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Abstract

evaluate treatment response.

disability levels (EDSS 4.0-7.0).

correlated.

appropriate for quantifying treatment response.

Background: Gait impairment represents one of the most common symptoms of multiple sclerosis (MS).
Fampridine is the first symptomatic treatment aimed at improving gait.

An objective measurement of the mobility improvement from treatment initiation has been recommended to

Objective: In this retrospective observational study, we evaluated what improvement in walking speed can be
expected in people with multiple sclerosis (MS) treated with Fampridine in clinical practice, with respect to specific

Methods: The mobility tests including the Timed 25 foot walk test (T25FW), Timed Up and Go test (TUG) and Step
test (ST) were performed just before and 3 h after administration of Fampridine 10 mg tablet.

Results: One hundred and thirty one (131) people with MS (15 with primary progressive, 40 with secondary progressive
and 76 people with relapsing-remitting MS). The mean age was 48 years (SD 9.8), mean MS duration was 19, 8 years,
58% were women. The range of treatment response of Fampridine, measured with the T25FW test, varied from 11-41%.

Contrary to prior reports, the baseline T25FW and the percentage of improvement in T25FW was significantly

Conclusion: Assessment of treatment response outside of a clinical trial is challenging and may require different
outcome measures compared to RCT. For MS patients with moderate disability seems TUG test or Step test more

Keywords: Multiple sclerosis; Gait; Disability; Symptomatic
treatment; Fampridine

Introduction

Multiple sclerosis (MS) is an autoimmune inflammatory condition
that causes myelin and axonal damage in the central nervous system,
and can lead to disability in young adults. Symptoms of MS may include
a variety of symptoms, such as muscle weakness, sensory dysfunction,
fatigue, spasticity, ataxia, tremor, pain or visual impairment, and most
people with MS suffers some degree of gait impairment, considered to
be the most valuable bodily function in these individuals [1].

Fampridine is a potassium channel blocker that restores signal
conduction of demyelinated fibers in patients with MS. The Fampridine
10 mg prolonged release (FPR) tablet was approved in 2011 by the
European Medicines Agency for improving of walking in adult MS
patients with walking disability (Expanded Disability Status Scale
4.0-7.0) [2]. Not all patients experience benefits from treatment with
FPR, but there no known markers to predict the treatment response.
It is recommended that a timed walked test be performed to measure
improvement in walking speed.

In the pivotal studies, MS-F203 and MS-F204, the primary outcome
was defined as the percentage of responders (responder defined as a
patient whose walking speed determined by the Timed 25 Foot Walk
test (T25FW) at least three visits during the treatment period, was faster
than the maximum speed measured in the five off-treatment visits). The
average proportion of patients treated with FPR that meet this endpoint
was 38.8% (34.8% vs. 8.3% in MS-F203 and 42.9% vs. 9.3% in MSF-
204). Other studies have also reported similar proportion of responders
[3,4]. The average improvement in walking speed of patients in the
treated groups of both MS-F203 and MS-F204 was 26.3 % and 25.3%
respectively. This improvement was apparent at the first treatment visit,
which was scheduled 2 weeks after initiation of treatment [5,6].

Identification of responders in clinical practice is difficult and so far
there are no known markers predicting the response to this medication.
Goodman et al. demonstrated that patient response to FPR treatment
is independent of their demographic and clinical characteristics and
also concluding that the percent improvement is independent of their
disability level and baseline walking speed [7]. Pivotal trials conducted
by Goodman et al. [7] limited patient enrollment to those with a
walking speed of between 8 to 45 s in the T25FW test.

In this retrospective observational study, we evaluated the extent
of improvement in the T25FW test that can be expected in patients
treated with FPR in clinical practice, considering specific disability
levels (EDSS 4.0-4.5, EDSS 5.0-5.5, EDSS 6.0, EDSS 6.5 and EDSS 7.0).

Day to day variability in mobility is common in people with MS
[8]. In order to limit factors that may confound the measurement of
walking speed, the functional test of response to FPR were performed
on the same day, immediately prior to administration of the first dose
and then 3 h later. The maximum plasma concentration for FPR is
reached 3.3-3.9 h post administration [9].
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Methods
Subjects

In this study, we included patients with MS that were prescribed
FPR between January 2013 and April 2014. Treatment with FPR was
indicated by the patient s treating physicians (MS specialists practicing
in a large academic MS center) based on the patient’s needs and an
evaluation of gait by a physical therapist was requested. FPR has been
approved in our clinic for MS patients with EDSS 4.0-7.0 and the cost
is not covered by health insurance companies. Patients did not receive
any incentive for participating in this evaluation, other than results
from the measurement, and patients covered the cost of the medication
themselves. All participants signed informed consent form and the
study was approved by the Ethical Committee of General University
Hospital in Prague. Patients were excluded if they showed MS
exacerbation within 60 days of treatment initiation, a history of seizure
or any condition that would interfere with walking evaluation (injury,
orthopedic problems, etc.).

Procedure

Level of disability in people with MS is described by Expanded
Disability Status Scale (EDSS) [10]. Baseline EDSS was performed by
an MS specialist. Patients completed the MSWS12 questionnaire. The
mobility tests including Timed 25 foot walk test (T25FW test), Timed
up and go test (TUG test) and step test (ST), which were performed by a
physical therapist just before (baseline) and 3 h after oral administration
of a fampridine tablet (10 mg).

The T25FW is a standardized walking test that forms part of the
Multiple Sclerosis Functional Composite (MSFC) test, which measures
the walking speed of the patient over 25 feet (7.62 m) [11]. The TUG
test is a standard mobility test that measures the time for a subject to
get up from sitting position, walk 3 m, then turn and walk back to sit on
chair [12]. The ST was performed with one item modified from the Berg
Balance test. Briefly medical step stool (25 cm high) was used to count
how many times the patient, positioned standing in front of the stool
(patients with EDSS 6.5 and higher used support), was able to touch the
step with one foot over a period of 30 s [13,14].

The patient were asked to subjectively evaluate perceived effect of
the medication on their physical well-being using a 5-point scale, where
5 represented="very much improved” and 1 represented="feeling
worse”.

Statistical analysis

Descriptive statistics (mean and standard deviation (SD) of the
characteristics of interest were calculated for each patient and by

subgroups (by gender, MS phenotype and EDSS). Correlation analysis
was carried out using Spearman’s rank correlation coefficient. Pairwise
comparison of the absolute change in step test was carried out using
Tukey and Kramer test with Tukey-Dist approximation for independent
samples. All analyses were performed using statistical software R
(http://www.r-project.org/).

Results

This analysis included 131 MS patients. There were 15 patients
with primary progressive MS, 40 with secondary progressive MS and
76 patients with a relapsing-remitting form of MS. The mean age of
patients was 48 years (SD 9.8), the mean MS duration was 19.8 years
(SD 8.6) and 58% were women. The mean MSWS-12 score was 46
(Table 1).

Of the 131 patients 44 participants (34%) reached at least 20%
improvement in T25FW and were considered responders.

Mobility tests

The response to treatment, presented as the mean change from
baseline in all three mobility tests according to patient EDSS level
(Figure 1). The average improvement of speed in the T25FW test was
11% in patients with EDSS 4.0, patients with EDSS 4.5, EDSS 5.0 and
EDSS 5.5 showed 15%, 19% and 20% improvement, respectively and
those with EDSS 6.0, EDSS 6.5 and EDSS 7.0 improved by 19%, 18%
and 23%, respectively (Table 2).

Of the 131 patients, 44 participants (34%) reached at least 20%
improvement in the T25FW test. If 20% improvement in the T25FW
test was considered clinically significant consistent with several MS
gait studies (15, 16), this would indicate that only 1 out of 19 patients
(5%) with EDSS 4.0 meet this threshold, whereas 41% and 40% of
patients with EDSS 6.0 and EDSS 6.5, respectively reached this level of
improvement (Table 2).

The relationship between the baseline T25FW and the percentage of
change in T25FW due to the treatment (all patients were included in the
analysis regardless of their subjective response). There was a significant
correlation between baseline T25FW and percentage of improvement
in T25FW (Spearman rank correlation, rho=0.60, p<0.0001).

Not all patients with higher EDSS level were able to perform the
TUG and ST tests due to neurological impairment (4/10 patients with
EDSS 7.0 and 27/30 patients with EDSS 6.5 completed the test). The
average improvement in the TUG test in patients in groups EDSS 4.0-
7.0 ranged from 14% to 22%, shown in Table 3. When we compared
how the three mobility tests reflected the treatment response, patients
with EDSS 6.0-6.5 who showed 20% improvement in T25FW were also

Number of participants hean (5D) Mean (D) > Voan (8D) " "o Nean (50
Total: N=131 48.06 (9.82) 5.7 (0.93) 20.15 (8.4) 46.18 (8.05)
Female: N=76 47.5(9.93) 5.68 (0.94) 19.56 (7.30) 44.99 (7.97)

Male: N=55 48.84 (9.7) 5.73(0.92) 20.94 (9.64) 47.82 (7.86)

Relapsing-remitenting: N=76 45 (8.61) 5.41 (1.02) 18.09 (7.36) 44.47 (8.54)

Secondary progressive: N=40 53.17 (9.68) 6.09 (0.54) 23.82 (8.47) 48.13 (6.51)

Primary progressive: N=15 49.93 (10.39) 6.13 (0.74) 20.37 (9.49) 49.31 (6.99)

EDSS 4-4.5 N=29 44.55 (7.82) 4.17 (0.23) 16.32 (7.82) 36.41 (6.89)
EDSS 5-5.5 N=16 51.18 (9.85) 5.31(0.24) 20 (10.28) 47 (6.07)

EDSS 6 N=46 49.47 (9.94) 6 (0) 20.23 (6.97) 47.78 (6.08)

EDSS 6.5 N=30 49.7 (9.56) 6.5 (0) 24.13 (9.07) 50.07 (4.56)

EDSS 7 N=10 41.8 (8.37) 7(0) 18.8 (4.48) 54.1 (4.67)

Table 1: Demographic characteristics of participants.
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Figure 1: Three mobility tests according to patient EDSS level.
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Table 2: Performance in T25FW.

likely to show improvement in the TUG test. Functional improvement
in the response to treatment in patients with EDSS 4.0 and 4.5 was more
apparent in the ST test than in the T25FW test (Figure 1).

There is evidence of a strong positive linear relationship between
the relative change in T25FW and the relative change in TUG (r=0.68,
p<0.0001). There was no statistically significant correlation between the
change in mobility tests and the patients age or change in T25FW and

age (p=0.957) and change in T25FW and EDSS (p=0.623), no significant
difference in the absolute change in the ST (p=0.847) between patients
with EDSS 4.0 (n=19, median=7) and patients with EDSS 5.5 (n=10,
median=9). There was a significant decrease in absolute change in
the ST when patients with EDSS 5.5 were compared to both groups
of patients with higher impairment, particularly the group of patients
with EDSS 6.5 (n=28, median=3,5, p=0.015) and patients with EDSS
7.0 (n=5, median=1, p=0.018).
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EDSS Number of Mean TUG-baseline Mean TUG-on medication

Step test-baseline Step test-on medication

TUG-%change

participants (seconds, s) (seconds, s) (number of steps) (number of steps)

4 (N=19) 8.12 (2.14) 6.86 (1.6) 14.49 (10.2) 19.21 (6.61) 25.32(7.03)
4.5 (N=10) 9.95 (1.42) 8.11 (1.33) 17.98 (10.18) 13.3(6.02) 21.5(6.19)

5 (N=6) 12.13 (3.1) 10.22 (2.43) 15.25 (6.65) 14 (1.26) 20.67 (3.98)
5.5 (N=10) 13.48 (7.39) 10.17 (3.32) 18.07 (19.87) 9.5 (5.54) 18.5 (5.82)

6 (N=44) 16.7 (8.07) 13.12 (4.98) 18.13 (13.9) 9.34 (4.24) 14.25 (5.98)
6.5 (N=27) 34.81(33.17) 24.27 (22.19) 22.97 (20.14) 6.71(5.27) 10.32 (5.56)

7 (N=4) 29.27 (7.27) 22.6 (3.73) 19.32 (15.28) 3.6 (2.87) 5(3.16)

Table 3: Performance in mobility tests (TUG and step test).

EDSS 5-very much improved 4-much improved 3-improved 2-no effect 1-worse
4-4.5 (N=29) 4 (13.8%) 16 (55.1%) 5(17.24%) 4 (13.8%) 0 (0%)
5-5.5 (N=16) 0 (0%) 10 (62.5%) 2 (12.5%) 3 (18.75%) 1(6.25%)

6 (N=46) 2 (4.34%) 25 (54.34%) 10 (21.73%) 7 (15.21%) 2 (4.34%)
6.5 (N=30) 3 (10%) 9 (30%) 6 (20%) 11 (3.66%) 1(0.33%)
7 (N=10) 0 (0%) 5 (50%) 3 (30%) 2 (20%) 0 (0%)

Table 4: Subjective evaluation of treatment effect on mobility.

Patient-reported effect

Of the patients, 74 (57%) reported subjective improvement from
treatment by choosing a score of 5 (very much improved) or 4 (much
improved) on the 5 point scale. Among the remaining participants,
33 (25%) were not sure of meaningful improvement (score 3) and 24
patients (18%) reported a score of 2 (no change) or 1 (feeling worse) 3
h post treatment. Subjective evaluation of the effect, separated by
EDSS level (Table 4).

Discussion

Not all patients experience benefits from treatment with FPR, and
treatment response cannot be predicted. Therefore, regulatory agencies
have recommended verification of gait improvement within 2 weeks
of treatment initiation. This study, reporting our experience with FPR
treatment in a clinical setting, has raised several important issues related
to the assessment of treatment responses outside of a clinical trial.

While randomized placebo-controlled studies (RCT) are the best
available tool for providing evidence of treatment efficacy, extrapolation
of the RCT methods into clinical practice is challenging. In addition,
clinical trials limit enrollment to a carefully selected population,
which is generally not representative of the wide variety of patients
that use FPR in clinical practice. Our study included patients within
the indication for FPR established by the European Medicine Agency
(EDSS 4.0-7.0) that had a baseline T25FW between 4, 12 and 181 s,
therefore our study provides data on the treatment response of patients
with a wider disability range than that provided by clinical trials (MS-
F203 and MS-F204 limited enrollment by baseline T25FW between 8
and 45 s).

The efficacy outcome measures of the MS-F203 and MS-F204
studies was based on repeated measures of the T25FW time. Analysis of
pivotal trials data by Hobart et al. revealed, that improvements in T25FT
of greater than 20% is associated with a clinically meaningful change in
self-reported walking ability (MSWS12) [15]. Another study confirmed
a20% change in T25FW as being clinically meaningful, correlated with
Physical Component Summary score of the 36-Item Short Form Health
Survey [16]. A pooled analysis of the pivotal phase 3 studies, including
patients with baseline T25FW between 8 to 45 s, lead to conclusions
that the responder rate was independent of the baseline walking speed
[7]. This has set the expectation for clinical practice, and also for some
payers assessing the efficacy of FPR treatment in individual’s patients.

We demonstrated a significant correlation between baseline T25FW
and the percentage of improvement in T25FW with FPR treatment. As
shown in Table 2, only 1% (3/29) of patients with EDSS 4.0-4.5 reached
>20% improvement in the T25FW tests, whereas the proportion of EDSS
5.0 patients reaching >20% improvement in T25FW was higher, with at
least 37% reaching this level of improvement. Of note, patients with
EDSS 4.0 and 4.5 had mean T25FW times of 5.9 and 7.0 s, respectively,
and a 20% improvement in T25FW would bring them to 4.7 and 5.6
s, which would be close to exceeding what a healthy individual of
their age could be expected to achieve. There was no difference in the
percentage of patients that reported subjective improvement from
treatment with FPR across EDSS 4.0-7.0. We suspect that the potential
for T25FW improvement in patients with EDSS 4.0 and 4.5 reaches
a plateau, therefore, the functional improvement perceived by these
patients should be measured by different test.

Although the mean change in T25FW was only 11% in patients with
EDSS 4.0, the positive effect of the medication should be considered as
being clinically meaningful, as T25FW time of over 6 s is associated with
the requirement for greater assistance in daily activities, such as the use
of cane for walking outside [17]. This is further supported by findings
that a subjective perceived improvement in walking is associated with
an improvement in normal work and daily activities, as well as the
individual ‘s social life [18]. A recent study has shown that responses
to FPR were able to increase their physical activity in everyday life [19].

Other functional measures

A change in TUG was found to be strongly correlated with a change
in T25FW, however, the TUG test is known to be more physically
challenging. In patients with EDSS 4.0 and 4.5, the mean relative
improvement in TUG was higher (14.5 % and 18%, respectively)
than the mean improvement in T25FW (11% and 15%, respectively).
Improvement of performance in the TUG test demonstrates the effect
of FPR on dynamic balance and standing from a sitting position. Our
observation of an improvement in dynamic balance builds on the
finding from a study by Prosperini et al. which showed an effect of FPR
on static standing balance [6]. Improvement in TUG after FPR, when
compared to a placebo, was also described in the MOBILE trial [20].

The ST, as performed by patients in our FPR assessment, remains
exploratory, as this test has not been completely validated. Performance
in the ST is dependent on the range of movement and is influenced by
spasticity, muscle strength of the lower limbs and balance. Therefore,
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an improvement in this test indirectly shows improvements in these
domains. Several studies have documented the positive effect of FPR
on muscle strength of lower limbs and reducing spasticity in patients
with MS [9,17]. In some responders to treatment, FPR can increase the
range of motion in the knee or hip joint, having a positive impact on
the walking pattern [19].

Subjective assessment

A high percentage of patients responded positively to the question
of how they rated the perceived effect of the medication. In cannot be
excluded that patients were hoping to be responders and the lack of
blinding is a major limitation of this assessment. In addition, patients
had a limited time for evaluating their response. The standard patient-
reported measure of the impact of MS on walking, such as the MSWS-
12, cannot be used for same-day testing, but is more suitable for testing
the effect of a particular treatment over time. Findings from a recent
study demonstrated the importance of patient-reported outcomes in
the evaluation of patient perspective and experience [18].

Same day testing

The choice of testing the effect of treatment on the same day was
motivated by the need to eliminate variability in T25FW, caused by
various factors known to affect performance in patients, physical
exertion prior to gait testing, concurrent illness, and so on. These
factors are controlled for in the RCT setting by careful monitoring
of these testing conditions, as well as repeated testing, which was not
feasible in our practice.

Limitations of this study

Interpretation of data derived from a retrospective study needs to
consider the limitations of such studies. Interpretation of data is limited
by the open-label nature of testing, where (neither patient nor evaluator
could be blinded to treatment administration), which may account for
the high proportion of patients reporting subjective improvement from
FPR treatment. Another limitation of the study was that we did not
include confirmatory assessment of walking within the days following
treatment, or the effects of treatment over a longer period of time. Same
day testing of treatment with FPR has not yet been validated and is
therefore exploratory. The current clinical assessment does not provide
information on the effects of FPR on non-mobility domains, although it
has previously been reported that FPR affect hand function, cognition,
depression, fatigue, quality of life and verbal fluency [21-25].

Conclusion

Assessment of treatment response outside of a clinical trial is
challenging and may require different outcome measures compared to
RCT.
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