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Abstract
Background Prolonged-release fampridine (PR-FAM) 10-mg tablet twice daily is the only approved pharmacological treat-
ment for improvement of walking ability in adults with multiple sclerosis (MS). LIBERATE assessed the safety/effectiveness 
of PR-FAM in the real-world.
Objectives The aim of this study was to collect additional safety data, including the incidence rate of seizures and other 
adverse events (AEs) of interest, from patients with MS taking PR-FAM in routine clinical practice (including patients aged 
≥ 65 years and those with pre-existing cardiovascular risk factors). Other objectives included change over time in patient-
reported evaluation of physical and psychological impact of MS while taking PR-FAM, and change over time in physician-
reported assessment of walking ability in MS patients taking PR-FAM.
Methods Patients with MS newly prescribed PR-FAM were recruited (201 sites, 13 countries). Demographic/safety data 
were collected at enrolment through 12 months. Physician-rated Clinical Global Impression of Improvement (CGI-I) scores 
for walking ability, and Multiple Sclerosis Impact Scale-29 (MSIS-29) were assessed.
Results Safety analysis included 4646 patients with 3534.8 patient-years of exposure; median (range) age, 52.6 (21–85) 
years, 87.3% < 65 years, and 65.7% women. Treatment-emergent AEs (TEAEs) were reported in 2448 (52.7%) patients, 
and serious TEAEs were reported in 279 (6.0%) patients, of whom 37 (< 1%) experienced treatment-emergent serious AEs 
(TESAEs) considered related to PR-FAM. AEs of special interest (AESI) occurred in 1799 (38.7%) patients, and serious 
AESI in 128 (2.8%) patients. Seventeen (< 1%) patients experienced actual events of seizure. Overall, 1158 (24.9%) patients 
discontinued treatment due to lack of efficacy. At 12 months, a greater proportion of patients on-treatment had improvement 
from baseline in CGI-I for walking ability versus those who discontinued (61% vs. 11%; p <  0.001). MSIS-29 physical 
impact score improved significantly for patients on-treatment for 12 months versus those who discontinued (mean change, 
baseline to 12 months: − 9.99 vs. − 0.34 points; p <  0.001). Results were similar for MSIS-29 psychological impact.
Conclusion No new safety concerns were identified in this real-world study, suggesting that routine risk-minimization 
measures are effective. CGI-I and MSIS-29 scores after 12 months treatment with PR-FAM treatment show clinical benefits 
consistent with those previously reported.
Trial Registration ClinicalTrials.gov: NCT01480063.
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1 Introduction

Impaired walking ability is common in multiple sclerosis 
(MS) and negatively impacts patients’ lives. Within 10 years 
of diagnosis, up to 93% of patients with MS have walking 

impairment and consequent loss of mobility, which have a 
profound negative impact on day-to-day functioning, inde-
pendence, and quality of life [1, 2]. Maintenance of walking 
ability is a high priority for individuals with MS, regardless 
of the duration of their disease or level of disability [3, 4].

Prolonged-release fampridine (PR-FAM) tablets 
(AMPYRA ®; known as dalfampridine extended release 
in the United States (US), and as fampridine sustained or 
modified release [FAMPYRA ®] in the European Union (EU) 

http://crossmark.crossref.org/dialog/?doi=10.1007/s40263-021-00840-x&domain=pdf
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Key Points 

Results from LIBERATE demonstrate that long-term (12 
months) treatment with prolonged-release fampridine 
(PR-FAM) in a large number of patients in routine clini-
cal practice was well tolerated.

The nature and types of adverse events reported in the 
study were consistent with the known safety profile of 
PR-FAM, and, overall, no new safety concerns were 
identified.

The LIBERATE results add to previous findings on 
the benefits of PR-FAM on quality of life and walking 
ability by demonstrating that PR-FAM therapy improves 
physician-reported walking ability and patient-reported 
well-being in real life.

phase III, randomised, double-blind, placebo-controlled 
study of PR-FAM in walking-disabled participants with 
MS (EDSS score 4.0−7.0) [7]. Findings from ENHANCE 
showed that participants treated with PR-FAM were more 
likely to achieve clinically meaningful improvements in self-
reported walking ability over 6 months than those treated 
with placebo (responder rate 43.2% for PR-FAM, vs. 33.6% 
for placebo); benefits in mobility and self-reported physi-
cal functioning were also reported. The explanation for why 
only some individuals with MS respond to PR-FAM remains 
unclear, and, as yet, it is not possible to predict who will be a 
responder. It is acknowledged that a clinically practical and 
meaningful responder definition is needed [10].

LIBERATE is a long-term, multicenter, post-authoriza-
tion study of PR-FAM in patients with MS. Due to the inher-
ent constraints of clinical studies, at the time of conditional 
approval in the EU in 2011, the PR-FAM safety database 
established during the development phase had its limitations; 
for example, the number of patients ≥ 65 years of age was 
limited, and patients with pre-existing cardiovascular risk 
factors were excluded from the studies. This observational 
study was conducted in a postmarketing routine practice set-
ting to provide additional safety and effectiveness data on 
those subpopulations not fully studied during the develop-
ment phase. Specifically, premarketing clinical studies were 
not powered to evaluate the incidence of rare adverse events 
(AEs), including seizure. LIBERATE was powered to detect 
a doubling in the incidence of seizures in the MS patient 
population to further assess whether PR-FAM treatment was 
associated with an increased seizure rate. Other objectives 
included change over time in patient-reported evaluation of 
physical and psychological impact of MS while taking PR-
FAM, and change over time in physician-reported assess-
ment of walking ability in MS patients taking PR-FAM.

2  Methods

2.1  Standard Protocol Approvals, Registrations, 
and Patient Consents

The trial was registered with ClinicalTrials.gov 
(NCT01480063). Biogen and the investigators (see supple-
mentary information) complied with the principles set forth 
by the Declaration of Helsinki; the instructions, regulations, 
and agreements in the study protocol; and the applicable 
International Conference on Harmonisation and Good Clini-
cal Practice guidelines in conducting Study 218MS401 in a 
manner consistent with local regulations. Independent Ethics 
Committee approval was obtained by the investigators for 
the study protocol, any applicable protocol amendments, and 
the informed consent form employed.

and other countries) are indicated for the improvement of 
walking in adult patients with MS with walking disability 
(measured by the Expanded Disability Status Scale [EDSS] 
4.0–7.0). PR-FAM is approved in over 50 countries, and as 
of 31 December 2020, approximately 396,747 patients had 
been treated with PR-FAM worldwide, representing 561,888 
patient-years of exposure (data on file). Although several 
drugs are available for treating various symptoms of MS, 
such as fatigue and pain, no other drugs have been approved 
for the treatment of walking disability in patients with MS.

Two pivotal phase III studies of PR-FAM showed that 
walking speed, measured by the Timed 25-Foot Walk, was 
improved in PR-FAM responders over 9 and 14 weeks of 
treatment [5, 6]. These pivotal data led to the approval of 
PR-FAM in the US and EU, however these trials were lim-
ited with respect to demonstrating the duration of effect 
and clinical meaningfulness of PR-FAM treatment. Subse-
quently, the 12-month ENABLE, 6-month MOBILE, and 
6-month ENHANCE studies showed that PR-FAM also had 
beneficial effects on other clinical and patient-reported out-
come assessments, including walking and functional ability, 
balance, and aspects of quality of life over longer treatment 
periods [7–9]. ENABLE, a single-arm, open-label study, 
showed that PR-FAM was associated with significant long-
term improvements in patient-reported physical functioning 
and psychological health over time [9]. The MOBILE study 
was an exploratory, double-blind, placebo-controlled study 
to further assess the effects of PR-FAM beyond 14 weeks 
(the longest follow-up in the pivotal studies), evaluate 
patient-reported walking ability, and identify a clinically 
meaningful change threshold in the 12-item Multiple Scle-
rosis Walking Scale [8]. ENHANCE was a multinational, 
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2.2  Patients and Study Design

LIBERATE was a prospective, non-interventional, mul-
ticenter, observational, post-authorization study. Patients 
with MS newly prescribed PR-FAM (10-mg tablets, twice 
daily) were recruited at 201 sites in 13 countries (Argen-
tina, Canada, Czech Republic, France, Germany, Ireland, 
Israel, Lebanon, The Netherlands, Norway, Portugal, Spain, 
and United Arab Emirates) from 16 April 2012 through  
5 February 2019 (last patient, last visit). The main phase of 
the study was regarded as the study period from the initia-
tion of patient enrolment in 2012 through February 2019. 
There was also an extension phase of 12 months from the 
end of the conditional reimbursement period in The Neth-
erlands on 1 April 2018 through 1 April 2019. The overall 
study was the aggregate period comprising the main and 
extension phases. Patients were observed for approximately 
1 year. Data were collected at baseline and at any time point 
between baseline and month 12 according to local routine 
clinical practice, either by telephone contact (except for the 
assessment of Clinical Global Impression of Improvement 
[CGI-I]) or during routine local clinical practice site visits. 
Safety data were collected from the first dose of PR-FAM 
until study completion or early discontinuation.

Patients were enrolled between 16 April 2012 and  
31 December 2017. Eligible patients were those who were 
newly prescribed PR-FAM according to market authoriza-
tion, but who had not yet started PR-FAM treatment, and 
who were able to provide written informed consent.

Patients who discontinued PR-FAM, regardless of the 
reasons and time of discontinuation, were encouraged to 
remain in the study for the full 1-year observation period, 
unless the patients withdrew consent to participate in the 
study. For this reason, patients who discontinued PR-FAM 
could have completed the study. A patient was considered 
lost to follow-up after three failed documented attempts to 
contact, with one attempt occurring via certified letter.

2.3  Objectives

The primary objective was to collect additional safety data, 
including the incidence rate of seizure and other specific 
AEs of special interest (AESI), from patients with MS taking 
PR-FAM in routine clinical practice (including patients aged 
≥ 65 years and those with pre-existing cardiovascular risk 
factors). All recorded AE verbatim terms were coded using 
Medical Dictionary for Regulatory Activities (MedDRA) 
version 18.1. Serious AEs, all AEs leading to PR-FAM dose 
change or discontinuation, and all AEs experienced by the 
patient at the time of PR-FAM overdose were recorded, 
and relatedness to PR-FAM treatment was assessed by the 
reporting investigator. AESI in this study were those related 
to seizure, serious hypersensitivity reactions, urinary tract 

infection (UTI) and urinary symptoms, depression and sui-
cide attempt, cardiovascular disorders, severe infections 
other than UTI, anxiety, central nervous system stimula-
tion, and clinically significant hematologic abnormalities. 
Seizure-related events were reported based on the Biogen 
search strategy using the Standard Medical Dictionary for 
Regulatory Activities Query (MedDRA SMQ) for Convul-
sions. The SMQ comprises a group of event terms, some 
of which are not specifically seizure, seizure disorder, or 
diagnoses of seizure (e.g., muscle twitching and trismus). 
Treatment-emergent AEs (TEAEs) were defined as any AE 
with an onset date on or after the first dose of PR-FAM and 
within 28 days after the last dose or any pre-existing condi-
tion that has worsened in severity after the first dose of PR-
FAM. For overall AEs in this study, the period is relative 
from the first dose of treatment and within 28 days after the 
last dose in the extension study.

Secondary objectives included characterization of utiliza-
tion patterns of PR-FAM in routine clinical practice and the 
assessment of the effectiveness of risk-minimization meas-
ures in the PR-FAM Risk Management Plan. In LIBER-
ATE, data were collected on patients with renal impairment 
and on patients taking 4-aminopyridine (4-AP) or organic 
cation transporter-2 (OCT2) inhibitors concomitantly with 
PR-FAM to assess adherence to the product label, the effec-
tiveness of risk-minimization measures, and the incidence 
of seizure events in these subpopulations of patients. The 
pattern of PR-FAM use (dose and duration) was summarised 
descriptively, inclusive of disease subtype, dose change, or 
treatment discontinuation. In addition, dosing deviations 
from the local PR-FAM label, product information, or pre-
scription information (including incidences of overdoses) 
were summarised. For measurement of risk minimisation, 
the number and percentage of patients with a neurological 
assessment of walking within 14 days after the start of dos-
ing were evaluated to assess whether appropriate follow-up 
of effectiveness was performed. Adherence to the product 
label was assessed by review of available data collected by 
the Investigators (i.e., reason for PR-FAM prescription, dos-
ing information, medical history, creatinine clearance [CrCl] 
at baseline and change from baseline, and concomitant medi-
cations). Walking ability was assessed using the physician-
rated CGI-I scale of walking ability [11]. A patient’s overall 
walking ability was assessed using the CGI-I 1 question 
scale [11] (‘how much has the patient’s overall walking 
ability improved or worsened relative to a baseline status at 
the beginning of PR-FAM treatment?’); the physician rated 
improvement or worsening of the patients’ overall walking 
ability relative to baseline; responses ranged from 1 (very 
much improved) to 7 (very much worse) over 12 months. 
In order to make the CGI-I measure as objective as possi-
ble, this assessment could only be performed in-person by 
a neurologist (as opposed to by telephone consultation, for 
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example). Furthermore, the baseline assessment had to be 
performed prior to the first dose of PR-FAM to ensure that 
the comparison was relative to pretreatment walking ability.

The impact of MS on the patients and their quality of life 
was assessed using the 29-item Multiple Sclerosis Impact 
Scale (MSIS-29), which provides scores for both physical 
and psychological impact [12]. The validated, self-admin-
istered MSIS-29 questionnaire contains a 20-item physical 
impact and a 9-item psychological impact subscale. The 
physical scores provided data on the impact of PR-FAM 
on symptoms associated with walking, such as stiffness, 
spasms, and difficulties moving or with balance. The psy-
chological score provides data on the impact of PR-FAM 
on symptoms such as fatigue, sleep disturbance, and feel-
ing depressed [13, 14]. For each visit, the MSIS-29 score 
was calculated by summing 20 items and transforming 
the score to a scale with a range of 0 (no impact of MS) 
to 100 (extreme impact of MS). Negative changes on the 
MSIS-29 physical and psychological impact subscales indi-
cate improvement in physical and psychological health, 
respectively.

2.4  Statistical Analyses

The sample size for LIBERATE was calculated based on the 
known rates of AESI, including seizures and cardiovascular 
events, in patients with MS. A sample of 3308 was estimated 
to achieve 80% power to detect a doubling of seizure rates 
(assuming a background incidence of 0.003 per patient-year 
[15] at a 0.05 level of significance). With a background inci-
dence of cardiovascular outcomes such as 1.0% of arrhyth-
mias and conduction disorders in patients ≥ 65 years of age 
[16] and 0.1% of atrial fibrillation/flutter [17], the power to 
detect a doubling of events after 12 months’ follow-up was 
estimated to be 99% and 46%, respectively. Therefore, sam-
ple size was determined to be approximately 5000 patients 
followed for 1 year after treatment initiation, allowing for 
3308 patient-years of exposure, and assuming a dropout 
rate of 34%. All patients enrolled in the study who received 
at least one dose of PR-FAM were included in the safety 
population for which all analyses were presented, includ-
ing safety and effectiveness analyses. CGI-I data were ana-
lysed by treatment status (on-treatment and off-treatment) 
over visit windows for patients who were still in the study 
at 12 months. The p-value and 95% confidence interval (CI) 
values were presented using the Chi-square test to test the 
difference in the proportion of patients with an improve-
ment between the on- and off-treatment groups. MSIS-29 
data were analysed using the same approach. In addition, the 
mean change of MSIS-29 from baseline at each visit win-
dow was analysed by status groups (on-treatment and off-
treatment) using analysis of covariance with treatment effect 
and adjusted by baseline MSIS-29 values. An improvement 

in the patient’s overall walking ability was indicated by a 
negative change from baseline.

3  Results

3.1  Patients

A total of 4737 patients were enrolled in LIBERATE, and 
4646 patients received at least one dose of PR-FAM and 
were included in the safety population (Fig. 1). Overall, 
3251 (70%) patients completed the study, 2475 (53%) dis-
continued treatment, and 1395 (30%) did not complete the 
study (Fig. 1). The most common reasons for treatment dis-
continuation were lack of efficacy (n = 1158 [24.9%]) and 
AEs (n = 753 [16.2%]). Of 1158 patients who discontinued 
due to lack of effectiveness, 1140 were from the main phase 
of the study and 18 were from the extension phase; of the 
1158 patients, 163 and 995 patients discontinued treatment 
≤ 14 days and > 14 days, respectively, from the start of 
treatment.

Patient baseline characteristics are described in Table 1. 
Overall, the mean (standard deviation) patient age was 52.5 
(10.5) years, median (minimum, maximum) EDSS at enrol-
ment was 5.5 (1, 9), and the majority (65.7% [n = 3051]) 
of patients were female; 4057 patients (87.3%) were < 65 
years of age and 589 patients (12.7%) were ≥ 65 years of 
age. Race was not reported for the 4439 patients enrolled in 
EU countries due to confidentiality regulations; of the 207 
patients enrolled in non-European countries, the majority 
were White (n = 198 [95.7%]).

Of the 4646 patients in the safety population, 4058 
(87.3%) patients were taking at least one concomitant 
medication. Symptomatic medications taken by ≥ 10.0% 
of patients included baclofen (18.9%). Other MS disease-
modifying therapies that were used concomitantly by ≥ 2% 
of patients included interferon (13.8%), fingolimod (10.7%), 
natalizumab (7.0%), glatiramer acetate (5.0%), and fumaric 
acid/dimethyl fumarate (4.3%). Low rates of concomitant 
physiotherapy (14%) were observed in this study.

3.2  Safety

Overall, TEAEs were reported in 2448 (52.7%) patients 
(Table 2). The incidence rate for TEAEs was 141.3 per 100 
patient-years based on 3534.8 patient-years of exposure. 
The most commonly reported TEAEs occurring in ≥ 2.0% 
of patients are presented in Table 2; the majority of these 
events are known adverse reactions included in the EU Sum-
mary of Product Characteristics (SmPC) for PR-FAM, or 
were due to the patient’s underlying MS disease.

TEAEs considered related to PR-FAM treatment were 
reported in 1626 (35.0%) patients (Table 3). At least one 
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serious TEAE (TESAE) was reported in 279 (6.0%) patients 
(Table 4); the most common TESAEs, reported in > 2 
patients, were MS relapse (n = 61 [1.3%]) and fall (n = 25 
[< 1%]). In total, 37 (< 1%) patients experienced TESAEs 
that were considered related to PR-FAM treatment. Related 
TESAEs in > 2 patients were epilepsy (n = 7 [0.2%]); UTI 
(n = 5 [0.1%]); seizure (n = 4 [< 0.1%]); urosepsis (n = 3  
[< 0.1%]); and Uhthoff’s phenomenon, generalised tonic-
clonic seizure, sepsis, and cystitis (n = 2 patients each  
[< 0.1%]).

Of the 4646 patients in the safety population, 751 (16.2%) 
reported 1255 TEAEs leading to discontinuation of PR-
FAM, with an overall incidence rate of 35.5 per 100 patient-
years (based on 3534.8 patient-years of exposure). The most 
commonly reported TEAEs (reported by ≥ 1% of patients) 
included dizziness (n = 136 [2.9%]), insomnia (n = 98 
[2.1%]), headache (n = 77 [1.7%]), nausea (n = 73 [1.6%]), 
vertigo (n = 63 [1.4%]), and paraesthesia (n = 51 [1.1%]). 
In total, 296 (6.4%) patients experienced a TEAE leading to 
withdrawal from the study, and 46 (1.0%) patients experi-
enced a TEAE leading to a change in PR-FAM dose. Four 
patients (< 0.1%) experienced a TEAE leading to death. The 
events with fatal outcome reported in these four patients 
were duodenitis, erosive duodenitis, hemorrhagic erosive 
gastritis, nausea, vomiting, pneumonia, and sepsis (all in 
1 patient); chordae tendinae rupture (1 patient); suicide (1 
patient); and death (1 patient; cause of death unknown).

Of the 4646 patients in the safety population, 32 (0.7%) 
patients reported seizure-related events, based on the 

Biogen search strategy using the MedDRA SMQ for Con-
vulsions. The SMQ comprises a group of event terms, some 
of which are not specifically seizure, seizure disorder, or 
diagnoses of seizure (e.g., muscle twitching and trismus). 
Of these 32 patients, only 17 (< 1%) experienced actual 
events of seizure, including epilepsy (n = 8 [0.2%]), sei-
zure (n = 5 [0.1%]), generalised tonic-clonic seizure (n = 2  
[< 0.1%]), and partial seizure and absence seizure (n = 1 each 
[< 0.1%]) (Table 4). The nature and types of other AESIs 
reported, including serious hypersensitivity reactions, and 
urinary symptoms, cardiovascular disorders, depression and 
suicide attempt, severe infections other than UTI, anxiety, 
events suggestive of central nervous system stimulation, and 
clinically significant hematologic abnormalities, were consist-
ent with the known safety profile of PR-FAM (Table 4).

Analysis of the events for patients taking PR-FAM concomi-
tantly with either OCT2 inhibitors (n = 896 [19.3%]) or OCT2 
substrates (n = 313 [6.7%]) showed that the nature and types 
of events reported were in line with the overall study popula-
tion. The incidence of seizure-related events for patients taking 
OCT2 inhibitors (0.7 per 100 patient-years) or substrates (0.4 per 
100 patient-years) were comparable with the incidence rate for 
seizure-related events reported in the overall study population 
(0.5 per 100 patient-years). Therefore, although there is a risk of 
seizure due to increased plasma levels in patients taking PR-FAM 
concomitantly with OCT2 inhibitors, and a theoretical risk of 
increased seizure due to increased plasma levels in patients tak-
ing PR-FAM concomitantly with OCT2 substrates, the data did 
not demonstrate a higher incidence of seizure in these patients.

Fig. 1  Patient disposition. Data cut-off date: 21 June 2019. Percent-
ages are calculated using the total number of patients (N) as the 
denominator. aSafety population: patients who enrolled in the study 

and received ≥ 1 dose of PR-FAM. CGI-I Clinical Global Impression 
of Improvement, MSIS-29 Multiple Sclerosis Impact Scale-29, PR-
FAM prolonged-release fampridine
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Table 1  Patient demographics for the total treated population and both European and non-European populations

Data are expressed as n (%) unless otherwise specified
Data cut-off date: 21 June 2019
Percentages are calculated using the total number of patients (N) as the denominator
EDSS Expanded Disability Status Scale, MS multiple sclerosis, RRMS relapsing-remitting multiple sclerosis, SD standard deviation
a Not reported due to confidentiality regulations
b European, n = 3967; non-European, n = 191; total, n = 4158
c Time from diagnosis = (enrollment date – imputed diagnosis date + 1)/365.25, where partial diagnosis date is imputed with the first day of the 
month if day is missing and with 1 January if month and day are missing; European, n = 4372; non-European, n = 207; total, n = 4579
d European, n = 4431; non-European, n = 207; total, n = 4638
e Time from most recent relapse = (enrollment date − most recent relapse date + 1)/365.25

European countries [n = 4439] Non-European countries  
[n = 207]

Total [N = 4646]

Age at enrollment, years
 Mean [SD] 52.6 [10.5] 51.0 [11.2] 52.5 [10.5]
 < 65 3873 (87.2) 184 (88.9) 4057 (87.3)

Sex
 Female 2913 (65.6) 138 (66.7) 3051 (65.7)

Race
 Black 0 (0) 1 (0.5) 1 (< 0.1)
 Asian 0 (0) 2 (1.0) 2 (< 0.1)
 White 0 (0) 198 (95.7) 198 (4.3)
 Not  reporteda 4439 (100.0) 2 (1.0) 4441 (95.6)
 Other 0 (0) 4 (1.9) 4 (< 0.1)

EDSSb

 Mean [SD] 5.2 [1.1] 5.0 [1.1] 5.2 [1.1]
Time from diagnosis,c years
 Mean [SD] 13.6 [9.5] 12.2 [8.6] 13.6 [9.4]
 Median (range) 12.3 (0−60) 11.4 (0−44) 12.2 (0−60)

MS  typed

 RRMS 1730 (39.0) 123 (59.4) 1853 (40.0)
 Primary progressive MS 906 (20.4) 24 (11.6) 930 (20.1)
 Secondary progressive MS 1680 (37.9) 55 (26.6) 1735 (37.4)
 Progressive relapsing MS 115 (2.6) 5 (2.4) 120 (2.6)

Time from most recent relapse,e years
 Median (range) 2.7 (0−56) 3.6 (0−33) 2.7 (0−56)

Patients with ≥ 1 prior MS treatment 2462 (55.5) 126 (60.9) 2588 (55.7)
 Interferon β1-a 638 (14.4) 42 (20.3) 680 (14.6)
 Interferon β1-b 324 (7.3) 18 (8.7) 342 (7.4)
 Glatiramer 422 (9.5) 17 (8.2) 439 (9.4)
 Natalizumab 364 (8.2) 10 (4.8) 374 (8.0)
 Fingolimod 341 (7.7) 29 (14.0) 370 (8.0)
 Fumaric acid 180 (4.1) 13 (6.3) 193 (4.2)
 Methylprednisolone 147 (3.3) 1 (0.5) 148 (3.2)
 Cyclophosphamide 130 (2.9) 0 130 (2.8)
 Azathioprine 117 (2.6) 1 (0.5) 118 (2.5)
 Methotrexate 100 (2.3) 2 (1.0) 102 (2.2)

Concomitant physiotherapy 647 (14.6) 3 (1.4) 650 (14)
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Of the 2152 patients who took PR-FAM concomitantly 
with medications that have the potential to lower the sei-
zure threshold, only 18 (< 1%) patients experienced seizure-
related events. Of these 18 patients, 11 patients experienced 
actual events of seizure. Despite the increased risk of seizure 
in patients taking PR-FAM concomitantly with medications 
that have the potential to lower seizure threshold, the number 
of reported seizure events was low.

When stratified by age, the incidence of TEAEs was 
comparable between patients ≥ 65 and < 65 years of age 
(52.7% vs. 52.6%, respectively) (Table 5); the most common 
TEAEs were also comparable between patients ≥ 65 and  
< 65 years of age. In this study, no new safety concerns have 
been identified with respect to the use of PR-FAM in patients 
≥ 65 years of age.

Of the 4646 patients included in the safety population, 
baseline data on renal function were available for 2212 
patients (47.6%), of whom 1672 patients (75.6%) had 

normal renal function (CrCl ≥ 80 mL/min), 533 patients 
(24.1%) had mild renal impairment (CrCl < 80 mL/min to 
≥ 50 mL/min), 5 patients (0.2%) had moderate renal impair-
ment (CrCl < 50 mL/min to ≥ 30 mL/min), and 1 patient  
(< 0.1%) had severe impairment (CrCl < 30 mL/min). 
Among the 2212 patients, post-baseline data on renal func-
tion were available for 448 (20.3%) patients, of whom 125 
showed a change in renal function status: 124 patients 
(27.7%) showed a change from normal renal function to mild 
impairment and 1 patient (0.2%) showed a change from nor-
mal renal function to severe impairment.

Analysis of the safety data showed that the incidence 
of TEAEs, including seizure and generalised tonic-clonic 
seizure, were comparable between patients with normal 
renal function (n = 963 [57.6%]; 2084 TEAEs; incidence 
rate: 164.9 per 100 patient-years), patients with mild renal 
impairment (n = 302 [56.7%]; 672 TEAEs; incidence rate: 
157.2 per 100 person-years), and patients with moderate 

Table 2  Incidence of TEAEs experienced by ≥ 2% of the total patients

Data are expressed as n (%) unless otherwise specified
Percentages are calculated using the total number of patients (N) as the denominator
All recorded AE verbatim terms were coded using MedDRA version 18.1
Relatedness is assessed by the reporting investigator’s opinion
TEAE is defined as any AE with an onset date that is on or after the first dose of PR-FAM and within 28 days after the last dose or any pre-exist-
ing condition that has worsened in severity after the first dose of PR-FAM. For overall AEs in the study, the period is relative from the first dose 
of treatment and within 28 days after the last dose in the extension study
AE adverse event, MedDRA Medical Dictionary for Regulatory Activities, MS multiple sclerosis, PR-FAM prolonged-release fampridine, TEAE 
treatment-emergent adverse event, UTI urinary tract infection

European countries  
[n = 4439]

Non-European countries  
[n = 207]

Total [N = 4646]

Any TEAE 2407 (54.2) 41 (19.8) 2448 (52.7)
Nervous system disorder 1232 (27.8) 12 (5.8) 1244 (26.8)
 Dizziness 465 (10.5) 8 (3.9) 473 (10.2)
 Headache 199 (4.5) 1 (0.5) 200 (4.3)
 Paresthesia 239 (5.4) 0 239 (5.1)
 Balance disorder 151 (3.4) 4 (1.9) 155 (3.3)
 MS relapse 141 (3.2) 0 141 (3.0)

Psychiatric disorders 600 (13.5) 9 (4.3) 609 (13.1)
 Insomnia 317 (7.1) 4 (1.9) 321 (6.9)
 Sleep disorder 166 (3.7) 2 (1.0) 168 (3.6)

Gastrointestinal disorders 389 (8.8) 6 (2.9) 395 (8.5)
 Nausea 178 (4.0) 5 (2.4) 183 (3.9)

Infections and infestations 443 (10.0) 4 (1.9) 447 (9.6)
 UTI 309 (7.0) 4 (1.9) 313 (6.7)

Musculoskeletal and connective tissue disorders 305 (6.9) 9 (4.3) 314 (6.8)
 Muscle spasms 96 (2.2) 1 (0.5) 97 (2.1)

Injury, poisoning, and procedural complications 195 (4.4) 6 (2.9) 201 (4.3)
 Fall 161 (3.6) 5 (2.4) 166 (3.6)

Ear and labyrinth disorders 144 (3.2) 0 144 (3.1)
 Vertigo 138 (3.1) 0 138 (3.0)
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renal impairment (n = 3 [60.0%]; 6 TEAEs; incidence rate: 
185.1 per 100 patient-years). Overall, no new safety con-
cerns were identified in patients with renal impairment.

When stratified by age and renal function, the most com-
monly reported TEAEs for patients, and the incidence rates 
of reported TEAEs, were similar irrespective of patient renal 
function status and age. The nature of events reported, based 
on the system organ class (SOC) and preferred terms (PT) 
stratification, is consistent with those reported in the overall 
safety population.

Overall, 1936 patients with 12 months of exposure to 
PR-FAM were included in the study. Of these, 977 patients 
(50.5%) reported TEAEs and the data did not show an 
increase in the incidence of TEAEs with increased exposure. 
The nature and types of events reported were consistent with 
the events reported for the overall safety population and no 
new safety concerns were identified.

3.3  Drug Utilization and Effectiveness 
of Risk‑Minimization Measures

The potential for seizure is the primary safety risk of treat-
ment with PR-FAM. The risk appears to be dose-dependent 
and increases at dosages of above 10 mg twice daily. The 

possibility of a dose-dependent risk of seizure is also rel-
evant in patients with moderate or severe chronic kidney 
disease and in patients taking other medications containing 
4-AP or OCT2 inhibitors concomitantly with PR-FAM.

Due to the observational nature of this study, patients 
with renal impairment were enrolled and administered PR-
FAM despite the approved labelling for PR-FAM contrain-
dicating its use in patients with mild, moderate, or severe 
renal impairment. Although TEAEs (including seizure 
and generalised tonic-clonic seizure) in patients with mild 
renal impairment were similar to those in patients with nor-
mal renal function, PR-FAM should be used with caution, 
and monitoring of renal function should be considered in 
patients with mild renal impairment. Similarly, again due 
to the observational study design, concomitant use of other 
medications containing 4-AP and OCT2 inhibitors with PR-
FAM is contraindicated but patients taking these concomi-
tant medications were included in the study. In patients tak-
ing other formulations of 4-AP with PR-FAM (n = 23), the 
incidence of TEAEs was similar to that observed in the over-
all population. For patients coadministered ≥ 1 OCT2 inhib-
itor and PR-FAM (n = 896), the incidence of TEAEs overall 
was greater than that among the overall study population.

Table 3  Incidence of related TEAEs experienced by ≥ 2% of total patients

Data are expressed as n (%) unless otherwise specified
Percentages are calculated using the total number of patients (N) as the denominator
All recorded AE verbatim terms were coded using MedDRA version 18.1
Relatedness is assessed by the reporting investigator’s opinion
TEAE is defined as any AE with an onset date that is on or after the first dose of PR-FAM and within 28 days after the last dose or any pre-exist-
ing condition that has worsened in severity after the first dose of PR-FAM. For overall AEs in the study, the period is relative from the first dose 
of treatment and within 28 days after the last dose in the extension study
AE adverse event, MedDRA Medical Dictionary for Regulatory Activities, PR-FAM prolonged-release fampridine, TEAE treatment-emergent 
adverse event, UTI urinary tract infection

European countries [n = 4439] Non-European countries [n = 207] Total [N = 4646]

Any related TEAE 1606 (36.2) 20 (9.7) 1626 (35.0)
Nervous system disorder 846 (19.1) 7 (3.4) 853 (18.4)
 Dizziness 396 (8.9) 6 (2.9) 402 (8.7)
 Headache 182 (4.1) 1 (0.5) 183 (3.9)
 Paresthesia 167 (3.8) 0 167 (3.6)
 Balance disorder 105 (2.4) 3 (1.4) 108 (2.3)

Psychiatric disorders 475 (10.7) 4 (1.9) 479 (10.3)
 Insomnia 292 (6.6) 2 (1.0) 294 (6.3)
 Sleep disorder 127 (2.9) 1 (0.5) 128 (2.8)

Gastrointestinal disorders 314 (7.1) 6 (2.9) 320 (6.9)
 Nausea 162 (3.6) 5 (2.4) 167 (3.6)

Infections and infestations 185 (4.2) 0 185 (4.0)
 UTI 163 (3.7) 0 163 (3.5)

Ear and labyrinth disorders 113 (2.5) 0 113 (2.4)
 Vertigo 112 (2.5) 0 112 (2.4)
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3.4  Physician‑Assessed Clinical Global Impression 
of Improvement of Walking Ability

In total, 3329 patients were included in the 12-month anal-
ysis of CGI-I, of whom 2464 were on-treatment and 865 
patients had discontinued PR-FAM but remained in the 
study. Using the CGI-I measurement, at 12 months a total of 
730 (61%) patients on-treatment demonstrated improvement 
in walking ability relative to baseline, compared with 45 
(11%) patients off-treatment (p < 0.001) [Fig. 2]. Analysis 
of CGI-I scores between European and non-European coun-
tries showed similar proportions of patients who reported 
improvement at 12 months (47.4% vs. 50.5%).

3.5  Patient’s Assessment of the Physical 
and Psychological Impact of Multiple Sclerosis: 
Multiple Sclerosis Impact Scale‑29

A total of 3329 patients had 12-month MSIS-29 data, of 
whom 2464 were still on-treatment and 865 had discontin-
ued PR-FAM but remained in the study. Patients receiv-
ing PR-FAM therapy at 12 months showed a significant 
improvement in the MSIS-29 PHYS and MSIS-29 PSYCH 
scales at 12 months compared with patients who had dis-
continued treatment. The mean change from baseline to 
month 12 in the MSIS-29 PHYS score was − 9.99 compared 
with − 0.34 for patients who had discontinued treatment 
(p <  0.001) [Fig. 3a], while the mean change from base-
line to month 12 in the MSIS-29 PSYCH score was − 7.61 

Table 4  Overall AEs and AESI

Data are expressed as n (%) unless otherwise specified
Data cut-off date: 21 June 2019
Percentages are calculated using the total number of patients (N) as the denominator
All recorded AE verbatim terms were coded using MedDRA version 18.1
TEAE was defined as any AE with an onset date that is on or after the first dose of PR-FAM and within 28 days after the last dose or any pre-
existing condition that has worsened in severity after the first dose of PR-FAM. For overall AEs in this study, the period is relative from the first 
dose of treatment and within 28 days after the last dose in the extension study. TEAEs of special interest in this study were those related to sei-
zure, serious hypersensitivity reactions, UTI and urinary symptoms, depression and suicide attempt, cardiovascular disorders, severe infections 
other than UTI, anxiety, central nervous system stimulation, and clinically significant hematologic abnormalities
AE adverse event, AESI adverse events of special interest, CI confidence interval, MedDRA Medical Dictionary for Regulatory Activities, PR-
FAM prolonged-release fampridine, TEAE treatment-emergent adverse event, UTI urinary tract infection

Preferred term European countries  
[n = 4439]

Non-European countries 
[n = 207]

Total [N = 4646]

Any TEAE 2407 (54.2) 41 (19.8) 2448 (52.7)
Serious TEAE 277 (6.2) 2 (1.0) 279 (6.0)
TEAE of special interest 1767 (39.8) 32 (15.5) 1799 (38.7)
Serious TEAE of special interest 127 (2.9) 1 (0.5) 128 (2.8)
Seizure TEAE 17 (0.4) 0 (0) 17 (0.4)
 Incidence rate/100 person-years (95% CI) 0.5 (0.3–0.8) 0 (0) 0.5 (0.3–0.8)

Serious hypersensitivity-related TEAE 1 (< 0.1) 0 (0) 1 (< 0.1)
 Incidence rate/100 person-years (95% CI) < 0.1 (0–0.2) 0 (0) < 0.1 (0–0.2)

UTI-related TEAE 399 (9.0) 7 (3.4) 406 (8.7)
 Incidence rate/100 person-years (95% CI) 14.9 (13.6–16.3) 5.5 (2.4–10.8) 14.5 (13.3–15.8)

Severe infections other than UTI-related TEAE 148 (3.3) 0 (0) 148 (3.2)
 Incidence rate/100 person-years (95% CI) 5.1 (4.4–6.0) 0 (0) 4.9 (4.2–5.7)

Depression- and suicide-related TEAE 59 (1.3) 0 (0) 59 (1.3)
 Incidence rate/100 person-years (95% CI) 1.8 (1.4–2.3) 0 (0) 1.7 (1.3–2.2)

Anxiety-related TEAE 68 (1.5) 1 (0.5) 69 (1.5)
 Incidence rate/100 person-years (95% CI) 2.1 (1.6–2.6) 0.7 (0–3.8) 2.0 (1.6–2.5)

TEAE suggestive of central nervous system stimulation 1382 (31.1) 26 (12.6) 1408 (30.3)
 Incidence rate/100 person-years (95% CI) 58.3 (55.7–60.9) 20.6 (13.9–29.4) 56.7 (54.3–59.3)

Cardiovascular-related TEAE 80 (1.8) 1 (0.5) 81 (1.7)
 Incidence rate/100 person-years (95% CI) 2.5 (2.0–3.1) 0.7 (0–3.8) 2.5 (2.0–3.0)

Clinically significant hematologic abnormality–related TEAE 26 (0.6) 0 (0) 26 (0.6)
 Incidence rate/100 person-years (95% CI) 1.1 (0.7–1.5) 0 (0) 1.0 (0.7–1.4)
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compared with − 1.38 for patients who had discontinued 
treatment (p < 0.001) (Fig. 3b).

4  Discussion

Results from LIBERATE demonstrate that long-term treat-
ment with PR-FAM in a large number of patients in rou-
tine clinical practice was well tolerated. The nature and 
types of AEs reported in the study were consistent with the 
known safety profile of PR-FAM [18]. At the prescribed 
dose, there was no increased risk of seizure over long-term 
follow-up. Although some particular AESI such as seizures 
and UTIs should be monitored, they are well-documented in 
the PR-FAM prescribing information and can be adequately 

managed by routine risk-minimization activities. Drug uti-
lization results from LIBERATE showed that the majority 
(≥ 95%) of investigators prescribed PR-FAM according to 
the product label and adhered to the contraindications and 
recommendations. Taken together with the rare reporting 
of seizure (comparable with the background incidence of 
seizure in patients with MS), the results demonstrate that 
routine risk-minimization measures through labelling are 
effective. Overall, no new safety concerns were identified. 
The LIBERATE results also add to previous findings on the 
benefits of PR-FAM on quality of life and walking ability 
by demonstrating that PR-FAM therapy improves physician-
reported walking ability and patient-reported well-being in 
real life.

Table 5  Incidence of TEAEs experienced by ≥ 2% of patients < 65 years and ≥ 65 years of age

Data are expressed as n (%)
Percentages are calculated using the total number of patients (N) as the denominator
All recorded AE verbatim terms were coded using MedDRA version 18.1
Relatedness is assessed by the reporting investigator’s opinion
TEAE is defined as any AE with an onset date that is on or after the first dose of PR-FAM and within 28 days after the last dose or any pre-exist-
ing condition that has worsened in severity after the first dose of PR-FAM. For overall AEs in the study, the period is relative from the first dose 
of treatment and within 28 days after the last dose in the extension study
AE adverse event, MedDRA Medical Dictionary for Regulatory Activities, MS multiple sclerosis, PR-FAM prolonged-release fampridine, TEAE 
treatment-emergent adverse event, UTI urinary tract infection

< 65 years [N = 4057] ≥ 65 years [N = 589]

Any TEAE 2138 (52.7) 310 (52.6)
Nervous system disorder 1092 (26.9) 152 (25.8)
 Dizziness 418 (10.3) 55 (9.3)
 Headache 169 (4.2) 31 (5.3)
 Paresthesia 208 (5.1) 31 (5.3)
 Balance disorder 139 (3.4) 16 (2.7)
 MS relapse 134 (3.3) 7 (1.2)

Psychiatric disorders 533 (13.1) 76 (12.9)
 Insomnia 277 (6.8) 44 (7.5)
 Sleep disorder 149 (3.7) 19 (3.2)

Gastrointestinal disorders 339 (8.4) 56 (9.5)
 Nausea 156 (3.8) 27 (4.6)

Infections and infestations 403 (9.9) 44 (7.5)
 UTI 288 (7.1) 25 (4.2)

Ear and labyrinth disorders 122 (3.0) 22 (3.7)
 Vertigo 117 (2.9) 21 (3.6)

Musculoskeletal and connective tissue disorders 264 (6.5) 50 (8.5)
 Muscle spasms 90 (2.2) 7 (1.2)
 Back pain 57 (1.4) 13 (2.2)

General disorders and administration site conditions 214 (5.3) 42 (7.1)
 Fatigue 62 (1.5) 12 (2.0)
 Gait disturbance 56 (1.4) 14 (2.4)

Injury, poisoning and procedural complications 172 (4.2) 29 (4.9)
 Fall 140 (3.5) 26 (4.4)
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Although randomised clinical trials are considered the 
gold standard in evaluating the efficacy of new therapies, 
their generalisability to patients in the real world is often 
unclear. As a post-authorization safety study, LIBERATE 
further characterized the safety and effectiveness of PR-
FAM in real-world clinical settings. Specifically, premar-
keting clinical studies were not powered to evaluate the 
incidence of rare AEs, including seizure. This observational 
study was powered to detect a doubling in the incidence of 
seizures in the patient population with MS to further assess 

whether PR-FAM treatment was associated with an increase 
in seizure rate. In our study, < 1% of patients in the safety 
population experienced TEAEs of seizure, with an incidence 
rate of 0.5 per 100 patient-years. Only one patient experi-
enced seizure events potentially related to an overdose of 
PR-FAM treatment, which supports the finding that the inci-
dence of seizure is uncommon in routine clinical practice 
and is consistent with the information in the approved label.

UTI is known to be one of the most common AEs associ-
ated with PR-FAM treatment. In this study, the incidence 

0 20 40 60 80 100
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On-treatment at 12 months (n = 2464)
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Fig. 2  Patients on-treatment with PR-FAM showed improved walk-
ing ability compared with patients off-treatment. Data cut-off date: 21 
June 2019. P value is presented to test the difference in proportion of 
patients with an improvement between the on-treatment and off-treat-

ment groups using the Chi-square test. Nominal p value is presented. 
Percentages are calculated using the total number of patients with 
non-missing values as the denominator. PR-FAM prolonged-release 
fampridine
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Fig. 3  MSIS-29 PHYS and MSIS-29 PSYCH scores improved in 
patients treated with PR-FAM compared with patients off-treatment: 
a MSIS-29 PHYS; b MSIS-29 PSYCH. Data cut-off date: 21 June 
2019. P-values are presented to test the difference in change from 
baseline between on-treatment and off-treatment groups using an 

analysis of covariance model with baseline value as covariate and a 
fixed term for treatment status at 12 months. MSIS-29 Multiple Scle-
rosis Impact Scale, PHYS physical impact subscale, PSYCH psycho-
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of UTIs (8.7%) is similar to the rate of UTIs observed in 
placebo-controlled studies reported in the EU SmPC (12.0%) 
[19].

Pivotal clinical studies during the development of PR-
FAM did not include sufficient numbers of patients ≥ 65 
years of age to determine whether they responded differently 
to younger patients. Overall, in LIBERATE, the incidence 
and types of events observed in patients ≥ 65 years of age 
were largely comparable with those < 65 years of age. The 
current EU SmPC does not contain any warnings about use 
in patients ≥ 65 years of age, and, overall, the data suggest 
that the current labelling is appropriate because no increased 
risk inherent with advanced age itself was evident.

Our results also suggest that there were no new safety 
risks in patients with mild renal impairment. Because PR-
FAM is primarily excreted unchanged through the kidneys, 
patients with renal impairment have higher plasma concen-
trations, which may be associated with adverse neurologic 
effects. For this reason, determination of renal function 
before treatment and its regular monitoring during treatment 
is recommended in all patients.

PR-FAM therapy was also found to be associated with 
improvements in patient-reported well-being and physi-
cian-reported walking ability. These results support those 
observed in the ENABLE, MOBILE, and ENHANCE stud-
ies in which PR-FAM therapy demonstrated significant and 
clinically meaningful improvements measured by a broad 
range of MS-specific and patient-reported endpoints, over 
6 and 12 months in patients who received PR-FAM [7–9].

As an open-label, observational study conducted in a rou-
tine clinical practice setting, there are typical methodologic 
limitations associated with confounding factors. The main 
limitation is the lack of randomisation. Although this con-
tributes to the high external validity of the data, it reduces 
the internal validity of the data. In addition, without a con-
trolled clinical study environment, there may be less control 
over the quality of the data collection. However, the study 
was conducted in multiple centers and countries and in a 
large cohort. The authors acknowledge that there is a short-
age of formal effectiveness data in this study; a limitation 
of a scoring system such as the Physician-Assessed CGI-I 
of walking ability is that it may not have relied on objective 
documented data from prior visits to inform the assessment. 
Furthermore, analysis of effectiveness data by treatment sta-
tus (on-treatment, or off-treatment but still followed in the 
study) was subject to potential bias by non-responders in the 
off-treatment group. An additional limitation was that the 
effects of concomitant physiotherapy were not considered in 
conjunction with effectiveness analyses. A specific analysis 
on the timing of AEs is not included in this manuscript but 
is considered of interest and will be further explored.

5  Conclusions

LIBERATE was primarily conducted to collect additional 
safety data and to characterise utilization patterns of PR-
FAM in routine clinical practice, including whether the 
descriptions of potential risks properly reflect the incidence 
of adverse reactions. The data collected show that the inci-
dence and intensity of potential adverse effects of treatment 
with PR-FAM are consistent with those described in the 
product label. The drug utilisation results from LIBERATE 
showed that the majority of Investigators (≥ 95%) prescribed 
PR-FAM according to the product label and adhered to the 
contraindications and recommendations, and the safety 
results showed that reports of seizure with PR-FAM use are 
rare and the incidence of seizure is comparable with the 
background incidence of seizure in patients with MS. Taken 
together, the results demonstrate that routine risk-minimi-
sation measures through labelling are effective. No unex-
pected safety concerns were seen in patients treated with 
PR-FAM for 12 months in routine clinical practice. Further-
more, these results demonstrate that longer-term treatment 
with PR-FAM improves physician-reported walking ability 
and patient-reported well-being in patients with MS, which 
is consistent with clinical benefits reported previously in 
patients with MS.
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