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Monitoring long-term efficacy of
fampridine in gait-impaired patients with
multiple sclerosis

ABSTRACT

Objective: To expand upon the limited knowledge of the long-term effects of prolonged-release

(PR) fampridine in patients with multiple sclerosis (PwMS) regarding safety, walking improve-

ments, and changes in drug responsiveness.

Methods: Fifty-three PwMS who completed the FAMPKIN core study were included in this

extension trial. Drug efficacy was assessed in an open-label and randomized double-blind,

placebo-controlled study design with regular baseline assessments over a period of 2 years using

the Timed 25-Foot Walk (T25FW), 6-Minute Walk Test (6MWT), and 12-item MS Walking Scale

(MSWS-12) as outcome measures.

Results: The data showed good tolerability and persisting efficacy of PR fampridine during

long-term treatment in PwMS. Significant improvements in walking speed, endurance, and

self-perceived ambulatory function were observed during open-label (T25FW: 111.5%;

6MWT: 10.7%; MSWS-12: 6.1 points) and double-blind controlled treatment with PR fampridine

(T25FW: 113.1%; 6MWT: 11.9%; MSWS-12: 7.4 points). Several patients showed changes in

drug responsiveness over time, resulting in an increased proportion of patients exceeding 10%or

20% improvements in walking measures after long-term treatment.

Conclusions: Efficacy and tolerability data confirmed PR fampridine as a valuable long-term treat-

ment for improving ambulatory function in gait-impaired PwMS. Similar results in open-label and

double-blind phases reveal that the walking tests used are objective and reliable. The consider-

able proportion of patients in whom responsiveness to PR fampridine changed over time empha-

sizes the importance of regular reassessment of drug efficacy in clinical practice to optimize

treatment. Such reassessments seem to be particularly important in patients with poor initial drug

responses, as this group demonstrated enhanced responsiveness after long-term treatment.

Clinicaltrials.gov identifier: NCT01576354.

Classification of evidence: This study provides Class II evidence that PR fampridine significantly

improved gait compared to placebo in a 2-week study in PwMSwho had been using PR fampridine

for 2 years. Neurology® 2017;88:832–841

GLOSSARY

6MWT 5 6-Minute Walk Test; AE 5 adverse event; ANOVA 5 analysis of variance; CI 5 confidence interval; EDSS 5

Expanded Disability Status Scale;MS5multiple sclerosis;MSWS-125 12-itemMSWalking Scale; PR5 prolonged release;
PwMS 5 patients with multiple sclerosis; S 5 screening visit; SAE 5 serious adverse event; T25FW 5 Timed 25-Foot Walk;
V 5 visit.

Multiple sclerosis (MS) is the leading neurologic cause of persisting disability in young adults.1

Impaired mobility due to walking deficits occurs in approximately 75% of patients with MS

(PwMS)2,3 and is reported by these patients as the single most devastating symptom.4,5

Fampridine (4-aminopyridine, dalfampridine) is the only approved medication for the symptom-

atic treatment of gait disorders in PwMS in both the early and late phases of the disease.6,7

Prolonged-release (PR) fampridine blocks voltage-gated potassium channels, thereby improving

signal conduction in demyelinated nerve fibers.8,9 Whereas beneficial effects of short-term treatment
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with PR fampridine on maximal walking

speed10–14 and additional functional out-

comes7,13–15 (e.g., walking endurance) are well-

characterized in PwMS, little information exists

regarding the long-term safety and efficacy of

therapy with PR fampridine. Open-label treat-

ment over periods of 1 and 3 years demonstrated

good tolerability and persisting improvement in

ambulatory function16 and fatigue.7 Positive ef-

fects of PR fampridine on dynamic stability and

self-perceived walking ability were further dem-

onstrated in a double-blind, placebo-controlled

study over a period of 24 weeks.15

This study aims to expand upon the knowl-

edge of the long-term effects of PR fampridine

on walking function in PwMS. In contrast to

prior long-term studies on PR fampridine, this

study used annual drug holidays (open-label or

placebo-controlled) to allow for accurate reas-

sessment of drug responsiveness, thus provid-

ing important information on changes in

drug efficacy over time. Given the increasing

number of PwMS treated with PR fampridine

for MS-related walking dysfunction, there is

a pressing need for a better understanding of

the long-term effects of this therapy.

METHODS Study population. This extension trial was per-

formed at the University Hospital Zurich, Switzerland, between

2013 and 2015. All participants enrolled in the trial had previously

completed the core study (FAMPKIN; clinicaltrials.gov

NCT01576354). Detailed inclusion and exclusion criteria of the

core study are reported elsewhere.14 No patients were excluded

from the extension trial. In brief, participants diagnosed with

relapsing-remitting, primary progressive, or secondary progressive

MS with a clinically apparent walking impairment but able to cover

a distance of at least 50 meters (with or without walking aids) in the

6-Minute Walk Test (6MWT) were included. Of 55 patients

completing the core study, 53 (33 female; age 50.3 6 9.4 years;

table 1) were enrolled in the extension trial.

Standard protocol approvals, registrations, and patient

consents. All experimental procedures of the study

(NCT01576354) were performed according to the current guide-

lines of the Declaration of Helsinki and Good Clinical Practice and

were approved by the Zurich cantonal ethics committee and the

regulatory agency for medicines (Swissmedic). All participants pro-

vided informed, written consent to enter the extension trial.

Study design. A screening visit (S) was performed at least 2 weeks

after completion of the FAMPKIN core study. Based on earlier re-

ports,11,12,14 a 14-day washout period is sufficient to avoid carryover

Table 1 Demographic data of the study population at screening

Screening
included
(n 5 53)

First year of extension Second year of extension

Completed
(n 5 47)

Discontinued
(n 5 6)

Completed
(n 5 36)

Discontinued
(n 5 11)

Age, y, mean 6 SD 50.3 6 9.4 51.4 6 9.3 48.4 6 8.0 52.0 6 9.3 50.3 6 9.4

Sex, n (%)

Male 20 (38) 17 (36) 3 (50) 14 (39) 3 (27)

Female 33 (62) 30 (64) 3 (50) 22 (61) 8 (73)

Type of MS, n (%)

RRMS 24 (45) 20 (42) 3 (50) 16 (44) 4 (36)

PPMS 5 (10) 5 (11) 0 4 (11) 1 (9)

SPMS 24 (45) 22 (47) 3 (50) 16 (44) 6 (55)

Disease duration from diagnosis, y, mean 6 SD 12.7 6 7.3 13.7 6 7.5 12.3 6 5.0 15.4 6 8.1 10.9 6 5.4

EDSS, mean 6 SD

No treatment 5.3 6 1.2 6.3 6 0.3 5.7 6 1.1

Placebo 5.1 6 1.3

PR fampridine 5.0 6 1.3

Concomitant MS treatment, n (%)

Total 29 (55) 25 (53) 4 (67) 17 (47) 7 (64)

Interferon 7 (13) 5 (11) 1 (17) 3 (8) 2 (18)

Natalizumab 17 (32) 14 (30) 2 (33) 6 (17) 4 (36)

Fingolimod 5 (9) 5 (11) 1 (17) 4 (11) 1 (9)

DMF 0 1 (2) 0 4 (11) 0

Abbreviations: DMF 5 dimethyl fumarate; EDSS 5 Expanded Disability Status Scale; MS 5 multiple sclerosis; PPMS 5 primary progressive multiple

sclerosis; RRMS 5 relapsing-remitting multiple sclerosis; SPMS 5 secondary progressive multiple sclerosis.
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effects of PR fampridine (Biogen, Cambridge, MA). The first year

of the extension trial was open-label, during which patients received

10 mg PR fampridine twice daily for 11.5 months (figure 1A).

Long-term treatment with PR fampridine was followed by

a 14-day washout phase without treatment. Patients then

received continuous, long-term treatment with PR fampridine for

a further 11.5 months before undergoing safety and efficacy

assessments at the end of the second year in the form of

a double-blind, placebo-controlled, crossover component to

obviate potential placebo effects. Analogous to the open-label

drug holiday in the first year, the double-blind treatment periods

were limited to 14 days. At visit (V) 5, patients were randomized

1:1 into 2 groups (by the Zurich Cantonal Pharmacy), the first

receiving placebo for 2 weeks followed by 2 weeks of PR fampridine

with the order reversed for the second group. All experimenters and

participants were blinded to the treatment allocation at the time of

data assessment. Allocation concealment was removed after the last

patient had completed the double-blind study visit (V7).

Study visits. Safety assessments comprising laboratory safety meas-

ures (hematology, blood chemistry, urine analysis, creatinine clear-

ance), measurement of vital signs, reporting of adverse events (AEs)

and serious AEs (SAEs), and assessment of changes in concomitant

medication were performed at each study visit (figure 1B). Outcome

measures relating to treatment efficacy consisted of the Timed

25-Foot Walk (T25FW), the 6MWT, and the 12-item MS

Walking Scale (MSWS-12) questionnaire and were assessed at S,

V2, V3, and V5 (open-label) as well as at V6 and V7

(randomized, double-blind, placebo-controlled; figure 1B).

Expanded Disability Status Scale (EDSS) was assessed at S, V6,

and V7. In addition to the MSWS-12, we also asked the patients

to report on when they thought they were being treated with PR

fampridine or with placebo to investigate whether patients perceived

fampridine-induced changes additional to ambulatory improvements.

Statistical analysis. Statistical analysis was performed with SPSS

(version 21, IBM, Armonk, NY). Three groups consisting of all

participants, fampridine responders, and nonresponders were desig-

nated. Group classification was based on responder criteria defined

in earlier publications11,12 and were applied based on the T25FW

data of the core study. Fampridine responders were participants

achieving a faster walking speed in the T25FW for at least 3 of

the 4 visits during the double-blind treatment periods compared to

the maximum speed recorded during any of the 5 baseline visits.

The x2 test and Fisher exact test were used to assess statistical

significance of categorical variables. Statistical analysis of

continuous demographic data was performed using 2-tailed,

unpaired t tests. Changes in walking performance during

treatment with PR fampridine or placebo were assessed by 2-

tailed, paired t tests or repeated-measures 1-way analyses of

variance (ANOVAs).

Classification of evidence. The primary research question was

to monitor the long-term effects of PR fampridine on walking

function in PwMS using 3 primary outcomes consisting of 2

quantitative clinical walking tests (T25FW, 6MWT) and the

MSWS-12 questionnaire during open-label and randomized,

double-blind, controlled assessments (Class II evidence).

RESULTS Fifty-three PwMS (24 relapsing-remitting,

5 primary progressive, 24 secondary progressive) with

an EDSS between 3.0 and 7.0 (mean 5.3 6 1.2)

were included in the extension trial (table 1). Forty-

seven patients completed the first year (30 female;

age 51.4 6 9.3 years) and 36 patients (22 female; age

52.06 9.3 years) completed the second year of the trial.

One patient was excluded from data analysis of V6 and

V7 due to an elective surgical intervention between

these visits. The demographics of the study population

did not change over the 2 years of the extension trial

(S, V3, V7; 1-way ANOVA and 2-tailed, unpaired t test

for age, disease duration, EDSS; Fisher exact test for

Figure 1 Experimental study design and schedule of assessments

(A) Study design of the extension trial. The first 2 years of the extension trial were performed with an open-label format

(screening [S]–visit [V] 5). Thereafter, gait function was examined in 2 randomized, double-blind treatment periods of 2

weeks each, during which patients took either prolonged-release (PR) fampridine or placebo in a crossover component (V6,

V7). (B) Schedule of study assessments. 6MWT5 6-Minute Walk Test; EDSS5 Expanded Disability Status Scale; MSWS-125

12-item Multiple Sclerosis Walking Scale; T25FW 5 Timed 25-Foot Walk test.
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sex). The demographics of the randomized groups (PR

fampridine first vs placebo first group) during the

double-blind treatment phase were not different in

terms of age, duration and type of MS, disability

(EDSS), sex, and concomitant treatment (table e-1 at

Neurology.org).

Long-term safety of PR fampridine. Forty-five of 53

PwMS showed at least 1 AE during the extension

trial, resulting in a total of 129 AEs (table e-2). The

most common AEs were urinary tract infections, na-

sopharyngitis, and nervous system disorders (table

e-3). The degree of severity was mild for most AEs

(71%), moderate for a subset (28%), and severe for

a single AE (erysipelas). The relation of AEs to treat-

ment was reported as unlikely for 23% and as possible

for 77%. The number of AEs did not differ between

the double-blind placebo and PR fampridine

treatment phases (table e-2; p 5 0.4913, x2 test).

Fourteen of the 53 participants experienced at least

1 SAE with a total of 21 SAEs, 8 of moderate severity

and 13 graded severe. While the majority of SAEs

were unrelated to the study medication, a causal

connection to the study medication was deemed

unlikely in 5 SAEs and possible in 1.

Long-term efficacy of PR fampridine on walking

function. Treatment with PR fampridine resulted in

improvements in walking speed (T25FW; p 5

0.0274, 1-way ANOVA) and endurance (6MWT;

p 5 0.0002) across all patients and visits (figure 2A).

Effects of PR fampridine in both subgroups (PR

fampridine responders and nonresponders) were

similar to the total population in terms of magnitude

of effect, but only the improvement in 6MWT in

nonresponders was statistically significant. Walking

speed and endurance worsened significantly after

discontinuation of study treatment for 2 weeks at the

end of the first year (V2 vs V3: 211.5% in T25FW

[95% confidence interval (CI) 24.9% to 218.0%];

210.7% in 6MWT [CI 27.3% to 214.0%]). In

both clinical gait tests, patients substantially

recovered their walking capacity on reinitiating open-

label treatment with PR fampridine for another 11.5

months (V3 vs V5: 111.0% in T25FW [CI 3.5%–

18.5%]; 113.6 in 6MWT [CI 6.8%–20.4%]). This

treatment effect also remained stable during the

double-blind, placebo-controlled assessment of drug

efficacy: maximal walking speed improved by 13.1%

(CI 4.1%–22.1%) and walking endurance by 11.9%

(CI 6.4%–17.4%) during double-blind treatment with

PR fampridine compared to double-blind placebo

treatment. Drug efficacy in the randomized group

receiving PR fampridine first was not different from

that in the randomized group receiving placebo first

during the double-blind treatment phase (p 5 0.2745

for T25FW, p 5 0.4339 for 6MWT, p 5 0.4313 for

MSWS-12; unpaired, 2-tailed t test), indicating that

the order of double-blind treatment did not influence

drug efficacy. Overall walking capacity, as measured by

the T25FW and 6MWT, worsened between the

untreated baselines of the first year (figure 2A; S vs

V3), but remained constant between baselines at the

end of the first and second year in our cohort (figure

2A; V3 vs placebo). The averaged group performance

while on PR fampridine (V2, V5) remained at the level

of the untreated baseline (S).

Paired, statistical analysis of drug efficacy during the

open-label period (V2 vs V3; figure 2B) and the

double-blind controlled treatment phases (V6 vs V7;

figure 2B) revealed significant improvements during

the open-label treatment in both functional tests and

all subgroups (except for nonresponders in the

T25FW; paired, 2-tailed t test). Similarly, efficacy of

PR fampridine during the randomized, double-blind

phase was highly significant for the total population,

but only reached statistical significance in the subgroup

of nonresponders in the 6MWT (p 5 0.0154).

Subjective long-term efficacy of PR fampridine. Self-

estimated walking function was improved by PR fam-

pridine (figure 2A; MSWS-12; p 5 0.0002 for all

participants, 1-way ANOVA). Patients showed

worsened self-perception of ambulatory function when

discontinuing the study medication for 2 weeks (figure

2; V2 vs V3: 16.2 points in MSWS-12 [CI 4.0 to 8.5

points]; p , 0.0001, paired, 2-tailed t test). The open-

label effect of PR fampridine on perceived walking

function was highly significant for all subgroups

(figure 2B). Drug efficacy during double-blind

treatment was comparable to the open-label therapy in

all participants (figure 2; V6 vs V7: 17.0 points in

MSWS-12 [CI 23.4 to 210.6 points]; p 5 0.0003),

but was not significant for the subgroups (figure 2B).

Twenty-two of 31 patients correctly identified

their allocation to the PR fampridine arm (p 5

0.0196; x2 test; 5 patients declined to report).

Change in individual responsiveness to PR fampridine

over time. To accurately monitor long-term efficacy of

PR fampridine, we tracked the individual drug

response in 33 patients who completed the

FAMPKIN core study and 2 years of the extension

trial (figure 3). Demographic data of the 33 patients

did not differ from the total populations of the core

study (55 patients) or the extension trial (53 patients).

Longitudinal analysis of drug efficacy revealed that, in

many participants, the response to PR fampridine

changed over time (figure 3, A and B). Whereas

overall drug efficacy as measured by the T25FW and

6MWTwas not different after 2 years of PR fampridine

treatment compared to short-term treatment in the core

study (figure 3C; T25FW: 13.4%, p 5 0.3001;

6MWT: 13.9%, p 5 0.2136), self-perceived
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walking function improved significantly over time

(figure 3C; MSWS-12: 25.1 points, p 5 0.0483).

To further assess patients’ responsiveness to PR

fampridine, we analyzed the proportion of patients

exceeding a specific threshold (T25FW and 6MWT:

$10% improvement; MSWS-12: #26 point

improvements) in the different tests during double-

blind PR fampridine treatment of the core study and

the double-blind treatment period in the extension

trial. The proportion of patients improving more than

10% in walking speed was significantly higher during

long-term treatment with PR fampridine compared to

short-term treatment (figure 4; p 5 0.0169; Fisher

exact test). Despite a similar trend in results, the

proportion of patients responding in the extension

trial vs the core study was not different in the

6MWT (short-term: 9/30 $10%; long-term: 15/30

$10%; p 5 0.1872) and the MSWS-12 (short-term:

10/33 #26 points; long-term: 12/33 #26 points;

p 5 0.7944). While a majority of patients with

substantially improved gait function on PR

fampridine in the core study also showed a similar

response after 2 years of long-term treatment (figures

3 and 4), more than one third of patients exhibiting no

or poor initial improvements with PR fampridine in the

core study changed their response to the drug and

demonstrated improved walking function when tested

again after 2 years (figure 4A). The trend towards

Figure 2 Walking performance and self-perceived ambulatory function at different time points during the extension trial

(A.a) Timed 25-Foot Walk test (T25FW), (A.b) 6-Minute Walk Test (6MWT), (A.c) 12-item Multiple Sclerosis Walking Scale (MSWS-12). (A) Data are displayed

relative to baseline performance at the screening visit (S). Assessments at visit [V] 2 (long-term prolonged-release [PR] fampridine), V3 (drug washout), and

V5 (long-term PR fampridine) were performed in an open-label study design. Measurements at V6 and V7 were performed under randomized, double-blind

conditions. Data for the randomized crossover visits V6 and V7 were allocated according to the respective treatment (placebo [Plac]; PR fampridine [Famp]).

Results are shown for all participants (black), for PR fampridine responders (red) and for non-responders (blue). Data points represent group mean values 6

standard error of the mean. p Values indicate statistical significance (1-way analysis of variance) of respective data curves. (B) p Values reflect the effect of

PR fampridine on different clinical tests during the open-label treatment (upper table, V2 vs V3) and during the randomized, double-blind, placebo-controlled

treatment phase (lower table, V6 vs V7) for all patients (all), for PR fampridine responders (responders), and for nonresponders. Only patients completing all

treatment phases (V2 and V3; V6 and V7) were included in the analysis (2-tailed, paired t test).
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increased responsiveness after long-term treatment

was also observed for higher thresholds (i.e., 20%

improvement in walking tests and 8 points in

MSWS-12; figure 4B).

Fampridine-induced changes in clinical walking

tests were not correlated with the self-assessed change

in ambulatory performance in the double-blind core

study (figure e-1; r 5 20.2463, p 5 0.1742 for

T25FW; r 5 0.0071, p 5 0.9705 for 6MWT).

Conversely, in the double-blind phase of the extension

trial, changes in MSWS-12 significantly correlated

with clinical walking improvements (r 5 20.4357,

p 5 0.0127 for T25FW; r 5 20.5851, p 5 0.0007

for 6MWT).

DISCUSSION The results of this extension trial

emphasize the good tolerability of PR fampridine in

PwMS, supporting previously published safety profiles

Figure 3 Individual drug responsiveness during short- and long-term treatment with prolonged-release (PR) fampridine

(A) Participant-specific comparison of PR fampridine effects during short-term double-blind treatment in the core study and long-term double-blind treat-

ment in the extension trial. Data points represent treatment effects under PR fampridine relative to placebo for single PR fampridine responders (Resp) (left)

and nonresponders (Nonresp) (right) during the core study and the extension trial. Timed 25-Foot Walk test (T25FW) Resp (n 5 10), Nonresp (n 5 15);

6-Minute Walk Test (6MWT) Resp (n 5 10), Nonresp (n 5 13); 12-item Multiple Sclerosis Walking Scale (MSWS-12) Resp (n 5 11), Nonresp (n 5 15). (B)

Changes in drug responsiveness of single participants between the core study and the extension trial in the T25FW, 6MWT, and MSWS-12. Fields are

arranged according to the magnitude of change in responsiveness for each outcome (red: improved responsiveness after long-term compared to short-term

treatment; blue: reduced responsiveness after long-term compared to short-term treatment). Patient ID number is indicated on the left side of each outcome

(T25FW: n 5 32; 6MWT: n 5 30; MSWS-12: n 5 33; same for [C]). (C) Treatment efficacy during short-term double-blind treatment in the core study (white

bars) and long-term double-blind treatment in the extension trial (black bars) over all patients. *p , 0.05.
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of long-term PR fampridine treatment.15–17 The

proportion of patients experiencing AEs and SAEs

was in line with previous reports.15,16 The frequency

of AEs was not different between double-blind

treatment with PR fampridine and placebo, indicating

that PR fampridine was likely not responsible for the

AEs in PwMS treated with the drug.

Our results demonstrate significant beneficial ef-

fects of long-term treatment with PR fampridine in

all tested clinical outcomes over 2 years. To prevent

Figure 4 Changes in drug responsiveness over time

(A) Proportion of patients improving in walking speed (110%), endurance (110%), and self-perceived walking ability (26

points) during the double-blind, controlled treatment phases in the FAMPKIN core study and the extension trial. The group of

patients improvingmore than 10% in clinical walking tests or more than26 points in the 12-itemMultiple SclerosisWalking

Scale (MSWS-12) is indicated in blue (pie chart), whereas patients showing decreased responsiveness to prolonged release

fampridine are displayed in red. (B) As in A, but using higher threshold values (walking speed and endurance: 20%; self-

perceived walking ability: 28 points). Only patients who completed the second year of the extension trial were included in

the analysis (Timed 25-Foot Walk Test [T25FW]: n 5 32, 6-Minute Walk Test [6MWT]: n 5 30, MSWS-12: n 5 33).
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bias due to patients with a good drug response re-

maining in the trial and participants with low respon-

siveness dropping out, we only included patients who

completed the core study and both years of the exten-

sion trial, allowing comparison of short- and long-

term drug effects. Using different thresholds of effect

size in the T25FW, 6MWT, and MSWS-12, we

demonstrated that a considerable proportion of par-

ticipants changed their response to PR fampridine

over 2 years of long-term treatment. The proportion

of participants reaching an improvement threshold of

10% increased from one-fifth (T25FW) and barely

one-third (6MWT) to one-half of all patients

(T25FW and 6MWT) after 2 years of PR fampridine

treatment, a significant increase compared to short-

term, double-blinded treatment. The majority of

patients (80%) who showed greater than 10%

improvement in the T25FW and 6MWT in the core

study maintained a similar degree of responsiveness

after long-term treatment. In contrast, 40% of pa-

tients initially falling short of the 10% improvement

threshold in the T25FW and 6MWT during short-

term treatment exhibited improvements $10% after

2 years. Increased responsiveness to PR fampridine in

these initial poor responders, combined with a poten-

tial decline of drug efficacy in initial good responders,

might explain the approximation of drug effects

between responders and nonresponders seen in earlier

open-label long-term studies.16 The observed changes

in drug response during long-term treatment suggest

that drug efficacy should be reevaluated regularly, in

particular in those patients who demonstrate a poor

response to PR fampridine after initial assessment.

Discussion relating to the mechanisms underlying

the observed changes in responsiveness to the study

drug over time must remain, for the moment, spec-

ulative. Since MS is a dynamic disease with demye-

lination and remyelination and axonal and neuronal

death contributing to ongoing, structural alterations

of the CNS gray and white matter during its course,18

responsiveness to PR fampridine may likewise change

over time. As a potassium channel blocker, it may

initially improve signal conduction in demyelinated

axons only to be rendered ineffective once these axons

undergo degeneration with the natural course of the

disease. On the other hand, appearance of new,

demyelinating lesions may result in clinical deteriora-

tion amenable to improvement, at least partially and

transiently, with PR fampridine treatment at that

stage. Enhanced drug efficacy over time may also be

the result of training effects made possible by the

improved neurologic state induced by PR fampridine.

Finally, the development of pharmacologic tolerance

may result in a decrease in efficacy during long-term

treatment. Identification of patient characteristics

(e.g., type of MS, concomitant treatment) associated

with changes in responsiveness to PR fampridine over

time should be the focus of future, larger trials.

The effect of PR fampridine on self-perceived

walking function reported here was higher than that

reported by Hupperts et al.,15 perhaps due to the

shorter treatment duration of 24 weeks. More

than one-third of our patients reached a threshold

of 6- and 8-point improvements in the MSWS-12

questionnaire after 2 years of treatment. Both

thresholds are associated with clinically meaningful

improvement of walking function.15,19,20 Poor corre-

lations between self-perceived walking function and

clinical improvements during short-term treatment

with PR fampridine as observed in the FAMPKIN

core study are in line with previous results.19 Long-

term treatment with PR fampridine, in contrast,

revealed significant correlations between changes in

subjective ambulatory function and walking speed

and endurance, implying that patients developed

a better appreciation of the effects induced by PR

fampridine over time. Significant effects of PR fam-

pridine on MSWS-12 are underlined by patients’

ability to correctly guess their allocation during

double-blinded treatment arms.

The current trial used a mixed study design

combining open-label assessment of drug efficacy rep-

resentative of clinical practice, as well as a double-

blind, placebo-controlled analysis of treatment ef-

fects, allowing the objective assessment of changes

in ambulatory function and self-perceived walking

performance as a result of PR fampridine. Similar

drug efficacy during open-label and double-blind

treatment phases emphasizes the objective and robust

nature of the clinical walking tests used in this trial.

Larger p values for drug efficacy in the double-blind

compared to the open-label phase are likely due to

fewer patients completing the second year of the

extension trial. Objective and reliable outcome meas-

ures of walking function are important in the trans-

lation to clinical practice, where patients are typically

first assessed once before and again after 14 days of

open-label treatment with PR fampridine.21

In contrast to previous long-term studies,15,16 the

present trial reassessed drug efficacy at regular time

intervals. The regular baseline assessments minimized

the effect of factors other than PR fampridine that

may influence walking function over time (e.g., dis-

ease progression, change in concomitant treatment),

allowing close and accurate monitoring of drug

responsiveness in individual participants over more

than 2 years.

A key constraint of the current trial is the limited

number of patients, which is due to the intensity and

logistics of such a comprehensive study design

required to accurately track patients’ individual

responsiveness over time. Further long-term data of
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PR fampridine in PwMS are needed to confirm these

results. A second limitation is that double-blind,

long-term effects of PR fampridine were only assessed

in half of the participants, i.e., those receiving PR

fampridine at V5. The other half was randomized

to be treated with placebo first before reinitiating

treatment with PR fampridine at V6. Treatment ef-

fects in both groups were not different in any of the

clinical walking tests.

This study demonstrates the good tolerability and

significant persisting effects of long-term treatment

with PR fampridine on ambulatory performance in

PwMS over a period of more than 2 years. PR

fampridine-induced walking improvements are per-

ceived by most patients. Against a background of per-

sisting improvements of walking function across all

patients, longitudinal assessment of drug efficacy re-

vealed remarkable changes in responsiveness to PR

fampridine in some patients. In particular, those pa-

tients who showed a moderate to poor response in

terms of walking improvement under PR fampridine

at initial assessment were likely to improve their

responsiveness to the drug over time, thus highlight-

ing the necessity to regularly reassess the efficacy of

PR fampridine on ambulatory function in PwMS.

Persisting drug efficacy, combined with the fact that

PR fampridine has also demonstrated beneficial ef-

fects in chronic progressive MS,14,16 where alternative

treatment options to improve walking function are

virtually absent, confirm PR fampridine as an impor-

tant option in symptomatic, long-term treatment for

gait-impaired PwMS.

AUTHOR CONTRIBUTIONS

All authors significantly contributed to the study and reviewed the man-

uscript. L.F., B.Z., and M.L. planned and designed the extension trial.

L.F. and B.Z. analyzed data, produced figures, and prepared the manu-

script. S.K., K.R., L.L., T.S., D.W., T.K., P.G., and J.A.P. collected,

analyzed, and interpreted the data. L.F. and B.Z. performed the statistical

analysis. M.W. and M.L. conceived and supervised the study and criti-

cally revised the manuscript. LF had full access to all the data in the study

and takes responsibility for the integrity of the data and the accuracy of

the data analysis.

ACKNOWLEDGMENT

The authors thank the participants who participated in this study and the

institutions supporting the trial (Betty and David Koetser Foundation, the

Clinical Research Priority Program [CRPP] “NeuroRehab” of the Univer-

sity of Zurich, the Swiss MS Society, and Biogen).

STUDY FUNDING

The study was partially funded by Biogen, the Swiss MS Society, the

Betty and David Koetser Foundation, and the Clinical Research Priority

Program (CRPP) “NeuroRehab” of the University of Zurich. Biogen

produced and supplied the study medication (PR fampridine and

placebo).

DISCLOSURE

L. Filli reports no disclosures relevant to the manuscript. B. Zörner

received honoraria, travel grants, and funding from Biogen. S. Kapitza

received travel grants and nonfinancial support from Biogen. K. Reuter

received travel grants from Biogen. L. Lörincz, D. Weller, T. Sutter,

T. Killeen, P. Gruber, and J. Petersen report no disclosures relevant to

the manuscript. M. Weller received honoraria, travel grants, and funding

from Biogen. M. Linnebank received honoraria, travel grants, and fund-

ing from Biogen. He is a consultant to Biogen. Go to Neurology.org for

full disclosures.

Received May 21, 2016. Accepted in final form November 21, 2016.

REFERENCES

1. Alonso A, Hernan MA. Temporal trends in the incidence

of multiple sclerosis: a systematic review. Neurology 2008;

71:129–135.

2. Hobart J, Lamping D, Fitzpatrick R, Riazi A, Thompson A.

The Multiple Sclerosis Impact Scale (MSIS-29): a new

patient-based outcome measure. Brain 2001;124:

962–973.

3. Kister I, Chamot E, Salter AR, Cutter GR, Bacon TE,

Herbert J. Disability in multiple sclerosis: a reference

for patients and clinicians. Neurology 2013;80:

1018–1024.

4. Heesen C, Bohm J, Reich C, Kasper J, Goebel M, Gold

SM. Patient perception of bodily functions in multiple

sclerosis: gait and visual function are the most valuable.

Mult Scler 2008;14:988–991.

5. Sutliff MH. Contribution of impaired mobility to patient

burden in multiple sclerosis. Curr Med Res Opin 2010;

26:109–119.

6. Bethoux F. Gait disorders in multiple sclerosis. Continuum

2013;19:1007–1022.

7. Ruck T, Bittner S, Simon OJ, et al. Long-term effects of

dalfampridine in patients with multiple sclerosis. J Neurol

Sci 2014;337:18–24.

8. Sherratt RM, Bostock H, Sears TA. Effects of

4-aminopyridine on normal and demyelinated mammalian

nerve fibres. Nature 1980;283:570–572.

9. Shi R, Blight AR. Differential effects of low and high

concentrations of 4-aminopyridine on axonal conduction

in normal and injured spinal cord. Neuroscience 1997;77:

553–562.

10. Allart E, Benoit A, Blanchard-Dauphin A, et al. Sustained-

released fampridine in multiple sclerosis: effects on gait

parameters, arm function, fatigue, and quality of life.

J Neurol 2015;262:1936–1945.

11. Goodman AD, Brown TR, Edwards KR, et al. A phase 3

trial of extended release oral dalfampridine in multiple

sclerosis. Ann Neurol 2010;68:494–502.

12. Goodman AD, Brown TR, Krupp LB, et al. Sustained-

release oral fampridine in multiple sclerosis: a randomised,

double-blind, controlled trial. Lancet 2009;373:732–738.

13. Lo AC, Ruiz JA, Koenig CM, Anderson BM, Olson KM,

Triche EW. Effects of dalfampridine on multi-dimensional

aspects of gait and dexterity in multiple sclerosis among

timed walk responders and non-responders. J Neurol Sci

2015;356:77–82.

14. Zörner B, Filli L, Reuter K, et al. Prolonged-release

fampridine in multiple sclerosis: improved ambulation

effected by changes in walking pattern. Mult Scler

2016;22:1463–1475.

15. Hupperts R, Lycke J, Short C, et al. Prolonged-release

fampridine and walking and balance in MS: randomised

controlled MOBILE trial. Mult Scler 2016;22:212–221.

16. Goodman AD, Bethoux F, Brown TR, et al. Long-term

safety and efficacy of dalfampridine for walking impair-

ment in patients with multiple sclerosis: results of

840 Neurology 88 February 28, 2017

ª 2017 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



open-label extensions of two Phase 3 clinical trials.

Mult Scler 2015;21:1322–1331.

17. Jara M, Barker G, Henney HR III. Dalfampridine

extended release tablets: 1 year of postmarketing safety

experience in the US. Neuropsychiatr Dis Treat 2013;9:

365–370.

18. Compston A, Coles A. Multiple sclerosis. Lancet 2008;

372:1502–1517.

19. Hobart J, Blight AR, Goodman A, Lynn F, Putzki N.

Timed 25-foot walk: direct evidence that improving

20% or greater is clinically meaningful in MS.

Neurology 2013;80:1509–1517.

20. Mehta L, McNeill M, Hobart J, et al. Identifying an

important change estimate for the Multiple Sclerosis

Walking Scale-12 (MSWS-12v1) for interpreting clin-

ical trial results. Mult Scler J Exp Transl Clin 2015;1:

1–9.

21. Raffel JB, Malik O, Nicholas RS. Assessing dalfampri-

dine efficacy in the physician’s office. Mult Scler 2014;

20:24–26.

Save These Dates for AAN CME Opportunities!
Mark these dates on your calendar for exciting continuing education conferences by the American

Academy of Neurology. Learn more at AAN.com/conferences.

AAN Annual Meeting

• April 22–28, 2017, Boston, MA, at the Boston Convention Center

Neurology® Online CME Program

Earn CME while reading Neurology. This program is available only to online Neurology

subscribers. Simply read the articles marked CME, go to Neurology.org, and click on CME. This will

provide all of the information necessary to get started. The American Academy of Neurology (AAN)

is accredited by the Accreditation Council for Continuing Medical Education (ACCME) to sponsor

continuing medical education for physicians. Neurology is planned and produced in accordance with

the ACCME Essentials. For more information, contact AAN Member Services at 800-879-1960.

20 Minutes Pack a Punch
Neurology® Podcasts

• Interviews with top experts on new clinical research in neurology

• Editorial comments on selected articles

• Convenient—listen during your commute, at your desk, or even at the gym

• On demand—it’s there when you want it

• Fun and engaging

• New topic each week

• FREE

Listen now at www.aan.com/podcast

Neurology 88 February 28, 2017 841

ª 2017 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



DOI 10.1212/WNL.0000000000003656
2017;88;832-841 Published Online before print February 1, 2017Neurology 

Linard Filli, Björn Zörner, Sandra Kapitza, et al. 
sclerosis

Monitoring long-term efficacy of fampridine in gait-impaired patients with multiple

This information is current as of February 1, 2017

Services
Updated Information &

 http://www.neurology.org/content/88/9/832.full.html
including high resolution figures, can be found at:

Supplementary Material

 003656.DC2
http://www.neurology.org/content/suppl/2017/02/01/WNL.0000000000

 003656.DC1
http://www.neurology.org/content/suppl/2017/02/01/WNL.0000000000
Supplementary material can be found at: 

References
 http://www.neurology.org/content/88/9/832.full.html##ref-list-1

This article cites 21 articles, 3 of which you can access for free at: 

Citations
 http://www.neurology.org/content/88/9/832.full.html##otherarticles

This article has been cited by 3 HighWire-hosted articles: 

Subspecialty Collections

 http://www.neurology.org//cgi/collection/multiple_sclerosis
Multiple sclerosis

 http://www.neurology.org//cgi/collection/gait_disorders_ataxia
Gait disorders/ataxia
following collection(s): 
This article, along with others on similar topics, appears in the

  
Permissions & Licensing

 http://www.neurology.org/misc/about.xhtml#permissions
its entirety can be found online at:
Information about reproducing this article in parts (figures,tables) or in

  
Reprints

 http://www.neurology.org/misc/addir.xhtml#reprintsus
Information about ordering reprints can be found online:

rights reserved. Print ISSN: 0028-3878. Online ISSN: 1526-632X.
1951, it is now a weekly with 48 issues per year. Copyright © 2017 American Academy of Neurology. All 

® is the official journal of the American Academy of Neurology. Published continuously sinceNeurology 


