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ABSTRACT

Introduction: The efficacy of prolonged-release
fampridine (PR-FAM) may extend in multiple
sclerosis (MS) beyond walking ability. The
objective of this study was to evaluate the effect
of PR-FAM treatment on cognition, fatigue,
depression, and quality of life (QoL) in adult
patients with MS in a real-world setting.

Methods: FAMILY was a multi-center, prospec-
tive, observational, real-world cohort study of
MS patients receiving PR-FAM in the outpatient
setting. Patients were treated as per PR-FAM’s
local prescribing information for 6 months.
Standardized protocols and questionnaires were
used to evaluate changes in cognition (PASAT;
Paced Auditory Serial Addition Test), fatigue
(MFIS; Modified Fatigue Impact Scale), depres-
sion (BDI-II; Beck Depression Inventory-II) and
QoL (MusiQoL; MS International Quality-of-
Life questionnaire, MSIS-29; Multiple Sclerosis
Impact Scale: PHYS and PSYCH subscales) at 3
and 6 months compared to baseline.
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Results: In total, 102 eligible patients from 8
sites in Greece were analysed, of whom 92
completed the study and 10 discontinued. At
6 months, PR-FAM treatment resulted in
improvements from baseline in PASAT-300

(p = 0.044), MFIS (p\0.001), BDI-II (p\0.001),
MusiQoL (p\0.001) and MSIS-29-PHYS
(p = 0.012) and MSIS-PSYCH (p\0.001). A pos-
itive effect was evident already at 3 months in
PASAT-300 (ns), MFIS (p = 0.020), BDI-II
(p = 0.034), MusiQoL (p = 0.001), MSIS-29-PHYS
(ns) and MSIS-29-PSYCH (p\0.001).
Conclusions: This observational study provides
new data to the current literature in support of
PR-FAM’s positive effects in cognition, fatigue,
depression, and QoL in a large, heterogeneous
group of Greek MS patients in the real-world
setting.
Trial Registration: ClinicalTrials.gov identifier,
NCT03164018.

Keywords: Cognition; Depression; Fatigue;
Multiple sclerosis; Neurology; PR-FAM; QoL;
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Key Summary Points

PR-FAM was effective in improving
cognition, fatigue, depression and QoL in
patients with MS in daily clinical practice.

Patients with a clinically significant
improvement in their walking speed also
experienced more pronounced
improvements in fatigue, depression, and
QoL.

Future studies are needed to further
characterize the impact of PR-FAM on
these non-walking variables as well as the
possible link between them and walking
ability.

DIGITAL FEATURES

This article is published with digital features,
including summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13352804.

INTRODUCTION

Multiple sclerosis (MS) is a progressive
demyelinating inflammatory disease of the
central nervous system (CNS), resulting in long-
term physical disability with difficulties in
walking being the major manifestation [1].
Beyond walking difficulty, other symptoms
further constitute a long-term burden in
patients affected by MS [2]. Cognitive impair-
ment, fatigue and depression are highly preva-
lent in MS patients and fundamental for the
overall QoL of these patients [3, 4]. Fatigue is
among the most common symptoms in MS,
reported by up to 80% of patients [5, 6]. For
many patients, fatigue is considered the single
most debilitating symptom, surpassing even
physical disability [7]. Although many drugs
have been tested in multiple clinical trials, oral
treatments able to improve the levels of MS-re-
lated fatigue in a satisfactory manner remain
scarce, reflecting our poor understanding of the
underlying processes of fatigue in MS [8]. MS is
also characterized by cognitive impairment
occurring from the early phases of the disease,
with at least half of all MS patients exhibiting
some degree of cognitive decline at some point
during their disease course [9, 10]. Although
MS-related cognitive decline is usually hetero-
geneous in nature, there are certain cognitive
aspects that are more vulnerable than others.
Information processing speed and memory are
not only the key cognitive functions most often
impaired in MS [9] but their impairment may
also be an early predictor of motor disability
progression [10]. Similarly to cognitive impair-
ment and fatigue, the prevalence of depression
in patients suffering from MS is remarkably
high; it is estimated that the presence of
depression in patients with MS is 2–3 times
higher than in the general population [11].
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Interestingly, according to a recent longitudinal
cohort study, patients with MS and comorbid
depression have a significantly increased risk of
disability worsening, emphasizing the rigorous
need for early recognition and effective man-
agement of depression [12]. Patient and physi-
cian perspectives of the disease-related QoL
(HRQoL) have been shown to be quite diver-
gent, with the latter traditionally equating
health to the absence or improvement of MS
symptoms and not to the patient’s overall
physical, mental, and social welfare. In recent
decades, however, patient-reported HRQoL
outcome measures are also being considered
increasingly relevant for the evaluation of dis-
ease progression, treatment response, and the
level of support needed by MS patients [13].

PR-FAM is a voltage-dependent potassium
channel blocker known to enhance action-po-
tential conduction in demyelinated nerve fibres
and to facilitate synaptic transmission [14]. To
date, it is the only symptomatic treatment
approved for walking disability in MS adult
patients (Expanded Disability Status Scale; EDSS
4–7). It received approval by the European
Medicines Agency (EMA) in 2017, following a
‘‘conditional’’ approval in 2011 subject to the
provision of further evidence with regard to PR-
FAM’s long-term clinically meaningful thera-
peutic benefit [15, 16]. Given the assumed
effects of PR-FAM on demyelinated axonal fibres
at multiple sites along the CNS, PR-FAM’s pos-
itive effects on other neurological functions
beyond ambulatory function are likely [17, 18].
Within this context, PR-FAM could also poten-
tially improve fatigue, cognitive function, and
mood directly through restoration of action
potential conduction. Alternatively, PR-FAM-
induced changes in one symptom may indi-
rectly trigger secondary changes in other
symptoms [19].

While more and more evidence has emerged
in recent years in favour of positive effects of
short- and long-term treatment with PR-FAM on
ambulatory function [20, 21], data demon-
strating a possible long-term effect of the drug
on non-walking functional outcomes are either
still limited or discordant. Apart from one ran-
domized, placebo-controlled study describing
PR-FAM’s beneficial effects on different

cognitive domains as well as on fatigue and
depression over 2 years in a cohort of MS
patients [18], most studies conducted so far,
utilizing a randomized, placebo-controlled
design, have failed to demonstrate fampridine’s
benefits in such non-walking outcomes [22–25].
On the other hand, a limited number of open-
label, uncontrolled studies have already descri-
bed PR-FAM-induced improvements in fatigue,
cognition, mood and overall QoL
[4, 17, 19, 26–31]. Whereas these studies offer
valuable information towards a possible role of
PR-FAM on these functions, data remain
unclear, with variabilities in study parameters,
including study design, treatment algorithms
and assessment protocols, do not allowing the
drawing of univocal conclusions [32]. Thus, the
aim of the FAMILY study was to complement
existing literature with new real-life data
regarding the effects of (6-month) treatment
with PR-FAM on cognition, fatigue, depression
and QoL in adult patients with MS as treated in
daily clinical practice in Greece.

METHODS

Study Design

FAMILY was a multi-center, prospective, obser-
vational, real-world cohort study of MS patients
receiving PR-FAM in the outpatient setting.
Patients were enrolled consecutively to avoid
selection bias. Patients were treated for
6 months according to the local prescribing
information of PR-FAM and the routine medical
practice in terms of visit frequency and types of
assessments. Notably, the decision to prescribe
PR-FAM had already been taken prior to their
study enrolment and was clearly separated from
the physician’s decision to include them in the
study. Assessments were performed at com-
mencement (baseline), after 2, 12 and 24 weeks
of treatment with PR-FAM. At baseline, patients’
walking ability was assessed by the physician
using the Timed 25-Foot Walk test (T25FW)
[33, 34] and the self-reported 12-item Multiple
Sclerosis Walking Scale (MSWS-12) [35].
Patients’ cognitive function was assessed by the
Paced Auditory Serial Addition Test (PASAT)
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[33, 34]. Patients were also asked by the physi-
cian to complete the following self-adminis-
tered questionnaires: Modified Fatigue Impact
Scale (MFIS) [36, 37], Beck Depression Inven-
tory-II (BDI-II) [38, 39], MS International Qual-
ity-of-Life questionnaire (MusiQoL) [40, 41] and
Multiple Sclerosis Impact Scale (MSIS-29) [42].
After 2 weeks on treatment with PR-FAM,
patients’ walking ability was re-assessed, and
physicians made a decision regarding patients’
response to PR-FAM as per their clinical judge-
ment. At Weeks 12 and 24, patients underwent
the same tests as performed at baseline. All
serious and non-serious adverse events (AEs),
occurring from the time of signing the
Informed Consent Form (ICF) throughout the
treatment period and until 14 days of study
completion, were reported in patients’ medical
records and in the relevant study documenta-
tion as per the study protocol and the local
regulations.

The study was conducted in compliance with
the principles laid down in the Declaration of
Helsinki as well as with the local regulatory
requirements, with approval obtained by the
Ethics Committee of each participating site. A
list of the respective Ethics Committees is
included in Table S1. Written informed consent
was obtained from all individual participants
included in the study.

Inclusion and Exclusion Criteria

Patients eligible to participate in the study were:
(1) adults (C 18 years old) with MS (McDonald
2017 criteria) [43]; (2) receiving PR-FAM for
walking disability (EDSS 4–7) in line with the
locally approved Summary of Product Charac-
teristics (SmPC); and (3) receiving stable doses
of any MS disease-modifying treatment (DMT)
for at least 3 months prior to study entry.
Exclusion criteria were: (1) having received
more than 1 dose of PR-FAM at the time of
enrolment; (2) meeting any of the contra-indi-
cations of the approved SmPC; and (3) receiving
or having received treatment with any investi-
gational product within 1 month or 5 half-lives
of the investigational agent (whichever is
longer) prior to commencement of PR-FAM.

Outcome Measures

The primary efficacy endpoints of the study
were changes from baseline in the mean score of
PASAT, BDI-II, MFIS, MSIS-29 and MusiQoL.
PASAT is a measure assessing auditory infor-
mation processing speed and flexibility, as well
as calculation ability. It is widely used for
assessing the cognitive function in several brain
conditions. In this study, the version applying
intervals of 3 s, thereafter referred to as ‘‘PASAT
300’’ was employed, as described in the Multiple
Sclerosis Functional Composite (MSFC) [33, 34].
Changes in fatigue were assessed using the
MFIS, which provides a self-reported assessment
of physical, cognitive, and psychosocial func-
tioning [36, 37]. The BDI-II, a 21-item self-re-
port measure of the severity of depressive
symptoms, was further utilized [38, 39]. Chan-
ges in the QoL of MS patients were assessed
using two MS-specific instruments, the Musi-
QoL [40, 41] and the MSIS-29 [42]. The physical
scale (MSIS-29-PHYS) consisting of 20 ques-
tions, and the psychological scale (MSIS-29-
PSYCH) of 9 questions were applied separately
[42]. Changes in walking speed were assessed
using the T25FW as described in the MSFC
[33, 34]. Patients were allowed to use an assis-
tive device as long as it was consistently used
across visits. The task was performed twice at
each visit and an average score of the two
completed trials was calculated.

Statistical Analysis

Statistical analysis was performed using IBM
SPSS v.24. For all efficacy analysis as well as the
description of baseline demographics and dis-
ease characteristics, the Modified Intention-to-
Treat (mITT) population was used, defined as all
subjects enrolled in the study with at least one
post-baseline efficacy assessment, excluding
those not fulfilling inclusion/exclusion criteria
after objective examination according to ICH E9
guideline. Summary statistics were used to
describe patients’ demographic and disease-re-
lated characteristics at baseline as well as test
scores at different timepoints. Continuous
parameters were presented as mean, median
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and standard deviation (SD), whereas categori-
cal variables were presented as absolute (n) and
relative (%) frequencies. The paired samples
t test was implemented to evaluate the impact
of PR-FAM administration on patient test score
changes from baseline to Weeks 12 and 24. The
statistical significance of the proportion of
patients with C 20% improvement in the
T25FW at each study visit was assessed using a
binomial test and the respective 95% confi-
dence interval (CI); improvement was defined
as a 20% increase of walking speed at T25FW.
Walking times, transformed into speeds (more
normally distributed than time), were averaged
giving 1 value per visit. Changes in average
walking speed on treatment are reported as
percent change from baseline. A positive per-
cent change indicated patients who walked
faster following treatment [35]. P values\0.05
were considered statistically significant. The
‘last observation carried forward’ approach was
used to handle missing data. All patients
enrolled in the study who were administered at
least one dose of PR-FAM during the study per-
iod were used for the safety analysis (Safety
Analysis Set; SAF). All AEs, occurring from the
time of signing the ICF throughout the treat-
ment period and until 14 days of study com-
pletion, were summarised by number and
percentage of patients with each AE.

RESULTS

A total of 119 patients (ITT population) were
enrolled at 8 sites in Greece from 07/03/2017 to
15/12/2018 and thus were treated with PR-FAM.
Among them, 106 completed the study and 13
discontinued from the study. After objective
evaluation as per the ICH E9 principles, 17
patients were found not to fulfill all the inclu-
sion criteria or to fulfill one of the exclusion
criteria, and thus were identified as having
erroneously been enrolled in the study. There-
fore, 102 were finally deemed eligible and were
included in the efficacy analysis (mITT), of
whom 92 completed the study and 10 discon-
tinued. The most frequent reason for study
discontinuation was no response to treatment

(4 patients, 3.9%) followed by lost to follow-up/
non-adherence (3 patients, 2.9%) (Fig. 1).

Patients’ demographics and disease charac-
teristics at baseline are presented in Table 1. The
vast majority of patients (79.4%) were diag-
nosed with relapsing–remitting MS (RRMS)
according to the McDonald 2017 criteria [43].
The mean ± SD time since MS diagnosis was
11.44 ± 7.83 years. Only 16 (15.7%) patients
had experienced at least one relapse during the
last year before commencing treatment with
PR-FAM, with 3 of them experiencing a relapse
in the last month prior to PR-FAM treatment
initiation. Patients had an EDSS score (median)
of 4.0. At baseline, all patients (mITT) were
receiving a DMT for their MS for at least
3 months prior to study entry, with fingolimod
(33.3%) being the most frequently used DMT,
followed by natalizumab (16.7%) and dimethyl
fumarate (9.8%). Forty-seven (46.08%) patients
were also receiving at least one concomitant
medication, with nervous system (34.31%),
musculoskeletal system (13.73%), genito-uri-
nary system (11.76%), alimentary tract and
metabolism (9.8%), systemic hormonal prepa-
rations, excluding sex hormones (7.8%), and
cardiovascular system (6.86%) medications
being the most common classes. Moreover,
39.22% of patients had at least one clinical
diagnosis other than MS, with psychiatric dis-
orders (23.53%) being the most commonly
reported, followed by endocrine disorders
(9.80%), nervous system disorders (7.84%),
renal and urinary disorders (7.84%), vascular
disorders (6.86%) and musculoskeletal and
connective tissue disorders (3.92%).

Cognition

At baseline, patients achieved a PASAT-300 score
of 30.64 ± 21.358 units; at 6 months (Week 24)
from baseline, cognitive function was improved
as reflected by a statistically significant increase
of PASAT-300 score to 31.72 ± 21.874 units
(p = 0.044). While a similar trend was already
observed at 3 months from baseline (Week 12)
with a mean PASAT-300 score of 31.20 ± 21.680,
this did not reach statistical significance
(Table 2).
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Fatigue

The total MFIS score was 36.68 ± 16.981 units at
baseline, whereas, at 6 months (Week 24), a
statistically significant improvement of fatigue
to 32.77 ± 16.123 was observed (p\0.001). A
statistically significant decrease in total MFIS
score was already evident at 3 months (Week
12) with a score of 34.45 ± 17.272 being
observed (p = 0.020) (Table 2).

Depression

Mood as measured by the BDI-II score improved
from baseline to 6 months (Week 24) from
11.34 ± 8.031 to 9.17 ± 7.660 units and this
change was statistically significant (p\0.001).
A decrease in depressive symptoms was already
observed at 3 months (at Week 12) when the
score was decreased to 10.41 ± 8.003 (p = 0.034)

(Table 2). During a post hoc subgroup analysis,
changes from baseline in BDI-II score at
6 months were compared across two subgroups
of patients defined by concomitant use of anti-
depressants, anxiolytics, psychostimulants and
other nervous system medications known to
affect mood. Results from this analysis revealed
that mean change in BDI-II score from baseline
to Week 24 consistently improved (i.e.
decreased) with no statistically significant dif-
ference across the two subgroups as defined by
concomitant use of such medications (Table 3).

Quality of Life

With regards to MS-related QoL as assessed by
MusiQoL, at baseline, patients achieved a score
of 63.45 ± 16.493, with an improvement at
6 months (Week 24) as reflected by a statisti-
cally significantly increase in score to

Fig 1 Study flow chart
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67.75 ± 15.247 (p\0.001). An improvement in
QoL as reflected by a statistically significant
increase in MusiQoL score was already evident
at 3 months (Week 12) with a mean score of
65.86 ± 15.975 units being observed (p = 0.001)
(Table 2).

The MSIS-29-PHYS scale also demonstrated
an MS-related QoL improvement, with a mean
score decreasing from 32.00 ± 18.103 at base-
line to 28.13 ± 17.007 units at 6 months (Week
24) and this decrease was statistically significant
(p = 0.012). At 3 months, a decrease to
29.90 ± 17.380 units was also observed,
although not statistically significant (p = 0.124).
MS-related QoL was improved, as also shown by
the MSIS-PSYCH scale, with the mean score
being significantly lower at 6 months compared
to baseline, with reported scores being
24.64 ± 23.301 and 32.11 ± 26.533, respectively
(p\0.001). Consistently, mean score at
3 months (Week 12) was 27.23 ± 23.025 which
is also lower than baseline (p\0.001) (Table 2).
Of note, during the post hoc subgroup analysis,
changes from baseline in MSIS-PSYCH scale at
6 months were also compared across the two
subgroups of patients defined by concomitant
use of anti-depressants, anxiolytics, psychos-
timulants and other nervous system medica-
tions known to affect mood. Results from this
analysis revealed that mean change in MSIS-
PSYCH score from baseline to Week 24

Table 1 Baseline demographics and disease characteristics

n5 102

Gender, n (%)

Female 59 (57.8)

Male 43 (42.2)

Age, years

Mean (SD) 47.78 (10.852)

Range 26–79

MS phenotype, n (%)

RRMS 81 (79.4)

SPMS 8 (7.8)

PPMS 7 (6.9)

PRMS 4 (3.9)

CIS 2 (2.0)

Time since MS diagnosisa, years

Mean (SD) 11.44 (7.828)

Range 0.4–35.1

Patients with at least one relapse during the past year,

n (%)

Yes 16 (15.7)

No 86 (84.3)

EDSS score

Mean (SD) 4.7 (0.88)

Median (IQR) 4.0 (4.0–5.625)

Range 4–7

Current MS treatment, n (%)

Fingolimod 34 (33.3)

Natalizumab 17 (16.7)

Dimethyl fumarate 10 (9.8)

Glatiramer acetate 9 (8.8)

Alemtuzumab 8 (7.8)

Teriflunomide 6 (5.9)

Cyclophosphamide 5 (4.9)

IFNB-1a 44 lg 4 (3.9)

IFNB-1a 22 lg 2 (2.0)

Table 1 continued

n5 102

IFNB-1b 250 lg 2 (2.0)

IFNB-1a 30 lg 2 (2.0)

Mitoxantrone 2 (2.0)

Azathioprine 1 (1.0)

CIS Clinically isolated syndrome, EDSS expanded dis-
ability status scale, IQR interquartile range, PPMS primary
progressive MS, PRMS progressive-relapsing MS, RRMS
relapsing–remitting MS, SD standard deviation, SPMS
secondary-progressive MS
a Years since MS diagnosis have been calculated until ICF
date
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consistently improved (i.e. decreased) with no
statistically significant difference across the two
subgroups as defined by concomitant use of
such medications (Table 3).

Walking Ability

Following 14 days of treatment with PR-FAM
(Week 2), 14.4% of patients experienced an
improvement in their walking speed of at least
20% as assessed by the T25FW with this per-
centage slightly increasing at Week 12 (18.3%)
and Week 24 (19.8%) (Table 4). When patients
were sub-grouped according to improvement in
T25FW performance from baseline to Week 12,
those with a C 20% improvement, i.e. 17
patients, showed an improvement in MFIS
(p\0.001), BDI-II (p = 0.047) and MSIS-29 PHYS
(p = 0.009) as compared to the rest of the pop-
ulation (i.e. 76 patients with\20% T25FW
improvement) (Table 5). Similarly, patients
with C 20% improvement in their walking
speed at Week 24, i.e. 18 patients, showed sta-
tistically significant improvements in MFIS
(p\0.001), BDI-II (p = 0.004), MusicQoL

(p = 0.030), MSIS-29- PHYS (p = 0.002) and MSIS-
29 PSYCH (p = 0.037) as compared to the rest of
the population, i.e. 73 patients (Table 5).

Safety

Twenty-three (19.3%) out of 119 patients (SAF)
reported at least one AE, 9 (7.56%) reported at
least one AE possibly related to PR-FAM and 3
(2.52%) reported at least one AE that led to drug
discontinuation. No serious adverse event (SAE)
was reported. The most commonly reported AE
was headache (5.04%) (Table 6). Overall, the
incidence of AEs was consistent with the known
safety profile of PR-FAM and did not reveal any
new safety signal for PR-FAM.

DISCUSSION

Current evidence from early real-world clinical
experience points towards PR-FAM’s broader
benefits on other MS-related facets beyond
those on walking ability [1]. In support of this
notion, our study showed that treatment with

Table 2 Performance in PASAT-300, MFIS, BDI-II, MusiQoL, MSIS-29-PHYS and MSIS-29-PSYCH at Baseline, week 12
and week 24

Parameter n Baseline Week 12 Week 24

Mean (SD) Mean (SD) p valuea Mean (SD) p value

PASAT-300 score 94 30.64 (21.358) 31.20 (21.680) 0.176 31.72 (21.874) 0.044

MFIS score 102 36.68 (16.981) 34.45 (17.272) 0.020 32.77 (16.123) < 0.001

BDI-II score 102 11.34 (8.031) 10.41 (8.003) 0.034 9.17 (7.660) < 0.001

MusiQoL score 102 63.45 (16.493) 65.86 (15.975) 0.001 67.75 (15.247) < 0.001

MSIS-29 PHYS subscale score 102 32.00 (18.103) 29.90 (17.380) 0.124 28.13 (17.007) 0.012

MSIS-29 PSYCH subscale score 102 32.11 (26.533) 27.23 (23.025) < 0.001 24.64 (23.301) < 0.001

Results are presented as mean (SD)
BDI-II Beck Depression Inventory-II, MFIS Modified Fatigue Impact Scale, MSIS-29 Multiple Sclerosis Impact Scale,
MusiQoL MS International Quality-of-Life questionnaire, PASAT Paced Auditory Serial Addition Test, PHYS Physical
Impact, PSYCH Psychological Impact, SD standard deviation
a All p values correspond to group comparisons regarding baseline performance. Statistically significant values (p\0.05) are
presented in bold
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PR-FAM for 6 months led to significant
improvements in cognition, fatigue, depression
and QoL in a large, heterogeneous group of
Greek MS patients in everyday clinical practice.

According to our results, information pro-
cessing speed, a core aspect of cognition, as
assessed by PASAT-300 was significantly superior
to baseline values after 6 months on treatment
with PR-FAM. These findings are consistent
with a number of previous studies which also
reported an improvement in PASAT after short-
or long-term treatment with PR-FAM
[17, 24, 26]. Studies utilizing the Symbol Digit
Modalities Test (SDMT) further corroborate
these results by demonstrating an improvement
in visual processing speed after short- and long-
term treatment with PR-FAM [28, 30, 44, 45]. In
contrast, some studies failed to demonstrate an
impact of PR-FAM on cognitive function, as
assessed either by PASAT or SDMT [24, 27, 31].

Interestingly, in the study of Satchidanand et al.
(2020), while there was no effect of fampridine
on cognitive outcomes when compared with
placebo, performance in PASAT but not in
SDMT improved significantly among ‘‘respon-
ders’’ in the treatment group compared with
‘‘non-responders’’, reflecting a possible cogni-
tion–motor coupling [31]. A recently conducted
meta-analysis showed conflicting results with
regards to the effect of PR-FAM on cognitive
function. Nevertheless, these parameters were
secondary outcomes in the reviewed studies
with only some cohort studies focusing on
them and finding a positive effect of PR-FAM on
cognitive, emotional and speech functions [32].
Our findings, together with others’, are quite
encouraging but warrant more in-depth exam-
ination. Information processing speed is a
domain of cognitive function that may be
favoured by treatment with PR-FAM. This

Table 3 Changes from baseline in BDI-II and MSIS-29-PSYCH at Week 24 by concomitant use of antidepressants,
anxiolytics, psychostimulants etc

Parameter Use of anti-depressants, etc. n Week 24

Mean (SD) p valuea

BDI-II score Yes 35 - 2.7 (4.64) 0.411

No 67 - 1.9 (5.19)

MSIS-29-PSYCH score Yes 35 - 6.0 (17.75) 0.602

No 67 - 8.2 (21.23)

Results are presented as mean (SD)
BDI-II Beck Depression Inventory-II, MSIS-29 Multiple Sclerosis Impact Scale, PSYCH Psychological Impact, SD standard
deviation
a All p values correspond to subgroup comparisons regarding performance at the same time point. Statistically significant
values (p\0.05) are presented in bold

Table 4 Patients with C 20% improvement in walking speed as assessed by T25FW

Week 2 Week 12 Week 24

‡ 20% < 20% p valuea ‡ 20% < 20% p value ‡ 20% < 20% p value

n (%) 14 (14.4) 83 (85.6) < 0.001 17 (18.3) 76 (81.7) < 0.001 18 (19.8) 73 (80.2) < 0.001

CI95% 8.8–22.8 77.2–91.2 11.7–27.3 72.7–88.3 12.9–29.1 70.3–87.6

CI Confidence interval, T25FW Timed 25-Foot Walk
a All p values correspond to subgroup comparisons regarding performance at the same time point. Statistically significant
values (p\0.05) are presented in bold
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favourable PR-FAM effect could be interpreted
in part by PR-FAM’s ability to cross the
blood–brain barrier (BBB) and potentially target
disseminated demyelinated lesions in different
associative brain regions, ultimately resulting in
an improvement in nerve conduction [46].
However, assuming that PR-FAM enhances
nerve conduction resulting in faster processing
speed is a rather superficial explanation of how
increased conduction on a neural level can lead
to an improvement in more complex cognitive
processes [47]. Thus, further understanding of
how MS disease leads to patterns of cognitive
decline is needed to drive therapeutic decisions.
It should also be noted that all studies assessing
fampridine’s effects in cognitive function con-
ducted so far were limited to rather crude tests
including PASAT or SDMT. In that sense, inter-
pretation of performance of MS patients in
PASAT-300 during our study may also have been
confounded by secondary factors, including
variations in premorbid intelligence, sensory-
motor impairment, fatigue, depression and
overall emotional status during performing the
test [9]. Moreover, PASAT performance may also
have been subject to practice effects upon
repeated administration [33, 48]. Taken

together, although there are clear limitations to
its use, PASAT remains a measure highly sensi-
tive to certain cognitive functions frequently
affected in MS, although not intended to be a
global measure of cognitive dysfunction [33].
Thus, future studies assessing PR-FAM’s benefits
applying a more comprehensive neuropsycho-
logical assessment should be designed.

Similar to our results, which demonstrated
improvement in fatigue at 6 months, most
previous studies demonstrated short- and long-
term improvements in fatigue in MS patients
following PR-FAM treatment
[4, 17–19, 25–29, 49]. Notably, in the study of
Korsen et al. (2017), response to PR-FAM treat-
ment was dependent on the responder status
(determined based on a C 20% improvement in
T25FW), while no effects were observed in the
total patient cohort [17]. Interestingly, a ran-
domized, placebo-controlled trial, although
failing to show a difference between fampridine
and placebo in terms of fatigue amelioration,
did show a significant improvement in fatigue
in those patients with a high blood concentra-
tion of fampridine [25]. Although the patho-
physiology of fatigue remains poorly
understood, the primary mechanism that seems

Table 5 Changes from baseline in MusiQoL, MFIS, BDI-II, PASAT-300, MSIS-29-PHYS and MSIS-29-PSYCH by
T25FW improvement

T25FW improvement Week 12 Week 24

‡ 20% < 20% p valuea ‡ 20% < 20% p value

n 17 76 18 73

PASAT-300 0.9 (5.62) 0.5 (3.82) 0.736 2.1 (5.46) 1.0 (5.34) 0.469

MFIS - 10.7 (8.77) - 0.8 (9.11) < 0.001 - 11.6 (9.93) - 2.3 (9.46) < 0.001

BDI-II - 3.0 (3.61) - 0.6 (4.69) 0.047 - 5.5 (4.64) - 1.6 (5.12) 0.004

MusiQoL 5.2 (10.57) 2.1 (6.19) 0.110 8.8 (11.78) 3.7 (8.11) 0.030

MSIS-29 PHYS - 9.9 (9.98) - 0.5 (13.77) 0.009 - 14.6 (14.46) - 1.6 (15.53) 0.002

MSIS-29 PSYCH - 10.8 (13.39) - 4.4 (13.51) 0.084 - 17.7 (17.87) - 6.3 (20.99) 0.037

Results are presented as mean (SD)
BDI-II Beck Depression Inventory-II, MFIS Modified Fatigue Impact Scale, MSIS-29 Multiple Sclerosis Impact Scale,
MusiQoL MS International Quality-of-Life questionnaire, PASAT Paced Auditory Serial Addition Test, PHYS Physical
Impact, PSYCH Psychological Impact, SD standard deviation
a All p values correspond to group comparisons regarding baseline performance. Statistically significant values (p\0.05)
are presented in bold
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to be mostly consistent with a response to
fampridine is fatigue due to demyelination and
axonal loss that leads to increased axonal

energy demands required for conduction
[19, 50]. Thus, the improvement of fatigue
noted in our study and previous studies may
once again be attributed to PR-FAM’s potential
ability to cross the BBB and improve conduction
of demyelinated axons [46]. Another possible
explanation may lie in improvements in sec-
ondary factors comprising underlying causes of
fatigue within the context of MS. Depression
comprises one such factor, with anti-depression
treatments in MS patients also reducing fatigue
[27].

Our study also demonstrated an improve-
ment in the depressive status of MS patients
after the 6-month treatment with PR-FAM. Only
a limited number of studies investigating PR-
FAM’s potential effect on depression have been
conducted so far. One study demonstrated a
short-term benefit on depression following a
14-day treatment with PR-FAM [27]. These
observations were extended by another study
demonstrating PR-FAM’s positive effects on
depressive symptoms over 2 years in a cohort of
MS patients; of note, responsiveness in depres-
sion did not coincide with an improvement in
ambulatory function [18]. On the contrary, no
positive effect on depression was reported after
6 and 12 months of PR-FAM treatment in a
recent real-life study also conducted within
Greece [28]. Given that fatigue and depression
are closely interrelated with a similar patho-
physiological mechanism even being speculated
within the context of MS, it is not surprising
that a paralleled improvement was observed in
both variables. Therefore, the improvement in
fatigue during our study may be partly attrib-
uted to the reduction of depressive symptoms
and vice versa. However, the possibility that
improvement in those two MS aspects may have
occurred independently cannot be fully
excluded.

We also found positive results in terms of PR-
FAM’s effect on the QoL of MS patients after
6 months as assessed using two different MS-
specific questionnaires. Previous studies have
similarly reported a long-term improvement in
MS-related QoL, as reflected in both MSIS-29
subscales [28, 51]. Significant improvement
from baseline in MSIS-29-PHYS in favour of PR-
FAM after a 24-week treatment was also

Table 6 List of AEs

Adverse event Number
of
patients

n5 119
% of
patients

Headache 6 5.04

Upper respiratory tract

infection

3 2.52

Urinary tract infection 3 2.52

Dizziness 2 1.68

Insomnia 2 1.68

Sleep disorder 2 1.68

Asthma 2 1.68

Dyspnoea 2 1.68

Atrial fibrillation 1 0.84

Tachycardia 1 0.84

Vertigo positional 1 0.84

Upper abdominal pain 1 0.84

Constipation 1 0.84

Nausea 1 0.84

Respiratory tract infection 1 0.84

Fall 1 0.84

Increased systolic blood

pressure

1 0.84

Back pain 1 0.84

Cluster headache 1 0.84

Hypoaesthesia 1 0.84

Oral hypoaesthesia 1 0.84

Migraine 1 0.84

Presyncope 1 0.84

Somnolence 1 0.84

Agitation 1 0.84

Hyperhidrosis 1 0.84
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reported during ENHANCE, the largest and
longest randomized trial of PR-FAM to date [22].
In line with these positive results, significant
improvements in QoL, as captured by general
patient-reported and MS-specific measures, were
observed over 48 weeks in ENABLE [52]. A meta-
analysis also showed that PR-FAM has a positive
effect on patient satisfaction and QoL, although
all the analyses except for one were based on
responders [32]. Given the demonstrated effi-
cacy of PR-FAM in the ambulatory function, a
consequent improvement in health-related QoL
of MS patients is therefore not surprising.
Additionally, such an improvement may also be
the result of PR-FAM-driven changes in other
non-walking aspects than those investigated in
this study.

With regard to a clinically significant
response to PR-FAM, in terms of lower limb
function, data from placebo-controlled ran-
domized studies consistently report the pro-
portion of patients achieving a clinically
significant improvement as roughly 35–42%
[21]. An increase of C 20% in the T25FW has
been widely suggested as a minimal clinically
important difference (MCID) [53], but it is
unclear if this outcome best identifies short-
and long-term clinically meaningful responses
to PR-FAM in the setting of real clinical practice.
Most studies conducted in a real-world setting,
mainly considering improvement in the T25FW
as MCID, have yielded similar results to the
pivotal clinical trials [21]. Nevertheless, in our
study, a marginally increasing trend was
observed over time in the proportion of patients
with a C 20% T25FW improvement, implying
that some patients may have a slower response
to PR-FAM. This percentage was consistently
found to be lower than expected over the course
of the study, ranging from only 14.2% to a
maximum of approximately 20% after 2-, 12-
and 24-week treatments with PR-FAM. In cur-
rent routine clinical practice, the neurologist is
responsible for assessing treatment response to
PR-FAM, which must be discontinued in
patients not showing any improvement on the
basis of walking ability after 2–4 weeks of
treatment. In our study, although a small
number of patients demonstrated a C 20%
improvement in T25FW after 2 weeks on PR-

FAM, the majority of patients continued treat-
ment for up to 6 months.

Neurologists in our study seem to have relied
their decision to determine patients’ response
to PR-FAM over time not only upon changes in
walking speed but also upon their global
judgement of walking ability as well as patients’
overall status; an approach critically acclaimed
in the recent literature [1, 21]. Interestingly,
despite this general limited improvement in
walking speed, beneficial effects were observed
in all other aspects of relevance to MS, i.e.
cognition, fatigue, depression and QoL. More-
over, additional analyses on changes over time
in the primary efficacy measures between
patients who did or did not achieve a C 20%
improvement in the T25FW revealed that
this C 20% improvement was accompanied by
improvements in the fatigue, depression and
QoL aspects of MS. These results suggest that
the presence of improvement in walking ability
is an important but not the sole indicator of
improvement in these perceived aspects.

Potential limitations of this study are those
mainly associated with its non-interventional
nature, including the lack of a control group,
which leads to a risk of confounding and bias,
making it difficult to ascribe the positive out-
comes observed for PR-FAM itself. In our
study, there is also an apparent presence of
comorbidities and concomitant medications,
including antidepressants, potentially acting
as confounders. In an effort to partially
address this bias, and given the large number
of patients on antidepressant medication and
other relevant medications acting on the CNS
and known to potentially affect mood, a post
hoc subgroup analysis was performed, which
indicated that the observed changes in mood
did not seem to be affected by such con-
comitant use. In addition, the quite recent
occurrence of relapse events prior to PR-FAM
treatment, though only in a limited number
of patients, may also have a confounding
effect in the results. Another limitation lies on
the absence of a pre-definition of a ‘‘respon-
der’’ to PR-FAM in terms of walking ability,
which could result in significant variability in
the physicians’ global judgement of response.
Moreover, use of the PASAT to assess cognitive
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function entails a potential limitation due to a
possible learning effect upon serial testing
[33, 48]. Finally, it is important to be aware of
the potential bias related to the self-report
questionnaires utilized in this study, which
may have been influenced by memory deficits
or the desire to please the neurologist. On the
one hand, self-reported measures successfully
provide unique information of how patients
feel and function, but, on the other hand,
there are trade-offs including a risk of high
spontaneous variability and a high placebo
effect as a natural consequence of this vari-
ability [22]. Despite such limitations, the sig-
nificance of our study lies in the fact that it
highlights PR-FAM’s potential to improve
various functions in MS besides walking abil-
ity in the context of real-life situations. Real-
life studies, instead of employing strict inclu-
sion/exclusion criteria resulting in a highly
selective population, adopt pragmatic clinical
settings in non-selected patients, even those
with comorbidities or concomitant medica-
tions, who daily visit the physician, thus
mimicking daily clinical practice [54, 55].
Thus, the ‘‘real-life’’ design of this study pro-
vides high external validity, which is further
strengthened by the geographical site repre-
sentation leading to an even more heteroge-
neous population potentially illustrative of the
general population.

CONCLUSIONS

This ‘‘real-life’’ observational study provides
new data to the current literature in support of
the benefits of PR-FAM on broader MS aspects
beyond walking ability in terms of cognition,
fatigue, depression and overall QoL in a large
and heterogeneous group of Greek patients
under conditions of everyday clinical practice.
Among them, improvements in fatigue,
depression and QoL are shown to be more pro-
nounced in patients also demonstrating a sig-
nificant improvement in their walking ability as
compared with the rest of the population,
implying a potential advantage of this patient
subgroup with regard to clinical response to PR-
FAM. To this end, future more extensive studies

to further characterize PR-FAM’s impact on
these non-walking variables and their potential
interaction are needed.
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9. Rosti E, Hämäläinen P, Koivisto K, Hokkanen L.
PASAT in detecting cognitive impairment in
relapsing-remitting MS. Appl Neuropsychol.
2007;14(2):101–12.

10. Moccia M, Lanzillo R, Palladino R, Chang KCM,
Costabile T, Russo C, et al. Cognitive impairment at
diagnosis predicts 10-year multiple sclerosis pro-
gression. Mult Scler. 2016;22(5):659–67.

11. Patten SB, Marrie RA, Carta MG. Depression in
multiple sclerosis [Internet]. Int. Rev. Psychiatry.
Taylor and Francis Ltd; 2017;29(5):463–72. Avail-
able from: https://www.tandfonline.com/doi/full/
https://doi.org/10.1080/09540261.2017.1322555.

Adv Ther (2021) 38:1536–1551 1549

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1093/sleep/33.8.1061
https://doi.org/10.1093/sleep/33.8.1061
https://www.tandfonline.com/doi/full/
https://doi.org/10.1080/09540261.2017.1322555


12. Binzer S, McKay KA, Brenner P, Hillert J, Man-
ouchehrinia A. Disability worsening among persons
with multiple sclerosis and depression: A Swedish
cohort study. Neurology. 2019;93:1–8.

13. Ysrraelit MC, Fiol MP, Gaitán MI, Correale J. Qual-
ity of life assessment in multiple sclerosis: Different
perception between patients and neurologists.
Front Neurol. 2018;8:729.

14. Dunn J, Blight A. Dalfampridine: A brief review of
its mechanism of action and efficacy as a treatment
to improve walking in patients with multiple scle-
rosis. Curr. Med. Res. Opin. 2011;27(7):1415–23.

15. EMA. Assessment Report; Fampyra [Internet]. 2011.
Available from: https://www.ema.europa.eu/en/
documents/assessment-report/fampyra-epar-
public-assessment-report_en.pdf

16. EMA. Assessment Report; Fampyra [Internet]. 2017.
Available from: https://www.ema.europa.eu/en/
documents/variation-report/fampyra-h-c-2097-ii-
0036-g-epar-assessment-report-variation_en.pdf

17. Korsen M, Kunz R, Schminke U, Runge U, Kohl-
mann T, Dressel A. Dalfampridine effects on cog-
nition, fatigue, and dexterity. Brain Behav.
2017;7(1):e0059.

18. Broicher SD, Filli L, Geisseler O, Germann N, Zörner
B, Brugger P, et al. Positive effects of fampridine on
cognition, fatigue and depression in patients with
multiple sclerosis over 2 years. J Neurol.
2018;265(5):1016–25.

19. Triche EW, Ruiz JA, Olson KM, Lo AC. Changes in
cognitive processing speed, mood, and fatigue in an
observational study of persons with multiple scle-
rosis treated with dalfampridine-ER. Clin Neu-
ropharmacol. 2016;39(2):73–80.

20. Jacques F, Schembri A, Nativ A, Paquette C, Kali-
nowski P. Prolonged-release fampridine as adjunct
therapy to active motor training in ms patients: a
pilot, double-blind, randomized, placebo-con-
trolled study. Mult Scler J Exp Transl Clin.
2018;4(1):2055217318761168.

21. Rodriguez-Leal FA, Haase R, Thomas K, Eisele JC,
Proschmann U, Schultheiss T, et al. Fampridine
response in MS patients with gait impairment in a
real-world setting: Need for new response criteria?
Mult Scler J. 2018;24(10):1337–46.

22. Hobart J, Ziemssen T, Feys P, Linnebank M, Good-
man AD, Farrell R, et al. Assessment of clinically
meaningful improvements in self-reported walking
ability in participants with multiple sclerosis:
results from the randomized, double-blind, phase
III ENHANCE trial of prolonged-release fampridine.
CNS Drugs. 2019;33(1):61–79.

23. Jensen HB, Nielsen JL, Ravnborg M, Dalgas U,
Aagaard P, Stenager E. Effect of slow release-Fam-
pridine on muscle strength, rate of force develop-
ment, functional capacity and cognitive function in
an enriched population of MS patients. A random-
ized, double blind, placebo controlled study. Mult
Scler Relat Disord. 2016;10:137–44.

24. Morrow SA, Rosehart H, Johnson AM. The effect of
Fampridine-SR on cognitive fatigue in a random-
ized double-blind crossover trial in patients with
MS. Mult Scler Relat Disord. 2017;11:4–9.

25. Rossini PM, Pasqualetti P, Pozzilli C, Grasso MG,
Millefiorini E, Graceffa A, et al. Fatigue in progres-
sive multiple sclerosis: Results of a randomized,
double-blind, placebo-controlled, crossover trial of
oral 4-aminopyridine. Mult Scler. 2001;7(6):354–8.

26. Ruck T, Bittner S, Simon OJ, Göbel K, Wiendl H,
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