below, the proposed primary efficacy endpoint is novel,
and has no precedent in regulatory use. As always, novel endpoints may pose clinical
interpretation issues, and may turn out to be less than satisfactory. In that setting, the
analysis of supportive secondary endpoints and sensitivity analyses are key to gauge the
clinical significance of thetrials results.

Both pivotal studies of thisNDA met their primary endpoint, and met the requirements of
the special protocol assessments. Results on secondary analyses, however, gave
inconsistent results, and indicated a very limited effect on walking speed.

In its regulatory decisions, the Agency balances the risks and benefits of new drug
products. In this NDA, the efficacy must be considered against awidely acknowledged
safety signal for 4-aminopyridine, and other pyridine compounds: seizures.

2. Background

4-aminopyridine was initially studied by research and pharmaceutical sponsorsin MS
patients using an immediate release formulation. Seizures occurred in 6/178 M S patients
treated with immediate release formulations, al at doses higher than 20 mg/day. As noted
by Acorda, “A potentially narrow therapeutic index, with Cmax related to the risk of
seizure, was one important justification for the development of the sustained-release
formulation of the drug, fampridine-SR”.

Phase 2 development for the M S indication using the SR formulation began with Study
MS-F201. This was a multi-center, double-blind, placebo-controlled, dose-ranging study,
with a primary objective to determine the tolerability of escalating doses of Fampridine-
SR 10 mg, 15 mg, 20 mg, 25 mg, 30 mg, 35 mg, and 40 mg administered twice daily. In
that study, in which 36 patients were enrolled, two patients experienced convulsions, one
at 30 mg b.i.d, and the other at 35 mg b.i.d. Acorda also noted discontinuations due to
adverse events at doses of 25mg b.i.d. and higher, and concluded that future studies
should concentrate on evaluating doses in the range of 10-20 mg b.i.d.

Study MS-F202 followed. In that double-blind, placebo-controlled, parallel group, 20-
week study (12 on stable dose treatment), Acorda investigated 206 patients, randomized
1:1:1:1 to placebo, 10 mg b.i.d., 15 mg b.i.d., and 20 mg b.i.d. of fampridine-SR tablets.



The primary efficacy variable was the percent change from baseline in average walking
speed measured using the Timed 25-Foot Walk Test from the Multiple Sclerosis
Functional Composite (MSFC). Two patients experienced seizures while on 20 mg b.i.d.
fampridine-SR. One patient experienced two complex partia seizures after taking an
overdose of study drug, resulting in a dose of 40 mg at the time of seizure, and one
patient experienced atonic-clonic seizure. An additional patient experienced an “atered
mental state” while on 15 mg b.i.d., also after taking an overdose of study drug, receiving
30 mg at one time. No significant effect was demonstrated on the primary endpoint.

An end-of-phase 2 meeting in August 2004 followed, to discuss the results of study MS-
F202. The division observed that Study M S-F202 appeared to be a negative study, with
no significant difference between any of the doses tested and placebo for the primary
outcome measure (p-values respectively 0.82, 0.40 and 0.78 for the 20mg, 30mg and
40mg dose groups). The division also questioned the clinical significance of the change
in walking speed observed over the up- titration and stable-dose visits (estimated by
Acordaat 0.179 ft/sec). The division noted that even if statistical significance was
reached with an effect size of that magnitude (i.e. with alarger sample size), the division
would not be convinced of the clinical significance of that change.

At the end-of-phase 2 meeting, Acorda proposed as a primary endpoint for the phase 3
pivotal trials the change from baseline in walking speed on the Timed 25 Foot Walk, and
proposed to study the dose of 15mg of 4-aminopyridine b.i.d.. The division required that
Acorda propose a co-primary outcome measure to validate the clinical significance of any
change observed on the 25-ft Timed Walk Test in phase 3 studies, or submit datato
validate the functional significance of changes on that scale. The division expressed
concern about the occurrence of seizuresin the trials to date, and at doses close to those
proposed for the pivotal trials. The division noted that even though this represents an
expected side effect with adrug of this class, this may be asignificant issueif thedrug is
not shown to have arobust and significant clinical benefit. The division indicated that
long term safety studies need to well define the risk of seizuresin M S patients.

After the end-of-phase 2 meeting, Acorda performed additional post-hoc analyses of
study MS-F202. Acordainformed the division that these analyses suggested that patients
who met aresponder criterion for a consistent response (increase in walking speed in> 3
visits on drug compared to the fastest walking speed in several pre-treatment sessions)
experienced a >25% average increase in walking speed over the treatment period and that
thisincrease did not diminish across the treatment period. Acorda proposed to use that
responder definition in phase 3 as a primary outcome measure.

In a December 2004 telecon, the division responded that Acorda had not established the
clinical meaningfulness of the proposed responder analysis, and asked Acordato either to
validate the proposed primary outcome before conducting the proposed study (Acorda
suggested using published literature for that purpose), or to prospectively define a co-
primary endpoint (such as the Subject Global Impression scale) to support the clinical
meaningfulness of changes seen in aresponder analysis.



Acorda recognized that the proposed responder criterion did not define the full
characteristics of the response, and did not specify the amount of improvement nor that
the improvement must be stable over time. As presented by Acorda, a progressive decline
in effect during the course of the study period, even one resulting in speeds slower than
the maximum non-treatment value, would not be excluded by the criterion. The division
also observed that since responders are only expected to have an improvement in three
out of four visits, patients may have no positive drug effect remaining at the last visit, and
still be declared responders.

Acordasent in March 2005 a special protocol assessment request for the first pivotal
efficacy Study (MS-F203), which was a double-blind, placebo-controlled, 21-week,
parallel group study evaluating fampridine SR 10 mg b.i.d. For that study, Acorda
proposed a sequential analysis that would define the primary endpoint as follows: (1)
Acordawould test if there are significantly more responders in the treatment group than
in the placebo group (2) Acordawould then compare the responders and non-responders
for their improvement on the MSWS-12 score as a measure of the global impact of
walking improvements on perceived disability. A statistically significant improvement in
responders compared to non-responders in this measure would serve to validate the
clinical meaningfulness of the responder criterion (3) Acordawould test for significant
improvement in walking speed at the last visit on drug for the Fampridine-treated
responders versus the placebo-treated group (responders plus non-responders).

The Division agreed that Acorda had addressed some of FDA concerns with regard to
the responder criterion [by adding the second step of the primary analysis|; however, the
Division had remaining concerns regarding the maintenance of the effect, which were
discussed during an April 2005 teleconference. In particular, the Division remained
concerned that the proposed endpoint did still allow that the treatment may resultin a
negative response slope among responders, with no clinically significant drug effect at
the last visit. The Division emphasized that the endpoint as defined allows that one could
lose effect during the treatment period and still be positive on the analysis- that one could
do very much worse on drug at the end of the treatment period than at the beginning yet
still beat placebo. The Division also remarked that for the 3rd step of the analysis testing,
the fampridine responder group is a small selective group which isvery likely to beat the
placebo group regardless of the treatment effect. The division observed that in fact, if the
roles of comparison groups were reversed, it islikely that the respondersin the placebo
group would beat the Fampridine group (responders and non-responders) as well. Acorda
agreed that this might be the case, but pointed out that the endpoint analysisis not meant
to prove efficacy, but only to prove that some treatment effect is maintained at the final
visit for the Fampridine responders. The Division, at the time, accepted the argument.

It was concluded that M S-F203 with the minor changes discussed could, if positive, be
one of the adequate and well controlled studies that demonstrate efficacy. FDA
emphasized that “as usual, the division will evaluate the risk and benefits of the treatment
to determine approvability.” [emphasis added]




In December 2006, Acorda requested a special protocol assessment for their second
pivotal phase 3 study (MS-F204), and asked FDA whether “pending the availability of
clinical results, does the Division agree that the two studies (MS-F203 and M S-F204)
would be adequate to support an NDA for Fampridine-SR”. Study MS-F204 had a design
similar to Study MS-F203, and in particular used the same responder definition. The
main difference was a shorter duration (13 weeks), which FDA accepted as Study MS-
F203 had the potentia to provide sufficient information regarding the long-term efficacy
of fampridine. However, Acordainitially did not include in Study MS-F204 several of
the key secondary endpoints of Study MS-F203, in particular the Ashworth A ssessment
of Spasticity, MSWS-12, SGI, and CGI. FDA asked Acorda to include these secondary
endpointsin Study MS-F204. FDA noted that while statistical significance need not be
demonstrated for these secondary endpoints in the new trial, this information would be
considered in the review of all of the evidence available on efficacy. FDA also asked for
data to evaluate whether the drug effect on gait is present throughout the dosing interval,
or if thereis an end-of-dose wearing off of efficacy. FDA noted that this could be
accomplished by, at least at one of the visits, evaluating patients at various times during
the dosing interval, or by evaluating patients at different times at the various visits, to
cover the dosing interval. FDA also noted that the labeled indication would be based on
substantial evidence from clinical trials, and that while it was premature to finalize the
indication at that time, but it was not clear that Acordawould have the evidence required
to support the indication proposed by Acorda, which included disability claims.

Acordarevised their study protocol, and FDA expressed agreement to the changesin
May 2007.

In February 2008, FDA contacted Acorda to express concern regarding frequency of
seizures reported in recent submissions to the Agency. FDA noted that several cases had
occurred at doses of 10 mg b.i.d (the dose investigated in pivotal efficacy studies), which
was a new finding at the time (and afinding that was identified after special protocol
agreement was reached). FDA asked Acordato address thisissuein the NDA
submission. FDA noted that while there appears to be a dose relationship between the
drug and seizures, the rate at doses higher than 10 mg b.i.d cannot be ignored, and
emphasized that the proposed indication [symptomatic treatment to increase walking
speed] drove the concern. FDA insisted that the risk/benefit of the drug is aways
considered while reviewing a new drug application.

A pre-NDA meeting took place on October 27, 2008. At that meeting, FDA requested as
a secondary efficacy analysis the change from baseline at each double-blind visit and at
the last visit. FDA stressed the importance of preserving type 1 error in secondary
comparisons. FDA asked Acordato provide analyses not only of patientsidentified as
responders, but also of entire treatment groups (i.e. drug vs. placebo). The indication was
also discussed. Acorda proposed that “ Fampridine-SR isindicated for the treatment of
walking disability in people with Multiple Sclerosis to improve mobility and leg strength
and related activities of daily living”. FDA indicated that any claim must be supported by
independent substantiation of an effect on arelevant and valid endpoint. The Agency
noted the data appeared to have demonstrated an effect on walking speed in at least 2



independent clinical trials, but not to support any additional claim (i.e. disability,
strength). The sponsor would need to show an effect on relevant endpoints in the entire
randomized population (i.e. limiting that analysis to only the subgroup of responders
would not be valid). One suggestion was to design a study where the sponsor first
identify responders, and then re-randomize these patients to active drug or placebo,
prospectively conducting the primary analysis on the disability and leg strength
endpoints. FDA also commented that the MSWS-12 walking scale has not been fully
validated to support a disability claim, and that afull validation would be required, in
collaboration with the FDA patient-reported outcome (PRO) review group.

The NDA was submitted on April 22, 20009.

3. CMC

4. Clinical/Statistical- Efficacy

Acorda conducted two pivotal efficacy studies. Study MS-F203 and M S-F204.

Study MS-F203 was a double-blind, placebo-controlled, 21-week, parallel group study. A
single dose, 10 mg b.i.d. was evaluated in 304 patients with MS. To be included, patients
had to carry adiagnosis of clinically definite MS, be aged 18 to 70 years, and be able to
perform two trials of timed 25 foot walk within 8-45 seconds at the screening visit. Study
design is summarized in Figure 1.

Asdiscussed by Dr. Yan and Dr. Illoh, €ligibility for the study was evaluated at Visit -1,
after which subjects returned to clinic one week later for a new assessment of walking at
Visit 0, which represented the beginning of a single-blind two-week placebo run-in



period. Subjects returned for another assessment at Visit 1 after one week. Immediately
following the placebo run-in, patients were randomized at Visit 2 to fampridine or
placebo (in a 3:1 ratio) to begin 14 weeks of treatment. Figure 1, copied from the
statistical review, shows the design of Study MS-F203.

Figure 1. Design of Study MS-F203

Visit 6 marked the end of the 14-week randomized treatment period. At this visit, patients
began a four-week follow-up period during which no study medication was to be taken.
Patients returned to the clinic after two weeks and after 4 weeks for follow-up
assessments at Visit 7 and Visit 8.

The primary efficacy variable was based on aresponder definition. To be considered a
responder, a patient had to have a faster walking speed for at least three visits during the
double-blind treatment period (Visits 3 through 6) as compared to the maximum speed
for any of the pre-treatment visits (Screening Visit, Visits 0, 1 and 2) and the first post-
treatment visit (Visit 7).

As discussed above, the division had no precedent for use of such aresponder definition,
and was concerned about the clinical significance of aresponse based on the proposed
criteria. In response to the division’s concerns, the second step of the primary analysis
consisted of testing whether the responders identified registered a significant
improvement in MSWS-12 score, when compared to non-responders, regardless of
treatment group. The MSWS-12 is based on 12 gquestions asking patients to rate their
[imitations in mobility during the preceding two weeks on a 5-point scale (from 1= not at
all to 5 = extremely). In response to another FDA concern regarding the possibility of a
negative response slope, the third step of the primary endpoint analysis tested whether
patients who responded to Fampridine-SR would still register a significant improvement
in walking speed relative to placebo-treated patients at the last observed double-blind
visit (i.e., the change from baseline in walking speed at the double-blind endpoint). The



reader isreferred to the background discussion above for a more detailed discussion of
the proposed endpoints and the interactions between Acorda and FDA regarding the
endpoints.

Severa secondary analyses were either proposed by the sponsor or required by the FDA,
including an evaluation of lower extremity motor strength (LEMMT), spasticity
(Ashworth), clinician global impression of change (CGl), and subject global impression
of change (SGI). Asnoted by Dr. Illoh, the CGl, as administered in the study, is
uninterpretable, because the assessor had access to the findings of the Timed 25 Foot
Walk, Ashworth or LEMMT when conducting the CGI. Therefore, | will not discuss it
further.

Asdiscussed by Dr. Yan and Illoh, Study MS-F203 showed statistically significant
results for al three steps of the primary analysis, with 35% of the 224 Fampridine-treated
subjects and 8% of the 72 placebo-treated subjects meeting the responder definition
(p<.0001). The mean reduction from baseline in average MSWS-12 over the double-blind
period in fampridine or placebo responders was 6.84, compared to an increase of 0.05
among the non-responders (p=0.0002). The mean change in walking speed from baseline
to the end of the double-blind was 0.10 ft/sec for the placebo group and 0.52 ft/sec for the
fampridine responder group (p<.001).

A major limitation of the second step of the primary analysis (MSWS-12) isthat as the
MSW12 measures the same domain as the time 25-foot walk (walking), and both are
correlated, it is not unexpected that patients doing better on the 25-foot also do better on
the MSW12. Therefore, a posteriori, it isnot clear that thistruly validates the significance
of the responder definition analysis.

Considering the known safety issues with fampridine (seizure risk), and to better
understand the risk/benefit profile of the product, the review team conducted additional
analyses, which were based on a more traditional assessment of drug effects, comparing
the fampridine and placebo groups (without using the “responder” definition). In the
supportive analyses shown in Table 1, no adjustment for multiple comparisons was
applied, and the p value estimates must be interpreted in that context.



Table 1. FDA analyses of Study MS-F203

Study M S-F203 Placebo | Fampridine (n=224) | p value
(n=72)
Baseline walking speed (ft/sec) 212 214 0.88
Visit 6 Walking speed (ft/sec) 2.16 2.35 0.19
Walking speed change Visit 6 vs. baseline (ft/sec) 0.05 21 0.03
Walking speed change Visit 6 vs. baseline (%) 5.58 10.90 0.24
Walking speed on drug (average) 2.16 2.34 0.17
Walking speed change (ft/sec) on drug (average) vs. baseline | 0.10 0.28 0.0004
Walking speed change (%) on drug (average) vs. baseline 4.71 13.63 0.0003
MSW12 change on drug (average) vs. baseline 0.62 -2.72 0.084
MSW12 change Visit 6 vs. baseline 3.59 -1.56 0.063
SGI change on drug vs. baseline -0.1967 -0.0045 0.12
LEMMT change on drug vs. basgline 0.04 0.13 0.003
Ashworth change on drug vs. baseline -0.07 -0.16 0.021

Table 1 shows that the average walking speed during the double-blind treatment was not
significantly different between fampridine and placebo (p=0.17). Likewise, the walking
speed at the end of the double-blind treatment (Visit 6) was not different between
fampridine and placebo (p=0.19). As noted by Dr. Illoh and Dr. Y an, despite the lack of
significant difference between the treatment groups for walking speed during the
treatment periods, the comparison of the walking speed change between the baseline
period and the average of the entire double-blind period, and between Visit 6 and
baseline both had p values under 0.05 (unadjusted for multiple comparisons). Changes
were however of small magnitude, with awalking speed increased of 0.21 ft/sec for
fampridine group between baseline and Visit 6, and a 0.05 ft/sec increase for placebo
group. That change translated into a 0.88 seconds difference between fampridine and
placebo to complete the 25-foot walk.

Toillustrate this drug effect, | plotted the time to compl ete the 25-foot walk for the
placebo and fampridine group at baseline, on average during the treatment period, and at
the end of the treatment period (Figure 2). The dotted line on Figure 2 is based on a
normal walking time (4ft/sec, which corresponds to 6.25 seconds to compl ete the 25-foot
walk).



Figure 2: Timeto complete the 25 feet distance in Study MS-F203 (dotted line
represents normal time in healthy subjects)
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The other contrasts with ap value under 0.05 in Study MS-F203 were for the comparison
of lower extremity strength and Ashworth score between fampridine and placebo. The
modified British Medical Research Council (BMRC) manual muscle testing procedures
were to be followed to estimate muscle strength bilaterally in four groups of muscles: hip
flexors, knee flexors, knee extensors, and ankle dorsiflexors. On that scale, strength is
rated from O (no movement) to 5 (normal strength). The effect size difference (0.09)
between the treatment groups is clinically difficult to interpret. Similarly, the effect size
difference (0.09) on the Ashworth score (which averaged the spasticity score for the hip
adductors, knee flexors and knee extensors, on a scale 0-4) is of questionable clinical
meaningful ness.

While there was a (not significant) trend favoring fampridine for the change from
baseline to Visit 6 in MSWS-12 scores (p=0.06), most of the improvement occurred
during the pre-treatment period (before patients were exposed to fampridine), which
again leads to question the meaningfulness of that change.

Finally, the Subject Impression of Change (SGI) was no better for fampridine than for
placebo (p=0.122). SGI was evaluated by asking patients to rate themselves based on the
following question: “how do you feel about the effects of the study medication over the
past7 days?’, on ascale 0-7, where O was “terrible” and 7 “delighted”. The lack of
significant difference on that endpoint also questions the clinical relevance of the effect
noted on the responder rate and the MSW12.

Overall, Study MS-F203 met its primary efficacy endpoint, but improvement in walking
speed was of questionable clinical significance.



Study MS-F204 had a design similar to that of F203, with the exception of a shorter (9
weeks) double-blind treatment period. The treatment group comparisons with respect to
efficacy were based on the first eight weeks of double-blind treatment; end of dosing
interval activity (pharmacokinetics and pharmacodynamics of drug) was also evaluated at
the end of the final (9") week of double-blind treatment. A total of 239 patients were
randomized into the study; 119 were assigned to placebo and 120 to 10 mg b.i.d.
Fampridine-SR. Figure 3, copied from the statistical review, displays the general scheme.

Figure 3: Design of Study MS-F204
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The primary efficacy variable was based on the same responder definition asused in
Study M SF-203. The same secondary endpoints as in Study F-203 were also assessed:
Ashworth spasticity scores, MSWS-12, SGI, and CGl). The study met its primary
efficacy endpoint, as the number of “responders’ was significantly higher (p<0.01) for
fampridine (43%) than for placebo (9%).

The review team conducted the same analyses comparing the entire treatment groups
(without regard to responder status) asin Study MS-F203 (Table 2).

Table 2: FDA analyses of Study MS-F204

Study M S-F204 Placebo | Fampridine | p value
Baseline walking speed (ft/sec) 2.28 221 0.5463
Visit 6 Walking speed (ft/sec) 2.39 242 0.7284
Walking speed change Visit 6 vs. baseline (ft/sec) A1 22 0.0425
Walking speed change Visit 6 vs. baseline (%) 4.87% 10.64% 0.0392
Walking speed on drug (average) 2.37 241 0.7135
Walking speed change (ft/sec) on drug (average) vs. basdline |  0.17 0.29 0.0089
Walking speed change (%) on drug (average) vs. baseline 7.67% 13.99% 0.0072




Study M S-F204 Placebo | Fampridine | p value
MSW12 change on drug (average) vs. baseline 0.73 -2.62 0.0213
MSW12 change Visit 6 vs. baseline 0.72 -3.12 0.0264
SGI change on drug vs. baseline -0.04 0.09 0.1939
LEMMT change on drug vs. baseline 0.04 0.09 .1059
Ashworth change on drug vs. baseline -0.06 -0.18 0.0153

Theresults of FDA analyses are very similar to those of Study MS-F203: no significant
difference between fampridine and placebo either for the average walking speed during
the double-blind period or Visit 6, but contrast under p=0.05 (unadjusted for multiple
comparisons) for the change between baseline and Visit 6. Dr. Y an calculated that the
walking speed change between baseline and visit 6 (end of double blind period) favored
fampridine by 0.11 feet/seconds, which translates into a 0.5 second difference to
complete the 25 feet distance. Asfor Study MS-F203, | plotted the time to complete the
25-foot walk for the placebo and fampridine group at baseline, on average during the
treatment period, and at the end of the treatment period in Study MS-F204 (Figure 4).
The dotted line on Figure 2 is based on a normal walking time (4ft/sec).

Figure 4: Timeto complete the 25 feet distance in Study MS-F204 (dotted line
represents normal time in healthy subjects)
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In Study MS-F204, the contrast for the M SW12 score changes was under p=0.05, but
there was no significant difference between fampridine and placebo for the SGI (p=0.19),
or the lower extremity strength test (p=0.11). The contrast for Ashworth change favored
fampridine (p=0.015), but the magnitude of change was clinically small (fampridine-
placebo difference of 0.12 on ascale 0-4) .



5. Pharmacometrics

Dr. Joo-Y eon L ee analyzed fampridine exposure-response relationship, based on the
percent change in walking speed from baseline to the end of double blind phase. The
methodology applied is described in detail in her review.

Briefly, Dr. Lee conducted alinear regression analysis for the pooled data of Study MS-
F202, MS-F203 and MS-F204 to explore the relationship between exposure (AUC) and
the percent change from the baseline in walking speed. That analysisincluded data
collected with patients receiving 10 mg b.i.d, 15 mg b.i.d or 20 mg b.i.d. Figure 5
(adapted from the clinical pharmacology and biopharmaceutics review) shows a flat
relationship between exposure and change in walking speed (p=0.935), that suggests that
the response reached a plateau at 10 mg bid, and did not improve with increased
exposure.

Figure 5: Dose-response analysis for efficacy

Of course, this also indicates that alower dose may be as efficacious as 10 mg bid, and
that the lowest effective dose has not been identified by the devel opment program. The
identification of the lowest effective drug is particularly important for drugs with narrow
therapeutic index, such as fampridine.

6. Safety

Asdiscussed by Dr. Boehm, the safety database exceeds |CH guidelines for the standard
experience needed to characterize common adverse events. Acordaincluded safety
information on 917 M S subjects, 583 SCI subjects and 382 non-patient subjects. That
experience includes comparative results from M S (fampridine n=507, placebo n=238)
and SCI controlled trials (fampridine n=277, placebo n=229). In the NDA database, 780



subjects were exposed to fampridine for at least 6 months (601 M S subjects) and 444
were exposed for at least 1 year (405 M S subjects), with the majority receiving doses of
at least 10 mg bid.

Dr. Boehm notes that deaths occurred infrequently in the fampridine clinical trials and the
reported causes of death (oxycodone overdose, aortic dissection, suicide, unknown/found
dead in bed, intracerebral hemorrhage, and fall) did not appear related to fampridine.

Dr. Boehm further notes that 15.1% of MS and SCI subjects experienced one or more
serious adverse events (SAEs). Table 3 (adapted from Dr. Boehm’ s review) shows that
the most commonly reported (in 3 patients or more) SAEs were multiple sclerosis relapse
(2.5%), convulsion (1.3%), urinary tract infection (1.2%), and cellulitis (1.1%).

Table 3: SAEsin MS and SCI clinical studies

SAE Preferred Term N (%)
Multiple sclerosis relapse | 38 (2.5%)
Convulsion 19 (1.3%)
Urinary tract infection 18 (1.2%)
Cellulitis 16 (1.1%)
Pneumonia 13 (0.9%)
Sepsis 7 (0.5%)
Muscle spasticity 5 (0.3%)
Pulmonary embolism 4 (0.3%)
Deep venous thrombosis | 4 (0.3%)
Nausea 4 (0.3%)
Asthenia 4 (0.3%)
Fall 4 (0.3%)
Anemia 3 (0.2%)
Atria fibrillation 3 (0.2%)
Chest pain 3 (0.2%)
Influenza 3 (0.2%)
Urosepsis 3(0.2%)
Hip fracture 3 (0.2%)
Osteoarthritis 3 (0.2%)
Breast cancer 3 (0.2%)
Complex partial seizures | 3 (0.2%)
Encephal opathy 3(0.2%)
Syncope 3(0.2%)
Anxiety 3(0.2%)
Decubitus ulcer 3 (0.2%)

Dr. Boehm observes that in M S controlled trials, SAEs were 3 times more frequent
among fampridine-treated subjects (6.5%) than in placebo-treated subjects (2.1%) and the
risk for all SAEs appeared dose related.

Dr. Boehm notes that 14.6% of MS and SCI subjects experienced one or more AES
leading to discontinuation. Table 4 (adapted from Dr. Boehm'’ s review) shows the most
common AEs leading to discontinuation among fampridine-treated subjects, that include



dizziness (2.5%), insomnia (1.5%), convulsion (1.3%), asthenia (1.3%), nausea (1.1%),
anxiety (1.1%), and paresthesia (1.0%).

Table 4: Most frequent discontinuations due to adverse dropoutsin MS and SCI
clinical studies

AE Preferred Term N (%)
Dizziness 38 (2.5%)
Insomnia 22 (1.5%)
Convulsion 19 (1.3%)
Asthenia 19 (1.3%)
Nausea 17 (1.1%)
Anxiety 17 (1.1%)
Paresthesia 15 (1.0%)
Headache 14 (0.9%)
Muscle spasticity 12 (0.8%)
Tremor 12 (0.8%)
Muscle spasms 10 (0.7%)
Difficulty inwalking | 9 (0.6%)
Fatigue 9 (0.6%)
Confusiona state 9 (0.6%)
Vision blurred 7 (0.5%)

In the MS controlled trials, 3.4% of 507 fampridine-treated subjects had one or more AEs
leading to discontinuation compared to 2.1% of 238 placebo subjects.

Table 5 (copied from Dr. Boehm’ s review) shows common adverse events that were
more common on fampridine than on placebo and had a frequency of 1% or morein MS
controlled trials. Highlighted rows indicate an incidence at least 2 times higher in a
fampridine dosage group than on placebo.

Table5: Common AEsin MS controlled trials

AE Preferred term Placebo | Fampridine Fampridine Fampridine Fampridine
(n=238) Totd 10mg bid 15mg bid 20mg bid
(n=507) (n=400) (n=50) (n=57)
Subjects with 1 or more 73.5% 86.4% (438) 84.8% (339) 94% (47) 91.2% (52)
AEs (175)
Urinary tract infection 9.2%(22) | 14.3%(72) 14.5% (58) 10% (5) 15.8% (9)
Insomnia 38%(9) | 10.5% (53) 9.3% (37) 18% (9) 12.3% (7)
Dizziness 4.2% (10) | 9.5% (48) 7.8% (31) 20% (10) 12.3% (7)
Headache 4.2%(10) | 8.9% (45) 7.5% (30) 14% (7) 14% (8)
Asthenia 4.2%(10) | 8.7% (44) 8.3% (33) 18% (9) 3.5% (2)
Nausea 2.5% (6) 7.7% (39) 7% (28) 10% (5) 10.5% (6)
Fatigue 46% (11) | 7.5%(38) 6.5% (26) 14% (7) 8.8% (5)
Multiple sclerosisrelapse | 3.8% (9) 6.5% (33) 5.3% (21) 8% (4) 14% (8)
Balance disorder 1.3% (3) 6.3% (32) 5.8% (23) 8% (4) 8.8% (5)
Paresthesia 3.4% (8) 5.7% (29) 4.8% (19) 6% (3) 12.3% (7)
Back pain 2.1% (5) 5.3% (27) 5.5% (22) 4% (2) 5.3% (3)




AE Preferred term Placebo | Fampridine Fampridine Fampridine Fampridine
(n=238) Total 10mg bid 15mg bid 20mg bid
(n=507) (n=400) (n=50) (n=57)
Muscle spasms 3.4% (8) 4.1% (21) 3.8% (15) 6% (3) 5.3% (3)
Nasopharyngitis 2.9% (7) 4.1% (21) 4.3% (17) 6% (3) 1.8% (1)
Constipation 2.1% (5) 3.7% (19) 3.5% (14) 4% (2) 5.3% (3)
Diarrhea 2.5% (6) 2.8% (14) 2.5% (10) 6% (3) 1.8% (1)
Difficulty walking 1.3%(3) 2.8% (14) 2.5% (10) 0 7% (4)
Pharyngolaryngeal pain 0.8% (2) 2.6% (13) 2.3% (9) 4% (2) 3.5% (2)
Gastroenteritis viral 1.7% (4) 2.4% (12) 2% (8) 2% (1) 5.3% (3)
Pollakiuria 0.8% (2 2.4% (12) 2% (8) 2% (1) 5.3% (3)
Vomiting 0.4% (1) 2.4% (12) 2% (8) 6% (3) 1.8% (1)
Pyrexia 0.8% (2) 2.2% (11) 1.8% (7) 4% (2) 3.5% (2
Rash 0.8% (2) 2.2% (11) 1.8% (7) 2% (1) 5.3% (3)
Anxiety 0.4% (1) 2% (10) 1.8% (7) 2% (1) 3.5% (2)
Cough 1.7% (4) 2% (10) 1.5% (6) 2% (1) 5.3% (3)
Tremor 0 2% (10) 1.3% (5) 0 8.8% (5)
Dyspepsia 0.8% (2) 1.8% (9) 2% (8) 2% (1) 0
Influenza 0 1.8% (9) 2.3% (9) 0 0
Muscle spasticity 1.7% (4) 1.8% (9) 2% (8) 0 1.8% (1)
Pain 0.8% (2) 1.8% (9) 1.3% (5) 6% (3) 1.8% (1)
WBC urine positive 0.8% (2) 1.8% (9) 1.8% (7) 2% (1) 1.8% (1)
Depression 0.8% (2) 1.6% (8) 1.3% (5 2% (1) 35% (2
Urinary incontinence 0 1.6% (8) 1.3% (5) 0 5.3% (3)
Viral infection 0.4% (1) 1.6% (8) 1.5% (6) 1% (2) 0
Abdominal pain 0.4% (1) 1.4% (7) 1.3% (5 0 35% (2
Cystitis 0.8% (2) 1.4%(7) 1.5% (6) 2% (1) 0
Dyspnea 0 1.4% (7) 1% (4 1% (2) 1.8% (1)
Joint swelling 1.3%(3) 1.4% (7) 1.3% (5 2% (1) 1.8% (1)
Myalgia 0.8% (2) 1.4% (7) 1% (4) 4% (2) 1.8% (1)
Pruritis 0.4% (1) 1.4% (7) 1.5% (6) 2% (1) 0
Shoulder pain 1.3% (3) 1.4% (7) 1.3% (5) 2% (1) 1.8% (1)
Skin laceration 0 1.4% (7) 1.3% (5) 2% (1) 1.8% (1)
Back injury 0.8% (2 1% (5) 1.3% (5) 0 0
Bronchitis 0.8% (2) 1% (5) 0.8% (3) 4% (2) 0
Chest pain 0.4% (1) 1% (5) 0.8% (3) 2% (1) 1.8% (1)
Diplopia 0.4% (1) 1% (5) 0.8% (3) 2% (1) 1.8% (1)
Dry mouth 0.8% (2) 1% (5) 0.8% (3) 0 35% (2
Hypertension 0.4% (1) 1% (5) 0.8% (3) 0 3.5% (2)
Muscular weakness 0 1% (5) 0.3% (1) 2% (1) 5.3% (3)
Neck pain 0.8% (2) 1% (5) 1% (4) 0 1.8% (1)
Sensory disturbance 0.4% (1) 1% (5) 1% (4) 0 1.8% (1)
Stomach discomfort 0.8% (2) 1% (5) 0.8% (3) 2% (1) 1.8% (1)
Vertigo 0.4% (1) 1% (5) 1% (4) 0 1.8% (1)
WBC count decreased 0.4% (1) 1% (5) 1% (4) 2% (1) 0

The principal safety issue with fampridineistherisk of seizures. Dr. Boehm notes that
data from the controlled clinical trials at the 10mg bid dose did not suggest adifference in
seizure risk compared to placebo, but this comparison relied on only 400 Fampridine SR
treated patients, 238 placebo patients and only 2 seizure events (1 fampridine, 1 placebo).
Dr. Boehm further observes that in these same studies, at 20 mg bid (only a doubling of
the dose intended to be marketed), the seizure risk was 10-fold higher (based on 2 events




in 57 subjects), a concerning finding suggesting to Dr. Boehm a narrow therapeutic

index.

Dr. Boehm notes that in open-label trials, the seizure risk at 10mg bid was similar to the
risk seen in controlled trials. Dr. Boehm cautions that the results from this open |abel
population must be considered very carefully since this was a highly selected population.
These patients were screened by history and EEG prior to the controlled studies, and
those with exposure to fampridine in the controlled studies (roughly 2/3 of open-label
trial participants) survived atrial of therapy without seizure, and then all subjects were
screened with EEG again prior to entering the open-label trial.

The review team also tried to identify from available pharmacokinetic data if patients
who experienced seizures represented outliers (with unusually high fampridine exposure),
which would provide some reassurance regarding the safety of the 10 mg b.i.d. dosing.
For the 5 patients who had a seizure in controlled trials (Studies M S-201,-202,-203 and -
204), Dr. Lee and Dr. Wang looked into each patient narrative to identify the date and
time (if available) of seizure incidence, and then compared these to the time of
fampridine plasma concentration collection time. The principal limitations of these datais
that the plasmalevel and seizure occurrence were separate by a delay of several hours or
days. Nevertheless, the data suggest that seizures occurred at exposure levels within the
range expected for the 10 mg b.i.d. dose, as the maximum fampridine concentration
observed for the 10 mg b.i.d dosing regimen was 87.3 ng/ml (see Table 6).

Table 6: Fampridine exposurein patients who experience seizures

Study | Subject | PK PK date and Previous Time Previous | Seizuredate | PK at seizure time (ng/ml)
(ng/ml) time dosing date after dose and time
and time dose(hr) | (mg)
MS 14003 63 Dec 12, Dec 12, 18 10 Dec 17, ~63 (assume dose was
F203 2005, 2005, 2005, no taken regularly)
10:23AM 8:36AM specific time
MS 04006 35.5 Aug 21, 2003, | Aug 21, 2003, | 5.9 20 Aug 26, >35.5 (Aug 21 isthefirst
F202 2:52PM 9:00AM 2003, no dose titrated to 20mg)
specific time
MS 07019 79 Sep 23, 2003, | Sep 23,2003, | 4.5 40 Sep 23, <79 (close to trough)
F202 12:32PM 8:00AM 2003, 2 hr
during
afternoon
and evening
MS 03002 117 Mar 27, 2001, | Mar 27,2001, | 3.9 25 Mar 30, ~117*30/25=140 (Mar 27
F201 1:10PM 9:15AM 2001, no isthefirst dose titrated to
specifictime | 30mg)
MS 02006 99.6 May 16, May 16, 4.75 25 May 27, ~99.6*35/25=139(May 25
F201 2001, 2001, 2001, no isthefirst dose titrated to
12:45PM 8:00AM specifictime | 35mg)




Pharmacokinetic data (Figure 6) also indicate that there is alarge overlap of exposure
between the dose proposed for marketing (10 mg b.i.d), and the first dose associated to an
increased incidence of seizures (20 mg b.i.d).

Figure 6: Distribution of Cmax at each dose group (pooled data from Study MS-F202,
203 and 204)
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Dr. Boehm emphasi zes that comparing the seizure risk in the Fampridine SR clinical trial
population with background data or data from other MS drug development programs
must also be viewed with caution. Dr. Boehm believes that the screening in the
fampridine trials and usual concerns about potentially important differences among the
Fampridine SR population and the general M'S background population or other drug
development program populations make these comparisons problematic.

Dr. Boehm concludes that the current evidence supports a dose-related risk of seizure
with fampridine, with limited experience at the dose intended for treatment, and some
evidence of increasing risk just above the therapeutic dose. | concur.

Dr. Boehm also reviewed results from the pooled analysis of AEs from the controlled MS
trials that demonstrated an apparent dose-related increased risk of multiple sclerosis
relapse among fampridine-treated subjects compared to placebo. Dr. Boehm notes that
the difference in M S relapse risk between fampridine and placebo was driven by
differences in the post- treatment period, when subjects were not taking Fampridine SR.
He notes that this finding is based on very limited observation time (2 weeks), and that
the M S relapse risk in the fampridine-treated group prior to initiating treatment was 4-
fold higher (30.3/100PY) than the risk in the placebo group during the pre-treatment
phase (7.3/100PY). The reason for the observed difference in M S relapse risk between



Fampridine SR subjects and placebo subjectsis not clear to Dr. Boehm. Dr. Boehm notes
that the available data presented in the narratives for these events are not sufficient to
alow differentiation between waning therapeutic effect (as suggested by Acorda) and
relapse of the M S disease process. Dr. Boehm observes that some of these events
appeared to be true relapses to clinicians because they resulted in hospitalization and
treatment with steroids. Finally, Dr. Boehm comments that data from patients who
experienced relapse during the post treatment phase and who continued in open |abel
extension phases is reassuring, as they did not suggest continued increased M S relapse
risk among these patients. Furthermore, there did not appear to be an increased MS
relapse risk in the extension trial patients compared to the RCT patients. Overall, | agree
with Dr. Boehm that thereis not a clear signal for increased relapses in fampridine-
treated patients.

Another safety issue identified by Dr. Boehmis an increased risk for urinary tract
infections in fampridine-treated patients compared to placebo patients. Dr. Boehm notes
that in many cases, these events were diagnosed based only on symptoms and UA and/or
urine cultures were not performed. Dr. Boehm believes that there is insufficient evidence
to evaluate Acorda' s hypothesis that these UTI events represent drug related sensory
symptoms rather than actual infections. As there was no consistent increase in SAES
related to these infections, appropriate description in labeling should be appropriate to
address thisissue.

Lab data, vital sign data and ECG data collected during the clinical trials did not find
evidence of Fampridine SR related deleterious effects. A forma QT study did not find
evidence of QT prolongation in subjects exposed to Fampridine SR.

7. Summary and Questions to the Peripheral and Central
Nervous System Drugs Advisory Committee

The sponsor has submitted the results of two adequate and well-controlled trialsin which
statistically significant between-treatment differences were seen on the primary outcome
in both studies: the proportion of patients who met responder criteria. Analyses of the
drug-placebo difference in the change from baseline in time to complete the 25 foot timed
walk reached statistical significance in both studies, but was numerically quite small, and
the average time to compl ete the 25 foot walk was not different between the treatment
groupsin either study. For these reasons, it appears that the clinical meaning of the
differences seen on the primary outcomes is in question.

Further, fampridine causes seizures in a dose-dependent fashion. Although the risk of
seizuresin the MS controlled trials at 10 mg BID was the same as in placebo (1 seizurein
each group), and the risk of seizuresin the open-label experience at this dose was the
same as in the controlled trials, an increased risk was seen at 20 mg BID. Importantly,
although the plasma levels of fampridine at which seizures were seen is not completely
clear, there is reason to believe that a not insignificant proportion of patients treated with
10 mg BID might achieve the levels associated with seizures, and in any event thereis



considerable overlap in the plasma exposures at 10 and 20 mg BID. In addition, itis
difficult to compare the risk of seizuresin the sample of M S patients included in these
studies to published background seizure rates in M S patients, because patients in these
trials were screened and were shown to have no evidence of seizure activity on EEG prior
to receiving treatment with fampridine.

We are asking the Committee’' s help in addressing whether the benefit to be obtained
with fampridineisjustified by the risk (primarily of seizures) to be expected in a
population of M S patients who would be expected to receive the treatment if the
application is approved. Inthisregard, we would like the Committee to consider the
following questions:

1) Has the sponsor demonstrated substantial evidence of effectiveness of fampridine asa
treatment to improve walking in patients with MS?

2) If so, has the sponsor demonstrated that this effect is clinically meaningful, either in
the group of fampridine-treated patients as awhole, or in a specific subset?

3) If s0, should the sponsor be required to evaluate the effects of doses lower than 10 mg
BID?

4) If so, should this be required prior to approval ?

5) If substantial evidence of aclinically meaningful effect has been demonstrated, do you
conclude that there are conditions under which fampridine SR could be considered safe in
use for thisindication?

6) If so, what are those conditions (e.g., specific enrollment criteria, specific monitoring,
etc.)?

We look forward to seeing you in October, and thank you for the work you have donein
preparation for the meeting, and for your efforts at the meeting itself.
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Clinical Review

{Kachi llloh, MD, MPH}

{NDA 22-250}

{ Amaya, Fampridine Sustained Release}

5 Sources of Clinical Data

A total of 56 clinical studies (table listing below) were conducted in the devel opment of
fampridine, of which 19 were in healthy volunteers, 24 in MS patients, 11 in spinal cord injury
(SCI), and 2 in Guillain-Barré Syndrome. In these studies, over 1,900 subjects were exposed to
fampridine, of which over 1,600 were exposed to the Fampridine-SR formulation. Five of the
MS investigations were extension studies that continued from completed trials. Excluding the
extension studies, the MStrias enrolled 1,156 subjects.

The review of efficacy focuses more on two adequate and well-controlled phase 3 trials
conducted under separate Special Protocol Assessments (SPAS), and to a less extent on a phase 2
dose ranging trial. The two phase 3 trials enrolled 539 subjects with MSto test the proposed
indication dose.

5.1 Tables of Studies/Clinical Trials



Clinical Review

{Kachi Illoh, MD, MPH}

{NDA 22-250}

{ Amaya, Fampridine Sustained Release}

Table, Listing of Clinical Studies/Trials (from sponsor’s submission)

Demographics

Healthy Volunteers

randomized, 2-way
Crossover
16-Mar-04
25-Mar-04

Patheon and Elan

Corporation)

Single oral dose

100% Caucasian

Study ID Planned Doses No. of Patients Male, Female
No. of Centers Design Route Receiving at  Mean Age (mnin, max)
Population Start/End Dates Regimen Least One Dose Race Study Status Location
Clinical Trials in Non-Patients
Open-Label Clinical Trials
0193-002° Open-label, single- 10 mg FAM-CR capsule 6 6 (100%), 0 Completed Module 5.3.1.1
1 dose, food effect, 20 mg q.d.. — (18, 30)
Healthy Volunteers CTOssOVer 30 mg and 40 mg boid 100% Caucasian
09-Mar-93
14-Mar-93
0193-006 Open-label. 2-way 12.5 mg FAM-CR (with 4 4 (100%). 0 Completed Module 5.3.1.1
1 crossover or without phosphate 353 yrs. (16, 40)
Healthy Volunteers 24_Feb_05 buffer) 100% Caucasian
09_Mar-95 Single oral dose
0494-006 Open-label. single- 12.5 mg FAM-SE tablet, 12 2{100%), 0 Completed Module 5.3.1.1
1 dose, 3-way crossover, 12.5 mg IR capsule 24418 32
Healthy Volunteers relative bioavailability 100% Caucasian
07-Tune—1994
06-Tuly-1994
0497-010° Open-label. single- 15 mg FAM-SER tablet, 12 12 (100%). 0 Completed Module 5.3.1.1
1 dose, S-way crossover, 15 mg FAM-IE tablet 27.2 (19, 33)
Healthy Volunteers IVIVC 13mg —
0791-0117 Open-label, single- 3 mg FAM-IR capsule, 12 12 (100%%), 0 Completed Module 3.3.1.1
1 dose, food effect, 4- 20 mg FAM-CR capsule —
Healthy Volunteers Way crossover 20mg —
1991
Demographics
Study ID Planned Doses No. of Patients Male, Female
No. of Centers Design Route Receiving at  Mean Age (min, max)
Population Start/End Dates Regimen Least One Dose Race! Study Status Location
0792-001 Open-label. 10 mg FAM-IR 13 13 {100%). 0 Completed Module 3.3.1.1
1 single-dose, 20 mg FAM-CR 29.7 yrs. (23, 33)
Healthy Volunteers randomized. 4-way Single oral dose —
Crossover
22-Feb-93
04-May-93
0406-002 Open-latel, 15mg ¢ FAM sclution 4 4 (100%), 0 Completed Module 5331
1 single-dose Single oral dose 20.7 yrs. (18, 22)
Healthy Volunteers 20-Jun-96 100% Caucasian
23-Jul-96
1194-002 Open-label, 12.5 mg FAM-SR tablet 12 12 {100%). 0 Completed Module 3.3.4.1
1 randomized, 3-way 12.5 mg FAM-SR 27.0 yrs. (23, 35)
Healthy Volunteers crossover capsule 100% Caucasian
31-Mar-94 12.5 mg FAM-IR
31-May-94 capsule
i Single oral dose
BE10-25F- Open-label, 10 mg FAM-SR tablet 30 17 (57%), 13 (43%) Completed Module 5.3.1.2
SR1005122003 single-dose, 25 mz FAM-SE. tablet 254 yrs. (19, 42)
1 randomized, 3-way 10 mg FAM sclution 83.3% Caucasian,
Healthy Volunteers Crossover Single oral dose 6.6% Black,
04-Dec-03 3.3% European/Middle
20-Dec-03 Eastern,
3.3% Hispanic,
3.3% American Indian
BE1OF-5R22004 Open-label, 10 mg FAM-SR tablets 18 10 (56%). 8 (44%) Completed Module 5.3.12
1 single-dose, (from 2 manufacturers, 294 yrs. (20, 43)
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Demographics

Healthy Volunteers

randomized, 3-way
crossover
31-Mar-94
31-May-94

15 mg FAM-CR
and 10 mg Baclofen
Single oral dose

100% Caucasian

Study ID Planned Doses No. of Patients Male, Female
No. of Centers Design Route Receiving at  Mean Age (min, max)
Population Start/End Dates Regimen Least One Dose Race! Study Status Laocation
BE25F-SRO22004 Open-label, 25 mg FAM-SR tablets 22 10 (45%), 12 (33%) Completed Module 5.3.1.2
1 single-dose, (from 2 manufacturers, 24 2 yrs. (19, 38)
Healthy Volunteers randomized, 2-way Patheon and Elan 95 5% Caucasian,

crossover Corporation) 4 5% Black

05-Mar-04 Single oral dose

14-Mar-04
FeFal3F-SE112003 Open-label, 25 mg FAM-SR tablets 14 3 (36%), 9 (64%) Completed Module 5.3.1.2
1 single-dose, 2-way Single oral dose 340 yrs. (26, 5)
Healthy Volunteers crossover 78.6% Caucasian,

06-Nov-03 14.3% Asian,

15-Now-03 7.1% Black
0593-005 Open-label, 15 mg FAM-IR capsule 10 10 (100%3), 0 Completed Module 5.3.1.3
1 randomized, 13 mg FAM-CR capsule 34.0 yrs. (27, 40)
Healthy Volunteers single-dose, 5-period, Single oral dose 100% Caucasian

crossover

08-Nov-93

14-Dec-93
EDI10F SRO12004 Open-label, 10 mg FAM-SE tablets 20 9 (45%), 11 (35%) Completed Module 5333
3 single-dose, Single oral dose 60.5 yrs. (19, 80)
15 Patients with non-randomized, 75% Cancazian,
Renal Impairment 2-stage, parallel group 25% Black
3 Healthy Volunteers 10-Feb-04

28-Jul-04
0194-002 Open-label, 15 mg FAM-CR 12 13 (1002%), 0 Completed Module 5.3.3.4
1 single-dose, 10 mg Baclofen 29.8 yrs. (18, 40)

Demographics

Study ID Planned Doses No. of Patients Male, Female
No. of Centers Design Route Receiving at  Mean Age (min, max)
Population Start/End Dates Regimen Least One Dose Race! Study Status Location
Blinded Clinical Trials
ELA/G-91017 Double-blind, placebo- 5 mg FAM-IR capsule g 8 (100%), 0 Completed Module 5331
1 controlled, single up to 25 mg 22.6(20,26)
Healthy Volunteer ascending dose —

May-1991

June-1991
0452-004 Single-blind. 20 mg FAM-CR 14 14 (100%). 0 Completed Module 5.3.4.1
1 randomized, Oral 28.8 yrs. (21, 47)
Healthy Volunteers multiple-dose, bid 100% Cancasian

4-peried. crossover

17-Jun-92

04-Ang-92
TQTc-F-5R001 Double-blind, 10 mg FAM-SR 208 113 (54%). 93 (46%) Completed Module 5.3.4.1
1 placebo-controlled, Oral q12h 250 yrs (18, 44)
Healthy Voluateers randomized, 30 mg FAM-SR. &7% Caucasian,

double-dummy, Oral q12h 3% Black,

parallel group Placebo 6% American Indian/

17-Oct-07 O1al q12h Alaskan Native,

03-Dec07 400 mg Moxifloxacin/ 2% Asian

Placebo
Oral q12h

Clinical Trials in MS Patients
Open-Label Clinical Trials
0193-001US Open-label, 12.5 mg FAM-SE tablets 13 T (54%0), 6 (46%) Completed Module 5.3.3.2
1 single-dose. 3-way Oral 47.5 yrs. (30, 60)
MS Patients Crossover 12.5 mg FAM-SR 2% Caucasian,

Maz-95 capsules 8% Asian

Apr 95 Single oral dose
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MS Patients

multi-center, single
treatment period
multiple dose study

buid. for 13 consecutive
days, with a single

45.1 yrs. (29, 37)
100% Caucasian

Demographics
Study ID Planned Doses No. of Patients Male, Female
No. of Centers Design Route Receiving at  Mean Age (min, max)
Population Start/End Dates Regimen Least One Dose Race! Study Status Location
0206-003US Open-label study 12.5 mg FAM-SR tablet 20 10 (50%), 10 (50%) Completed Module 3.3.3.2
1 14-May-96 17.5 mg FAM-SR tablet 52.0 yrs. (31, 67)
MS Patients 27-Jul 98 22.5 mg FAM-SR tablet 93% Caucasian,
Oral 5% Asian
bid

0893-001US Open-label. 7.5 and 15 mg FAM-SR 12 6 (50%), 6 (50%) Completed Module 3.3.3.2
1 single-dose, 3-way capsules 504 yrs. (41.64)
MS Patients Crossover Single oral dose 100% Caucasian

Mar-93

Dec-93
1293-001US Open-label, dose 7.5 mg FAM-SR 12 6 (50%), 6 (50%) Completed Module 5.3.3.2
1 escalation Oral 31.3 yrs. (41, 63)
MS Patients b.a.d., increased by 100% Caucasian

07-Feb-94 2.5 mg boid. weekly

13-Apr-94
ANT51-101 Open-label, 5 mg FAM-SR 24 10 (42%), 14 (58%) Completed Module 5.3.3.2
2 single-escalating doses 10 mg FAM-SE. 45.4 yrs. (29, 36)
MS Patients 21-0ct-07 15 mg FAM-SR 100% Caucasian

21-Jan-98 Single oral dose
ANT31-102 Open-label. 20 mg FAM-SR 21 10 (48%), 11 (32%) Completed Module 3.3.3.2
2 Oral

25 Nov-97 administration on Day 14
10-Feb-98
Demographics

Study ID Planned Daoses No. of Patients Male, Female
No. of Centers Design Route Receiving at  Mean Age (min, max)
Population Start/End Dates Regimen Least One Dose Race Study Status Location
Rush 0017 Open-label, single- 1 to 5 mg i.v. solution 17 17 (100%), 0 Completed Module 5.3.3.2
1 dose pharmacodynamic Tto 30 mg 34.7(24.56)
MS Patients, study —
Healthy Volunteers 11-Nov-1983

06-Sept-1983
11940018 Open-label. single, and 7.5 mg FAM-IE. capsules 12 4 (33%), 8 (67%) Completed Module 3334
1 multiple dosing Oral 43.8 yrs. (38. 35)
MS Patients 13-Jan-95 8M units Betaseron 2% Caucasian,

25-Mar-035 M 8% Native American
Blinded Clinical Trials
0293-001US Double-blind, 30 mg FAM-SR 9 4 (44%), 5 (56%) Terminated early ~ Module 5.3.1.1
1 placebo-controlled, 40 mg FAM-SR 50.8 yrs. (41, 38) by spensor
MS Patients 3-penod crossover Placebo 100% Caucasian
(Study terminated prior COmPparison of Oral doses administered
to planned crossover) — Slow-release b.id. for 10 days

fampridine 30 and

40 mg in MS patients

12-May-93

25-Jun-93
MS-F201 Double-blind, 3,10, 135, 20, 235, 30, 35, 36 17 (47%), 19 (33%) Completed Module 3.3.5.1
4 randomized, and 40 mg FAM-SR 47 yrs. (30, 61)
MS Patients placebo-controlled Placebo 97% Caucasian,

08-Nov-00 Oiral doses administered 3% Black

18-Sep-01 b.id. for 8 weeks
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Demographics

MS Patients

placebo-controlled,
4-way,

single-ascending dose,

Crossover
11-Oct-09
11-May-00

25 mg FAM-SR

Placebo
Single oral dose

2% Cancasian.
4% Hispanic, 4% Other

Study ID Planned Doses No. of Patients Male, Female
No. of Centers Design Route Receiving at  Mean Age (mnin, max)
Population Start/End Dates Regimen Least One Dose Race Study Status Location
MS-F202 Double-blind. 10 mg FAM-SE 206 Completed Module 5.3.5.1
24 placebo-controlled, 15 mg FAM-SR s. (28, 69)
MS Patients 20-week, parallel 20 mg FAM-SR 92% Cancasian,
(Adecquate/well- group Placebe 3% Black,
éoutwlled study) 27_Feb-03 Oral dozes administered 1.5% Hispanic ,
- 18-Dec-03 i for 15 weeks 129 Other , 0.5% Asian’
Pacific Islander
MS-F203 Double-blind, 10 mg FAM-SR 300 935 (32%), 203 (68%) Completed Module 3.3.5.1
33 randomized. Placebo 514 yrs. (26, 70)
MS Patients placebo-controlled Oral doses administered 2. 7% Caucasian.
(Adequate/well- 07-Jun-05 bid for 14 weeks 4.3% Black,
controlled study) 28-Tun-06 1.3 %6 Hispanic,
1.3% Asian/Pacific
Islander, 0.3% Other
MS-F204 Double-blind, 10 mg FAM-SR 239 77 (32%)). 162 (68%) Completed Module 5.3.5.1
35 randomized. Placebo 31.7 yrs. (24, 73)
MS Patients placebo-controlled (Oral doses administered 91.2% Caucasian,
|'Adequme-"we1]— 22-Mav-07 boid for 9 weeks 5.0% African-
controlled study) 27-Feb-08
Indian/Alaskan Native
MS-F200 Double-blind, Img FAM-SR 24 8 (33%), 16 (67%) Completed Module 5.3.1.2
1 randomized, 15 mg FAM-SR 46.2 yrz. (23, 36)

Demographics

1
MS Patients

placebo-controlled,
crossover

Sep-93

Nov-95

Placebo

Oral dozes admimistered

bid for 1
week/treatment

48.4 yrs. (33, 3T)
100% Caucasian

Study ID Planned Doses No. of Patients Male, Female
No. of Centers Design Route Receiving at  Mean Age (min, max)
Population Start/End Dates Regimen Least One Dose Race’ Study Status Location
1001-0017 Double-blind, placebo- 2.5 mg FAM-IR capsule, g 5(36%), 4 (44%) Completed Module 5.3.3.2
1 controlled, 3-period 5 mz FAM-IR capsule 47.5(353.62)
MS Patients CIDSSOVer, 100% Caucasian

concentration

controlled study

10-Sept-1991

02-Jan—1992
Rush 0027 Single-blind, placebo- 2.5 mg FAM-IR capsule, 15 15 (100%). 0 Completed Module 5332
1 controlled, single-dose 3 mg FAM-IR capsule 37.2(25,48)
MS Patients 06Dec—1985 to 25 mg —

17-Sept-1983
Rush 0037 Double-blind, placebo- 2.5 mg FAM-IR capsule, 17 8 (47%), 9 (33%) Completed Module 5.3.3.2
1 controlled 5 mg FAM-IR capsule 39.8 (28, 53)
MS Patients 17-Feb-1987 7.5 mgto 333 mg —

12-Jan—1989
0494-001TU5 Double-blind, 125,175, and 225 m 161 70 (43%), 91 (57%) Completed Module 5.3.4.2
] randomized, FAM-SR 48.9 yrs. (29, 74)
MS Patients placebo-controlled, Placebo 95% Caucasian

parallel group Oral doses admimstered 39 African-American.

12-Sep-04 b.id. for 6 weeks 304 Other

16-Dec-94
0995-001US Double-blind, 17.5 mg FAM-SR tablets 10 4 (40%), 6 (50%) Completed Module 5.3.4.2
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Study ID
No. of Centers
Population

Design
Start/End Dates

Planned Doses
Route
Regimen

No. of Patients
Receiving at
Least One Dose

Demographics
Male, Female

Mean Age (min, max)

Racel

Study Status

Location

Extension Studies

0195-001TU5 EXT
1
MS Patients

Open-label extension
study

15-Tun-95
22-May-96

12.5 mg FAM-SE tablets
Oral
buid.

T (58%), 5 (42%)
48.9 yrs. (31, 61)
92% Cancasian,
8% Asian

Completed

Module 5352

1203-001US EXT
1
MS Patients

Open-label extension
study

14-Mar-94
15-May-96

10-22.5 mg FAM-SR
Oral
b.ad., switched from
capsule to tablet during
extension phase

6 (50%), 6 (50%)
31.3 yrs. (41, 65)
100% Cauncasian

Completed

Module 5352

MS-F202 EXT
21
MS Patients

Open-label extension
study

15-Mar-04

(ongoing)

10 mg FAM-SE tablet

15 mg FAM-SE tablet

20 mg FAM-SE tablet
Oral

66 (37%). 111 (63%)
31.9yrs. (29,700
96.6% Caucasian,

2.3% Hispanic,_
1.1% Black

Ongoing

Module 5352

MS-F203 EXT
33
WS Patients

Open-label extension
study

13-Dec-03

(ongoing)

10 mg FAM-SE tablet
Oral
b.id.

87 (33%0), 180 (67%)
32.0 yrs. (26, 71)
93.3% Cancasian,

4.1% Black.
1.1% Hispanic,
1.1% Asian/Pacific
Islander, 0.4% Other

Ongoing

Module 5.3.5.2

MS-F204 EXT

Open-label extension

10 mz FAM-SE tablet

4. 162 (68%)

Ongoing

Module 5352

38 study Oral 317 yrs. (24,73)
IS Patients 27-Aug-07 bid 01.2% Caucasian,
(ongol;lg] Placebo 3.0% Black.
1.7% Hispanic.
0.4% American Indian/
Alaskan Native,
1.7% Other
Demographics
Study ID Planned Daoses No. of Patients Male, Female
No. of Centers Design Route Receiving at  Mean Age (min, max)
Population Start/End Dates Regimen Least One Dose Race Study Status Location

Clinical Trials in SCI Patients

Open-Label Clinical Trials

SCI-101
1
SCI Patients

Open-label, escalating
doze

24-Mar-98

19-Jun-28

10 mg FAM-SR
15 mg FAM-SR
20 mg FAM-SR
25 mg FAM-SR
Single oral dose

14

9 (64%), 5 (36%)
38 yrs. (17.61)
26% Caucasian,
7% Black, 7% Other

Completed

Module 3354

SCI-102
1
SCI Patients

Open-label, escalating
dose

24-Mar-98

10-Tul-98

10 mg FAM-SR
15 mg FAM-SR
20 mg FAM-SR
25 mg FAM-SE Oral
bid.

16

14 (88%). 2 (12%)
40 yrs. (22, 39)
100% Caucasian

Completed

Module 5354

SCI-103
1
SCI Patients

Open-label, escalating
dose

26-Feb-99

30-Jul-99

5 mg FAM-SR
20 mg FAM-5R
25 mg FAM-SE.
30 mg FAM-S5R
35 mg FAM-5R
40 mg FAM-SR bi.d.

16

13 (81%), 3 (19%)
33.7 yrs. (18, 60)
100% Caucasian

Completed

Module 5354

Blinded Clinical Trials

0293-001US
.

SCI Patients

Double-blind,
randomized,
placebo-controlled.
dose titration, 3-way
crossover in chronic
SCI patients

Sep-93

Jan-96

12.5 mg FAM-SE
17.5 mg FAM-SE
Placebo
Oral
bid. for 1 week

28 (97%)

40.4 yr=s. (23, 63)

00% Cauvcasian,
7% Hispanic,

3% African-American

Completed

Module 3354
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Demographics

40
SCI Patients

multicenter, extension
study

03-Oct-03

25-Jun-04

15 mg FAM-SR
20 mg FAM-SR
25 mg FAM-SE
Oral
buid.

42 yrs. (19.74)
22.2% Cavcasian,
15.2% Black,
0.9%% American
Indian/Alaskan Native,
1.7% Other

by sponsor

Study ID Planned Doses No. of Patients Male, Female
No. of Centers Design Route Receiving at  Mean Age (min, max)
Population Start/End Dates Regimen Least One Dose Race Study Status Location
SCI-001 Double-blind. 5 mg FAM-IR 4 4 (100%40), 0 Terminated early  Module 5.3.5.4
1 randomized. Placebo 44 yrs. (28, 32) by sponsor
SCI Patients placebo-controlled Oral doses administered —
05-Nov-06 bid. for 7 days
23-Dec-96
SCI-200 Double-blind, 10 mg FAM-SR 59 49 (82%). 11 (18%) Completed Module 5.3.5.4
6 placebo-controlled, 15 mg FAM-SR 38.9 yrs. (20, 64)
SCI Patients escalating dose, 20 mg FAM-SE Oral 2% Cancasian.
crossover in SCI bid. for 1 week 13% Black.
patients 1.7% Asian,
23-Oct-97 3.3% Other
28-Apr-98
SCI-F201 Double-blind, 25 mg FAM-SR 91 T2 (79%). 19 (21%) Completed Module 5.3.5.4
10 placebo-controlled. 40 mg FAM-5R 415 yrs. (19, 67)
SCI Patients parallel group in Placebo 93% Cancasian,
chronic incomplete Oral 4% Black, 1% Asian,
SCI patients bid. 2% Other
27-Tun-00
06-Mar-01
SCI-F203 Double-blind. 15 mg FAM-SR 9 5 (56%), 4 (44%) Completed Module 5.3.5.4
1 placebo-controlled, 20 mg FAM-SR 46.0 yrs. (30, 73)
SCI Patients parallel group in 25 mg FAM-SE Oral 100% Caucasian
chronic complete and baid.
incomplete SCI
patients
04-Jun-02
29-0ct-03
Demographics
Study ID Planned Doses No. of Patients Male, Female
No. of Centers Design Route Receiving at  Mean Age (min, max)
Population Start/End Dates Regimen Least One Dose Race Study Status Location
SCI-F301 Double-blind, 25 mg FAM-SR 212 185 (87%), 27 (13%) Completed Module 5.3.54
31 placebo-controlled, Placebo 40.9 yrs. (17, 70)
SCI Patients fized dose. 2-way Otal 22.5% Caucasian,
Crossover buid. 14% Black.
8 Tul-02 1% American Indian/
15-Feb-04 Alaskan Native,
1% Asian, 1.5 % Other
SCI-F302 Double-blind, 25 mg FAM-SR 203 172 (85%). 31 (15%) Completed Module 5.3.54
33 placebe-controlled, Placebo 40.9 yrs. (18, 73)
SCI Patients parallel group study in Oral 88% Caucasian,
chronic SCI patients buid. 9% Black. 0.5% Asian/
11-Jun-02 Pacific Islander,
14-Nov-03 2.5% Other
Extension Studies
SCI-F201 EXT Open-label, 10 mg FAM-SR 132 111 (84%), 21 (16%)  Terminated early  Module 3.3.5.2
12 multicenter. extension 15 mg FAM-SR 42 yrs. (19.68) by sponsor
SCI Patients study 20 mg FAM-SR 93.2% Caucasian,
04-Tun-02 25 mg FAM-SR 3.8% Black. 3% Other
07-Tul-04 30 mg FAM-SR
35 mg FAM-SR
40 mg FAM-SR
Oral
buid.
SCI-F300 EXT Open-label. 10 mg FAM-5R 230 201 (87%). 29 (13%)  Terminated early  Module 3.3.52
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Demographics

Study ID Planned Doses No. of Patients Male, Female
No. of Centers Design Route Receiving at  Mean Age (min, max)
Population Start/End Dates Regimen Least One Dose Race! Study Status Location

Clinical Trials in Guillain-Barre Patients

Blinded Clinical Trials

CGBS-2a" Double-blind, placebo- 5 mg FAM-IR capsules 2 3(38%), 5 (62%) Completed Modwle 3354
1 controlled, crossover, 5 mg to 30 mg daily 57(27.7%)
Guillain-Batre Patients  dose escalation 100% Cauncasian

30-June—1999

01-Dec—1999
CGBS-2%7 Double-blind, placebo- 5 mg FAM-IR capsules 16 11 (68%). 5 (31%) Completed Module 5354
1 controlled, crossover, 3 mg to 30 mg daily 53.5(23.77)
Guillain-Barre Patients  dose escalation —

19-Mar—2003

16-Mar—2005

Differences between Efficacy and Safety Databases

For the purpose of this review, the efficacy database includes MS-F203 and MS-F204 trials,
especially the modified intent-to-treat population. The sponsor used an extended pooled analysis
database for efficacy by adding a part of MS-F202 (10 mg dose and placebo subjects) trial to the
pool of the MS-F203 and MS-F204 trials. In contrast, the safety database included data from
healthy subjects and from those with various diseases as MS, SCI, and renal impairment.

No pediatric patients were included in the efficacy database. Despite age limits for trials as low
as 18 years, the youngest age enrolled was 24 years.

The overall clinical report isajoint review with input from efficacy, safety, and biometrics
reviewers. All the reviewers arejointly responsible for the synthesis and documentation of the
overall conclusions for the application review.

5.2 Review Strategy

For the efficacy analysis, we provide an overview of the two pivotal trials (MS-F203 and MS-
F204) individually in section 5.3 of this document. We discuss the results of the two trials and
pooled analysisin section 6. In contrast to the sponsor’ s approach, this review did not include
MS-F202 in the main pooled efficacy analysis asit was a dose response trial with additional
arms evaluating other doses, its efficacy analysis using the responder definition was post hoc,
and it did not include a category of M'S patients (progressive relapsing).

Another different approach we used in the pooled analyses was comparing the overall fampridine
group to the placebo group, without the differentiation by responder status. The sponsor largely
compared three groups — fampridine responders, fampridine non-responders, and placebo. Since
the responders were not identified a priori, such responder groups based on the results of the
trials are prone to have related variables trend in the same manner. Such abias can limit the
usefulness of the results of the different variables.
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5.3 Discussion of I ndividual Studies/Clinical Trials

M S-F203 “ Double-Blind, Placebo-Controlled, 21-Week, Parallel Group Study to Evaluate
Safety and Efficacy of Oral Fampridine-SR (10 mg B.I.D.) in Subjectswith Multiple
Sclerosis’ (Final version 1.2; 20 September, 2005)

Design: MS-F203 was a phase 3, multicenter, double-blind, placebo-controlled, parallel-group
trial to evaluate the safety and efficacy of oral Fampridine-SR (10 mg twice daily) in 240 MS
subjects. The trial was planned to run over 21weeks consisting of one week pre-screening, two
weeks of placebo run-in, 14 weeks of double-blind treatment, and four weeks of follow-up.
Subjects were randomized to one of two treatment groups, Fampridine-SR or placebo, ina3: 1
ratio. Note, the initial plan changed from a phase 2 to a phase 3 trial in September 2005. Also,
the trial enrolled 304 subjectsinstead of the planned 240.

Protocol:
Summary of inclusion criteria: Subjects with clinically definite MS, aged 18 to 70 years, ableto
perform two trials of Timed 25 foot Walk within 8-45 seconds at the screening visit.

Summary of exclusion criteria: Female who is either pregnant or breastfeeding, and female of
child-bearing potential not on birth control measures; history of seizures or evidence of
epileptiform activity on EEG; known allergy to pyridine-containing substances or any of the
inactive ingredients of the Fampridine-SR tablet; an investigational drug trial 30 days prior to
Screening Visit or plansto enroll in an investigational drug trial at any time during the trial;
starting immunomodulatory treatment within 90 days prior to the Screening Visit or any change
in the dosing regimen of these drugs within 30 days prior to the Screening Visit; onset of MS
exacerbation within 60 days prior to the Screening Visit; corticosteroids treatment within 30 days
prior to the Screening Visit or expected to receive regularly scheduled steroid treatments during
the trial; cyclophosphainide or mitoxantrone for MS within six months prior to the Screening
Visit; any medical condition (including psychiatric disease) that would interfere with the
interpretation of the trial results or the conduct of thetrial; clinically significant abnormal
laboratory values or an abnormal ECG; subject has angina, uncontrolled hypertension, cardiac
arrhythmias, or any cardiovascular abnormality judged to be clinically significant by the
investigator; subject started a concomitant medication regimen within the preceding three weeks,
or their concomitant medication regimen expected to change during the course of thetrial;
subject with a history of drug or acohol abuse within the past year; subject previously treated
with fampridine; and subject administered botulinum toxin in the lower extremities within 6
months prior to the Screening Visit or expected to receive botulinum toxin in the lower
extremities during the trial.

Tria procedure of interest: An Evaluator performed the Timed 25 Foot Walk test, Ashworth and
LEMMT examinations. The evaluator remained blinded to the subject's overall clinical and
safety assessments, Clinician Global Impression (CGI) and Subject Global Impression (SGI). An
independent Clinician performed other assessments and had access to the findings of Timed 25
Foot Walk, Ashworth or LEMMT when conducting the CGI. At each visit during double blind
treatment, the clinician and evaluator performed the required scales asin table below. This

10
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arrangement that allowsthe clinician access to the findings of the evaluator is a potential

sour ce of bias.

MS-F203 Trial Treatment Schedule

Table: Schedule of procedurefor MS-F203 (provided in sponsor’s protocol)

2-Week Placebo T4-Week Randomized Treatment 4-Week No Treatment
Run-In Follow-up
Procedure/Drug Dispensed Screening Visit 0 Visit 1 Visit 2 Visit3 Visit 4 Visit 5 Visit 6 Visit 7/Early | Visit 8/Early
Visit Term®. Term
: Fnilnw-lln_‘.
Double-Blind Study Day 21 14" ER 0" 147 4" 70." 98" 112° 126°
Written Informed Consent [
Medical and KIS Histories C
S C C [§ C C C €
MISAWS-12 [ [ [ C C C C (o
Finted 25 Fowt Walk I 1% E [ I I5 |5 12 E E
1 Ii Ii 12 [B E I E I 12
[} I 2 E 2 I [H | E E
[ [ Cc C C C C C (Cy
Coneomilant Meds/Therpy [§ C C C [ c C C [§ [
Adverse Bvents C [ C C [ C C Cc C
LCG [§ C C (C) 7
LG [ IC)™
L1ISS S
Cheny/llem/UIA C C C ()7
Ulrine Pregnaney Test C C (C)F
PR Serun Amalysis C C C C [ C C C
Drug Aceountability C C C C C Cc [
Gl [§ [C)7
550 C
[§0) C
Fimal Status A C
spense Drug 1 bottle 1 bottle 2 bottle 4 bottles 4 bottles 4 bottles
Schedule next visit C C C C C C C C C
U= Assessments obtained by the study Clinician

Ii= Assessments oblained by the study Evaluator

a .
Visil should take place +/- 1 day.

"yisit should take place +- 4 days

G can be performed anytime between Sereening Visit and Study Visit 0 (or must be obtained within 30 days prior to the Sercening Visit)
plete all Visit 8 |
) Complete il necessary (e.g., if clinically signilicant abnormal value was collected at previous visit). #Must be performed il subject terminates early.

L . . . .
Complete all procedures il subject terminates fram study early.

CJ" Only i subject terminates early.

those in |
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Endpoints:

Timed 25-Foot walk: At each subject visit, there were two tests of the Timed 25-Foot walk. The
Timed 25-Foot walk is derived from the Multiple Sclerosis Functional Composite Score
(MSFC). Each test derived walking speed (in feet per second) by dividing 25 feet by the time (in
seconds) required to compl ete the walk. The walking speed for a visit was equal to the average of
the walking speeds for the 2 tests walked. The Timed 25 Foot walk was obtained at the screening
visit and all subsequent visits.

The 12-Item MS Walking Scale (MSWS-12): Assessed the subject’ s subjective response to
questions regarding ability to walk, run, and climb over the preceding 2 weeks. Typically, the
total score on MSWS-12 itemsis transformed to a scale with arange of 0 to 100. High scores
indicate greater walking disability.

Ashworth assessment of spasticity: was used to evaluate the lower extremities for degree of
gpasticity. Specifically, the evaluator assessed 3 muscle groups (the hip adductors, knee flexors,
knee extensors) on a 0-4 scale of spasticity. The Ashworth score is the average of all non-
missing assessments. A negative change in Ashworth score signifies improvement in spasticity.

Lower extremity Manual Muscle (LEMMT) Testing: This testing estimated the muscle strength
of lower extremities using the modified British Medical Research Council (BMRC) manual
muscle testing procedures. It provides estimates of muscle strength bilaterally in four groups of
muscles (hip flexors, knee extensors, ankle dorsiflexors, and knee flexors) with with scores
ranging from 0.0 to 5.0. Higher values indicated better muscle strength. The LEMMT score was
the average of all non-missing assessments.

Subject Global Impression (SGI): Used to evaluate how patient felt on a 7-point scale (from
terrible to delight) about the effects of trial medication on the subject’s wellbeing over the
preceding 7 days.

Clinician Global Impression (CGl): A documentation on a 7-point scale of the clinician’s
impression of the subjects neurological status on the evaluation date relative to baseline
(screening visit). Thisis highly subject to bias.

Subject Summary Questionnaire (SSQ): This assessed the arm of treatment the subjects believed
they were in and their willingness to continue same treatment. SSQ was obtained at visit 7.

Clinician Summary Questionnaire (CSQ): This assessed the arm of treatment the clinicians
believed the subjects were in and their willingness to continue subject on the same treatment.
CSQ was obtained at visit 7.

The Expanded Disability Status Scale (EDSS) was obtained only at the Screening Visit for
baseline characterization.

Blood samples were obtained at Visit 0 and at each subsequent visit (except Visit 8) to determine
plasma fampridine concentrations.
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Analysis:

Thetrial primary efficacy variable was responder status, based on consistent improvement in
walking speed on the Timed 25-Foot Walk. A Timed-Walk Responder was defined as a subject
with at least three of the four on-treatment walking speeds faster than the fastest walking speed
achieved among five off-treatment visits (i.e., the four pre-treatment visits and the two week post
treatment visit).

The sponsor justified the use of responder status variable. Clinicians previously noted a subset of
MS patients appeared to respond to fampridine treatment. The selective responsive may be
related to the restoration of conduction in demyelinated axons through blockade of voltage-
dependent potassium channels. The variability of MS pathology may mean that only proportion
of the patients have axons that are susceptible to fampridine' s effects. The sponsor further
supported the existence of the subset of consistent fampridine responders among M S patients
with results of post hoc analyses of earlier trials.

Based on the responder status, the sponsor proposed a multi-stage primary endpoint for the MS-
F203 trial. The three-stage, stepwise analysis served two purposes. to establish a positive
outcome on the primary endpoint, and to establish its clinical meaningfulness with respect to
overall walking ability. The first step was to show a significantly greater proportion of Timed
Walk Responders in the Fampridine-SR group as compared to the placebo group. The second
step was to register a significant improvement in MSWS-12 score for the Timed Walk
Responders when compared to Timed-Walk Non-responders. The third step was to demonstrate
statistically significant improvement in walking speed in fampridine-treated responders
compared to the placebo group (responders plus nonresponders) at the last visit on treatment.
The sponsor suggested the third step to confirm maintenance of effect by testing whether those
patients who responded to Fampridine-SR on the T25FW would still register a significant
improvement in walking speed relative to placebo-treated patients at the last observed double-
blind visit ( i.e., the change from baseline in walking speed at the double-blind endpoint).

The intent-to-treat population was based on all randomized subjects who received treatment and
had at least one efficacy (timed 25 foot walk and MSWS-12) evaluation during the double-blind
treatment period.

Cochran-Mantel-Haenszel (CMH) test was used to analyze treatment differencesin the
proportion of responders between fampridine-treated and placebo-treated groups while
controlling for center.

The sponsor compared the average change from baseline in the MSWS-12 score over the double
blind treatment period between responders vs. non-responders (i.e. responder status) using an
analysis of variance model with effects for responder status and center. The sponsor performed
similar analyses for responders compared to non-responders on the secondary subjective
variables, average SGI score during the double-blind period and the CGI score recorded at the
end of the double-blind period.
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Thetrial secondary efficacy variables were the following:
Objective Secondary Variables
- Percent change from baseline in walking speed at each double-blind visit
- Change from baselinein LEMMT at each double-blind visit
- Change from baseline in the Average Ashworth Score at each double-blind visit
Subjective Variables
- Average SGI score during the double-blind period
- The CGlI score, recorded at the end of the double-blind period

In April 2006, the sponsor made the following changes to the statistical analysis plan before
breaking the blind (Source MS-F203 Study Report body, section 5.3.5.1.3 of sponsor’s
submission):
- Addition of consistency of improvement inthe LEMMT.
- Ordering of secondary endpoints. On meeting the primary endpoint, the secondary endpoints
were to be analyzed in the following order:
1. Fampridine-SR responders had to be statistically superior to the placebo group with
respect to the average change from baseline in LEMMT during the double-blind period;
2. Fampridine-SR non-responders had to be statistically superior to the placebo group with
respect to the average change from baseline in LEMMT during the double-blind period;
3. Fampridine-SR had to be statistically superior to placebo with respect to the percentage of
patients with consistent improvementsin LEMMT;
4. The clinical significance of the consistent improvement in LEMMT was to be validated
by demonstrating that patients who had consistent improvements significantly perceive this
improvement (viathe average SGI score during the double-blind) compared to those who
did not;
5. Fampridine-SR responders had to be statistically superior to the placebo group with
respect to the average change from baseline in Ashworth score during the double-blind
period;
6. Fampridine-SR non-responders had to be statistically superior to the placebo group with
respect to the average change from baseline in Ashworth score during the double-blind
period.

The secondary subjective variables (SGI, CGI) were not part of the stepwise procedure, but
were to serve as additional support to the validation of the responder criteria.

The sponsor added the following clarifications of study outcome expectations:
Hypotheses to be tested

e Theresponse rate on the primary endpoint for the Fampridine-SR treated patients
would be significantly higher than that for the placebo-treated patients;

e Theclinica significance of the response criterion would be validated by the MSWS-
12, and potentially other subjective measures, comparing responders with
nonresponders,

e Thewalking speed improvement among Fampridine-SR responders, compared to
placebo-treated patients, would be maintained at the last treatment visit;
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e The Fampridine-SR responders would show a significantly larger improvement in
average LEMMT score during the treatment period relative to the placebo-treated
group;

e The Fampridine-SR non-responders would not show significant improvement
relative to the placebo-treated group with respect to improved walking speed but
would show statistically significant improvement on LEMMT;

e An approach equivalent to that of the primary variable, examining consistent
improvement in LEMMT would show a higher rate of response in the Fampridine-
SR treated patients, compared to the placebo group;

e The consistent improvement criterion for LEMMT was expected to be validated by
the SGI, comparing patients with and without consistent improvement in LEMMT;

e The Ashworth score was not expected to show any treatment-related, or responder
group effects, based on the lack of arecruitment criterion for spasticity, and the
expectation of low Ashworth scores at baseline.

Subject disposition For MS-F203 Trial

MS-F203 trial screened 401 patients from 33 centersin the United States and Canada. The trial
enrolled 304 subjects, and randomized 301 subjects. Of the randomized, 18 (6%) discontinued
the trial. One subject discontinued from the placebo group and 17 from the active drug group, as
shown in the table below:

Table Disposition of subjects in randomized population MS-F203 trial

Status Placebo Fampridine-SR Total

Randomized Patients 72 229 301

ITT Population 72 (100.0%) | 224 (97.8%) 296 (98.3%)

Completed Study 71 (98.6%) 212 (92.6%) 283 (94.0%)

Discontinued Study: 1 (1.4%) 17 (7.4%) 18 (6.0%)
Adverse Event 0 (0%) 11 (4.8%) 11 (3.7%)
Non-Compliance with Protocol 0 (0%) 0 (0%) 0 (0%)
Subject Withdrew Consent 0 (0%) 4 (1.7%) 4 (1.3%)
Subject Lost to Follow-Up 1 (1.4%) 0 (0%) 1 (0.3%)
Other 0 (0%) 2 (0.9%) 2 (0.7%)

Reproduced from Sponsor: Subject Disposition: Table 8 of I SE (section 2.2.3) Page 42 of 2213

The Per Protocol population included randomized subjects who received trial drug, remained
compliant to treatment, and completed all planned assessments of walking speed and MSWS-12.
This population (N = 260) included 90.3% (65/72) in the placebo group and 85.2% (195/229)
fampridine.

Demographic, Background, and Baseline Variablesfor MS-F203 Trial

Though MS-F203 trial enrolled 304 subjects, the trial had 300 subjects who received at |least one
dose of treatment. Of the 300 subjects, 68% (205/300) were females. The ethnic composition
was: 92.7% Caucasian, 4.3% Black, 1.3% Hispanic, 1.3% Asian or Pacific Islander, and 0.3%
others. The mean age of the subjects was 51.4 years (range 26 to 70 years). There were more
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females in the fampridine group (71%, 163/229) compared to placebo (60%, 43/72), but this
difference was not significant (p = 0.07). As shown in table below, there were no differences
between the treatment groups in age, ethnicity, MS subtype, EDSS and walking speed, and
disease duration. The rate of concomitant drug treatment between the groups was comparable

(table below).

Table Characteristics of sub

jects in randomized population of MS-F203 trial

Characteristics Placebo Fampridine-SR | Total P value
(N=72) (N = 229) (N =301)
Age (Cl) years 51.5(49.553.6) |52.1(51.0-53.2) |514 0.6271
Gender Female % 60 (43/72) 71 (163/229) 301 0.0720
Race % 0.9676
Caucasian 93(67/72) 93 (212/229) 93 (279/301)
Black 4(3/72) 4 (10/229) 4 (13/301)
Hispanic 1(172) 1 (3/229) 1 (4/301)
Asian/Pecific 1(172) 1 (3/229) 1 (4/301)
|slander
Other 0 (0/72) <1 (1/229) <1 (1/301)
MS Subtype % 0.6502
Primary Progressive 19.4 (14/72) 14.4 (33/229) 15.6 (47/301)
Progressive Relapsing 2.8(2/72) 4.4 (10/229) 4.0 (12/301)
Relapsing Remitting 29.2 (2172) 27.1 (62/229) 27.6 (83/301)
Secondary Progressive | 48.6 (35/72) 54.2 (124/229) 52.8 (159/301)
Duration of MSin years 12.7 (10.8-14.6) | 13.4(12.3-145) |13.2 0.5326
EDSS at baseline 5.75(5.52-5.99) | 5.76(5.63-5.90) | 5.76 0.9708
Walking Speed at baseline | 2.07 (0.09-1.90) | 2.06 (0.05-1.96) | 2.06 0.9317
ft/sec (Cl)

Table Concomitant drugs during double blind treatment in Safety Population of MS-F203 trial
Characteristics Placebo Fampridine-SR Total

(N=72) (N = 228) (N =300)
Glatiramer Acetate 25.0 (18/72) 21.9 (50/228) 22.7 (68/300)
Interferons 44.4 (32/72) 43.9 (100/228) 44.0 (132/300)
Glucocorticoids (different 15.3 (11/72) 11.8 (27/228) 12.7 (38/300
formul ations)
HMG-CoA Reductase 18.1 (13/72) 21.9 (50/228) 21.0 (63/300)
Inhibitors

Note inconsistency in table result: Table A.9 of MS-F203 Clinical report presented total
interferons for the placebo group as 32 (44.4%). However, there were 9 subjects on Betaseron
and 24 listed as interferon beta, giving atotal of 33 on interferon. The number also conflicts with
the numbers given in table 14.1.6.2 of the Clinical study report in section 5.3.5.1.3 of the

sponsor’ s submission.

Efficacy Variables at Baselinefor MS-F203 Trial
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There were no differences between the treatment groups with walking speed or other efficacy
variables at baseline (table below).

Table Summary of Efficacy Variables at Baselinein ITT Population (Source: Sponsor’s

submission — Table 7 MS-F203 Clinical Study Report 5.3.5.1.3)

Treatment Group: Mean (5D
Placebo Fampridine-SR Total Treatment
Parameter N=T2 N=224 N=206 p-value
Walking Speed (ft/sec) 2.07 (0.711) 2.05 (0.749) 2.06 (0.739) 0.853
LEMMT Score 3.97 (0.737) 4.06 (0.586) 4.04 (0.626) 0.245
Ashworth Score 0.95 (0.670) 0.90 (0.713) 0.91 (0.702) 0.718
MSWS-12 Score 68.48 (22.304) 70.68 (18.551) 70.14 (19.513) 0.472
SG1 Score 4.67(0.939) 4.59 (0.941)* 461 (0.939) 0.460

* Two ITT patients did not have a baseline value.

Efficacy Outcome Results
Please see Section 6 (Review of Efficacy) for the outcome results of MS-F203 trial.

MS-F204 “ Double-Blind, Placebo-Controlled, Parallel Group Study to Evaluate Safety and
Efficacy of Oral Fampridine-SR (10 mg b.i.d.) in Patientswith Multiple Sclerosis’ (Final
version 1.3; 10 September, 2007)

The primary objective of MS-F204 was to demonstrate more patients treated with fampridine
experienced consistent improvements in walking speed on drug compared to placebo. The
secondary objective was to demonstrate improved leg strength in both fampridine responders and
non-responders compared to placebo, and measure the maintenance of efficacy towards the end
of the dosing interval.

Design: MS-F204 was a phase 3, multicenter, double-blind, placebo-controlled, parallel-group
trial to evaluate the safety and efficacy of oral Fampridine-SR (10 mg twice daily) in 200 MS
subjects. The trial was planned to run over 14 weeks consisting of one week pre-screening, two
weeks of placebo run-in, 9 weeks of double-blind treatment, and two weeks of follow-up.
Subjects were randomized to one of two treatment groups, Fampridine-SR or placebo, inal: 1
ratio.

MS-F204 differed from MS-F203 by the following characteristics of MS-F204: shorter duration
of the double-blind treatment period (9 weeks rather than 14); 1:1 randomization to active drug

and placebo; and an additional visit at the end of the treatment period to obtain data on efficacy

and drug plasma concentration near the end of the dosing interval.

Protocol

The inclusion and exclusion criteria, trial procedures, and assessed endpoints were similar to the
MS-F203 trial.

17



Clinical Review

{Kachi llloh, MD, MPH}

{NDA 22-250}

{ Amaya, Fampridine Sustained Release}

MS-F204 Trial Treatment Schedule

Randomize Efficacy Period v
Visit2 WVisit3d Visitd Visit5  Visit6 | Visit 7
. . . «—
Screening 10 mg b.i.d. Fampridine-5R
—l Wisit 1 {1:1) Visit 8
*—e——e *——
Placebo buid.
Visit 0
Q-week
treatment period
Z-week [double-blind) 2-week
placebo run-in post treatment
[single-blind) follow-up

MS-F204 Tria Flow Chart

1-Week Flacebo 9-Weel: Randomized Treatment I-Week
Run-In 8-Week Efficacy Period Follow-up
Study Procedures’ Screening Vizit 0 Visit 1 Visit 2 Visit 3 Visit 4 Visit & Visit 6 Visit 7 Visit 8 Early
Visit Term
Double-Blind Study Day -21 14° 7° 0- 14 18- 42° 56" 63 77
Wiitten Informed Consant C
Medical and MS Histordes C
5GI C C C C C C [
MEWS-12 C C C C C C C
Timed 25 Foot Walk E E E E E E E E E' E
Ashworth E E E E E E E E E E
LEMMT E E E E E E E E E E
Physical Exam/Vital Signs C C C C C C L C C
Concomitant Mads Therapy C C C C C C C C C C
Adverse Events C C C C C C C C C
ECG C C C C [
EEG (& [
EDSS asssessment C
Chem/Hem/TA C C C C [hi
Urine Preznancy Test C C Cc¥
Fampuidme Plasma Sample C C C C C C C C C
Investigational Dmg Accountability C C C C C C C [
CGI C [
55Q C
C5Q C
Final Sta C
Dizpense Invest 1 bottle 1 bottle 2 bottlas 2 bofiles 2 bottles 2 bottles 1 bottls
Schedule next visit C C C C C C C C C

*End of treatment visit, as detailed in Section 5.3.6 of this protocol

C= Aszzessments obtained by the study Clinteian E= Asssssments obtamned by the study Evaluator

! Brocedures should be performed (when possible) in the order listed, with the exception of Visit 7 (obtain PE sampls immediately after first set of Timed Walk tests, and see

Section 5.3.6 of the protocel for the order of other assessments)

% Visit should take place +/- 1 day.

* EEG can be performed anytime hetv
the Investizator prior to dispensing &

* Only performed for early termination 1

*For Visit 8, complet

Serzenmg Vizit and Study Visit O {or obtained up to 80 days prior to the Sereening Visit). EEG rasults must be reviewed by
0 investigational dmg.

essment only if clinically sigmficant abnonmal value was collected at Wizt 7.
3 . e . L i . 5 . e
Fequired only for sarly termination visits dus fo a setzure. This assessment will be performed three times durmg Visit

Analysis

The efficacy measurements in MS-F204 included the Timed 25 Foot Walk Test and LEMMT.
Additional measurements obtained include Ashworth spasticity assessment, MSWS-12, SGI, and
CGl.
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The primary efficacy variable in MS-F204 was responder status, based on consistency of
response in walking speed on the Timed 25 Foot Walk. The secondary efficacy variable was
average change from baselinein LEMMT during the eight-week, double-blind treatment period.

Similar to the earlier phase 3 trial, MS-F204 defined a responder as a subject with afaster
walking speed for at least three of the first four double-blind visits (Visits 3 through 6) compared
to the maximum walking speed for any of the pre-treatment visits (Screening Visit, Visits 0, 1
and 2) and the post-treatment visit (Visit 8). Visit 7 was not included in the responder criterion
because the visit’s purpose was to obtain data on efficacy and drug plasma concentration near the
end of the normal 12 hour dosing interval.

Also, the sponsor conducted a sensitivity analysis of the responder criterion. It considered this
analysis as aworst-case scenario sensitivity analysis that defined a modified responder as a
responder using the previously outlined definition but with the following restriction: A
fampridine-treated subject considered aresponder in the primary analysis but who missed the
post-treatment visit (Visit 8) was considered a non-responder for the modified responder
variable. In thisanaysis, the restriction did not apply to the placebo group such that a placebo
responder in the primary analysis remained a modified responder in the sensitivity analysis even
when the patient missed Visit 8.

The plan included the use of Cochran-Mantel-Haenszel (CMH) test to determine differences
between the treatment groups in the proportion of walking speed responders, while controlling
for center. Differences in the continuous variables were analyzed by t-tests of the |east-squares
means using the mean sgquare error viaan ANOV A model with effects for responder analysis
group and center.

Results of M S-F204 trial

Subject disposition for MS-F204 Trial

MS-F204 trial screened 362 patients from 35 centersin the United States and Canada. The trial
enrolled 240 subjects between May 22, 2007 and February 27, 2008; and randomized 239
subjects. Twelve subjects (5%) discontinued the trial, five from the placebo group and seven
from the fampridine group, as shown in the table below:

Table Disposition of subjectsin MS-F204 trial

Status Placebo Fampridine-SR Total

Randomized Patients 119 120 239

ITT Population 118(99.2%) | 119 (99.2%) 237 (99.2%)

Completed Study 114 (95.8%) | 113 (94.2%) 227 (95.0%)

Discontinued Study: 5 (4.2%) 7 (5.8%) 12 (5.0%)
Adverse Event 4 (3.4%) 4 (3.3%) 8 (3.3%)
Non-Compliance with Protocol 1 (0.8%) 2 (1.7%) 3(1.3%)
Subject Withdrew Consent 0 (0%) 0 (0%) 0 (0%)
Subject Lost to Follow-Up 0 (0%) 0 (0%) 0 (0%)
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Other

| 0(0%)

| 1(0.8%)

| 1(0.4%)

Reproduced from Sponsor: Subject Disposition: Table 8 of I SE (section 2.2.3) Page 42 of 2213

Demographic, Background, and Baseline Variablesfor MS-F204 Trial

Of the 239 randomized subjects, 68% (162/239) were females. Most of the patients were

Caucasian (88%). The mean age of the subjects was 51.7 years (SD, 9.67 years). Asshown in
table below, there were no differences between the treatment groups in age, gender, ethnicity,

M S subtype, and walking speed, and disease duration. The EDSS score was higher in the

fampridine group (p=0.024). Concomitant drug treatment included interferons (35.6%) and
glatiramer acetate (23.0%) among others.

Table Characteristics of subjectsin randomized population of MS-F204 trial

Characteristics Placebo Fampridine-SR | Total P value
(N =119 (N =120) (N =239

Age (SD) years 51.7 (9.83) 51.8 (9.55) 51.7 (9.67) 0.923
Gender Female n (%) 74 (62.2%) 88 (73.3%) 162 (67.8%) 0.077
Race n (%) 0.375

White 105 (88.2%) | 113 (94.2%) 218 (91.2%)

Black 9 (7.6%) 3 (2.5%) 12 (5.0%)

Hispanic 2 (1.7%) 2 (1.7%) 4 (1.7%)

American Indian or 1 (0.8%) 0 1 (0.4%)
Alaskan Native

Asian/Pecific Islander 0 0 0

Other 2 (1.7%) 2 (1.7%) 4 (1.7%)

MS Subtype n (%) 0.175

Primary Progressive 21 (17.6%) 10 (8.3%) 31 (13.0%)

Progressive Relapsing 2 (1.7%) 5 (4.2%) 7 (2.9%)

Relapsing Remitting 40 (33.6%) 43 (35.8%) 83 (34.7%)

Secondary Progressive 56 (47.1%) 62 (51.7%) 118 (49.4%)
Duration of MSin years 13.10 (8.69) 14.43 (9.51) 13.76 (9.12) 0.212
EDSS Score at baseline (SD) | 5.55(1.17) 5.83 (0.97) 5.69 (1.09) 0.024
Walking Speed at baseline 2.202 (0.681) | 2.117 (0.752) 2.159 (0.717) 0.364
ft/sec (SD)

Efficacy Variables at Baselinefor MS-F204 Trial
At baseline, there were no differences between the treatment groups with walking speed or
LEMMT score. However, the fampridine group had a higher baseline MSWS-12 score as shown

in the table below.

Table Summary of Efficacy Variables at Baselinein ITT Population for MS-F204 Trial (Source:
Sponsor’s submission — Table 10 MS-F204 Clinical Study Report 5.3.5.1.2)
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Treatment Group: Mean (5D)

Placebo Fampridine-SK Total Treatment

Parameter N=118 N=119 N=237 p-value
Walking Speed 2.202 (0.6812) 2117 (0.7517) 2.159(0.7172) 0.364
{ft/sec)

LEWMT Score 3.962 (0.5803) 3.908 (0.6028) 3.935(0.5911) 0457
Ashworth Score 0.800 (0.6722 0910 (0.6111) 0.855 (0.6433) 0.258
MSWS-12 Score 67.68 (22.562) 73.80(17.751) 70.75(20.478) 0.006
SGI Score 436 (0.847) 429(0.877) 432 (0.861) 0.508

Efficacy Outcome Resultsfor MS-F204 Trial
Please see Section 6 (Review of Efficacy) for the outcome results of MS-F204 trial.
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6 Review of Efficacy

Efficacy Summary

Overall, the sponsor shows Timed Walk Responder rates were higher with fampridine treatment
compared to placebo. This result was consistent across the individual trials that constitute the
efficacy database and the pooled analysis of the pivotal trials. Though thereis achangein
walking speed from baseline with fampridine treatment, the magnitude of the change is not large
enough for the average walking speed to differ from placebo. This suggests the improvement in
walking speed among many treated is not clinically meaningful. It isimportant to note that the
patients included in the trials are able to walk 25 feet over 8-45 seconds. Patients with abilities
beyond the time limits were excluded. So, thereislittle information of the benefit of the drug
beyond these limits. The sponsor in 2005 alluded to the lack of reliability of the datain more
disabled subjects when walking speed exceeded 45 seconds.

6.1 Indication

The proposed indication for Fampridine-SR is for the improvement of walking ability in adult
patients with M S.

6.1.1 Methods

The efficacy review is limited, to alarge extent, to two pivotal trials (MS-F203 and M S-F204)
that prospectively defined the primary endpoint of relevance to the stated indication. Both trials
compared a single fixed dose of fampridine (10 mg twice daily) to placebo. The sponsor
performed a pooled analysis of three trials (MS-F202, MS-F203 and M S-F204) to show efficacy
of fampridine for the stated indication. The overall designs of the two pivotal trials are discussed
in more details in Section 5.3 and summarized as modified from the sponsor’ s table below.
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Table
Tria, Protocol No. Patients | Double | Total Primary Endpoints Secondary Endpoints
Name, Design Blind Trid
Period Duration
M S-F203: 304 enrolled | 14 21 Prospective primary endpoint, as defined in the | Prospective, stepwise
weeks weeks SPA: Timed Walk Response, based on the analysis of
Double-Blind, 301 Timed 25 Foot Walk. secondary endpoints:
Placebo- randomized * Change from baseline
Controlled, 21- (72, A responder was defined as a patient who had in
week, placebo; faster walking speed for at least three of four LEMMT averaged over
Parallel Group 229, during the double-blind period as comparedto | the
Study to Fampridine- the maximum speed among thefirst five of the | double-blind treatment
Evaluate Safety | SR) non double-blind (off) treatment visits. period
and and compared separately
Efficacy of Ora Additional requirements of the for
Fampridine-SR SPA: Timed Walk Responders
(10 mg Maintenance of effect defined as and
b.i.d.) in Subjects significantly greater improvement Non-responders
with in walking speed at the last double-blind » Change from baseline
Multiple assessment for Fampridine- inthe
Sclerosis SR treated Timed Walk Responders compared | Average Ashworth Score
Design: to placebo treated patients. over
Double-blind, the double-blind
randomized, Validation of Timed Walk treatment
placebo Response criterion — statistically period, and compared
controlled study significant greater improvement in separately for Timed
MSWS-12 score for Timed Walk Walk
Responders compared to Timed Responders and Non-
Walk Non-responders. responders.
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M S-F204:

Double-Blind,
Placebo-
Controlled,
Parallel Group
Study to
Evaluate Safety
and Efficacy of
Ora Fampridine-
SR (10 mg b.i.d.)
in Patients with
Multiple
Sclerosis

Design: Double-
blind,
randomized,
placebo
controlled study

240 enrolled

239
randomized
(119,
placebo;
120,
Fampridine-
SR)

9 weeks

14
weeks

Prospective primary endpoint, as defined in the
SPA: Timed Walk Response, based on the
Timed 25 Foot Walk. A responder was defined
as a patient who had faster walking speed for at
least three of the first four visits during the
double-blind period as compared to the
maximum speed among al five of the non
double-blind (off) treatment visits.

Prospective secondary
endpoint:

Average change from
baselinein LEMMT
during the eight-week,
double-blind treatment
period, comparing Timed
Walk Responders and
Timed Walk Non-
responders separately and
sequentially against
placebo treated patients.

Pharmacokinetic data
was to be collected at an
additional fifth double-
blind treatment visit
(Visit7) that was not part
of the overall efficacy
analysis.

Additional assessments,
including

MSWS-12, SGI, CGI and
Ashworth score, were
collected for purposes of
apooled analysis with
other studies and were
not formal secondary
endpoints.

Note: MSWS-12 = The 12 Item Multiple Sclerosis Walking Scale; SGI = Subject Global Impression; CGI = Clinician Global Impression; LEMMT = Lower
Extremity Manual Muscle Test
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Thethird trial included in the sponsor’ s pooled analysis is shown below.

Table: Overall Design of MS-F202 Trial

Study Duration

Tolerability and Activity of
Oral Famypridine-SE. in
Patients with Multiple
Sclerosis

Design:
Double-blind, randomized,

(47, placebo;

52, 10 mg b.i.d.
50, 15 mg b.id.
57,20 mg b.id.
Fampridine-SE)

Post hoc responder analysis:
Consistency of walking speed
improvement (Timed Walk
Response). A responder was
defined as a patient who had faster
walking spead for at least three of
four during the double-blind period

{weeks) Study Endpoints
Study No.. Protocol Dose, Double Total Primary Secondary
Name, Design No. Patients Regimen Blind Study
Route Period
MS-F202: 211 enrolled FAM-SR 15 weeks 20 Prospective primary endpoint: Prospective secondary endpoints:
Double-Blind, Placebo- Tab: weeks | percent change from baseline in a response criterion based on an
Cantrolled, 20-Week, 206 10, 15. 20 average walking speed measured average improvement of =20% in
Parallel Group Smdy to Randomized m bl d- using the Timed 25-Foot Walk walking speed during the double-
Evaluate Safety, OE“J o blind treatment period; average
Ta

improvement in Lower Extremity
Manual Muscle Test (LEMMT)
score and 9-Hole Peg; Paced
Auditory Serial Addition Test
scores (both from the MS
Funetional Composite - MSFC);
the MSFC combined score;

spasticity assessment { Ashworth
Score); Clinician’s Global
Imypression of Change (CGI):
Subject’s Global Impression
(SGI): the 12-Tterm MS Walking
Scale (MSWS-12), and the
Multiple Sclerosis Quality of Life
Inventory (MSQLI).

as compared to the maximum
spead among all five of the non
double-blind (off) reatment visits.

placebo controlled, dose
comparison study

Both pivotal trials (MS-F203 and MS-F204) had similar inclusion and exclusion criteria. They
enrolled adult clinically definite M S subjects, able to perform two trials of Timed 25 foot Walk
within 8-45 seconds at the screening visit. Among a host of exclusion criteriawere: female
pregnant or breastfeeding subjects; and history of seizures or evidence of epileptiform activity on
EEG.

6.1.2 Demogr aphics of Pooled Analysis of MS-F203 and M S-F204 Trials

Demographics for the individual trials are presented in Section 5.3 of this review, while that for
the pooled analysisis presented in this section. Of the 540 randomized subjects, 368 (68%) were
females. Asintheindividual trials described fin section 5, most of the subjects were Caucasian
(92%). The mean age of the subjects was 52 years (SD, 9 years) with average disease duration of
at least 13 years.

There were imbalances between the treatment groups at baseline. As shown in table below, there

were no differences at baseline between the treatment groups in age, proportion of ethnic groups,

M S subtype, median EDSS score, walking speed, LEMMT, and disease duration. However, there
were imbal ances between the groups in gender, height, weight, and MSWS-12 score. There were
fewer females (p=0.011) in the placebo group (61%) compared to the fampridine group (72%).

Table Characteristics of Subjectsin Randomized Population of Pooled Efficacy Trias

Characteristics Placebo Fampridine-SR | Total P value
(N =191) (N = 349) (N = 540)

Age (SE, standard error) years | 51.6 (0.67) 52.0 (0.49) 51.9 (0.40) 0.664

Gender Female n (%) 117 (61.3%) | 251 (71.9%) 368 (68.2%) 0.011
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Race n (%) 0.640

White 172 (90.1%) | 325(93.1%) 497 (92.0%)

Black 12 (6.3%) 13 (3.7%) 25 (4.6%)

Hispanic 4 (2.1%) 6 (1.7%) 10 (1.9%)

American Indian or 1 (0.8%) 0 1 (0.4%)
Alaskan Native

Asian/Pecific Islander 1 (0.5%) 3 (0.9%) 4 (0.7%)

Other 2 (1.1%) 2 (0.6%) 4 (0.7%)

Height in cm (SE) 169.6 (0.70) 167.9 (0.52) 168.6 (0.42) 0.0483
Weight in kg (SE) 78.6 (1.36) 74.8 (1.00) 76.1 (0.82) 0.0225
Body Mass Index (SE) 27.3 (0.44) 26.5 (0.33) 26.8 (0.26) 0.1078
MS Subtype n (%) 0.128

Primary Progressive 35 (18.3%) 43 (12.3%) 78 (14.4%)

Progressive Relapsing 4 (2.1%) 15 (4.3%) 19 (3.5%)

Relapsing Remitting 61 (31.9%) 105 (30.1%) 166 (30.7%)

Secondary Progressive 91 (47.6%) 62 (51.7%) 186 (53.3%)
Duration of MSinyears (SE) | 13.05 (0.63) 13.80 (0.47) 13.64 (0.38) 0.332
EDSS Score median (IQL) 6.0 (3.5-6.5) | 6.0(6.0-6.5) 6.0 (6.0-6.5) 0.2%4
Walking Speed at baseline 2.15(0.05) 2.08 (0.04) 2.10(0.03) 0.285
ft/sec (SE)
LEMMT at baseline (SE) 3.96 (0.04) 4.01 (0.03) 3.99 (0.03) 0.356
MSWS-12 at baseline (SE) 67.85 (1.44) 71.67 (1.06) 70.41 (0.86) 0.033
Ashworth score (SE) 0.86 (0.05) 0.89 (0.04) 0.89 (0.03) 0.554
SGI score (SE) 4.48 (0.05) 4.48 (0.05) 4.48 (0.04) 0.979

6.1.3 Subject Disposition of Pooled Analysisof MS-F203 and MS-F204 Trials

Both efficacy trials screened atotal of 763 subjects, enrolled 544, and randomized 540 subjects.
Of the subjects screened, 29% failed screening. Thirty subjects (6%) of the randomized

discontinued the trials; 24 were in the fampridine group and 6 in the placebo group. The reasons
for screen failures were not stated clearly in the sponsor’ s submission.

Table Disposition of subjectsin Pooled MS-F204 and MS-F204 trials

Status Placebo Fampridine-SR Total

Randomized Patients 191 349 540

ITT Population 190 (99.5%) | 343 (98.3%) 533 (98.7%)

Completed Study 185 (96.9%) | 325 (93.1%) 510 (94.4%)

Discontinued Study: 6 (3.1%) 24 (6.9%) 30 (5.6%)
Adverse Event 4 (2.1%) 15 (4.3%) 19 (3.5%)
Non-Compliance with Protocol 1 (0.5%) 2 (0.6%) 3 (0.6%)
Subject Withdrew Consent 0 (0%) 4 (1.2%) 4 (0.7%)
Subject Lost to Follow-Up 1(0.5%) 0 (0%) 1 (0.2%)
Other 0 (0%) 3 (0.9%) 3 (0.6%)
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6.1.4 Analysis of Primary Endpoint(s)

Primary Endpointsfor MS-F203 Trial

Responder Status Rates Between Treatment Groups

The responder rate was higher in the fampridine group compared to placebo. The primary
efficacy variable was responder status, based on consistent improvement in walking speed on the
Timed 25-Foot Walk. This section analysis used the ITT population (N = 296). The responder
rate in the fampridine group was 34.8% (78/224), and in the placebo group 8.3% (6/72); the
difference was significant between the treatment groups (p <0.001). Interestingly, the results
closely resemble the predictions from the protocol’ s sample size calculation. Then, the protocol
power calculation predicted responder rates of 35.3% for fampridine and 8.5% for placebo with a
sample size of 240 subjects. Regardless, the fampridine group achieved a higher proportion of
responder status compared to placebo.

Treatment Groups by Responder Satus

The subjects grouped by responder status in treatment arms are as follows: placebo responders
(N = 6), placebo non-responders (N = 66), fampridine responders (N = 78), fampridine non-
responders (N = 146). According to the pre-specified analysis plan, the sponsor largely
compared the placebo group (responders and non-responders) to the fampridine respondersin the
ITT population.

MSWS-12 Scorein Timed Walk Responders and Non-responders

The sponsor reported a significant improvement in the 12-Item MS Walking Scale (MSWS-12)
for walking responders compared to non-responders. MSWS-12 assessed a patient’ s subjective
response to questions regarding ability to walk, run, and climb over the preceding 2 weeks. The
sponsor compared the 84 responders (78 in the Fampridine-SR group and 6 in the placebo group)
against the 212 non-responders (146 in the Fampridine-SR group and 66 in the placebo group)
on the average change from baseline in MSWS-12 to determine if patients with consistently
improved walking speeds could perceive benefit relative to those patients who did not. For the
comparison, the sponsor performed an analysis of variance model with effects for responder
status and center. The responders had average change from baselinein MSWS-12 of -6.84
(standard deviation, SD of 12.97) in the fampridine responders compared to 0.05 (SD, 11.25) in
the non-responder group (p<0.001). These MSWS-12 results suggested the responders
assessment of greater improvements in their ability to walk, run, and climb. The sponsor
indicated that MSWS-12 results establish the clinical meaningfulness of walking speed response
with respect to overall walking ability.

Maintenance of Walking Speed Improvement at Last Treatment Visit in Fampridine Responders
The sponsor reported maintenance of walking speed improvement to the last treatment visit by
fampridine responders. The mean changes in walking speed at the double-blind endpoint from
baseline were 0.10 ft/sec for the placebo group and 0.53 ft/sec for the fampridine responder
group. The corresponding change in walking speed for fampridine non-responder was 0.17 ft/sec
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(as shown in Figure below). The difference between the fampridine responder and placebo
groups was significant (p < 0.001).

Figure Change from Baseline in Walking Speed (ft/sec) at the Double-Blind Endpoint by
Responder Analysis Group (ITT Population) — Source Figure 4 MS-F203 Clinical Study Report
5.35.1.3)

responder group means
0.6

04 oo e e fEERRRRREERRL

o2 oo p.<. 0.001"

0 T T

3

3 7

change in walking speed (ft'sec) at endpoint

-0.6

ABBEEVIATIONS: FNF=Fampridine-SE non-responders; FR=Fampridine-SF responders
*: p-value versus Fampridine-SE responder group; p=0.483 for the other comparizon (FINE vs. placebo).

The sponsor reported that all three components of the multi-stage primary endpoint for the trial
were successfully achieved.

Primary Efficacy Endpoint in MS-F204 Trial
Asin MS-F203 trial, the primary efficacy variable for MS-F204 trial was responder status, based
on consistency of response in walking speed on the Timed 25 Foot Walk

Responder Status Rates Between Treatment Groups

The responder rate was higher in the fampridine group compared to placebo. The differencein
responder rate, between the fampridine group 42.9% (51/119) and the placebo group 9.3%
(11/118), was significant (p <0.001). Though not a part of the primary analysis, the mean change
in walking speed during the double-blind period ranged from 21.45% to 26.80% for fampridine
responders compared to 7.07% to 8.78% for the placebo group at every visit.

Treatment Groups by Responder Satus

The subjects were grouped into the following treatment groups: placebo responders (N =11),
placebo non-responders (N = 107), fampridine responders (N = 51), fampridine non-responders
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(N =68). Inthe same manner asthe MS-F203 trial, MS-F204 compared the placebo group
(responders and non-responders) to the fampridine respondersin the ITT population.

Primary Efficacy Endpoint of Pooled Analysis of M S-F203 and M S-F204 Trials

The same primary efficacy variable for both phase 3 trials was used in this pooled efficacy
analysis. The variable is Timed Walk Responder status, based on consistent improvement in
walking speed on the T25FW. A Timed Walk Responder was defined as a patient with a faster
walking speed on this test for at least three of the four (efficacy) visits during the double-blind
treatment period, as compared to the maximum walking speed achieved among any of the four
pre-trestment visits and the two week-post treatment visit. The sponsor analyzed the primary
efficacy variable by comparing the proportion of respondersin the treatment groups.

Problems exist with the use of the sponsor’s primary endpoint. It has not been frequently used as
aprimary endpoint in MSclinical trials of other drugs. In MS patients, it is not clear what extent
of improvement in walking speed improves walking ability or quality of life. The responder
variable ignores the importance of the extent of improvement in walking speed. So, a small
benefit in many patients receiving the active drug may result in a positive trial, even when the
benefit is not clinically significant or meaningful for the patient. Statistical significance can be
achieved without clear clinical significance. Supportive endpoints such as EDSS could be
helpful, especially when MSWS-12 is not clearly validated by the Agency for MStrials. Only
baseline EDDSS was performed in the sponsor’ s trials.

The overall design of the trials appears appropriate to test the efficacy of fampridinein MS
patients with walking impairment. The two trialsin the pooled efficacy analysis meet the
conditions for adequate and well-controlled trias; this assessment is based on adequacy of
blinding, randomization, prospective statistical analytic plan. A limiting factor of thetrial isthe
inclusion of only patients able to perform two trials of Timed 25 foot Walk within 8-45 seconds.
It is difficult to extrapolate the findings of the trial results to patients who have walking disability
but are unable perform at the set time limits at baseline. Thus the finding of drug efficacy does
not confer effectivenessfor all MS patients with walking impairment.

Responder Satus Rates between Treatment Groups in Pooled Analysis

Aswith theindividual trials, the pooled analysis responder rate was higher in the fampridine
group compared to placebo. The primary efficacy variable was responder status, based on
consistent improvement in walking speed on the Timed 25-Foot Walk. The responder rate in the
fampridine group was 37.6% (129/343), and in the placebo group 9.0% (17/190); the difference
was significant between the treatment groups (p <0.001).

Treatment Groups by Responder Status in Pooled Analysis

The subjects were grouped into the following treatment groups. placebo responders (N = 17),
placebo non-responders (N = 173), fampridine responders (N = 129), fampridine non-responders
(N = 214).

| performed an analysis of the modified walking speed responder, and arrived at the same

conclusion. The modified walking speed responder supposes the worst-case-scenario that assigns
aresponder in the fampridine group with amissing visit to the non-responder group. Thisyielded
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37.0% (127/343) responders in the fampridine group to 9.0% (17/190) placebo (p <0.001). On
mixed models analysis using modified walking speed responder status as the response variable,
only treatment arm (fampridine) significantly predicted odds of response (p=0.001). The odds of
response were not predicted by the other covariates: walking speed at baseline (p=0.388), height
(0.570), weight (p=0.177), MSWS-12 at baseline (p=0.813), and gender (0.866).

The sponsor suggested that MSWS-12 validates timed walk response as a clinically meaningful
endpoint. The sponsor makes the case for MSWS-12 results being a useful validation for the time
walk response. The change in MSWS-12 ranged between -6.04 to -11.79 for respondersin the
individual and pooled analyses compared to 0.85 to -2.49 in non-responders (all p=0.001). With
respect to treatment group differences, | obtained from the pooled analysis, a change from
baseline MSWS-12 of -2.69 (Cl, -3.95 to -1.42) for fampridine treatment compared to 0.69 (ClI, -
1.001 to 2.39) for placebo (p=0.0018). The change was different from that of placebo

(p=0.0018). However, the average M SWS-12 score during the double-blind treatment was not
different between treatment groups (p=0.8348).

The sponsor demonstrated the maintenance of time walk response in fampridine responders
during treatment. The sponsor showed significant differences in the change from baselinein
walking speed at the end of double-blind treatment for fampridine responders compared to non-
responders and placebo (all p<0.001).

In my pooled analysis of the whole groups (disregarding responder status) fampridine treatment
was associated with improvement in walking speed from baseline to the end of double blind
treatment. The change from baseline in walking speed at the end of double-blind treatment was
0.30 ft/sec for fampridine and 0.15 ft/sec for placebo (p=0.0016). Note that despite the
significant change, the walking speed at the end of double-blind treatment was not different
between the treatment groups (2.37 ft/sec versus 2.30 ft/sec, p=0.4269), suggesting that the
magnitude of change is small.

In the average change during double blind treatment from baseline in walking speed, the sponsor
showed significant improvement with fampridine responders compared to non-responders and
placebo. In my pooled analysis, the average change from baseline in walking speed is improved
(p<0.001) in the fampridine group (0.29 ft/sec) over placebo (0.14 ft/sec). Again discounting
responder status, the average walking speed during treatment is not different between treatment
groups (2.36 ft/sec versus 2.29 ft/sec, p=0.3825).

To determine the variables that predicted the change from baseline in walking speed, | performed
two mixed models analyses. In the first, the response (dependent) variable was change from
baseline in double blind walking speed; the independent variables adjusted for were baseline
walking speed, treatment arm, height, weight, and baseline MSWS-12 score. Only baseline
walking speed (p<0.001) and fampridine treatment (p<0.001) were predictive of changein
walking speed from baseline in the pooled efficacy population. In second mixed models analysis
that excluded treatment arm, only baseline walking speed predicted change in walking speed
(p=0.0015) while the following variables did not predict the change: center, gender, MS subtype,
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