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Abstract: Walking impairment is a clinical hallmark of multiple sclerosis (MS) that has been 

under-recognized as a therapeutic target for pharmacologic intervention. The development and 

approval of dalfampridine extended release tablets (dalfampridine-ER; known as prolonged-, 

modified, or sustained-release fampridine outside the USA), 10 mg taken twice daily, to improve 

walking in patients with MS, fills a previously unmet need. In three randomized, double-blind, 

placebo-controlled trials, dalfampridine-ER improved walking speed in approximately one-

third (37%) of treated patients, and average walking speed on therapy among these responders 

improved by approximately 25% relative to baseline. Walking-speed improvement among 

responders was clinically significant, as determined by a statistically significant improvement 

in the patient-reported 12-item Multiple Sclerosis Walking Scale. Long-term extension studies 

indicate that responders were able to maintain benefits, compared with nonresponders over pro-

longed periods of treatment. Dalfampridine-ER was generally well tolerated. Dizziness, insomnia, 

balance disorder, headache, nausea, urinary tract infection, and asthenia were the most common 

adverse events. Although the incidence of seizures appeared to be dose related, among patients 

treated with dalfampridine-ER in the three trials, the rate of seizures was 0.25%. These efficacy 

and safety data suggest that dalfampridine-ER can be a useful and clinically relevant addition 

to the pharmacologic armamentarium for the management of MS symptoms and disabilities. 

Because of its narrow therapeutic index and potential for seizures, it is especially important in 

the clinical setting to adhere to the dosing recommended in the approved labels.
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Introduction
Multiple sclerosis (MS) is a chronic disease with onset usually occurring by the fourth 

decade of life and a progressive course of disability over a generally normal life 

expectancy. As of 2011, the estimated prevalence was approximately 400,000 individuals 

in the USA and more than 2.5 million worldwide.1 Because of its early onset and long 

duration, it is associated with a disproportionate socioeconomic burden, relative to 

more common medical conditions, which has been estimated to exceed US$2 million 

over the lifetime of an individual.2 This burden is related to the direct medical costs 

associated with long-term management and to indirect and intangible costs resulting 

from the impairment of function, which has a substantial impact on patients’ daily 

lives. In particular, this impact includes a lower quality of life relative to the general 

population;3,4 reduced productivity and earnings,5 which have been suggested as 
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the greatest contributing factors to the societal burden of 

MS;3,4 and the need for adaptive equipment in the home or 

workplace, as well as formal and informal care.2 Importantly, 

this caregiving is itself associated with a caregiver burden, 

the magnitude of which may be dependent on the specific 

symptoms present in the patient with MS.6–8

The pathophysiology of MS is characterized by 

inflammatory demyelination and degeneration of axons within 

the central nervous system.9–11 Current MS management 

strategies rely on immunomodulatory drugs that target 

inflammatory processes with the goal of reducing relapses 

and delaying disability progression. Demyelination is a well-

recognized pathologic characteristic of MS that is responsible 

for a delay or blocking of action-potential conduction that 

produces much of the neurologic deficits and disabilities 

characteristic of MS, including walking impairment.10,12,13

Among the disabilities associated with MS, walking 

impairment is a hallmark symptom that is also important 

from the perspective of clinical diagnosis, since it serves 

as a primary indicator of disease progression, as generally 

measured by the Expanded Disability Status Scale (EDSS) 

and the Multiple Sclerosis Functional Composite (MSFC).14,15 

The EDSS is a clinician-rated scale that ranges from 0, 

representing a normal neurologic exam, to 10, representing 

death due to MS;14 the MSFC enables clinical assessment 

of disability based on measurement of walking speed, arm 

dexterity, and cognitive function.15

In addition to the clinical perspective, walking impairment 

is highly relevant from the patient’s perspective, since it 

affects mobility, function, independence, and quality of 

life.5,16–18 In a study by Heesen et al,19 lower-limb function 

was ranked of highest importance among 13 bodily functions 

by the greatest proportion of patients regardless of level of 

disability and disease duration. Additionally, in a survey of 

1011 individuals with MS, 70% of those who experienced 

difficulty walking reported that it was the biggest challenge 

associated with their disease.18

Although a longitudinal study estimated that the probabil-

ity of requiring walking assistance 15 years after diagnosis 

was approximately 40% and of requiring a wheelchair 25%,20 

walking impairment is evident early in the disease process, 

often with concomitant balance impairment.21 Even among 

patients with otherwise low levels of disability, walking 

impairment was manifested as reductions in both speed and 

distance relative to healthy controls among patients with 

EDSS scores as low as 0–2.5.22 More recently, in a survey 

of 436 patients with MS from the United Kingdom, France, 

Germany, Sweden, Spain, and Canada, almost half the 

patients (45%) reported experiencing mobility difficulties 

within a month of diagnosis, and 93% of patients reported 

difficulties within 10 years.23

For many of the symptoms and disabilities present 

in patients with MS, pharmacologic therapies have been 

available and are recommended as part of a comprehensive 

approach to disease management.24–27 While assistive devices 

and various forms of physical therapy have been used to 

ameliorate the effects of walking impairment, only recently 

has the first pharmacologic therapy specifically targeting this 

disability become available. In January 2010, dalfampridine 

extended release tablets (dalfampridine-ER [AMPYRA®]; 

prolonged-, modified, or sustained-release fampridine 

[FAMPYRA®] in some countries), 10 mg to be administered 

twice daily approximately 12 hours apart, were approved by 

the US Food and Drug Administration.28 This was the first 

drug indicated to improve walking in patients with MS. It is 

available outside the US, where it is known by its previous 

US-adopted name and current international nonproprietary 

name, fampridine.29,30

Dalfampridine-ER
Development
Dalfampridine-ER, chemically 4-aminopyridine (4-AP), 

is a broad-spectrum potassium channel blocker that has 

been used as an in vitro research tool in electrophysiologic 

studies and for characterizing the structure and function of 

potassium channels. Its putative mechanism of action in MS 

is the restoration of conduction via blockade of the potassium 

channels that become exposed during demyelination;31 this 

restoration of conduction is mainly a result of its ability to 

enhance the propagation of the impulses across demyelinated 

axonal segments.32,33

Formal clinical development of dalfampridine-ER for 

walking impairment was pursued based on early studies of 

intravenous or immediate-release oral formulations that sug-

gested benefits in motor function in patients with MS.34–36 

These effects were confirmed in a small study (N = 10) 

using a sustained-release formulation that showed significant 

improvements in gait speed relative to placebo.37 The need for 

an extended release formulation was based on the narrow thera-

peutic range and relatively short half-life of dalfampridine.

Pharmacokinetic characteristics
An excretion-balance study demonstrated that elimination 

of an orally administered solution of 15 mg 14C-radiolabeled 

4-AP was rapid and complete, with recovery of 96.4% in 

urine by 24 hours, primarily as unchanged compound, and 
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only 0.5% recovered in feces.38 However, immediate-release 

formulations are characterized by rapid and high peak-serum 

levels associated with an increased risk of adverse events 

(AEs).39,40 The goal of developing the extended release 

tablets was to optimize the pharmacokinetic characteristics 

by maintaining therapeutic exposure while reducing the 

maximum plasma concentration (C
max

) and increasing the 

time to C
max

 (t
max

). As shown in Table 1, administration of 

the immediate-release oral formulation at a therapeutic dose 

of 10 mg is rapidly absorbed with a t
max

 of 1.0–1.2 hours 

in healthy volunteers and a C
max

 of 46.4 ± 9.7 ng/mL.41 

In contrast, 10 mg tablets of dalfampridine-ER result in a 

C
max

 that is approximately half that of the immediate-release 

formulation, with a t
max

 and apparent half-life (t
½
) that are 

both twice that of immediate release and are comparable 

in healthy volunteers and in patients with MS (Table 1).42,43 

Similar pharmacokinetics were observed under steady-state 

conditions:  dalfampridine-ER at 10 mg twice daily resulted 

in a t
max

 of 3.9 hours, a C
max

 of 25.3 ng/mL, and an area under 

the curve (AUC) of 200 ng ⋅ h/mL.44 The pharmacokinetics of 

dalfampridine-ER were studied in healthy volunteers under 

fed and fasted  conditions. The differences between the fed and 

fasted states were found to be not clinically relevant based on 

geometric means of C
max

 (fed, 27.4 ng/mL; fasted 22.3 ng/mL) 

and AUC
0-∞ (fed, 244.1 ng ⋅ h/mL; fasted, 248.9 ng ⋅ h/mL). 

Although slowing the absorption phase by 23%, food had min-

imal influence on the extent of dalfampridine-ER absorption, 

suggesting administration without regard to food intake.45

The more favorable pharmacokinetic prof ile of 

 dalfampridine-ER is consistent with twice daily dosing, 

which provides an additional advantage over the four-times 

daily dosing that would be required with immediate release; 

less frequent dosing has been suggested to result not only in 

greater patient adherence,46,47 but also in improving outcomes 

and reducing costs.48

Phase II and Phase III clinical trials  
of dalfampridine-ER
Approval of dalfampridine-ER was based on pivotal clinical 

trials that demonstrated significant improvements relative to 

placebo in walking speed and patient-reported improvement 

of walking, and a generally favorable tolerability profile.49,50 

In these studies, walking speed was assessed using the Timed 

25-Foot Walk (T25FW), a component of the MSFC.51 The 

12-Item Multiple Sclerosis Walking Scale (MSWS-12)52 

was used to provide clinical relevance from the patient’s 

perspective; the MSWS-12 is a validated patient-reported 

measure that assesses the impact of MS on walking ability, 

with a higher score indicating greater difficulty walking.

In addition to the pivotal trials, dalfampridine-ER 10 mg 

twice daily was used in long-term, open-label extensions of 

the trials. Because it has been available on the US market 

since March 2010, postmarketing data have been collected 

on its safety and tolerability in the clinical-practice setting.

Dalfampridine-ER was evaluated in one Phase II 

(MS-F202) and two Phase III (MS-F203 and MS-F204) 

clinical trials, of which the Phase III trials represent the 

pivotal studies for the demonstration of tolerability and 

efficacy for walking improvement. Assessment of walking 

during the dalfampridine-ER clinical development program 

utilized the T25FW as the primary outcome measure. 

Although there are a variety of measures to assess walking 

and mobility in patients with MS,53 there exists a strong and 

clinically relevant rationale for use of the T25FW, including 

the observations that timed-walk speed correlates well with 

walking over longer distances and times.54 The T25FW is 

one of the three components of the MSFC, and has been 

found to be a valid and reliable measure over time, with 

negligible practice effects.55,56 The T25FW also shows a 

moderate-to-strong correlation with the EDSS across MS 

types and level of walking impairment,51,57 and a change of 

20% was identified as the minimum change that could be 

considered clinically meaningful.58–60 Furthermore, since the 

T25FW requires a minimum of time and space, this measure 

has been suggested to be practical in the clinical setting,53 

and it has subsequently been recommended as a preferred 

measure, since it adequately describes walking capacity in 

patients with MS.61

The Phase II trial was a multicenter, randomized, double-

blind, placebo-controlled, parallel-group dose-ranging study 

that evaluated the efficacy of 10, 15, and 20 mg dalfampridine-

ER twice daily in patients with MS (N = 206).62 The primary 

endpoint was percent change in walking speed on the T25FW. 

Although all three dalfampridine-ER dose groups showed 

Table 1 Mean (±standard deviation) single-dose pharmacokinetic 
parameters of immediate-release formulations of 4-aminopyridine 
(4-AP) and dalfampridine extended release 10 mg tablets

Pharmacokinetic 
parameter

Immediate-
release  
4-AP 10 mg 
(N = 6)41

Dalfampridine extended 
release 10 mg

Healthy 
volunteers 
(N = 5)42

Patients 
with MS 
(N = 24)43

tmax, h   1.2 ± 0.4   3.2 ± 1.5   3.9 ± 1.2
Cmax, ng/mL  46.4 ± 9.7  21.6 ± 3.89  25.2 ± 6.8
t1/2, h   3.7 ± 0.7   6.4 ± 1.31   5.6 ± 2.2
AUC0-∞, ng ⋅ h/mL 184.6 ± 24.0 284.8 ± 31.78 283.2 ± 88.2

Abbreviations: AUC, area under the curve; MS, multiple sclerosis.
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average increases in walking speed that were numerically 

greater than placebo, none of the differences was statisti-

cally significant.

In a post hoc analysis of these data, a subset of patients 

was identified in each dose group who had consistently faster 

walking speeds during treatment assessments relative to 

off-treatment assessments, with the additional observation 

that there were more of these responders in the pooled 

dalfampridine-ER group, compared with placebo (36.7% 

vs 8.5%; P , 0.05).62 Interestingly, no dose-response effect 

was observed; all doses used in the study resulted in a similar 

response rate (35.3%–38.6%). These responders demon-

strated a mean improvement of 25% to 29% in walking speed, 

exceeding the value of the 20% change that is considered 

clinically relevant.59,63–65

For this post hoc analysis, a responder was defined as 

a patient with a faster walking speed 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. This responder definition was subsequently used 

as a prospective criterion in the Phase III clinical trials.

The two pivotal Phase III trials prospectively incorporated 

the responder criterion into the primary efficacy endpoint, 

which was the percent of consistent timed-walk responders.49,50 

Both trials were of similar double-blind, placebo-controlled 

design, and evaluated the 10 mg twice daily dose relative 

to placebo over treatment periods of 14 weeks (MS-F203; 

N = 301, randomized) and 9 weeks (MS-F204; N = 239, 

randomized). In addition to the primary endpoint of 

objectively measured walking speed, the MSWS-12 was 

used to evaluate changes in walking from the patient’s 

perspective in order to establish the clinical meaningfulness 

of the response.

In both pivotal trials, the proportion of timed-walk 

responders in the dalfampridine-ER group was higher than 

in the placebo group. In addition to these objective improve-

ments, benefits in walking ability were achieved from the 

patient’s perspective among timed-walk responders in both 

studies, independent of treatment assignment. In MS-F203, 

the average change from baseline in MSWS-12 score during 

the treatment period was –6.84 (95% CI, –9.65 to –4.02) 

for timed-walk responders and 0.05 (95% CI, –1.48 to 

1.57) for nonresponders, independent of treatment assign-

ment (P = 0.0002). Comparable results were obtained in 

MS-F204; the average change from baseline was –6.04 

(95% CI, –9.57 to –2.52) for timed-walk responders 

and 0.85 (95% CI, –0.72 to 2.43) for nonresponders 

(P , 0.001).

The populations of the three clinical trials were generally 

similar among the studies, enabling pooling of populations 

to increase the discriminative power of the data and facilitate 

evaluation of responses based on demographic and clinical 

characteristics.66,67 The pooled population consisted of 

631 patients from the modified intent-to-treat (mITT) analysis 

populations from MS-F202, MS-F203, and MS-F204; 237 

were randomized to placebo and 394 to dalfampridine-ER 

10 mg. The mITT population was defined prospectively 

in each study as all randomized patients who received the 

double-blind investigational drug and who had had at least 

one efficacy assessment during the double-blind treatment 

period. Only patients in the placebo and dalfampridine-ER 

10 mg groups from the MS-F202 study were used in the 

pooled analysis. Discontinuations due to AEs were 3.7% 

and 2.1% from the dalfampridine-ER and placebo groups, 

respectively; there were no discontinuations due to lack of 

efficacy.

In the pooled population, the proportion of dalfampridine-

ER responders was significantly higher relative to placebo, 

37.3% versus 8.9% (P , 0.001), and these proportions were 

consistent with those observed in the individual clinical 

trials (Figure 1).66 Among the dalfampridine-ER responders, 

the average percent change in walking speed was 25.3%, 

compared with 5.8% in the placebo group (Figure 2).66 

The mean improvement in pooled walking speed observed 

with dalfampridine-ER consistently demonstrated clinical 

relevancy, since percent changes in the pooled populations 

were all greater than 20%, as was the mean improvement in 

the individual studies.

In an analysis to evaluate response rates stratified by 

demographic characteristics, consistency of response was 

observed across the pooled population when stratified by 

gender, race, age, and body mass index, as indicated by the 

interaction P values, which were all .0.100 (Figure 3).67 

Similarly, response rates among patients treated with 

dalfampridine-ER were independent of disease course 

(interaction P = 0.554) or duration (interaction P = 0.318; 

Figure 4). When stratified by baseline EDSS scores of 

#5.5, =6, $6.5, the proportion of dalfampridine-ER 

responders was similar among all strata, 36.1%, 35.7%, 

and 39.6%.67 Neither the use of immunomodulatory drugs 

nor the type of immunomodulatory drug appeared to have 

an effect on the dalfampridine-ER responder rate.67 The 

dalfampridine-ER responder rate among users of such 

therapies was 36.0%, and among nonusers was 39.8%. 

For patients using interferon beta, glatiramer acetate, or 

natalizumab, the dalfampridine-ER response rates were 
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Figure 2 Average percent change from baseline during the treatment period in walking speed among dalfampridine extended release (ER) responders relative to placebo 
group and dalfampridine-ER nonresponders in the pooled analysis and component studies (modified intent-to-treat population).66

Abbreviation: MS, multiple sclerosis; ER, extended release.

36.8%, 37.1%, and 27.3%, respectively. These results 

suggest that dalfampridine-ER may be of potential benefit 

to patients regardless of whether or not they are using 

immunomodulatory therapies.

Baseline walking speed, stratified by quartiles computed 

for each study and treatment group, did not have an effect 

on responder rate, and ranged from 31.3%–40.4% and 

5.1%–10.3% for dalfampridine-ER and placebo, respectively, 

across quartiles (interaction P = 0.930). Across all patients 

treated with dalfampridine-ER regardless of whether they 

were responders, baseline walking speed had no effect on the 

average percent improvement in walking speed, which ranged 

from 12.8% to 13.9% across quartiles, and was greater than 

the 3.0% to 9.1% improvement among placebo patients.66

Open-label extensions of MS-F203  
and MS-F204
As part of the clinical development program, long-term 

extension (LTE) studies were initiated to evaluate the long-

term safety, tolerability, and efficacy of dalfampridine-ER 

subsequent to the termination of the two Phase III pivotal 

trials.68 MS-F203EXT was the open-label, extension study 

of MS-F203, and MS-F204EXT was the corresponding 

open-label extension study for patients who participated 

in MS-F204. All patients who enrolled in the LTE received 

open-label dalfampridine-ER 10 mg twice daily, and efficacy 

was assessed as the average percent change in walking speed 

from the double-blind study baseline, defined as the average 

of four pretreatment visits. However, since the parent studies 

required a safety assessment 2 weeks after the last double-

blind dose, patients had a minimum 2-week period without 

therapy prior to re-initiation of treatment.

Patients treated with dalfampridine-ER in the parent study 

were stratified based on response category during double-blind 

treatment, ie, responders or nonresponders. Among 224 patients 

in the MS-F203 dalfampridine-ER group with at least one 

double-blind T25FW assessment, 197 (70 dalfampridine-ER 

responders and 127 nonresponders) entered MS-F203EXT and 

completed at least one T25FW; of 119 comparable patients in 

MS-F204, 109 entered MS-F204EXT (49 dalfampridine-ER 

responders and 60 nonresponders) and completed at least one 

T25FW assessment. At termination of the LTEs, although 
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the number of patients remaining was low, these patients 

had maximum exposure of up to 5 years in MS-F203EXT 

(Figure 5A) and 2.8 years for MS-F204EXT (Figure 5B).68

As expected, improvements in walking speed achieved 

during the double-blind period of both parent studies were 

lost after dalfampridine-ER discontinuation. However, 

re-initiation of dalfampridine-ER in the extension studies 

subsequently resulted in recovery of improvements by the 

initial 2-week LTE assessment.68 This recovery of walk-

ing speeds was similar to that observed at the end of the 

double-blind treatment period (Figure 5). Over the duration 

of both LTEs, walking speed remained improved among 

responders relative to nonresponders at the majority of 

protocol-defined assessment visits, and patient retention was 

greater among the responders. It is likely that the increased 

walking speed at later time points may be accounted for by 

the self-selection process that is characteristic of most LTEs; 

patients who achieved benefits and maintained tolerability 

tended to remain in the study for a longer duration than 

those who did not. Figure 6 clarifies the separation between 

responders and nonresponders when the issue of dropouts is 

eliminated by presenting walking-speed data only for those 

patients with continuous participation for approximately 

2 years. These data are consistent with Figure 5 in showing 

that there is a gradual slowing of walking speed over time 

that is likely to reflect disease progression rather than loss of 

treatment benefit; similar rates of reduction in walking speed 

over time were previously observed in an analysis of second-

ary progressive MS subjects treated for 2 years with placebo 

or interferon β-1a in a clinical trial.69 Nevertheless, the data 

from both LTEs indicate that the subset of responders was 

able to maintain long-term improvements in walking speed 

relative to the nonresponder group at most visits.

Post hoc analyses of changes in MSWS-12
In both Phase III clinical trials, T25FW responders had 

significantly greater improvements in the patient-reported 

MSWS-12 than nonresponders, regardless of treatment 

assignment. A post hoc analysis was performed to deter-

mine whether the observed changes in MSWS-12 among 

dalfampridine-ER responders were clinically meaningful, 

since statistically significant changes may not necessarily be 

clinically relevant. While the estimated change from baseline 

in MSWS-12 among dalfampridine-ER responders, –6.61, 

was statistically significant (P , 0.001), both the 7.3-point 

difference between dalfampridine-ER responders and 
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 placebo and the 7.02-point difference with all nonresponders 

were clinically significant.70

Based on the Initiative on Methods, Measurement, and 

Pain Assessment in Clinical Trials (IMMPACT) recommenda-

tions that a change score is clinically meaningful when there is 

evidence from at least two of four methods,71 all four methods 

were used to evaluate the change in MSWS-12 scores: anchor-

based for within-subject studies, anchor-based for between-

subject studies, distribution-based for within-subject studies, 

and distribution-based for between-subject studies. Using data 

from the two Phase III clinical trials and five other studies that 

incorporated the MSWS-12, all four methods demonstrated 

that the mean change in MSWS-12 score associated with dal-

fampridine-ER responders represented a clinically significant 

change.70 Importantly, the two estimates of the minimum 

clinically important difference from the patient’s perspec-

tive for change in the MSWS-12, 4.0 points (6.23–2.19) for 

individuals who reported mild improvement and 5.7 points 

(–3.47 to +2.19) for those mildly worse, were both exceeded 

by the observed changes among dalfampridine-ER respond-

ers. In contrast, the estimated changes from baseline among 

nonresponders (0.32 points) and placebo-treated patients 

(–0.69 points) in the clinical trials were neither statistically 

nor clinically significant.70

Further analysis of item-level scores showed that 

dalfampridine-ER responders demonstrated statistically sig-

nificant improvements on eleven of the twelve MSWS-12 item 

scores, compared with nonresponders. The single item that was 

not statistically significant, “ability to run,” was characterized 

by a floor effect that limited the ability to detect a change.72
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Tolerability profile
The safety populations of the individual trials consisted of 

all patients who received at least one dose of the study drug, 

and included the off-drug and washout periods, in addition 

to the double-blind treatment period. Dalfampridine-ER 

was generally well tolerated, and the safety profile was 

similar in all the individual trials. In the Phase II, dose-

ranging study, the incidence of treatment-emergent adverse 

events (TEAEs) was 87% among the dalfampridine-ER 

10 mg group, compared with 81% of placebo patients.62 

The majority of these TEAEs were of mild or moderate 

severity, 80% and 82% in the dalfampridine-ER 10 mg 

and placebo groups, respectively; there were no serious 

TEAEs in the dalfampridine-ER 10 mg group, and two 

in the placebo group. TEAEs were observed at higher 

frequency in the 15 mg and 20 mg dose groups, particularly 

with respect to central nervous system-related AEs, such as 

balance problems, paresthesias, dizziness, and insomnia.62 

Although two seizures occurred in this trial, these appeared 

to be dose-related; and both occurred in patients who 

received dalfampridine-ER 20 mg, one of which involved 

accidental overdose.62

The overall incidence of TEAEs was similar among 

patients treated with dalfampridine-ER in both Phase III 

trials, 84% in MS-F203 and 86% in MS-F204;49,50 TEAEs 

in the placebo group were 81% and 66% in the two trials, 

respectively. Most TEAEs were generally of mild or 

moderate severity; serious TEAEs were reported by 7% 

of dalfampridine-ER patients in MS-F203 (none in the 

placebo group),49 and by 2.5% of placebo patients and 4.2% 

of dalfampridine-ER patients in MS-F204.50 Serious events 

occurred in a wide variety of systems and classes and were 

mostly considered unrelated to treatment. There were two 

reported seizure events: one, in a dalfampridine-ER-treated 

patient, was observed as a focal seizure during an episode 

of severe sepsis, and the other was reported as a complex 

partial seizure in a patient treated with placebo.

In the pooled safety population from the Phase II (placebo 

and dalfampridine-ER 10 mg dose) trial and two Phase III 

trials, dalfampridine-ER demonstrated an overall favorable 

safety and tolerability profile that was consistent with the 

individual studies. TEAEs were reported in 84.8% of pooled 

patients in the dalfampridine-ER group, compared with 

73.5% with placebo (Table 2). Serious TEAEs occurred in 

22 (5.5%) patients in the dalfampridine-ER 10 mg group, 

and five (2.1%) patients in the placebo group, and among 

the dalfampridine-ER patients, the seizure rate was 0.25%. 

The most common TEAEs were consistent with those 

reported in the individual trials, and they and appear to be 

related to increases in central nervous system excitation. Of 

the most common TEAEs, reported in $5% of the pooled 

dalfampridine-ER-treated population, those with the greatest 

difference between dalfampridine-ER and placebo included 

urinary tract infections, insomnia, nausea, and balance dis-

order (Table 2).67

The safety and tolerability profile observed in the LTEs 

was consistent with the double-blind phase of the parent 

trials; the most common adverse events were urinary tract 

infections, falls, MS relapses, arthralgia, and peripheral 

edema.68 A total of four seizure-related adverse events were 

reported during the extension studies among the patients who 

were treated with dalfampridine-ER in the parent trial (1.5%); 
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none of the patients treated with placebo in the parent trial 

reported a seizure event during the extension. An additional 

patient who was enrolled in MS-F203EXT had a grand mal 

convulsion that occurred approximately 1 month after stop-

ping the study drug.

Dalfampridine 10 mg extended release tablets have been 

available in the US market since March 2010, and safety 

experience has been available from clinical practice through 

March 2011, encompassing the exposure of approximately 

46,200 patients and representing approximately 14,500 

patient-years.

Descriptive analysis was performed to provide infor-

mation on all postmarketing AEs that were spontaneously 

reported.73 The most frequently reported AEs, with a 

prevalence of $2% of all reported cases and reported as the 

percent of total AEs, included dizziness (5.7%), insomnia 

(4.5%), balance disorder (3.9%), headache (3.2%), nausea 

(2.8%), urinary tract infection (2.4%), asthenia (2.0%), and 

back pain (2.0%). These were also the most common AEs 

reported during clinical development, and all are included in 

the current US product label.28 Additional new findings were 

related to lack of efficacy (4.5%) – which may be expected, 

considering that dalfampridine-ER has been demonstrated 

to be effective in approximately 37% of patients in clinical 

trials – and to inappropriate dosing (5.0%).

A total of 85 seizures were reported during postmarketing 

surveillance, representing an incidence rate of approximately 

5.9/1000 patient-years of use. Of these seizures, 82 were 

either reported or confirmed by a health care practitioner, and 

an additional three cases were reported directly by patients 

but were not confirmed by a health care practitioner. Beyond 

the risk of seizure that is inherent in the MS population – 

which has been suggested to be threefold higher than that 

of the general population,74,75 with the best estimate of a first 

seizure incidence reported as 3.49/1000 patient-years (95% 

CI = 1.96 – 5.02/1000 patient-years)76 – 61% of the patients 

with seizures had additional potential risk factors for seizure. 

These risk factors included use of concurrent medications 

with a labeled seizure risk (n = 45), incorrect dosing (n = 5), 

a history of convulsions (n = 5), renal impairment (n = 3), 

and prior head injury (n = 1); 54% of patients had one risk 

factor, and 7% had two or three risk factors.73 Duration of 

treatment prior to the event ranged from one dose to 365 days, 

and 23 of the 82 confirmed cases (28%) occurred within a 

week of starting dalfampridine-ER.

Clinical relevance
While walking impairment is among the most visible and 

disabling manifestations of MS, it has until recently been 

under-recognized as a therapeutic target for pharmacologic 

intervention. The approval of dalfampridine-ER fills the 

unmet need for a pharmacologic therapy targeting this 

disability. This drug is now among those therapies available 

for the treatment of symptoms affecting the daily function 

and activities of patients with MS, many of which may be 

overlooked during treatment with immunomodulatory drugs, 

which are the mainstay of MS management.

Dalfampridine-ER appears to significantly improve 

walking speed and leg motor function in about 37% of 

people with walking disability due to MS, with an overall 

increase of approximately 25% in walking speed that is 

clinically relevant from the patient’s perspective. The 

objective improvements in walking speed observed with the 

T25FW were additionally shown to be clinically meaningful 

to patients, as measured by the MSWS-12. Responsiveness 

to treatment appears to be independent of baseline walking 

speed, age, type, and duration of MS, EDSS disability 

score, and use of immunomodulatory drugs, and thus 

dalfampridine-ER can be used in patients across the range 

of demographic and disease characteristics found in clinical 

practice. Since walking impairment is present even in patients 

with less obvious levels of disability and with recent onset of 

MS, these patients may also benefit from early treatment.

Dalfampridine-ER is generally well tolerated. Spontaneous 

safety data emerging from the US postmarketing experience 

Table 2 Treatment-emergent adverse events (TEAEs) that occurred 
in $5% of dalfampridine extended release (ER)-treated patients 
in the pooled MS-F202, MS-F203, and MS-F204 safety populationa

TEAEs Incidence, n (%)

Dalfampridine-ER 10 mg  
twice daily (n = 400)

Placebo 
(n = 238)

Any TEAE 339 (84.8) 175 (73.5)
Serious TEAE 22 (5.5) 5 (2.1)
Fall 64 (16.0) 39 (16.4)
Urinary tract infection 58 (14.5) 22 (9.2)
Insomnia 37 (9.3) 9 (3.8)
Asthenia 33 (8.3) 10 (4.2)
Dizziness 31 (7.8) 10 (4.2)
Headache 30 (7.5) 10 (4.2)
Nausea 28 (7.0) 6 (2.5)
Fatigue 26 (6.5) 11 (4.6)
Balance disorder 23 (5.8) 3 (1.3)
Upper respiratory  
tract infection

23 (5.8) 17 (7.1)

MS relapseb 21 (5.3) 9 (3.8)
Back pain 22 (5.5) 5 (2.1)

Notes: aIncludes off-drug, washout periods; bsimilar incidences in drug and placebo 
groups during active treatment.
Abbreviation: MS, multiple sclerosis.
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are consistent in terms of the safety-profile types of events 

seen during clinical development, and no new safety signals 

were reported. Dizziness, insomnia, balance disorder, 

headache, nausea, urinary tract infection, asthenia, and back 

pain were the most frequently reported AEs in clinical trials 

and postmarketing surveillance. While the first-year seizure 

incidence reported from the postmarketing data was not 

substantially different from that observed in clinical trials, 

there is a dose-dependent increase in the occurrence of 

seizures at doses higher than the recommended dose of 10 mg 

twice daily. It is thus especially important to adhere to the 

dosing in the approved label, and to ensure that other forms 

of 4-AP, such as those provided by compounding pharmacies, 

are not used in conjunction with dalfampridine-ER.

Conclusion
Walking impairment has an adverse impact on patients’ lives 

that is manifested in a variety of daily activities. Treatment 

with dalfampridine-ER has been shown in clinical studies 

to improve walking speed in about one third of MS patients, 

regardless of MS type or duration, baseline walking speed, or 

demographic characteristics. The increase in walking speed 

was paralleled by patient-reported improvements in walk-

ing impairment. Data from long-term, open-label extension 

studies and spontaneous postmarketing safety data confirm 

the safety profile observed during clinical development of 

dalfampridine-ER.
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