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Introduction
Walking impairment commonly contributes to the 
substantial burden of multiple sclerosis (MS). This 
impairment, which may be present even in individu-
als in the early stages of the disease,1–3 limits the abil-
ity to perform activities of daily living, reduces quality 
of life, and adversely affects productivity and socio-
economic status.4–7

Dalfampridine is a voltage-dependent potassium-chan-
nel blocker that has demonstrated the ability to restore 
action-potential conduction in demyelinated axons, in 
animal models.8 It is available in the US to improve 
walking, as demonstrated by an increase in walking 
speed in people with MS in an extended-release 10 mg 
tablet, to be taken twice daily, and is known as  
dalfampridine extended release (dalfampridine-ER). In 
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Europe, it is known as prolonged-release fampridine, 
and as fampridine modified or sustained release, 
elsewhere.

Improvement in walking was demonstrated in two 
Phase 3, placebo-controlled trials, MS-F2039 and 
MS-F204,10 by a consistently faster walking speed in 
the Timed 25-Foot Walk (T25FW) among patients 
treated with dalfampridine-ER, relative to placebo. 
Both trials used a responder analysis, in which the 
responders to the drug were defined by a consistently 
faster T25FW during on-treatment assessments, rela-
tive to off-treatment assessments. In both trials, the 
proportion of responders was significantly higher 
with dalfampridine-ER, relative to placebo; 35% ver-
sus 8% (p < 0.0001), and 43% versus 9% (p < 0.0001) 
in the MS-F203 and MS-F204, respectively. A pooled 
analysis of the two trials demonstrated the robustness 
of the results; and it showed that treatment response 
was independent of demographic and disease charac-
teristics, including gender, age, race, body mass index 
(BMI), clinical course of MS, disease duration, and 
baseline Expanded Disability Status Scale (EDSS) 
score and walking speed.11

To evaluate the long-term safety and efficacy of dal-
fampridine-ER, we conducted open-label extension 
studies for each of the Phase 3 trials, following the 
double-blind phase. This paper presents the final 
results of both extension studies.

Patients and methods

Study population
All patients who completed MS-F203 and MS-F204, 
regardless of treatment allocation (dalfampridine-ER 
or placebo) or treatment response, were eligible to 
enter the respective open-label dalfampridine-ER 
extension trials (MS-F203EXT and MS-F204EXT). 
The key inclusion and exclusion criteria for these tri-
als were previously published, as was the definition of 
the responder criterion used as the primary efficacy 
outcome in MS-F2039 and MS-F204.10

Study design
Both long-term extension studies (LTEs) were of simi-
lar design and they both received approval from the 
appropriate Institutional Review Boards (IRBs). All 
patients provided written informed consent, prior to 
participation. Study MS-F203EXT was conducted 
between January 2005 and January 2011 (ClinicalTrials.
gov identifier: NCT00648908); and study MS-F204EXT 
was conducted between August 2007 and January 

2011(ClinicalTrials.gov identifier: NCT00649792). 
Screening for the LTE was performed at the time of, or 
subsequent to the final safety follow-up visit of the par-
ent study, which was 4 weeks (MS-F203) or 2 weeks 
(MS-F204) after the conclusion of double-blind treat-
ment. Therefore, treatment had been discontinued for at 
least 2 weeks prior to entry into the LTE; and upon start-
ing the LTE, all patients were initiated on dalfampri-
dine-ER, 10 mg twice daily.

Use of immunomodulatory therapies, including inter-
feron ß-1a, interferon ß-1b, glatiramer acetate and natal-
izumab was allowed during the LTE, if treatment had 
started at least 90 days prior to the screening visit and 
the treatment regimen had been stable for a minimum of 
30 days; however, for the purpose of maintaining stable 
symptoms of MS, scheduled administration of cortico-
steroids, cyclophosphamide and mitoxantrone were not 
permitted for the duration of the study.

Assessments
Safety and efficacy assessments were conducted at 
the screening and regularly scheduled visits; the first 
post-treatment assessment visit was held 2 weeks 
after screening, with subsequent on-treatment assess-
ments at 2, 14 and 26 weeks, plus every 6 months 
thereafter. A safety follow-up was conducted 4 weeks 
after the final on-treatment visit.

Safety assessments included adverse event (AE) mon-
itoring, laboratory testing, vital signs and electrocar-
diography. Efficacy was assessed as the average % 
change from baseline in walking speed, based on the 
T25FW, with the patient baseline defined as the aver-
age walking speed of four pre-treatment visits in those 
parent double-blind studies.

Results

Patient disposition and demographics
Figure 1 shows the enrollment and disposition of 
patients in the extension phase of the two studies. Of the 
269 patients who enrolled in MS-F203EXT, 154 
(57.2%) were considered study completers; and 146 
(68.2%) of the 214 enrolled patients were study com-
pleters in MS-F204EXT. Completers are defined as 
patients whom were still on therapy at the time of study 
termination; withdrawal of consent was the main reason 
for discontinuation in both LTEs, and was 14.1% and 
10.7%, respectively. Mean (± SD) treatment exposure 
in MS-F203EXT was 39.0 (± 18.73) months, with a 
median of 49.3 months and a range of 0.3–59.9 months. 
In MS-F204EXT, the mean treatment exposure was 
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26.3 (± 10.1) months, with a median of 30 months and a 
range of 0.3–40 months.

Demographic and clinical characteristics of the study 
populations were similar in both LTEs (Table 1) and 
reflected the parent studies. Patients at LTE baseline 
were primarily female (67.5%), white (93.6%), and 
had a secondary progressive course of MS (51.6%); 
their mean EDSS score was 5.7 (median of 6.0 in both 
LTEs; range: 1.5–7.0 in MS-F203EXT and 2.0–7.0 in 
MS-F204EXT). A post-hoc analysis showed that the 
demographic characteristics were similar among 
those who completed the studies and those who dis-
continued except for a difference in gender distribu-
tion in MS-F204EXT; significantly more completers 
were female relative to those who discontinued 
(73.3% vs 54.4%; p = 0.0078) (Table 2).

Long-term safety
At study termination, the total cumulative exposure to 
dalfampridine-ER was 932.6 person-years in Study 
MS-F203 and 488.8 person-years in Study MS-F204. 
Treatment-emergent AEs were reported in 98.1% of 
patients during MS-F203EXT and 95.8% of patients 
during MS-F204EXT (Table 3). Serious AEs occurred 
in 34.9% of patients in MS-F203EXT and in 18.2% of 
patients in MS-F204EXT; only three serious events 
were judged by the investigators to be related to 

treatment. These were seizures, all of which occurred 
in MS-F203EXT.

Discontinuations due to AEs were 13.8% and 3.3% in 
MS-F203EXT and MS-F204EXT, respectively (Table 
3). The AEs that most often resulted in discontinuation 
in MS-F203EXT were seizure and myocardial infarc-
tion, each occurring in three (1.1%) patients. In the 
MS-F204EXT, none of the AEs leading to discontinua-
tion occurred in more than one patient. There were five 
deaths in the two studies, none of which was consid-
ered to be related to study medication. These deaths 
included two suicides (one in each study), and one each 
of myocardial infarction, intracranial hemorrhage 
resulting from a brain aneurysm, and by an unknown 
cause: All were in MS-F203EXT. Across the LTEs, the 
most common AEs were urinary tract infections, falls, 
MS relapses, arthralgia and peripheral edema (Table 3).

A total of four seizure-related AEs were reported dur-
ing the LTEs (0.8%), all among patients whom had 
been treated with dalfampridine-ER in the parent 
studies. None of the placebo-treated patients in the 
parent studies whom were subsequently initiated on 
open-label dalfampridine-ER experienced a seizure 
during the LTE.

Three events were convulsions and one was a com-
plex partial seizure. Two of the convulsions and the 

Eligible for MS-F203EXT (N=283)

Enrolled; n=269
• Placebo in MS-F203; n=68
• Dalfampridine-ER in MS-F203; n=201

Completed at study
termination; n=154 (57.2%)

Withdrawals; n=115 (42.8%)
• Adverse events; n=36 (13.4%)
• Non-compliance; n=5 (1.9%)
• Withdrawn consent: n=38 (14.1%)
• Lost to follow-up: n=6 (2.2%)
• Other; n=30 (11.2%)

With at least 1 T25FW
assessment; n=265

• Placebo in MS-F203; n=68
• Dalfampridine-ER in MS-F203; n=197

Screened (n=271)

Eligible for MS-F204EXT (N=227)

Enrolled; n=214
• Placebo in MS-F204; n=105
• Dalfampridine-ER in MS-F204; n=109

Completed at study
termination; n=146 (68.2%)

Withdrawals; n=68 (31.8%)
• Adverse events; n=7 (3.3%)
• Non-compliance; n=2 (0.9%)
• Withdrawn consent: n=23 (10.7%)
• Lost to follow-up: n=5 (2.3%)
• Other; n=31 (14.5%)

With at least 1 T25FW
assessment; n=213

• Placebo in MS-F204; n=104
• Dalfampridine-ER in MS-F204; n=109

Screened (n=219)

Figure 1. Patient disposition in long-term extension studies of MS-F203 (MS-F203EXT) and MS-F204 (MS-F204EXT) 
participants.
MS: multiple sclerosis; T25FW: Timed 25-Foot Walk.
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complex partial seizure were considered treatment 
related; the other convulsion occurred in a patient 3 
weeks after discontinuation that was due to another 
serious AE (acute neurological syndrome, after being 
on treatment for approximately 4 months), and this 
was not considered treatment related. A fifth event 
involved a patient whom experienced a grand mal 
convulsion, approximately 1 month after stopping the 
study drug. This seizure was not considered a treat-
ment-emergent AE.

No new safety signals emerged and no patterns were 
observed, with regard to any abnormalities of labora-
tory findings, vital signs or electrocardiography.

Long-term efficacy
Figure 2 shows the average percent change in walking 
speed for the double-blind and LTE phases of 
MS-F203/MS-F203EXT (Figure 2(a)) and MS-F204/
MS-F204EXT (Figure 2(b)), stratified by placebo 
group and the dalfampridine-ER responder status in 
the parent trials. In general, the patterns of change in 
walking speed over time across the double-blind and 
LTE phases were similar between the two studies, at 
comparable scheduled assessment points.

The approximately 25% mean improvement from 
baseline in walking speed observed during MS-F203 
and MS-F204 in patients characterized as dalfampri-
dine-ER responders was lost after treatment discon-
tinuation, in both parent trials. Upon subsequent 
re-initiation of treatment in the open-label LTEs, the 
dalfampridine-ER responders again had improve-
ments in walking speed at the initial 2-week assess-
ment, up to levels similar to those observed at the end 
of the double-blind treatment.

Baseline walking speeds for the overall study popula-
tions were 2.11 ft/sec in MS-F203EXT and 2.33 ft/sec 
in MS-F204EXT. Although by 8 weeks, walking speed 
improved by 0.24 ft/sec and 0.27 ft/sec in these two 
studies, respectively, the gain in speed gradually dimin-
ished, so by the end of the studies, the mean walking 
speed was similar to or slightly below the baseline level; 
however, in MS-F203EXT, more than 70% of the 
enrolled patients reached the 2-year period with a mean 
walking speed that remained above the baseline mean.

The pattern of walking speed changes observed 
among dalfampridine-ER non-responders was similar 
to that of the responders, although the percent 
improvement in walking speed was substantially 

Table 1. Demographic and disease characteristics of the MS population in the safety extension studies.

Variable MS-F203EXT (n = 269) MS-F204EXT (n = 214)

Age, mean ± SD (years) 52.1 ± 8.8 52.0 ± 9.6

Gender, n (%)

 Female 182 (67.7) 144 (67.3)

 Male 87 (32.3) 70 (32.7)

Race, n (%)

 White 251 (93.3) 201 (93.9)

 Black or African American 11 (4.1) 8 (3.7)

 Hispanic 3 (1.1) 0

 Other 4 (1.5) 1 (0.5)

 Missing 0 4 (1.9)

MS type, n (%)

 Relapsing–remitting 76 (28.3) 74 (34.6)

 Primary progressive 39 (14.5) 24 (11.2)

 Secondary progressive 142 (52.8) 107 (50.0)

 Progressive relapsing 10 (3.7) 9 (4.2)

Disease duration, mean ± SD (months)a 170.0 ± 101.0 170.4 ± 110.4

EDSS score

 Mean ± SDb 5.8 ± 1.1 5.6 ± 1.1
 Median (range) 6.0 (1.5–7.0) 6.0 (2.0–7.0)

aFor MS-F203EXT, n = 267.
bFor MS-F203EXT, n = 268; for MS-F204EXT, n = 213.
EDSS: Expanded Disability Status Scale; MS: multiple sclerosis; SD: standard deviation.



Multiple Sclerosis Journal 21(10)

1326 http://msj.sagepub.com

lower than for responders. The 6–8% improvement in 
walking speed seen at the end of the double-blind 
phase was lost after treatment discontinuation, but 
returned upon re-initiation of open-label dalfampri-
dine-ER. Although patient retention in the LTEs was 
generally greater among the dalfampridine-ER 
responders of the parent studies, relative to non-
responders, the retention rates were high even among 
the non-responders: 62.0% and 53.9% in 
MS-F203EXT, and 73.5% and 68.3% in MS-F204EXT 
for responders and non-responders, respectively. For 
the placebo-treated patients in the parent studies, the 
LTE retention rates were 58.8% and 65.7% in 
MS-F203EXT and MS-F204EXT, respectively.

When patients from the placebo group in the double-
blind phase were initiated on dalfampridine-ER in 
the LTE, the average percent change in walking 
speed at the 2-week assessment was 14.7% in 
MS-F203EXT and 21.7% in MS-F204EXT. This 
change was substantially higher than during the dou-
ble-blind period, which had been 5.2% and 9.7% in 
each parent study, respectively. The magnitude of 
these observed improvements was between that of 

the responders (21.2% in MS-F203EXT and 28.0% 
in MS-F204EXT) and non-responders (6.9% and 
9.5% in MS-F203EXT and MS-F204EXT, respec-
tively). Relative to the dalfampridine-ER non-
responders during the double-blind phase, 
improvements in walking speed over the duration of 
the LTEs were generally sustained among dalfampr-
idine-ER responders, as well as the patients treated 
with placebo in the parent trials.

Changes over time in group mean data could be sig-
nificantly influenced by missing data from patients 
whom discontinued the study. Therefore, Figure 3 
presents walking speed data only for those patients 
with continuous participation, i.e. whom had a walk-
ing speed assessment at approximately 2 years after 
initiation of the parent study. In both MS-F203EXT 
(Figure 3(a)) and MS-F204EXT (Figure 3(b)), walk-
ing speed remained higher among the patients classi-
fied as dalfampridine-ER responders, compared with 
non-responders. The placebo group in the double-
blind studies, consisting of both responders and non-
responders, showed mean improvements in walking 
speed during the LTE that consistently remained 

Table 2. Demographic and disease characteristics of the safety extension study populations, stratified by patients whom completed or 
discontinued the extension studies.

Variable MS-F203EXT MS-F204EXT

 Completed  
(n = 154)

Discontinued 
(n = 115)

Completed  
(n = 146)

Discontinued 
(n = 68)

Age, mean ± SD (years) 51.6 ± 8.5 52.8 ± 9.1 52.6 ± 9.4 50.6 ± 10.0

Gender, n (%)

 Female 102 (66.2) 80 (69.6) 107 (73.3)a 37 (54.4)

 Male 52 (33.8) 35 (30.4) 39 (26.7) 31 (45.6)

Race, n (%)

 White 144 (93.5) 107 (93.0) 140 (95.9) 61 (89.7)

 Black or African American 5 (3.3) 6 (5.2) 3 (2.1) 5 (7.4)

 Hispanic 2 (1.3) 1 (0.9) 0 0

 Other 3 (2.0) 1 (0.9) 1 (0.7) 0

 Missing 0 0 2 (1.4) 2 (2.9)

MS type, n (%)

 Relapsing–remitting 48 (31.2) 28 (24.4) 50 (34.3) 24 (35.3)

 Primary progressive 23 (14.9) 16 (13.9) 15 (10.3) 9 (13.2)

 Secondary progressive 77 (50.0) 65 (56.5) 72 (49.3) 35 (51.5)

 Progressive relapsing 4 (2.6) 6 (5.2) 9 (6.2) 0

Disease duration, mean ± SD (months) 173.5 ± 103.1 165.3 ± 98.4 172.2 ± 110.4 168.2 ± 112.3

EDSS score

 Mean ± SD 5.7 ± 1.2 5.9 ± 0.9 5.6 ± 1.1 5.6 ± 1.2
 Median (range) 6.0 (1.5–7.0) 6.0 (2.0–6.5) 6.0 (2.5–7.0) 6.0 (2.0–7.0)

aGender distribution was significantly different between those whom completed and those whom discontinued; p = 0.0078 (Fisher’s exact test).
EDSS: Expanded Disability Status Scale; MS: multiple sclerosis; SD: standard deviation.
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greater than those in the non-responders whom were 
in the dalfampridine-ER group in the parent studies.

Discussion
Results from these open-label LTE studies provided 
evidence for the long-term safety and tolerability of 
dalfampridine-ER, suggesting extended efficacy in 
the subset of patients whom responded to treatment in 
the double-blind trials.

The overall safety profile in the LTEs was consistent 
with that observed in the parent trials.9,10 Both LTEs 

showed that oral administration of dalfampridine-ER 
for up to 5 years was generally well tolerated by 
patients with MS, and no new safety signals emerged 
with long-term drug exposure. Although seizures 
were observed in four patients, one of whom was not 
on treatment at the time, the 0.8% seizure rate for the 
combined LTEs was similar to what was seen in the 
actively-treated and placebo groups in the parent tri-
als; and so it was within the range expected from the 
epidemiology of seizures in the MS population.12,13

Dalfampridine-ER efficacy results were consistent with 
the parent studies in that walking speed improvements 

Table 3. TEAEs occurring in ≥10% of MS patients during the extension studies.

Category/preferred term Incidence of TEAEs, n (%)

 MS-F203EXT (n = 269) MS-F204EXT (n = 214)

Any AE 264 (98.1) 205 (95.8)

AEs by severity

 Mild 16 (5.9) 29 (13.6)

 Moderate 137 (50.9) 120 (56.1)

 Severe 111 (41.3) 56 (26.2)

Any serious AE 94 (34.9) 39 (18.2)

Deaths 4 (1.5) 1 (0.5)

Discontinuation due to AEs 37 (13.8) 7 (3.3)

Urinary tract infection 112 (41.6) 75 (35.0)

Fall 107 (39.8) 88 (41.1)

MS relapse 87 (32.3) 61 (28.5)

Arthralgia 66 (24.5) 33 (15.4)

Edema, peripheral 53 (19.7) 37 (17.3)

Back pain 45 (16.7) 23 (10.7)

Asthenia 41 (15.2) —

Pain in extremity 53 (19.7) 29 (13.6)

Insomnia 40 (14.9) —

Upper respiratory tract infection 47 (17.5) 31 (14.5)

Fatigue 44 (16.4) 37 (17.3)

Contusion 31 (11.5) 30 (14.0)

Dizziness 28 (10.4) 24 (11.2)

Muscular weakness 35 (13.0) 38 (17.8)

Cystitis 28 (10.4) —

Nausea 40 (14.9) 27 (12.6)

Muscle spasms 34 (12.6) —

Muscle spasticity 42 (15.6) 29 (13.6)

Nasopharyngitis 37 (13.8) —

Diarrhea 28 (10.4) —

Depression 38 (14.1) —

Headache 28 (10.4) —

Constipation 27 (10.0) —
Balance disorder — 23 (10.7)

AEs: adverse events; MS: multiple sclerosis; TEAEs: treatment-emergent adverse events.
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among the timed walk responders returned upon re-ini-
tiation of treatment; and remained greater among those 
individuals whom were previously double-blind 
responders, relative to those whom were non-respond-
ers. The return of improvement as early as 2 weeks after 
re-initiation of treatment in the LTEs suggested that 
these effects have a relatively rapid onset after treatment 
initiation.

Of note, placebo-treated patients in the parent study 
would be expected to represent a mixture of responders 

and non-responders, when treated with dalfampridine-
ER in the LTE studies. These patients showed changes 
from baseline in walking speed with initial treatment in 
the LTE studies that were intermediate between the 
changes seen in the parent study dalfampridine-ER 
timed walk responder and non-responder groups. Mean 
changes from baseline became more similar between 
the original placebo patients and timed walk respond-
ers, over the course of 2 years of treatment; and the 
difference from the original non-responder group, 
while still present, was somewhat less. This pattern 
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F203EXT; (b) study MS-F204EXT. Time 0 represents the ‘Screening visit’ of the parent study; after which the double-
blind phases lasted 21 weeks and 14 weeks in the two parent studies, respectively. The off-treatment periods after 14 and 
21 weeks in (a) and (b), respectively, reflect the safety follow-up to the parent trials, prior to initiation of the long-term 
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may indicate that responder status may change in either 
direction over longer periods of time. This possibility 
could only be investigated effectively with a long-term 
placebo-controlled study.

The overall decline in walking speed that was observed 
over the course of the LTEs is consistent with the natu-
ral history of MS: These studies showed a rate of decline 
similar to that previously observed over 2 years, in a 
longitudinal study of disease progression.14 Since the 
pattern of decline was similar in the dalfampridine-ER 
responders and non-responders, it is unlikely that this 
reflects a decline in the response to the medication.

Although the group who were dalfampridine-ER 
responders in the double-blind trials had a higher rate 
of retention in the extension phase, patient retention in 
both LTE studies was higher than expected, based on 
the proportion of patients whom were dalfampridine-
ER responders in the parent trials. While the reasons 
for patients who were not responsive on walking meas-
ures to remain in the trial are not known, we suggest 
that other factors not readily captured by objective 
assessment may have also contributed to retention. 
Such factors may include: Patients’ perceptions of 
improvement, improvements in domains not measured 
in the trials, or variables generic to participation in 
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DNR: dalfampridine-ER non-responder; DR: dalfampridine-ER responder; ER: extended release; EXT: extension study; MS: multiple 
sclerosis; PBO: placebo



Multiple Sclerosis Journal 21(10)

1330 http://msj.sagepub.com

clinical trials and not associated with any specific drug 
effect. Of note, the demographic and clinical character-
istics were similar between those whom completed the 
studies and those whom discontinued, except for a sig-
nificantly higher proportion of female subjects whom 
completed MS-F204 EXT, which is not likely to be 
clinically relevant.

These results should be interpreted within the context of 
the studies’ limitations, which are those generally asso-
ciated with open-label LTEs: Lack of a placebo group, 
enrollment of patients from clinical trials that have spe-
cific inclusion and exclusion criteria, and the fact that 
patients completing the study generally represent a self-
selected population of those whom tolerate the drug and 
may be more likely to have perceived a benefit. On the 
other hand, patients may stay in a long-term study of 
this kind for reasons unrelated to specific treatment, 
including altruism and interest in supporting the efforts 
of their medical practitioners; thus, the results of these 
LTEs may not be generalizable to the treatment response 
nor treatment adherence in a real-world setting.

In summary, long-term safety and tolerability of dal-
fampridine-ER for up to 5 years in open-label exten-
sions of two Phase 3 clinical trials were consistent 
with observations in the parent trials: No new safety 
signals were detected. Efficacy with regard to 
improvement in walking speed was maintained in the 
subset of patients whom were dalfampridine-ER 
responders in the parent studies, relative to the dal-
fampridine-ER non-responders. An overall decline in 
walking speed was observed over the duration of the 
open-label extension studies, but this decrease likely 
represented natural MS disease progression.15
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