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Background: Dalfampridine extended-release (ER) tablets, 10 mg twice daily, have been shown to improve 
walking in people with multiple sclerosis. We evaluated the safety and efficacy of dalfampridine-ER 5 mg 
compared with 10 mg.

Methods: Patients were randomized to double-blind treatment with twice-daily dalfampridine-ER tab-
lets, 5 mg (n = 144) or 10 mg (n = 143), or placebo (n = 143) for 4 weeks. Primary efficacy endpoint was 
change from baseline walking speed by the Timed 25-Foot Walk 3 to 4 hours after the last dose. At 40% of 
sites, 2-week change from baseline walking distance was measured by the 6-Minute Walk test. 

Results: At 4 weeks, walking speed changes from baseline were 0.363, 0.423, and 0.478 ft/s (placebo, 
dalfampridine-ER 5 mg, and dalfampridine-ER 10 mg, respectively [P = NS]). Post hoc analysis of average 
changes between pretreatment and on-treatment showed that relative to placebo, only dalfampridine-ER 
10 mg demonstrated a significant increase in walking speed (mean ± SE): 0.443 ± 0.042 ft/s versus 0.303 
± 0.038 ft/s (P = .014). Improvement in 6-Minute Walk distance was significantly greater with dalfam-
pridine-ER 10 mg (128.6 ft, P = .014) but not with 5 mg (76.8 ft, P = .308) relative to placebo (41.7 ft). 
Adverse events were consistent with previous studies. No seizures were reported.

Conclusions: Dalfampridine-ER 5 and 10 mg twice daily did not demonstrate efficacy on the planned 
endpoint. Post hoc analyses demonstrated significant increases in walking speed relative to placebo with 
dalfampridine-ER 10 mg. No new safety signals were observed. Int J MS Care. 2015;17:138–145.

Dalfampridine (Ampyra; Acorda Therapeutics 
Inc, Ardsley, NY) extended-release (ER) tab-
lets, 10 mg twice daily (known as prolonged-

release fampridine in Europe and as fampridine modi-
fied- or sustained-release elsewhere), have been shown 
to improve walking in people with multiple sclerosis 
(MS).1,2 In two phase 3 clinical trials, dalfampridine-ER 
resulted in a significantly greater proportion of patients 

who qualified as timed-walk responders relative to pla-
cebo: 35% versus 8% (P < .0001)1 and 42.9% versus 
9.3% (P < .0001).2 The response criterion was prospec-
tively defined as having a faster walking speed on the 
Timed 25-Foot Walk test (T25FW) for at least three of 
the four visits during the double-blind treatment period 
compared with the maximum speed for any of the five 
off-drug visits.
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approximately 12-hour intervals for 4 weeks. Random-
ization was assigned through a centralized interactive 
voice response system according to a computer-generat-
ed block randomization schedule. Active treatment and 
placebo tablets were identical in appearance, and placebo 
tablets contained the same inactive ingredients as the 
dalfampridine-ER tablets.

Outcomes
Assessment of the T25FW was performed at screen-

ing, randomization (visit 1), 2 weeks after treatment 
initiation (visit 2), and the end of treatment at 4 weeks 
(visit 3). The primary efficacy outcome was the change 
in walking speed from baseline using the T25FW 3 to 
4 hours after administration of the last dose of dalfam-
pridine-ER at week 4 (visit 3), which was a previously 
untested single endpoint analysis, different from the 
consistent response criterion that was used in the pivotal 
studies.1,2 Two T25FW evaluations were made at week 
4, the first approximately 12 hours after the previous 
dose and the second designed to correspond approxi-
mately to the time of peak steady-state plasma concen-
tration (CmaxSS)

7 after a dose taken in the clinic. Given 
that this was a postmarketing commitment to explore 
the relative effects of dalfampridine-ER doses versus 
placebo and the potential maintenance effect during the 
12-hour dosing interval, the study design, including the 
use of a single endpoint analysis as the primary efficacy 
outcome, was based on discussion and agreements with 
the US Food and Drug Administration.

Secondary efficacy endpoints assessed at visit 3 
included the change from baseline in walking speed 
at the approximate time of the minimum steady-state 
plasma concentration (CminSS) and the change from base-
line on the 12-item Multiple Sclerosis Walking Scale 
(MSWS-12). The MSWS-12, consisting of 12 questions 
with Likert-type responses, is a disease-specific, patient-
reported outcome that evaluates the impact of MS on 
walking.8 The MSWS-12 has a recall period of 2 weeks 
and a range in score from 12 to 60 that is converted 
for convenience to a scale from 0 to 100, with higher 
scores indicating greater impact of disease on walking; 
estimates suggest that the minimal clinically important 
difference on the MSWS-12 is 6.2 points.9

Walking distance was also evaluated at visit 2 (2 
weeks after treatment initiation) using the 6-Minute 
Walk (6MW) test10 as a prespecified secondary endpoint 
for the 26 sites that had the capability of performing this 
test of the 65 sites at which the study was conducted. 

In both trials, dalfampridine-ER had a favorable 
tolerability and safety profile at the recommended thera-
peutic dosing regimen,1,2 although a dose-dependent 
increase in the risk of seizure has been observed at higher 
doses.3 Postmarketing safety data for 1 and 2 years sug-
gested a safety profile in clinical practice similar to that 
observed in the clinical trials.4,5 As part of the postmar-
keting commitment, evaluation of the efficacy and safety 
of a lower 5-mg dose of dalfampridine-ER tablets was 
required. The purpose of the present study was to evalu-
ate the efficacy and tolerability of dalfampridine-ER 5 
mg twice daily.

Methods

Study Design and Participants
This randomized, placebo-controlled, double-blind, 

three-arm, parallel-group study was performed between 
April 7, 2011, and April 30, 2012, at 65 sites in the 
United States. Key inclusion criteria were age 18 to 70 
years, a clinical diagnosis of MS defined by the 2005 
revision of the McDonald criteria,6 and the presence 
of MS-related walking impairment, as determined by 
the clinician, but with sufficient ambulatory ability to 
complete all evaluations of the T25FW. Patients who 
had previously taken any formulation of dalfampridine-
ER were also required to have been withdrawn from the 
drug for at least 1 month before screening, and women 
of childbearing potential were required to use adequate 
contraception during the study. Pregnant or lactating 
women were excluded from the study, and other key 
exclusion criteria included a history of seizures; the pres-
ence or history of moderate or severe renal impairment, 
defined by a calculated creatinine clearance of 50 mL/
min or less; the presence of an active urinary tract infec-
tion at screening or within 4 weeks before screening; 
initiation of an MS disease-modifying therapy within 
90 days before screening or a change in regimen of these 
drugs within 30 days before screening; and onset of an 
MS exacerbation within 60 days before screening.

The study was performed in accordance with the 
revised Declaration of Helsinki. The protocol was 
approved by the appropriate institutional review boards 
or independent ethics committees, and all patients pro-
vided written informed consent.

Treatments
After a 1-week screening period, patients were ran-

domized equally to treatment with oral dalfampridine-
ER 5 or 10 mg or placebo to be taken twice daily at 
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the study visits rather than single measures at baseline 
and at the end of treatment.1,2 This analysis combined 
all T25FW assessments before treatment by averaging 
screening and visit 1 as the baseline and all on-treatment 
assessments (visits 2 and 3) as the on-drug value, and 
it compared the change from baseline and percentage 
change from baseline in walking speed between dalfam-
pridine-ER and placebo. The proportions of patients 
achieving an average improvement in walking speed of 
at least 20% from baseline were also compared between 
treatments using the Cochran-Mantel-Haenszel test; a 
20% change in walking speed is considered clinically 
relevant.12-14

Results

Disposition and Baseline Characteristics
Of the 429 patients who were randomized and took 

at least one dose of study drug, 31 withdrew from the 
study: 10 (7.0%) in the placebo group, 6 (4.2%) in the 
dalfampridine-ER 5-mg group, and 15 (10.5%) in the 
dalfampridine-ER 10-mg group (Figure 1). Adverse 
events were the most common reason for withdrawal 
across all groups: 5 (3.5%), 3 (2.1%), and 14 (9.8%) 
in the placebo, dalfampridine-ER 5-mg, and dalfampri-
dine-ER 10-mg groups, respectively.

The demographic and clinical characteristics were 
balanced across treatments (Table 1). Overall, the popu-

The 6MW test measures the distance that an individ-
ual can walk on a flat, hard surface during a 6-minute 
period. For the purpose of the study, the 6MW test was 
administered using a straight 100-ft hallway. The start-
ing line and turnaround points were clearly marked, 
and the 6MW test was administered using the protocol 
modified for MS, which instructs patients to walk as far 
and as fast as possible back and forth in a hallway for 6 
minutes without rest or encouragement.11

Safety was evaluated based on the incidence of treat-
ment-emergent adverse events (TEAEs) and on findings 
from physical examination, vital sign measurements, 
12-lead electrocardiography, and clinical laboratory  
testing.

Statistical Analysis
This study was powered to detect differences between 

dalfampridine-ER 10 mg and placebo on change from 
baseline in walking speed at CmaxSS. A sample size of 
135 patients in each group was expected to provide 
approximately 90% power to detect a difference of 
0.16 ft/s between dalfampridine-ER 10 mg twice daily 
and placebo. This determination was based on previ-
ously observed differences between dalfampridine-ER 
10 mg twice daily and placebo and used an assumed 
standard deviation of 0.40 ft/s. To maintain an α ≤ .05, 
a hierarchical analysis was performed using a step-down 
sequential testing procedure that permitted subsequent 
comparisons only if the previ-
ous comparison demonstrated 
statistical significance.

Treatment effects for the pri-
mary endpoint were compared 
using analysis of variance, with 
terms for treatment and base-
line, for the full-analysis popula-
tion, defined as all randomized 
patients who took at least one 
dose of double-blind treatment 
and who had a baseline and at 
least one postbaseline T25FW 
assessment. The 6MW test was 
also analyzed using analysis of 
variance.

The T25FW data were also 
analyzed post hoc in a manner 
with similarities to the analyses 
used in the pivotal studies in 
that it considered data from all 
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Figure 1. Patient disposition 
Safety was analyzed for all patients who took at least one dose of double-blind treatment, 
and the analyzed population for efficacy analysis represents a modified intention-to-treat 
population that included all randomized patients who took at least one dose of double-
blind treatment and who had baseline and at least one postbaseline assessment of the 
Timed 25-Foot Walk. ER, extended release.
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cebo, 0.363 ft/s; dalfampridine-ER 5 mg, 0.423 ft/s (P 
= .457); and dalfampridine-ER 10 mg, 0.478 ft/s (P = 
.107) (Figure 2).

Similarly, for the key secondary endpoints of change 
from baseline at visit 3 (end of treatment at 4 weeks) in 
walking speed at CminSS and the MSWS-12 scores, no 
significant differences relative to placebo were observed 
for either of the dalfampridine-ER doses (Figure 3).

In the post hoc analysis, the mean ± SE change 
from baseline in walking speed averaged over all visit 
measurements with dalfampridine-ER 10 mg (0.443 
± 0.042 ft/s) was greater than the change with placebo 
(0.303 ± 0.038 ft/s, nominal P = .014), but the dif-
ference observed between placebo and dalfampridine-
ER 5 mg was small and without nominal significance 
(0.336 ft/s, P = .292) (Figure 4A). Similarly, only for 
dalfampridine-ER 10 mg was the mean percentage 
change from baseline in walking speed different from 
that for placebo (19.9% vs. 12.8%, nominal P = .010)  
(Figure 4B).

Relative to the placebo group, the proportion of 
patients achieving at least 20% improvement from base-
line in average walking speed was significantly greater in 
the dalfampridine-ER 10-mg group (44.1% vs. 27.2%, 
nominal P = .004) but not in the dalfampridine-ER 
5-mg group (32.2% vs. 27.2%, nominal P = .366) 
(Figure 5A). In all patients who achieved at least 20% 

lation was primarily white (80.2%) and female (69.9%) 
and had relapsing-remitting MS (73.2%). The mean ± 
SD age of the study cohort was 52.6 ± 9.5 years, with 
a mean ± SD Expanded Disability Status Scale (EDSS) 
score of 4.8 ± 1.5 and a mean baseline walking speed of 
2.75 ft/s.

Efficacy
In the full-analysis population, 136 patients were 

included in the placebo group, 143 in the dalfampri-
dine-ER 5-mg group, and 136 in the 10-mg group. 
One patient was randomized to receive dalfampridine-
ER 10 mg but received placebo instead; following the 
intention-to-treat principle, this patient was classified in 
the dalfampridine-ER 10-mg group for efficacy analyses.

For the primary endpoint, no significant differences 
were observed between placebo and active treatment 
for the changes from baseline in walking speed: pla-

Table 1. Demographic and clinical 
characteristics of the treatment groups at 
baseline

Characteristic
Placebo 

(n = 142)

Dalfampridine-ER

5 mg 
(n = 144)

10 mg 
(n = 143)

Sex, No. (%)
    Male 42 (29.6) 42 (29.2) 45 (31.5)
    Female 100 (70.4) 102 (70.8) 98 (68.5)
Age, mean ± SD, y 52.2 ± 9.9 52.2 ± 9.3 53.4 ± 9.5
Race, No. (%)
    Asian 1 (0.7) 1 (0.7) 1 (0.7)
    White 117 (82.4) 113 (78.5) 114 (79.7)
    African American 22 (15.5) 27 (18.8) 24 (16.8)
    Other 2 (1.4) 3 (2.1) 4 (2.8)
BMI, mean ± SD 28.3 ± 7.1 28.3 ± 6.6 29.1 ± 5.8
MS diagnosis type, 
No. (%)
    Relapsing-remitting 103 (72.5) 104 (72.2) 107 (74.8)
    Secondary progressive 23 (16.2) 19 (13.2) 21 (14.7)
    Primary progressive 12 (8.5) 17 (11.8) 11 (7.7)
    Progressive relapsing 4 (2.8) 4 (2.8) 4 (2.8)
Disease duration, 
mean ± SD, y

13.0 ± 9.5 11.3 ± 8.5 12.1 ± 9.0

EDSS score, mean ± SD 4.8 ± 1.6 4.8 ± 1.5 4.7 ± 1.5
Walking speed, 
mean ± SD, ft/s

2.78 ± 1.16 2.65 ± 1.02 2.84 ± 1.21

MSWS-12 score, 
mean ± SD

60.7 ± 
25.1

64.92 ± 
21.7

61.29 ± 
25.7

Walking distance, 
mean ± SD (No.), ft

860.9 ± 
428.6 (49)

841.5 ± 
328.5 (53)

842.6 ± 
322.9 (51)

Abbreviations: BMI, body-mass index (calculated as weight in 
kilograms divided by height in meters squared); EDSS, Expanded 
Disability Status Scale; ER, extended release; MS, multiple sclerosis; 
MSWS-12, 12-item Multiple Sclerosis Walking Scale.
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Figure 2. Primary efficacy endpoint: change 
from baseline in walking speed 3 to 4 hours 
after administration of the last dose at visit 
3 (4 weeks) 
The timing of the Timed 25-Foot Walk evaluation was designed 
to correspond approximately to the peak steady-state plasma 
concentration of dalfampridine. ER, extended release.
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Safety
In the safety population, 143 patients were included 

in the placebo group, 144 in the dalfampridine-ER 
5-mg group, and 142 in the dalfampridine-ER 10-mg 
group. One patient was randomized to receive dalfam-
pridine-ER 10 mg but received placebo instead; this 
patient was classified in the placebo group for safety 
analyses.

The incidence of TEAEs was similar among the treat-
ment groups (Table 2), and these events were generally 
mild or moderate in severity. No seizures were reported, 
and there were no deaths. Six serious TEAEs occurred in 
four patients, including a breast abscess with associated 

improvement in walking speed regardless of treatment 
allocation, the mean change from baseline in MSWS-12 
score was greater than that in patients whose change in 
walking speed was less than 20% (−15.8 vs. −6.6, nomi-
nal P < .001) (Figure 5B).

The change from baseline in walking distance on the 
6MW test at 2 weeks was approximately three times 
greater with dalfampridine-ER 10 mg relative to pla-
cebo (128.6 ft vs. 41.7 ft, nominal P = .014) (Figure 
6). Although the change from baseline with the dalfam-
pridine-ER 5-mg dose (76.8 ft) was greater than that 
with placebo, it did not achieve nominal significance  
(P = .308).
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treated patients were dizziness, insomnia, and headache 
(Table 2).

There were no clinically meaningful changes in vital 
signs by treatment group and no treatment differences 
by type or frequency of abnormal vital sign values.

Discussion
Using a previously untested endpoint that was 

required as part of a postmarketing commitment to eval-
uate dalfampridine-ER 5 and 10 mg relative to placebo, 
neither of the dalfampridine-ER doses demonstrated 
efficacy that was statistically significant. This endpoint 
was a single-point assessment of walking speed relative to 
baseline to evaluate the effects at the time of CmaxSS.

Because a single assessment typically has higher vari-
ability than an assessment averaged over multiple time 
points, the study was powered based on a sample size 
estimate derived from single-time-point data from previ-
ous studies. However, the variability at CmaxSS was higher 
than was seen in previous data, perhaps because of the 
long duration and complexity of procedures at visit 3 
related to the need to measure, 3 to 4 hours apart, walk-
ing speeds at CminSS and CmaxSS.

The endpoint selected for the pivotal trials was 
designed to reduce the effect of variability in individual 
measurements of the T25FW by using an a priori con-
sistent response analysis that incorporated data from 
all on-treatment and off-treatment visits.1,2 A post hoc 

cellulitis, and a case of urosepsis in the dalfampridine-
ER 5 mg group, and in the dalfampridine-ER 10 mg 
group, vertigo and a loss of consciousness (syncope) in 
one patient 4 days after drug discontinuation, and ovar-
ian adenoma in another patient. The vertigo and loss of 
consciousness and the case of urosepsis were deemed by 
the investigators as possibly related to treatment.

The most common TEAEs leading to withdrawal 
were those related to gastrointestinal and musculo-
skeletal disorders, and they were more frequent with 
dalfampridine-ER; the highest rate of TEAE-related 
withdrawals was in the dalfampridine-ER 10-mg group 
(9.9%). The most frequent TEAEs in dalfampridine-
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In addition to the primary endpoint and the short 
duration, the present study was different from the piv-
otal clinical trials with respect to several other character-
istics, including lack of requirement for a minimum or 
maximum time on the T25FW test at screening. Hence, 
the range of walking speed was wider and the baseline 

analysis of the present study, which was more consis-
tent with the method of analysis in the pivotal studies, 
showed that only the 10-mg dose demonstrated a sig-
nificant effect on walking speed compared with placebo. 
Because of the limited number of visits in this study and 
its short duration, it was not possible to replicate the 
response analysis used in the pivotal studies. Neverthe-
less, using the post hoc criterion of average improvement 
in walking speed of at least 20% from baseline, which is 
considered clinically relevant,12-14 significant effects rela-
tive to placebo were observed for the 10-mg group (P = 
.004) but not for the 5-mg group (P = .366).

The clinical relevance of the 20% threshold was fur-
ther supported in the present study by the observations 
that the average change from baseline in MSWS-12 
score was significantly greater in those who achieved 
at least 20% improvement in walking speed relative to 
those with a change in walking speed less than 20% 
and that this difference comfortably exceeded estimates 
of the minimal clinically important difference for the 
MSWS-12 score.9

Table 2. Summary of treatment-emergent adverse events (TEAEs)

Adverse event

Incidence, No. (%)

Placebo 
(n = 143)

Dalfampridine-ER

5 mg 
(n = 144)

10 mg 
(n = 142)

All 
(n = 286)

Any TEAE 77 (53.8) 80 (55.6) 84 (59.2) 164 (57.3)
Treatment-related TEAEs 27 (18.9) 32 (22.2) 40 (28.2) 72 (25.2)
TEAEs by maximum severity
    Mild 37 (25.9) 45 (31.3) 41 (28.9) 86 (30.1)
    Moderate 28 (19.6) 27 (18.8) 33 (23.2) 60 (21.0)
    Severe 12 (8.4) 8 (5.6) 10 (7.0) 18 (6.3)
TEAEs leading to withdrawal 5 (3.5) 3 (2.1) 14 (9.9) 17 (5.9)
Serious TEAEs 0 2 (1.4) 2 (1.4) 4 (1.4)
Deaths 0 0 0 0
Most common treatment-related TEAEsa

    Diarrhea 3 (2.1) 0 1 (0.7) 1 (0.3)
    Dyspepsia 1 (0.7) 4 (2.8) 0 4 (1.4)
    Nausea 3 (2.1) 4 (2.8) 8 (5.6) 12 (4.2)
    Urinary tract infectionb 3 (2.1) 4 (2.8) 5 (3.5) 9 (3.1)
    Decreased appetite 1 (0.7) 0 3 (2.1) 3 (1.0)
    Pain in extremity 2 (1.4) 0 3 (2.1) 3 (1.0)
    Balance disorder 4 (2.8) 2 (1.4) 1 (0.7) 3 (1.0)
    Dizziness 2 (1.4) 5 (3.5) 11 (7.7) 16 (5.6)
    Headache 7 (4.9) 6 (4.2) 9 (6.3) 15 (5.2)
    Paresthesia 1 (0.7) 1 (0.7) 5 (3.5) 6 (2.1)
    Insomnia 3 (2.1) 7 (4.9) 9 (6.3) 16 (5.6)

Abbreviation: ER, extended release.
aOccurring in at least two patients for preferred term.
bReported as symptomatic urinary tract infections.

PracticePoints
•	Dalfampridine extended-release (ER) tablets, 10 

mg twice daily, are indicated to improve walking 
in people with MS.

•	This study provides evidence that dalfampridine-
ER tablets, 5 mg twice daily, are not effective for 
improving walking in patients with MS.

•	Although dalfampridine-ER 5 and 10 mg twice 
daily did not demonstrate efficacy using the new 
primary endpoint selected for this trial, addi-
tional analyses with similarities to those used in 
previous pivotal trials showed that dalfampridine-
ER 10 mg twice daily seems to be the minimally 
effective dose for improvement of walking.



International Journal of MS Care
145

Dalfampridine Extended Release 5 and 10 mg in MS

Care. Dr. Goldman has received research support from Biogen Idec, 
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average walking speed for all groups was slightly faster 
than in previous dalfampridine studies.

Treatment with dalfampridine-ER 10 mg also 
improved walking distance relative to placebo in the 
subset of patients assessed using the 6MW test (128.6 
ft vs. 41.7 ft, nominal P = .014). These results, which 
mark the first time that dalfampridine-ER has been 
evaluated using a long-distance walk test, suggest that 
a measure of sustained physical activity and endurance 
(ie, the 6MW test) may be a more sensitive measure 
for assessing improvement in walking impairment than 
one of a shorter duration of physical activity, such as the 
T25FW test. The data also support the 6MW test as a 
more appropriate measure for use in patients with lower 
levels of disability, as has previously been suggested.11

No new safety signals were observed, and, overall, 
TEAEs were consistent with what has been observed 
in previous controlled trials and in postmarketing  
surveillance.1,2,4,5

In conclusion, this study provides evidence that 
dalfampridine-ER tablets, 5 mg twice daily, are not 
effective for improving walking in patients with MS. 
Although the primary endpoint of this study was not 
achieved, additional analyses with similarities to those 
used in previous trials showed that dalfampridine-ER 10 
mg twice daily seems to be the minimally effective dose 
for improvement of walking. Post hoc analyses indicated 
improvements in walking speed and walking distance at 
this dose with a tolerability profile that was consistent 
with previous reports; there was no support in these 
analyses for efficacy of the 5-mg dose. o
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