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Introduction
Walking impairment is common in MS,1,2 even early in 
disease,3 and maintaining mobility is a high priority 
among patients with MS.4,5 Prolonged-release (PR) 
fampridine tablets (known as sustained/modified-
release fampridine in some countries and extended-
release dalfampridine in the United States) are approved 
for improving walking in MS based on results from 
two pivotal trials6,7 that demonstrated consistent 
improvements in walking speed on the Timed 25-Foot 
Walk8 and on patients’ self-assessment of ambulatory 
disability on the 12-item MS Walking Scale (MSWS-
12).9 Walking is a complex activity influenced by many 
variables, including impairments in balance,10–12 which 
are frequent among patients with MS13 and correlate 
with slower walking speed.10 Furthermore, balance 

impairment is a strong predictor for perceived diffi-
culty in mobility in MS.14 This highlights the need for 
studies that assess effects of PR-fampridine on 
balance.

PR-fampridine improved standing balance in a small 
(n = 8) 14-week study;15 however, randomised, placebo-
controlled studies assessing the effect of PR 
-fampridine on balance have not previously been per-
formed. The Timed Up and Go (TUG) test16,17 and 
Berg Balance Scale (BBS)17,18 measure mobility/bal-
ance and have demonstrated high reliability in patients 
with MS.17,18 The objective of MOBILE was to 
explore the effect of PR-fampridine on endpoints 
related to patients’ self-assessed walking disability 
and dynamic/static balance, assessed using the BBS 
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and TUG, as well as to subjective impression of well-
being and patients’ impression of change in walking.

Methods

Standard protocol approvals, registrations and 
patient consents
This trial was conducted in compliance with the 
Declaration of Helsinki, the International Conference 
on Harmonisation Good Clinical Practice guidelines, 
the European Union Clinical Trials Directive and 
local regulatory requirements. Approval for the trial 
protocol and all amendments was obtained from local 
ethics committees. Written informed consent was 
obtained from each patient before any evaluations 
were conducted for eligibility. The trial is registered 
on ClinicalTrials.gov (identifier NCT01597297) and 
the European Union Clinical Trials Register (EudraCT 
number 2012-000368-90).

Trial design
MOBILE was a randomised, double-blind, explora-
tory, multi-centre, placebo-controlled trial in patients 
with MS (electronic Supplementary Materials, Figure 1). 
Patients were screened for eligibility during a 14-day 
screening period. Eligible patients were randomised 
(1:1) to receive PR-fampridine 10 mg tablets or 
matching placebo twice daily every 12 hours for 24 
weeks. Scheduled visits took place at screening, day 1 
and weeks 2, 4, 8, 12, 16, 20 and 24. A post-dosing 
follow-up visit was conducted two weeks after the 
end of treatment. Randomisation was determined by a 
centralised system on day 1 of the trial and treatment 
assignments were made through an Interactive Web 
Response System. All patients and trial staff, includ-
ing the principal investigator, were blinded to patient 
treatment assignments. Blinding was achieved by 
using a matched placebo. Treatment kits were pre-
pared centrally and labelled with unique numbers, 
which were used to maintain the blind when drug sup-
plies were dispensed.

Patients and trial treatments
Eligible patients were male or female, aged 18–70 
years with an Expanded Disability Status Scale score 
of 4.0–7.0 and diagnosis of primary-progressive MS, 
secondary-progressive MS, progressive-relapsing MS 
or relapsing-remitting MS per revised McDonald cri-
teria19,20 of ⩾3 months’ duration. Most stable con-
comitant therapies for treatment of MS were 
permitted. Key exclusion criteria included: treatment 
with 4-aminopyridine or 3,4-diaminopyridine in any 

formulation ⩽30 days before screening; known 
allergy to pyridine-containing substances; any history 
of seizure, epilepsy or other convulsive disorder; 
renal impairment (creatinine clearance <80 ml/min); 
onset of MS exacerbation ⩽60 days before screening; 
and a body mass index ⩾40 kg/m2.

Outcome measures and clinical assessments
Outcome measures were assessed at screening, day 1 
and weeks 2, 4, 8, 12, 16, 20 and 24 (on-treatment 
period) and at the week 26 follow-up visit (except 
where noted otherwise). Because this was an explora-
tory study, there were no pre-specified primary/sec-
ondary endpoints and no formal statistical hypothesis 
testing was planned. Walking ability was assessed 
using the MSWS-129 and the seven-item Patient 
Global Impression of Change (PGIC) scale.21 The 
MSWS-12 is a 12-item questionnaire that asks 
patients to rate limitations of their mobility owing to 
MS during the preceding two weeks on a five-point 
scale (from 1 = not at all to 5 = extremely). Total score 
ranges from 1–60 and was transformed to a scale of 
0–100; reduced score indicates improvement in walk-
ing. The PGIC is a global assessment of the patient’s 
impression of how the study drug affected their over-
all walking during the preceding seven days. The 
PGIC was assessed at weeks 2, 4, 8, 12, 16, 20 and 24, 
and scored on a seven-point scale (from 1 = very 
much worse to 7 = very much improved).

Mobility and dynamic balance were assessed using the 
TUG test,16,17 which measures the time/speed it takes 
for a patient to stand up from a seated position, walk 
three metres out, turn around and walk back and return 
to the seated position. Increased speed on the TUG 
indicates improvement in mobility and dynamic bal-
ance. Static and dynamic balance were measured using 
the BBS,17,18 which is comprised of 14 balance-related 
tasks scored from 0 (unable to perform) to 4 (able to 
perform independently). The BBS is the sum of scores 
across these tasks and ranges from 0 (poor balance) to 
56 (good balance). Positive change on the BBS indi-
cates improvement in balance. The TUG and BBS, 
which have demonstrated high reliability in patients 
with MS,17,18 were chosen to further assess the impact 
of PR-fampridine treatment on mobility, specifically 
on static and dynamic balance. Balance has not been 
previously evaluated with PR-fampridine treatment in 
a randomised, placebo-controlled trial but may impact 
patients’ walking ability and mobility.

The impact of MS on the patient and quality of life 
(QoL) were assessed using the 29-item Multiple 
Sclerosis Impact Scale (MSIS-29) physical subscale 
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(PHYS)22 and the EuroQoL-5 Dimensions 5-level 
(EQ-5D-5L).23 The self-administered MSIS-29 ques-
tionnaire contains a 20-item PHYS and a nine-item 
psychological subscale. For a particular visit, the 
MSIS-29 PHYS score was calculated by summing the 
20 items and transforming the score to a scale with a 
range of 0 (no impact of MS) to 100 (extreme impact 
of MS). Negative change on the MSIS-29 PHYS indi-
cates improvement in physical health. The EQ-5D-5L 
is a generic instrument comprised of five questions 
and a visual analogue scale (VAS). A utility score is 
derived from the five questions addressing mobility, 
self-care, usual activities, pain/discomfort and anxi-
ety/depression, with responses/scores ranging from 1 
(no problem) to 5 (severe problem). The VAS score 
ranges from 0 (worst imagined health state) to 100 
(best imagined health state). The EQ-5D was assessed 
at day 1 and weeks 4, 8, 12, 16, 20 and 24, and a posi-
tive change in both the utility and VAS scores indi-
cates an improvement in health state.

Safety and tolerability were assessed by monitoring 
adverse events (AEs), serious AEs (SAEs) and con-
comitant medications and by performing physical 
examination, vital sign measurements and 12-lead 
electrocardiograms.

Statistical analyses
A sample size of 120 patients (60 patients per group) 
was chosen based on bootstrapping that sampled data 
from a previous study6 to create 1000 datasets of 60 
patients each, and repeated for sample sizes of 70 and 
80 patients. For each sample, the proportion of 
patients with a six-point change or more in MSWS-
1224 score was calculated, and the percentage of sam-
ples that fell within an interval of the actual percentage 
in the study was calculated to explore whether increas-
ing the sample size increased the precision. Using the 
sample size of 60 patients for both treatment groups, 
84% of samples were within 8% of the true proportion 
and increasing the size did not appreciably increase 
precision.

The intent-to-treat population consisted of all patients 
who were randomised, received at least one dose of 
treatment and had at least one post-baseline assess-
ment for a given parameter. Efficacy analyses were 
based on an intent-to-treat analysis with missing data 
imputed by the last observation carried forward 
method when at least one post-baseline value was 
available. Baseline values were not carried forward 
and were defined as the mean over the screening and 
baseline visits. Mean changes in each efficacy end-
point, except for the PGIC, were calculated over 24 

weeks using the last observation carried forward val-
ues to calculate the average. Because the PGIC was 
designed to assess change since the previous visit, 
week 2 was the only time point that was valid for 
between-group comparisons of treatment effect.

This was an exploratory study, and descriptive statis-
tics were used to summarise endpoints. No formal 
statistical hypothesis testing was planned. Based on 
the distribution of changes from baseline across 
patients, all by-visit analyses were summarised using 
median change from baseline on the outcome. Median 
changes were presented with corresponding non- 
parametric 95% confidence intervals.

Mean changes from baseline on the MSWS-12 were 
categorised using the following thresholds: a less than 
one-point improvement/no change/worsening and 
then increasing thresholds of improvement from ⩾1 
point to ⩾10 points in one-point increments. These 
categories were summarised as the number/percent-
age of patients meeting each threshold. Mean percent-
age changes from baseline in TUG speed were 
categorised using the following thresholds: ⩽0% 
(worsening/no change), >0% (any improvement) and 
then increasing thresholds of improvement from 
⩾10% to ⩾40% in 5% increments. These categories 
were summarised as the number/percentage of 
patients meeting each threshold.

In order to characterise magnitude of the observed 
treatment effect relative to variance in the outcome 
measures, post hoc statistical testing compared multi-
ple thresholds of improvement between treatment 
groups for MSWS-12 and TUG using a logistic 
regression adjusted for baseline. Multiple MSWS-12 
thresholds of change were examined based on ranges 
previously identified as clinically meaningful (⩾4–6 
points based on a 100-point scale) over three months.24 
A post hoc analysis using the chi-square test com-
pared the percentage of patients in each treatment 
group who reported any improvement in PGIC after 
two weeks of treatment. To assess magnitude of treat-
ment effect over time, changes from baseline to each 
visit also were summarised for each efficacy end-
point, except for PGIC.

For missing data in MSWS-12, a visit in which ⩾50% 
of the component questions were answered but at least 
one question was missing, scores from unanswered 
questions were imputed using the respondent-specific 
mean score. MSWS-12 score was considered missing 
for a visit in which ⩾50% of the questions were unan-
swered. For the TUG test, two trials of the TUG were 
conducted at each visit and speed for any particular 
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visit was calculated as the average for trials 1 and 2. If 
either trial was missing, then speed from the completed 
trial was used. For the BBS, if at least two questions 
were missing at a visit, the score was set to missing. If 
two or fewer questions were missing, these were 
imputed using the respondent-specific mean score. For 
MSIS-29 PHYS, if a patient had missing data for <10 
of the 20 items, the mean of the non-missing items was 
used to impute the missing items. If ⩾10 items were 
missing, then the PHYS score was set to missing. For 
EQ-5D-5L, no imputation was used for missing values 
for the five summary scores or for VAS. A summary 
utility index value was calculated for patients with non-
missing data for each of the five questions at a visit. 
The crosswalk method23 was used to map EQ-5D-5L to 
the EQ-5D 3-level United Kingdom value set, because 
value sets for EQ-5D-5L are still under development. 
Utility index value ranges from −0.594 (worst health 
state) to 1.000 (best health state).

Results
A total of 132 patients were randomised at 24 sites in 
Belgium, Canada, Italy, the Netherlands, Sweden and 
the United Kingdom. The first patient was treated on 

30 August 2012 and the trial ended on 8 August 2013. 
All randomised patients were treated and included in 
the analysis: 64 were treated with placebo and 68 with 
PR-fampridine. In each group, 81% of patients com-
pleted treatment and 19% of patients discontinued 
treatment (Figure 1). AE was the most common rea-
son for discontinuation and one patient in each treat-
ment group discontinued owing to lack of efficacy 
(Figure 1). Patient characteristics were comparable 
between treatment groups at baseline (Table 1).

PR-fampridine therapy resulted in greater median 
improvements from baseline in TUG speed, BBS total 
score and MSWS-12 score compared with placebo 
during the 24-week treatment period (Figure 2(a), (c) 
and (d)). After treatment discontinuation at week 24, 
improvements declined and approached zero by the 
week 26 follow-up visit in the PR-fampridine group.

When changes from baseline were summarised as a 
change at pre-specified thresholds of improvement, a 
higher proportion of patients receiving PR-fampridine 
versus placebo met each threshold of improvement in 
the TUG test (>0% and from ⩾10% to ⩾40%), with 
statistically significant differences at thresholds 

Figure 1. MOBILE patient disposition. AE: adverse event; CrCl: creatinine clearance; ITT: intent-to-treat; PR: 
prolonged-release.
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⩾10% (p = 0.0021) and ⩾15% (p = 0.0262; Figure 3). 
Similar results were observed for the MSWS-12; a 
higher proportion of patients receiving PR-fampridine 
versus placebo met each threshold of improvement in 
MSWS-12 (⩾1 to ⩾10 points) with statistically sig-
nificant differences at thresholds ⩾7 (p = 0.0275), ⩾8 
(p = 0.0153) and ⩾9 (p = 0.0088; Figure 3).

In a post hoc analysis, a significantly greater propor-
tion of patients (n (%)) treated with PR-fampridine 
(31 (46%)) versus placebo (16 (26%)) also reported 
improvement on PGIC at the week 2 visit (p = 0.023).

PR-fampridine therapy also resulted in greater 
improvements from baseline in MSIS-29 PHYS score 
versus placebo (Figure 2(b)). These improvements 
were apparent throughout the 24-week trial duration. 
However, no apparent differences between treatment 
groups were observed in EQ-5D-5L results; median 
treatment difference (95% confidence interval) for 
PR-fampridine versus placebo for EQ-5D-5L VAS 
was 0.00 (–4.17, 4.67) and for utility index was 0.00 
(–0.04, 0.04).

The proportion of patients with any AE was similar 
in placebo-treated patients (49 (77%)) versus 
patients receiving PR-fampridine (51 (75%)). 

Nasopharyngitis and urinary tract infections (UTIs) 
were the most frequently reported AEs in patients 
treated with PR-fampridine and placebo, respec-
tively (Table 2). Incidence of falls was higher in 
patients receiving placebo versus PR-fampridine, 
whereas incidences of balance disorder, gait distur-
bance and dizziness were higher in patients receiv-
ing PR-fampridine. A lower proportion of patients 
receiving PR-fampridine (3%) versus placebo (8%) 
reported SAEs. In the PR-fampridine group, SAEs 
were considered unrelated to treatment and included 
moderate MS relapse in one patient and moderate 
MS relapse and severe paraparaesis (worsened MS 
symptoms) in the second patient. No seizures were 
reported during treatment.

Discussion
In this trial, PR-fampridine therapy resulted in greater/
sustained improvements in mobility/balance over the 
six-month trial duration compared with placebo as 
measured by the TUG test and BBS. Benefits were 
seen as early as two weeks after treatment initiation 
and were maintained throughout the trial. Upon dis-
continuation of PR-fampridine therapy, improve-
ments in outcome measures reversed and approached 
pre-treatment levels within two weeks.

Table 1. Baseline characteristics.

Characteristic Placebo (n = 64) PR-fampridine (n = 68) Total (N = 132)

Mean age, years 49.8 49.8 49.8

Female, n (%) 33 (52) 38 (56) 71 (54)

Mean (SD) body mass index, kg/m2 26.5 (6.2) 26.8 (4.9) 26.6 (5.6)

Mean (median) time since first MS diagnosis, years 12.4 (12.0), n = 63 10.9 (9.5) 11.6 (10.0), n = 131

Disease course, n (%)  

 RRMS 20 (31) 24 (35) 44 (33)

 SPMS 37 (58) 31 (46) 68 (52)

 PPMS 6 (9) 12 (18) 18 (14)

 PRMS 1 (2) 1 (1) 2 (2)

Mean (median) time since most recent relapse, years 3.3 (2.4), n = 56 4.2 (3.5), n = 56 3.8 (2.8), n = 112

Mean (median) EDSS score 5.9 (6.0) 5.6 (6.0) 5.7 (6.0)

Outcome measures: median (mean) [min, max]  

 MSWS-12 score 81.3 (75.9) [8.3, 100.0] 75.0 (71.7) [25.0, 100.0] ND

 TUG speed, m/s 0.32 (0.34) [0.0, 0.8], n = 63 0.38 (0.38) [0.1, 0.7] ND

 BBS score 41.0 (39.3) [5.0, 56.0],n = 63 43.8 (40.9) [6.5, 56.0] ND

 MSIS-29 PHYS score 57.5 (53.0) [13.1, 91.9] 50.0 (50.9) [8.1, 100.0] ND

 EQ-5D-5L utility index score 0.547 (0.509) [–0.19, 1.00] 0.584 (0.540) [0.04, 0.85] ND
 EQ-5D-5L VAS 60.0 (59.1) [4.0, 90.0], n = 63 60.0 (61.6) [25.0, 90.0] ND

BBS: Berg Balance Scale; EDSS: Expanded Disability Status Scale; EQ-5D-5L: EuroQoL-5 Dimension 5-level; MSIS-29: 29-item Multiple Sclerosis Impact 
Scale; MSWS-12: 12-item Multiple Sclerosis Walking Scale; ND: not determined; PHYS: physical subscale; PPMS: primary-progressive multiple sclerosis; 
PR: prolonged-release; PRMS: progressive-relapsing multiple sclerosis; RRMS: relapsing-remitting multiple sclerosis; SPMS: secondary-progressive multiple 
sclerosis; TUG: Timed Up and Go; VAS: visual analogue scale.
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Early benefits also were seen in walking ability 
measured by MSWS-12, and although MSWS-12 
score fluctuated between weeks 4 and 12, it stabi-
lised after week 16 and benefits were maintained to 
the end of the study in patients receiving 
PR-fampridine therapy. In addition to greater median 
improvements in TUG speed and MSWS-12 score, a 
higher cumulative proportion of patients receiving 
PR-fampridine versus placebo met each threshold of 
improvement in TUG speed (>0% and ⩾10% to 
⩾40%) and MSWS-12 score (⩾1 to ⩾10 points), 
including thresholds in a range (⩾4 to ⩾6 points) 
previously identified as clinically meaningful for 
MSWS-12 with different data sources.24

The MOBILE study was the first randomised, placebo-
controlled study that assessed the effect of 

PR-fampridine on dynamic and static balance. 
Walking is a complex activity10,11 and individual 
patients with MS may improve in one or more 
domains, such as speed and/or balance. The findings 
of MOBILE suggested that the previous definition of 
PR-fampridine responder that was based on walking 
speed alone6,7 may be too narrowly defined and may 
not identify some patients who received treatment 
benefits associated with improved balance.

PR-fampridine therapy also demonstrated improve-
ments on MSIS-29 PHYS, a patient-reported meas-
ure of the physical impact of MS, but no clear 
differences between treatment groups were observed 
in EQ-5D-5L VAS and utility index results over 
time. The discrepancy observed in this trial between 
the MSIS-29 and EQ-5D-5L may be related to the 

Figure 2. Median changes from baseline and corresponding 95% confidence intervals in efficacy measures by study 
visit. Outcome measures: (a) 12-item Multiple Sclerosis Walking Scale (MSWS-12); (b) 29-item Multiple Sclerosis 
Impact Scale (MSIS-29) physical subscale (PHYS); (c) Timed Up and Go (TUG) test; and (d) Berg Balance Scale (BBS) 
were assessed at baseline (mean over screening and day 1) and weeks 2, 4, 8, 12, 16, 20, 24 and week 26 (off-treatment 
visit; not assessed for MSIS-29). Error bars denote non-parametric 95% confidence interval for the median change at 
each visit. PR: prolonged-release.
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insensitivity of generic measures to assess 
MS-related changes in QoL. The MSIS-29 PHYS 
results in this trial supported those observed in the 
ENABLE study, in which PR-fampridine therapy 
demonstrated significant/clinically meaningful 
improvements on QoL/health state, measured by a 
broad range of MS-specific and generic patient-
reported endpoints, over 48 weeks in >600 patients 
who received PR-fampridine.25

Safety findings from MOBILE were consistent with 
the known safety profile of PR-fampridine,6,7,26 with 
the exception that incidence of UTIs was higher in 
placebo-treated patients compared with patients 
receiving PR-fampridine. This is in contrast to that 
observed in the pivotal studies,6,7 in which inci-
dence of UTIs was higher for the PR-fampridine 
group. In the current study, UTIs were confirmed by 
culture. In contrast, the pivotal trials did not require 
confirmation of UTIs, which may have resulted in 
an overestimation of the rate of UTIs. No seizures 
were observed in MOBILE and although more 
patients receiving PR-fampridine reported balance 
disorders, gait disturbance and dizziness versus pla-
cebo, the incidence of falls was higher in the pla-
cebo group. Balance disorders, gait disturbance and 
dizziness are broad, non-specific AEs, and increases 
in these events may not result in an increase in falls, 
as was the case in the MOBILE study. Furthermore, 
the improvement in TUG and BBS could have 

manifested in fewer falls among the patients treated 
with PR-fampridine.

The findings of MOBILE confirm and expand find-
ings of previous controlled studies with a longer 
treatment period, geographically different study 
population and broader range of objective and 
patient-reported measures of mobility and balance 
to assess different domains of walking.6,7 MOBILE 
was exploratory in design and its findings require 
confirmation in a prospective trial that is under-
way.27 Nevertheless, the results of MOBILE support 
that PR-fampridine therapy provides significant and 
sustained improvements in walking characteristics 
beyond walking speed; in particular, PR-fampridine 
therapy resulted in early and sustained benefits on 
measures of dynamic and static balance and mobil-
ity as well as patient-reported walking disability. 
Overall, these findings provided additional support 
for the potential of PR-fampridine to result in clini-
cally meaningful improvements in walking quality/
ambulatory function in patients with MS with walk-
ing disability.
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Figure 3. Cumulative percentage of patients with mean improvement in 12-item Multiple Sclerosis Walking Scale 
(MSWS-12) and Timed Up and Go (TUG) speed over 24 weeks. MSWS-12 (upper panel): cumulative percentage of 
patients with increasing levels of improvement on the MSWS-12 over the on-treatment period (weeks 2–24) across 
multiple thresholds (thresholds ⩽–1 to ⩽–10 represent improvements in ⩾1 to ⩾10 points). TUG speed (lower panel): 
cumulative percentage of patients with average percent increase from baseline in TUG speed over the on-treatment period 
(weeks 2–24) across multiple thresholds. PR-fampridine versus placebo: *p = 0.0275; **p = 0.0153; ***p = 0.0088; 
****p = 0.0021; *****p = 0.0262. PR: prolonged-release.
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