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ABSTRACT

Introduction: It is important to confirm the
effectiveness and tolerability of disease-modi-
fying treatments for relapsing-remitting multi-
ple sclerosis (RRMS) in real-world treatment
settings. This prospective observational cohort
study (VIRGILE) was performed at the request of
the French health authorities. The primary
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objective was to evaluate the effectiveness of
fingolimod 0.5 mg in reducing the annualised
relapse rate (ARR) in patients with RRMS.

Methods: Participating neurologists enrolled all
adult patients with RRMS starting fingolimod
treatment between 2014 and 2016, who were
followed for 3 years. Follow-up consultations
took place at the investigator’s discretion. The
primary outcome measure was the change in
ARR at month 24 after fingolimod initiation.
Relapses and adverse events were documented
at each consultation; disability assessment
(EDSS) and magnetic resonance imagery were
performed at the investigator’s discretion.

Results: Of 1055 eligible patients, 633 patients
were assessable at month 36; 405 (64.0%) were
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treated continuously with fingolimod for
3 years. The ARR decreased from 0.92 £ 0.92 at
inclusion to 0.31 £ 0.51 at month 24, a signif-
icant reduction of 0.58 [95% CI — 0.51 to —
0.65] relapses/year (p < 0.001). Since starting
fingolimod, 461 patients (60.9%) remained
relapse-free at month 24 and 366 patients
(55.5%) at month 36. In multivariate analysis,
no previous disease-modifying treatment,
number of relapses in the previous year and
lower EDSS score at inclusion were associated
with a greater on-treatment reduction in ARR.
The mean EDSS score remained stable over the
course of the study. Sixty-one out of 289
(21.1%) patients presented new radiological
signs of disease activity. Treatment-related seri-
ous adverse events were lymphopenia (N = 21),
bradycardia (N =19), elevated transaminases
(N =9) and macular oedema (N = 9).
Conclusions: The effectiveness and tolerability
of fingolimod in everyday clinical practice are
consistent with findings of previous phase III
studies. Our study highlights the utility of fin-
golimod for the long-term management of
patients with multiple sclerosis.

Keywords: Disability;
treatment; Effectiveness; Quality of life;
Radiological = markers;  Relapsing-remitting
multiple sclerosis; Tolerability

Disease-modifying

Little information is available on the
effectiveness and tolerability of
fingolimod in patients with multiple
sclerosis in real-world clinical practice.

A sample of over 1000 patients starting
fingolimod treatment was followed for up
to S years.

Effectiveness in this setting was similar to
that observed in randomised clinical
trials.

No unanticipated safety issues were
identified.

INTRODUCTION

The last decade has seen the introduction of
many new disease-modifying treatments
(DMTs) for multiple sclerosis (MS). Fingolimod,
a sphingosine-1-phosphate receptor modulator
[1-3], was the first orally administered DMT to
be approved (in 2011 in Europe). The efficacy
and safety of fingolimod to reduce the risk of
relapse were demonstrated in two large phase III
randomised clinical trials comparing fin-
golimod to placebo (FREEDOMS study [4]) and
to intramuscular interferon-fla (TRANSFORMS
study [5]). On the basis of these studies, fin-
golimod (capsule 0.5 mg/day) was approved for
the treatment of MS in Europe in 2011.

As for all new therapies, it is important to
confirm the effectiveness and tolerability
observed in phaselll interventional trials in
real-world settings, where patients may be in
worse overall health and receive less intensive
follow-up. This issue is particularly relevant in
conditions such as MS, which evolve over time
and where many treatment choices now exist,
leading to frequent treatment discontinuation
and switching [6-8]. In the case of fingolimod,
prospective real-world data are relatively limited
[9]. Some real-world studies have focussed on
single outcomes such as treatment discontinu-
ation [10, 11], others have used insurance
claims databases, which contain limited infor-
mation on clinical outcomes [12, 13], whilst
others have included relatively low numbers of
subjects (fewer than 350) [14-16]. The most
comprehensive data available comes from the
PANGAEA study, a large cohort of more than
4000 patients in Germany, and followed up for
5 years. The findings of this study suggest that
sustained effectiveness and manageable tolera-
bility can be achieved with fingolimod in the
real-world setting [17].

During the licensing process for fingolimod
in France in 2011, the French health authorities
(Haute Autorité de Santé; HAS) requested that a
post-reimbursement pharmacoepidemiological
drug utilisation study be conducted to assess the
use and impact of fingolimod in the treatment
of highly active forms of relapsing-remitting
MS (RRMS) in a real-world treatment setting in
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France. Objectives were to assess the effect of
fingolimod 0.5 mg on relapse activity, disability
progression and quality of life. The study also
provided an opportunity to describe the char-
acteristics of patients treated with fingolimod
and natalizumab, and to estimate the impact of
fingolimod treatment on healthcare resource
utilisation in both groups. Similar drug utilisa-
tion studies have been requested and performed
for other DMTs for MS, such as glatiramer
acetate (GA) [8] and natalizumab [18, 19], and
are also currently underway for other recently
approved treatments.

The primary evaluation criterion of VIRGILE
was the change in annualised relapse rate (ARR)
compared to baseline following 2 years of
treatment with fingolimod. Secondary study
objectives were to describe the profile of
patients treated with fingolimod in France, to
evaluate changes in disability, ARR and radio-
logical markers of MS disease activity, to evalu-
ate changes in health-related quality of life
(HRQoL), to document treatment persistence,
discontinuation and treatment switches, to
document safety and to document healthcare
resource utilisation. The data on resource utili-
sation will be presented elsewhere.

METHODS

VIRGILE is a non-interventional, multicentre,
prospective, observational study conducted in
France by neurologists treating patients with
MS. The design and implementation of the
study were overseen by an independent multi-
disciplinary scientific committee. The study was
initiated in collaboration with the French MS
Observatory (Observatoire Frangais de la Sclér-
ose en Plaques; OFSEP). Eligible patients were
enrolled between January 2014 and February
2016. At the request of the French health
authorities, a parallel group of patients initiat-
ing natalizumab was also included. The design
of the study followed the guidelines of the
French health authorities for drug utilisation
studies [20] and the protocol was validated by
the HAS in 2012.

The study was closed after the last patient
enrolled had completed 3 years of follow-up

(February 2019) with fingolimod. Patients in the
fingolimod group who completed 3 years of
follow-up could, if they chose, continue in the
study until it closed (up to 2 years of additional
follow-up). The follow-up duration for a given
patient could thus range from 3 to 5 years. No
specific study-related procedures were required
by the study protocol and participation in the
study did not influence the care or management
of patients. Follow-up patient consultations
after the inclusion visit were planned according
to the standard practice of the participating
neurologist. This was anticipated to be every
6 months, since this is the recommended fol-
low-up interval in the prescribing information
for this treatment [21], and the usual duration
of a single fingolimod prescription in France. A
window of =+ 3months was considered
acceptable.

Participants

Postal invitations to participate in the study
were sent to all hospital-based neurologists in
France treating patients with MS identified from
a national list. Community-based neurologists
were only eligible if they also saw patients in a
hospital or clinic, since the prescribing infor-
mation for fingolimod specifies that this medi-
cation should be initially prescribed in hospitals
only. These 1361 physicians correspond to
around half of all practising neurologists in
France. The invitation included an answer form
and a prepaid return envelope. In the case of
non-response, invitees were contacted by post,
electronic mail or telephone until the target
quota of 300 participating neurologists was
reached.

All patients with a confirmed diagnosis of MS
according to the revised McDonald criteria [22]
and for whom a first prescription of fingolimod
had been made in its approved indication at the
inclusion consultation were eligible for the
study. The approved indication for fingolimod
in France is ‘the treatment of patients with
highly active, relapsing remitting multiple
sclerosis (RRMS) despite a full and adequate
course of treatment with at least one DMT or
with rapidly-evolving severe RRMS defined by
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two or more disabling relapses in 1 year, and
with disease activity visible on magnetic reso-
nance imagery (MRI)" [21]. Patients were
required to agree to study personnel having
access to their medical files and to statistical
analysis of their personal medical data. Other-
wise, eligibility criteria were broad to ensure the
representativeness of the study cohort. The only
exclusion criteria were current treatment with
fingolimod or any other DMT at the inclusion
visit and participation in an interventional
clinical trial.

Over the 2-year inclusion period, each par-
ticipating neurologist was expected to invite
sequentially all patients fulfilling the eligibility
criteria to participate in the study, up to a
maximum of 48 patients by centre. Patients
starting treatment in the context of a clinical
trial were excluded.

An independent cohort of patients starting
treatment with natalizumab was also recruited
in the same way, using the same eligibility cri-
terion. The approved indication for natal-
izumab in France is ‘treatment of adults with
highly active RRMS with highly active disease
despite a full and adequate course of treatment
with at least one DMT or with rapidly evolving
severe RRMS defined by > 2 disabling relapses
in 1year, and with > 1 gadolinium enhancing
lesions on brain MRI, or a significant increase in
T2 lesion load as compared to a previous recent
MRI'.

Data Collection

Data could be collected in one of two ways.
Participating centres who were members of
OFSEP could use the web-based interface of the
European Database for Multiple Sclerosis
(EDMUS) which is used routinely in these cen-
tres for collecting patient data in MS [23]. Other
centres not participating in OFSEP were pro-
vided with an electronic or paper case report
form specific for the study.

At the inclusion visit, data was collected on
demographics, general and MS-specific medical
history. At all visits, disability was evaluated
using the Expanded Disability Status Scale
(EDSS) [24] and any MS relapses since the

previous visit were documented. Magnetic res-
onance imagery (MRI), usually yearly brain
MRI, was performed according to the standard
practice of the physician, who could choose the
MRI sequence used and the timing of the
investigation. Treatment data included initia-
tion, switch or discontinuation of any MS-
specific medication, and the reason for any
change, and any monitoring procedures
required for fingolimod. The occurrence of
adverse events (AEs) was documented following
non-directed questioning from the neurologist
at each study visit, and each AE was qualified in
terms of seriousness, severity, duration and
causality. At each study visit, each patient was
provided with two HRQoL questionnaires, the
MusiQoL [25] and the EQ-5D-3L [26], as well as
a questionnaire on healthcare resource
utilisation.

Study Outcomes

The primary effectiveness outcome in the study
was the change in ARR after 24 months of
treatment with fingolimod, determined both as
an absolute and as a relative value. Secondary
effectiveness outcomes included other relapse-
related variables, disability measures and MRI
measures. The ARR was also determined at 12
and 36 months and the proportion of patients
who had been relapse-free since inclusion was
documented. The variation in mean and med-
ian EDSS scores between study visits was asses-
sed. Disability was considered to have
progressed if the EDSS score had increased by at
least one point (or 0.5 points if the previous
score was 5.5 or higher) since the previous visit
and if this increase was confirmed at 6 months.
Imaging outcomes included the number of new
or enlarged T2 lesions accrued since inclusion
and the number of gadolinium-enhancing
lesions visible at each evaluation. Safety out-
comes consisted of adverse event reporting,
electrocardiogram (ECG) monitoring and clini-
cal laboratory tests.
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Statistical Analysis

Data were analysed for three patient popula-
tions. The safety population included all
patients who were treated with fingolimod
during the study, irrespective of eligibility sta-
tus. The full analysis set (FAS) consisted of all
eligible patients included in the study and given
a prescription for fingolimod, irrespective of
what happened to them during the study. The
continuous treatment set (CTS) consisted of
those members of the FAS who were still in the
study and taking fingolimod at the end of the
3-year observation period. In addition, a sensi-
tivity analysis of the key effectiveness variables
was performed in the subset of patients treated
in strict accordance with the prescribing infor-
mation for fingolimod (PI subset). Missing data
due to incomplete attendance at the different
study visits were not replaced, and outcomes are
analysed on an observed cases basis.

The sample size was determined a priori in
order to fulfil two goals. The first was to be able
to detect a significant change in ARR 2 years
after inclusion with a power of 90%, assuming a
standard error of 1 and an a-risk of 0.05 (Wil-
coxon test). The second goal was to optimise
representativeness of the subgroup of patients
previously treated by natalizumab and to obtain
a sufficiently large subgroup (at least 60
patients) who had never previously received a
DMT  (treatment-naive  patients). These
hypotheses were based on relapse rates and
treatment patterns observed in a previous
observational study of fingolimod in France
(GRACE) [27]. To meet the first goal, 456
patients would have been sufficient, but the
second goal required 1200 patients to be inclu-
ded, assuming that only 5% of patients starting
fingolimod are treatment-naive.

The primary outcome measure (change in
ARR after 24 months of treatment) was com-
pared between the inclusion visit and the
month 24 study visit using a paired Wilcoxon
test. For the relative change in ARR, patients
who did not experience a relapse in the year
preceding inclusion were excluded from the
analysis. Secondary outcome measures are pre-
sented descriptively.

The potential association of certain variables
with an on-treatment change in ARR at
24 months was evaluated using multivariate
logistic regression analysis. The following vari-
ables were selected a priori: age (by quartile),
gender, disease duration (time since first symp-
toms in four classes: 0-3 years, 4-7 years, 8—-
10 years and more than 10 years), number of
previous DMTs (five classes: none, one, two,
three and four or more), reason for switching to
fingolimod (efficacy, tolerability or other), type
of DMT most recently used (four classes: DMT-
naive, interferon-f or GA, natalizumab and
other DMT), relapses in the year preceding
inclusion (absent or present) and EDSS score at
inclusion (at most 3 or more than 3). Associa-
tion of these variables with the absolute change
in ARR at month 24 was tested first in a uni-
variate analysis for individual variables. In the
second step, all significant variables identified
in the first step were tested simultaneously in a
backward stepwise multivariate regression
analysis, in which variables with no significant
association with change in ARR at a probability
threshold of 5% were eliminated after each
round.

Continuous data are presented as median or
mean values with their 95% confidence values
or standard errors and categorical values as fre-
quency counts with percentages. All analyses
were performed on SAS software version 9.2
(SAS Institute, Cary, USA).

Ethics

The study was conducted in accordance with
the Declaration of Helsinki and with all other
relevant international and French legislation
and followed Good Clinical Practice. The pro-
tocol was submitted for approval to the CPP
(Comité de Protection des Personnes; ethics
committee), and the opinion of the CPP was
transmitted to the French Safety of Medicines
Agency and to the CCTIRS (Comité Consultatif
sur le Traitement de 'Information en matiere de
Recherche dans le domaine de la Santé), as
required under French law for observational
studies. Approval (No.13.307 dated 22 May
2013) was at a national level and covered all
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participating centres. Prior to inclusion, each
eligible patient was provided with a study
information leaflet and was given the opportu-
nity not to participate in the study. Patient
consent to the collection, analysis and potential
monitoring of the data required for the study
was given and documented in the study data-
base. Patient enrolled through OFSEP also
signed the OFSEP consent form. All patient data
was anonymised before entry into the database.
The study protocol was submitted to the French
Data Protection Agency (Commission Nationale
de l'Informatique et des Libertés; CNIL) for
comment before initiation of the study.

RESULTS

Participants

Of 1361 neurologists contacted, 419 (30.8%)
agreed to participate, 332 (24.4%) signed the
study contract and received the study materials
and 188 (13.8%) in 123 individual centres
recruited at least one patient. Of these active
neurologists, 114 (60.6%) used the EDMUS
interface for data collection and 74 (39.4%)
used the stand-alone case report form.

A total of 1099 patients were enrolled and
prescribed fingolimod and these constituted the
safety population. Forty-four enrolled patients
(4.0%) were excluded owing to infringements of
the eligibility criteria, most frequently because
the treatment was not initiated at the inclusion
visit, the date of treatment initiation was not
known or because fingolimod had been pre-
scribed previously. The remaining 1055 eligible
patients constituted the FAS.

Patient Disposition

A patient flow diagram is provided in Fig. 1.
Over the 3-year follow-up period, 135 of the
1055 patients in the FAS (12.8%) left the study
before the end of the 3-year follow-up period
(Fig. 1). The most frequent reasons for leaving
the study were a change in the treating neu-
rologist, loss to follow-up of the patient and
decision of the patient to leave the study. In

addition, three patients died (by the month 6,
month 12 and month 30 study visits). Since
follow-up visits were decided at the discretion of
the investigator and were not obligatory, not all
patients remaining in the study attended each
6-monthly study visit. A total of 663 patients
made the month 36 study visit and could be
assessed at this time, of whom 405 (61.1%) had
been treated with fingolimod continuously and
these latter patients constituted the CTS.

In addition, 342 patients were enrolled and
prescribed natalizumab and these constituted
the natalizumab safety population. Twelve
enrolled patients (4.0%) were excluded because
of infringements of the eligibility criteria. The
remaining 330 eligible patients constituted the
natalizumab FAS. Thirty-three patients left the
study before the end of the 3-year follow-up
period. A total of 241 patients made the
month 36 study visit and could be assessed at
this time.

Patient Characteristics

The characteristics of the 1055 patients initiat-
ing fingolimod who constituted the FAS are
presented in Table 1. Around three-quarters of
the cohort were women and the mean age was
41 years. Over 90% of patients presented with
RRMS and the mean disease duration was
around 10 years. Overall, 37.5% of patients had
been free of relapses in the previous year. The
majority of patients who had been relapse-free
in the 12 months preceding inclusion (N = 260;
65.8%) were patients who had been switched
from natalizumab (76.7% of previous natal-
izumab patients). In contrast, only nine (8.1%)
of treatment-naive patients and 92 (19.9%) of
patients previously treated with interferon-f or
GA were relapse-free in the previous 12 months.
The EDSS score at inclusion was at most 3 in
65.2% of patients.

The characteristics of patients in the natal-
izumab arm are presented in Table 1. Compared
to the patients initiating fingolimod treatment,
these patients were on average younger, with a
shorter disease duration, but had more active
disease in terms of relapses prior to inclusion
and had accrued more disability. In addition,

A\ Adis



Neurol Ther (2022) 11:633-658

639

FINGOLIMOD Patients enrolled NATALIZUMAB Patients enrolled
N =1099 N =342
Safety population Safety population
N = 1099 (100%) N =342 (100%)
[ Protocol violati N=44 ‘ 4{ Protocol violations: N = 12 ‘
PI subgroup |
N =593 (56.2%)
FAS population FAS population
N = 1055 (96.0%) N =330 (96.5%)
Pl not respected: N = 462 | I
lStudy ithd Is: N =135 ‘ ‘ Study withd Is: N =33 ‘
Switched while well-controlled N = 243 -
! Change of N=54 Change of neurologist: N = 16
Not explicitly RRMSN =155 Loss to follow-up: N = 45 Loss to follow-up: N = 11
Treat: but not d =31 C 3 years follow-up Paticht decisionsN <37 Completed 3 years follow-up E et daionrhiin
N =920 (83.7%) Death: N =3 N =297 (86.8%) Death: N =2
Other: N=6 Other:N=2
Not assessed at M36: N = 257 ‘ I Not i at M36: N = 56 ‘
Assessed at M36 Assessed at M36
N = 663 (60.3%) N =241 (70.5%)
I Discontinued fi 1N =258 ‘
acy N = 145

Poor tolerability N = 141
Patient request N = 45
PregnancyN =37

CTS population

N =405 (36.9%)
Fig. 1 Patient disposition. FAS full analysis set, CTS
continuous treatment set, P/ prescribing information
compliant, RRMS relapsing-remitting multiple sclerosis.
Percentages are calculated with respect to the number of

they were more frequently men and treatment-
naive.

Ten percent of patients in the fingolimod
arm (N = 110) were treatment-naive. For the
remaining patients who were switched from
another DMT, the previous treatment was most
frequently natalizumab or an interferon-B
(N =339 and N = 329 respectively; Fig. 2). The
most frequent reason for discontinuing the
previous treatment was an inadequate treat-
ment response (N = 441; 42.3%), planned dis-
continuation, principally in the case of patients
switched from natalizumab (N = 223; 21.4%) or
the occurrence of an AE (N =118; 11.3%). In
the natalizumab arm, 22% of patients (N = 73)
were treatment-naive and a similar proportion
switched from interferon-f (N =77; 23.3%).
Around 15% of patients were switched for each
of GA (N=47), fingolimod (N=1359) and
dimethylfumarate (N = 44).

A comparison of the baseline characteristics
of the analysis population according to the
previous DMT treatment is provided in Supple-
mentary Material Table 1.1. Overall, 1018

patients enrolled in each case. Multiple reasons can be
provided for fingolimod discontinuation and, for this
reason, the response modalities are not mutually exclusive

(96.5%) patients had undergone MRI in the year
preceding inclusion, and 620 (62.4%) within
the preceding 3 months. At the time of inclu-
sion, 748 of the 913 patients evaluated (81.9%)
presented at least nine lesions on T2-weighted
images, and 322 out of 960 (33.5%) presented
one or more gadolinium-enhancing lesion on
T1-weighted images.

Fingolimod was prescribed in accordance
with its prescribing information in 593 patients
(56.2%). Most of these patients (N = 359;
94.3%) were switched from another DMT
because of persistent disease activity, the
remaining 34 patients being treatment-naive
with rapidly evolving, severe RRMS. These
constituted the prescribing information com-
patible (PI) subset. For the remaining 462
patients, it was not explicitly specified that the
treated patient presented with a relaps-
ing-remitting form of MS in 155 cases (33.5%).
In addition, 243 patients were switched from
another DMT to fingolimod even though their
MS was well controlled on previous therapy,
and 31 patients who were treatment-naive did
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Table 1 Characteristics of included patients

Characteristic Fingolimod cohort Natalizumab cohort
FAS (IV = 1055) CTS (N = 405) FAS (N = 330)
Age (years; mean £ SD) 41.0 + 10.6 422 + 938 36.1 £ 10.0
Gender (women, N %) 780 (73.9%) 302 (74.6%) 223 (67.6%)
MS presentation (N, %) N = 960° N =377 N = 295°
Relapsing remitting 900 (93.8%) 360 (95.5%) 277 (93.9%)
Secondary progressive 40 (4.2%) 14 (3.7%) 14 (4.7%)
Primary progressive 6 (0.6%) 1 (0.3%) 3 (1.0%)
Progressive recurrent 14 (1.5%) 2 (0.5%) 1 (0.3%)
Time since first symptoms (years; mean £ SD) 104 + 7.5 109 £ 7.5 73+ 70
Number of relapses N = 1054°
In previous 24 months (mean % SD) 14+ 12 13+ 12 22+ 13
In previous 12 months (mean + SD) 0.9 + 09 09 £ 09 1.6 £ 1.0

0 in previous 12 months (N, %)
1 in previous 12 months (N, %)
2 in previous 12 months (N, %)
3 in previous 12 months (N, %)
> 4 in previous 12 months (IV, %)
EDSS score at inclusion
Mean £ SD
Median [interquartile range]
Score < 3 (N, %)
Score 3.5-5.5 (NN, %)
Score > 5.5 (N, %)
Previous DMT therapy (N, %)
Treatment-naive

Number of previous DMTs (mean £ SD)

395 (37.5%)
423 (40.1%)
176 (16.7%)
51 (4.8%)

9 (0.9%)

N = 768"
26+ 18

2 [1-4]

501 (65.2%)
180 (23.4%)
87 (11.3%)

110 (10.4%)
17 + 1.1

156 (38.5%)
166 (41.0%)
63 (15.6%)

35 (10.6%)
135 (41.0%)
104 (31.6%)

16 (4.0%) 43 (13.1%)
4 (1.0%) 12 (3.6%)
N = 287 N = 220°
25+ 17 32+ 19
2 [1-3.5] 3 [2-4.5]

204 (71.1%)
56 (19.5%)

116 (53.0%)
62 (28.3%)

27 (9.4%) 41 (18.7%)
40 (9.9%) 73 (22.2%)
17 + 1.1 14 + 1.1

FAS full analysis set, CTS continuous treatment set

*Data were missing for certain patients for these variables

not fulfil criteria for rapidly evolving, severe
RRMS. Information on patient characteristics

and outcomes in the PI subset is provided in

Supplementary Material 2.

Primary Effectiveness Outcome: Change
in Annualised Relapse Rate at Month 24

The change in ARR between inclusion and
month 24 could be evaluated in 758 patients of
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Fig. 2 Previous disease-modifying treatments (FAS). Data ocrelizumab,  TFL  teriflunomide; 1Azathioprin:&:,

correspond to the last disease-modifying treatment used
before inclusion in the study. DMF dimethylfumarate, Exp
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the FAS who attended this study visit. In these
patients, the mean ARR decreased from
0.92 £ 0.92 in the year preceding inclusion to
0.31 £ 0.51 at month 24 (Fig.3). The mean
absolute change in ARR between the two peri-
ods was — 0.58 [95% CI — 0.51 to — 0.65], a
statistically significant reduction (p < 0.001;
paired Wilcoxon test).

Relative changes in ARR could only be
determined for the subgroup of 659 patients
who experienced relapses in the year before
inclusion, 469 of whom were assessable at
month 24. In this subgroup, the absolute
reduction in ARR at month 24 was 1.11 + 0.92
(p < 0.001; Wilcoxon paired rank test), corre-
sponding to a mean relative reduction of
76.3% + 38.6%. For the remaining subset of
395 patients who were relapse-free in the year
prior to inclusion, 288 were assessable at
month 24. In this subgroup, the absolute
increase in ARR at month24 was 0.29
[0.23-0.34]. A comparison of relapse-related
outcome variables in the analysis population
according to the previous DMT treatment is
provided in Supplementary Material Table 1.2.

In the CTS, the mean ARR decreased from
0.88 + 0.89 at inclusion to 0.17 £ 0.36 at
month 24. The mean absolute change in ARR at
month 24 was — 0.69 £+ 0.92 (Fig. 3). For the
216 members of the CTS with at least one
relapse in the year preceding inclusion, the
relative change in ARR at month 24 was —
84.9% £ 31.0% (absolute change — 1.22 4+ 0.77
relapses/year).

In the PI subset of patients who received
fingolimod in accordance with its approved
indications, the mean ARR decreased from
1.29 £ 0.83 at inclusion to 0.33 £ 0.53 at
month 24. The mean absolute and relative
changes in ARR at month 24 in this subgroup
were — 0.92+ 090 and — 74.8% £ 38.9%
respectively. Further information on the effec-
tiveness of fingolimod in this patient subgroup
is provided in Supplementary Material 2.

In the natalizumab cohort, the mean ARR
decreased from 1.59 £+ 1.01 at inclusion to
0.29 £+ 0.49 at month 24. The mean absolute
change in ARR at month 24 was — 1.32 + 1.01
(Fig. 3). For the 294 patients with at least one
relapse in the year preceding inclusion, the

mean relative change in ARR at month 24 was —
82.6% =+ 32.7% (absolute change — 1.53 + 0.89
relapses/year).

Secondary Effectiveness Outcome

Relapses

The decrease in ARR was maintained at
month 36 (mean change from baseline -—
0.63 £+ 0.95). The ARR for all patients evaluable
at each time point is presented in Fig. 3. At
month 24, 461 patients out of the 757 evaluated
at this time point (60.9%) had been relapse-free
since starting fingolimod. At the end of the
3-year study period, 366 patients (55.5%) in the
fingolimod FAS had been relapse-free
throughout.

In the natalizumab cohort, the mean ARR at
month 36 was 0.26 + 0.41, corresponding to a
mean absolute change from baseline of —
1.38 + 0.98. The proportion of patients in this
cohort who remained relapse-free was 63.6% at
month 24 (N =175) and 55.6% at month 36
(N =134).

Disability
In the FAS, mean and median EDSS scores
increased marginally over the follow-up period
(mean 2.6 at month O and 2.9 at month 36;
median 2.0 at month O and 2.5 at month 36).
This difference, although modest, was statisti-
cally significant (p < 0.05, mixed effects model).
The interquartile range remained between 1 and
4 for all visits during the 36-month study period
(Fig. 4). In the CTS, the mean EDSS evolved
from 2.5 + 1.7 (median 2, IQR 1-3.5) at inclu-
sion for 287 evaluable EDSS to 2.6 + 1.9 (me-
dian 2, IQR 1-4) at month 36 for 315 evaluable
EDSS.

In the natalizumab cohort, the mean EDSS
score was 3.2 £+ 1.88 at inclusion, 2.9 + 2.0 at
month 24 and 3.1 4+ 2.1 at month 36.

MRI Activity

Magnetic resonance imaging outcome could
only be assessed in patients who had undergone
MRI in the 3 months to the inclusion visit and
at least once during the 3-year follow-up, and
for whom both evaluations included both
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Gd enhancing T1 lesions only
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New T2 lesions only
N= 16 (5.5%)

Neither Gd-enhancing T1
lesions nor new T2 lesions

N= 228 (78.9%)

Gd enhancing T1 lesions only
N=11 (4.5%)

New T2 lesions only
N=8 (6.2%)

NATALIZUMAB COHORT

CTS (N =178) (N = 126)
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Both types of lesion N=11(6.7%)

N=2(1.1%)

Both types of lesion
None
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N=4 (3.2%)

Neither Gd-enhancing T1
lesions nor new T2 lesions

Neither Gd-enhancing T1
lesions nor new T2 lesions

N= 157 (88.2%)

N= 111 (88.1%)

Fig. 5 Radiological disease activity over the course of the study. FAS full analysis set, CTS continuous treatment set

gadolinium-enhanced T1-weighted and T2-
weighted sequences.

Of the 663 patients in the FAS who attended
the month 36 study visit, 606 (91.4%) had
undergone at least one MRI examination since
inclusion, 362 of whom (59.7%) had also been
evaluated prior to inclusion. In these 362
patients, the evaluation included both sequen-
ces for 289 patients. Radiological signs of dis-
ease activity during the study could thus be
determined in this subgroup. No new radiolog-
ical signs of disease activity were observed in
228 patients (78.9%). The remaining 61 patients
(21.1%) presented either an increase in the
number or volume of T2 lesions since inclusion,
the appearance of at least one new gadolinium-
enhancing T1 lesion, or both (Fig. 5).

In the CTS, 367 patients (90.6%) had
undergone at least one MRI examination since
inclusion, of whom 224 had also been evaluated
in the 3 months preceding inclusion; 178 could
be analysed as they were assessed with both MRI
sequences. No signs of disease activity following

initiation of fingolimod treatment were
observed in 157 patients (88.2%) (Fig. 5).

In the natalizumab cohort, MRI outcome
was evaluable in 126 patients in the FAS popu-
lation (38.8%). Of these patients, 111 (88.1%)
presented no new radiological signs of disease
activity during the follow-up period (Fig. 5).

Variables Associated with On-Treatment
Change in Relapse Rate

Of the variables evaluated for an association
with change in ARR at month 24 in the FAS,
significant associations were observed for time
since first symptoms (larger change in patients
with more recent disease), number of previous
DMTs (larger change in patients with fewer
previous treatment), most recent DMT used
(largest change for treatment-naive patients,
smallest change for patients switching from
natalizumab), reason for starting fingolimod
(largest change for treatment-naive patients,
smallest change for patients switching from
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previous DMT for ‘other reasons’), relapses in
the previous year (largest change for patients
with relapses) and EDSS score at inclusion (lar-
gest change for patients with EDSS no greater
than 3 at inclusion) (Table 2). In the multivari-
ate analysis, only the most recent DMT used,
relapses in the previous year and EDSS score at
inclusion were retained (Table2). A similar
analysis was performed in the CTS, and identi-
fied the same variables associated with change
in ARR in the univariate analysis. In the multi-
variate analysis, the absence of relapses in the
previous year and EDSS score greater than 3.0 at
inclusion, as well as the reason for starting fin-
golimod were retained.

Treatment

Over the entire study period, fingolimod was
definitively discontinued in 418 patients of the
safety population (38.0%), of whom 119
patients (10.8%) discontinued in the first
6 months and 380 patients before the end of the
3-year principal study duration (34.6%). The
mean treatment duration before fingolimod
discontinuation was 17.1 & 13.4 months (me-
dian 14 months). The principal reasons for fin-
golimod discontinuation were inadequate
efficacy (N = 148; 35.7% of discontinuations),
poor tolerability (N = 141; 34.0%) and patient
request (N =45; 10.8%). In addition, 37
patients (8.9%) stopped fingolimod because
they wished to become pregnant. Following
fingolimod discontinuation, 103 patients
(24.6% of discontinuations) received no further
documented treatment, whereas 274 (65.6%)
were switched to another DMT (data was miss-
ing for the remaining 41 patients). The most
frequent first switch choices were natalizumab
(N = 65; 23.7% of switches), rituximab (N = 52;
19.0%) and dimethylfumarate (N = 41; 15.0%),
although multiple sequential treatment chan-
ges were observed in many patients. Eleven
patients subsequently reverted to fingolimod
after having switched to another DMT. In
addition to these permanent discontinuations,
31 patients temporarily discontinued fin-
golimod for a mean duration of 20 days, and a
further 39 patients reduced the dose of

fingolimod during the course of the study, in
most cases (23 patients) from 0.5 mg once a day
to 0.5 mg every other day.

Quality of Life

Quality of life was assessed in the 514 patients
of the FAS who returned a patient questionnaire
at inclusion and at 36 months (or at the last
study visit, if the patient left the study prema-
turely). The mean MusiQoL score remained
stable from 67.8+15.9 at inclusion to
66.9 £ 17.1 at the last study visit. The mean
change between the two evaluations was —
0.95 £+ 14.0. The most impacted scale dimen-
sions were rejection, relationships with the
healthcare system and relationships with fam-
ily. No differences in any of the dimension
scores were observed between inclusion and the
last study visit. Quality of life scores were anal-
ysed separately in treatment-naive patients and
in patients switched from a previous DMT. No
difference was observed between these two
groups either in mean MusiQoL scores at
inclusion (68.1 £ 16.0 versus 67.7 + 15.9
respectively) or in mean changes in score on
treatment (0.51 + 12.2 versus — 1.14 £+ 14.2
respectively). In the natalizumab cohort, the
mean MusiQoL score was 64.8 + 16.9 at inclu-
sion and 67.6 £ 17.5 at the last study visit
(mean change 3.5 + 16.3), a non-significant
difference.

Similarly, the mean global EQ-SD scale
remained stable between inclusion
(0.66 £ 0.26) and the last study wvisit
(0.66 £+ 0.26), with a mean change between the
two visits of 0.00 + 0.21 points. Again, no dif-
ferences were observed between treatment-
naive patients and those previously exposed to
other DMTs (0.66 &+ 0.25 and 0.66 £ 0.26
respectively for scores at inclusion and -
0.02 £ 0.19 and 0.00 £+ 0.21 for on-treatment
change). In the natalizumab cohort, the mean
EQ-5D score was 0.62 + 0.29 at inclusion and
0.69 £ 0.28 at the last study visit (mean change
0.08 £ 0.25), a non-significant difference.

I\ Adis



Neurol Ther (2022) 11:633-658

646

SOT F T — €€ IUIPY 780 F LET — 6L QAIEU-IUIUIIEIT ],
poureIdar 10N 1000 > 100070 > 10070 > POAIODAT JUIWIIEIII ISE]
80 F 6T0 — TS 80 F L£0 — <9 2IoW 10 Inoq
9L0 F 60 — 86 €80 F LT0 — 601 P,
860 F 6¥0 — L 00T F 670 — ¥IC omT,
640 F ¥80 — ¢I 980 F SL0 — 60T U0
SOT F T — ¢ 780 F LET — 6L QUON
pauredr 3IoN 1000 > pauredr 3IoN 1000 > s LN snotaaid jo 1aquinN
980 F 050 — SLI L80 F 8¢0 — S¢e¢ s1eak O] <
SLOF 9L0 — T ¥60 F 1¥0 — 7L s1eak 018
060 F 1.0 — 9L T6'0 F LSO — ILI s1eak /%
I 660 F 80T — 84 0T F <0T — 8LI s1e9£ ¢ —()
paurear 10N 000 > paurelar 10N 1000 > swoadwids 1811y 9ouUrs SWI T,
S60 F L90 — S9¢ 60 F 090 — $9¢ USWO /X
€80 F SL0 — 88 10T F+ TS0 — 61 WA
paureIdr 10N H6£°0 pauTeIdI ION  66£°0 19puaD)
S60 F 190 — 8II S60 F ¥50 —  ¢¢T stk /3 <
€80 F 890 — LOI €80 F LSO — <8I s1eak 95—0%
660 F €L0 — SL ¥6'0 F S0 — 8LI s1eak 6¢—7¢
6800 F £80 — €S T F 890 — 191 sxeak 7€ >
pouredr 10N 91€°0 paureIar 10N ST€0 uorsnpur 1e o8y
(s F ueowr) (s F ueow)
LIITWNSO R0 LIIEWNSO R4
d adofg d ur 23ueyd anjosqy d adofg d  ur 33ueyd snjosqy
sisA[eue oyerreAL NI sis[eue ojereAru) N/ sisA[eue oyerIeAL NI sis[eue ojereAlu) N/

398 JUdUWNILaIl snonunuoy)

198 sisAJeue [ng

s[qerrep

sonsuoadereyd Juaned jo uonduny e se oyex asdepar ur sfueyd JudUIEIN-UQ) T I[qEL

A\ Adis



647

Neurol Ther (2022) 11:633-658

dnoi3 souaroger o3 01 paredwos sadofs Jo onex a3 031 spuodsairod d[qeLreA STYT,

g-uoopiaur ¢-prg7 orersoe rowemne[d po Oedg sneag Aiqesiq papuedxy g9 udsunesn SUIJIpOwW-oseasIp [ A7 VUIAD ISIOAPE T
$ Jauow e pue uosnoul e d[qeieat eiep Yam suonendod g1 pue Sy oy3 Jo sauoned ssoya ur pawnrojiad sem sisdfeue oy,

80°0 F LI'0 9L0 F 6£0 — €L 900 F €10 ¥8'0 F $€0 — 061 ¢ <
oUaIyY S60 F L0 — 8LI U215y 860 F 650 — 89¢ €=
¥SH0'0 8000 SLT0°0 2000 uorsnur 1€ 21035 S
010 F 9CT 1€0 F S0 LET L00 F TTT 8%°0 F 670  88¢C wasqy
1Y LLOF TTT — 91T IU2IY LLOF ITT — 69% 221
10000 > 1000 > 10000 > 1000 > reaf snoraxd ur asdepoy
Suryoiims
910 F 650 6L0 F 610 — ¥eI $80 F 200 — 69¢ 10§ UOSEII 1O
81°0 F 950 ¥L0 F 50 — 9€ 860 F 790 — LL  LNQ snomard qum sy
INA
$I0 F 0 080 F L60 — SSI 180 F 80 — Tcg  snomaid jo Asedygs 100
DUIY SOT FHT — €€ ¥8'0 F LET — 6L JudwIesn snoradxd oNy
pournofuy
MGOOO 1000 > ﬁuuﬁﬂmuuu ION 1000 > wcwu.ﬁmum uo.w UOSEY
660 F 060 — S¥ 7o F TS0 L60 F °L0 — 96 IAA PO
890 F 800 — 90T 010 F 6€0 780 F 80 — LE€ VO/g-NdI
6L0 F 880 — 691 IT0 F 950 LLO F 6000 — €5C qewnziereN]
Lrewnso (as F ueaw )YV Lrewnso (as F veaw )YV
d adorg d ur s8ueyd smjosqy d adorg d  ur oSueyd amjosqy
sisA[eue d3eLIRALI[NIA! sis[eue ajeureAru) N\ sisAJeue d3eLIRALI[NIA! sis[eue ajeureArun) N\
39§ JUAWIIELII) SNONUNIUO)) 398 sisA[eue [ng J[qerIeA

panunuod g dqe ],

I\ Adis



648

Neurol Ther (2022) 11:633-658

Safety

In the safety population of 1099 patients who
received fingolimod, 662 (60.2%) presented at
least one AE following treatment initiation
(Table 3). These were considered treatment-re-
lated in 509 patients (47.3%) and necessitated
treatment discontinuation in 125 cases (11.7%).
The most frequently reported AEs were lym-
phopenia, increased transaminases, leucopenia,
increased vy-glutamyltransferase and asthenia.
Concerning AEs of specific interest for fin-
golimod, bradycardia was reported in 40
patients, hypertension in 30, atrioventricular
block in six, macular oedema in 14, herpes
zoster in 12 and basal cell carcinoma in four
patients.

Serious AEs (SAEs) were reported in 162
patients (14.8%). The most frequently reported
SAEs were lymphopenia (22 patients), brady-
cardia (21 patients), elevated transaminases (9
patients) and macular oedema (9 patients),
which were all, with the exception of one case
of lymphopenia and two of bradycardia, con-
sidered to be related to fingolimod treatment.

As recommended in the prescribing infor-
mation, all patients starting treatment with
fingolimod were monitored for cardiovascular
safety at the first dose, with an ECG being per-
formed within the first 6 h in all patients. Dur-
ing the 6-h observation period, bradycardia
with a heart rate below 45 bpm was observed in
19 patients (1.8%), which was symptomatic in
two patients, and one patient presented a
grade III atrioventricular block. The reduction
in cardiac frequency reached a nadir within S h
in 82% of patients. At the end of the 6-h
observation period, six patients presented a
grade II atrioventricular block, two presented a
QTc interval of at least 500 ms and 12 brady-
cardia with a heart rate below 45 bpm.

In the natalizumab cohort, at least one AE
was documented in 180 patients (52.6% of the
safety population) (Table 3). These were con-
sidered natalizumab-related in 91 patients
(28.6%) and led to natalizumab discontinuation
in 23 (7.0%). The most frequent individual AEs
reported were asthenia (45 patients; 13.2%),
headache (36 patients; 10.5%) and
nasopharyngitis in 26 patients (7.6%). Serious

Table 3 Adverse events reported during the course of the

study

Type of adverse event Safety population
Fingolimod  Natalizumab
cohort cohort
N = 1099 N = 342

662 (60.2%) 180 (52.6%)

Any adverse event

Lymphopenia 273 (248%) 4 (1.2%)
Asthenia 48 (4.4%) 45 (13.2%)
Headache 44 (4.0%) 36 (10.5%)
Nasopharyngitis 15 (1.4%) 26 (7.6%)
Urinary tract infections 28 (2.5%) 21 (6.1%)
Transaminases 78 (7.1%) 4 (1.2%)
increased
Rash 17 (1.5%) 18 (5.3%)
Nausea 20 (1.8%) 16 (4.7%)
y-Glutamyltransferase 49 (4.5%) 4 (1.2%)
increased
Bronchitis 19 (1.7%) 13 (3.8%)
Depression 28 (2.5%) 9 (2.6%)
Leucopenia 52 (4.7%) -
Rhinitis - 16 (4.7%)
Abdominal pain 18 (1.6%) 10 (2.9%)
Influenza 17 (1.5%) 9 (2.6%)
Upper respiratory tract 12 (1.1%) 10 (2.9%)
infection
Bradycardia 40 (3.6%) -
Fever - 12 (3.5%)
Herpes zoster 12 (1.1%) 4 (1.2%)
Diarrhoea 22 (2.0%) 4 (1.2%)
Insomnia - 10 (2.9%)
Hypertension 30 (2.7%)
Gastroenteritis - 8 (2.3%)
Sinusitis - 8 (2.3%)
Vomiting - 8 (2.3%)
Tonsillitis - 7 (2.0%)
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Table 3 continued

Type of adverse event Safety population
Fingolimod Natalizumab
cohort cohort
N = 1099 N = 342

Ear infection - 6 (1.8%)

Constipation - 6 (1.8%)

Urticaria - 6 (1.8%)

Hypotension - 6 (1.8%)

Neutropenia 19 (1.7%) -

Lymphocyte count 7 (1.5%) -

decreased

Lymphocytosis - 5 (1.5%)

Anaemia - 5 (1.5%)

Weight gain - 5 (1.5%)

Malaise - 5 (1.5%)

Arthralgia - 5 (1.5%)

Macular oedema 14 (1.3%) -

Cough 13 (1.2%) -

Alanine aminotransferase 13 (1.2%) -

increased

Anxiety - 4 (1.2%)

Back pain - 4 (1.2%)

Falls - 4 (1.2%)

Hypersensitivity - 4 (1.2%)

Vertigo - 4 (1.2%)

Blood bilirubin increased
Alopecia

Treatment-related adverse

cvent

Adverse event leading to
treatment

discontinuation

Serious adverse events

12 (1.1%)
12 (1.1%)
509 (47.3%)

125 (11.7%)

162 (14.8%)

1 (28.6%)

23 (7.0%)

27 (8.0%)

Only individual adverse events reported in more than ten

patients (> 1%) are listed

AEs were reported in 27 patients (8.0%), and
these were considered natalizumab-related in
seven patients. These seven events were two
cases of elevated transaminases, and one case
each of bradycardia, breast cancer, progressive
multifocal leukoencephalopathy (PML), hepa-
tocellular lesion, rash and pityriasis rosea.

Three cases of PML were reported during the
study. Two cases occurred in the fingolimod
cohort, the first of these 31 days after starting
fingolimod following 4 years’ treatment with
natalizumab and the second 28 days after
switching from natalizumab which had been
prescribed for over 7 years. In the first of these
cases, the patient, a 44-year-old JC-virus-posi-
tive man, died of pulmonary disease and toxic
shock associated with the PML 22 days after
being hospitalised. A posteriori, it was found
that the PML lesion was already visible on an
MRI scan 20 days after starting fingolimod. In
the second case of PML, in a 49-year-old
woman, neurological symptoms of PML
appeared before treatment with fingolimod was
started, although the diagnosis was only for-
mally made 3 weeks later on the basis of MRI
findings and a positive JC virus screen in a
lumbar puncture sample. Following treatment
with corticosteroids, the patient recovered with
neurological sequelae. In both these cases of
PML, fingolimod was not suspected and the
infection was attributed to the long previous
history of exposure to natalizumab. The third
case, again non-fatal, was reported in a patient
in the natalizumab cohort who had been trea-
ted with this medication for 2years and
5 months.

Five deaths occurred during the study,
including the case of PML discussed above. One
of the other deaths was due to lung cancer
which occurred 52 days after initiation of fin-
golimod. The cause of death in a 75-year-old
patient with diabetes in the fingolimod cohort,
who died 30 months after starting fingolimod
and 9 months after discontinuing treatment,
was not documented. Neither of these two
deaths was considered causally related to fin-
golimod. One 32-year-old woman died of pul-
monary embolism 20 months after initiation of
natalizumab; the relationship to treatment was
not reported. The final case concerned a
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52-year-old woman who died of septic shock
associated with suspected pyloric stenosis or
volvulus, 4 months after starting natalizumab.
A causal relationship with natalizumab was not
suspected.

DISCUSSION

The VIRGILE observational study followed 1055
patients starting treatment with fingolimod in
France in everyday clinical practice over a 3-year
period. Around two-thirds of subjects persisted
with fingolimod treatment for the full 3-year
period. The primary effectiveness outcome
measure was the change in ARR at month 24. At
this time, the mean ARR had decreased to 0.31
relapses/year for the full study cohort and to
0.17 relapses/years for the patients taking fin-
golimod continuously for 3 years, with 56% of
patients remaining relapse-free for this period.
This decrease was sustained until the end of the
follow-up period.

The study has a number of strengths and
limitations. The strengths include the relatively
large number of participating centres and of
patients included. It is estimated that around
one-quarter of all patients initiating treatment
with fingolimod in France during the enrol-
ment period participated in the VIRGILE study.
It thus should provide an accurate picture on
how fingolimod is used in clinical practice,
avoiding the potential pitfalls of inclusion bias
and evaluation bias in smaller cohorts. Sec-
ondly, we evaluated not only clinical outcomes
but HRQoL, using two different measures. In
addition, the study used standard EDMUS soft-
ware for data collection in approximately 75%
of participating centres, which will allow the
information to be compared with other data
sets collected in the different research pro-
grammes initiated by OFSEP.

Limitations principally reflect the observa-
tional nature of the study. In particular, there
was a large amount of missing data at each
study visit, since these visits were not pro-
grammed systematically every 6 months as rec-
ommended in the prescribing information for
fingolimod. In particular, pre- and post-treat-
ment MRI was only performed for one-third of

the included patients. In addition, no informa-
tion is available on patient compliance with the
prescribing recommendations for fingolimod or
on whether treatment was actually taken. In the
absence of a placebo group, any contribution of
regression to the mean to the change in clinical
outcome over time cannot be assessed. This
may occur because patients are generally
enrolled following a relapse, so they would have
a natural tendency to recover (improve) inde-
pendently of treatment. On-treatment reduc-
tions in ARR were, de facto, not observed for
patients without relapses in the year preceding
inclusion nor in those switching from natal-
izumab (these two subgroups of patients over-
lapped extensively). The issue of regression to
the mean is addressed in part by the multivari-
ate analysis of variables associated with the
change in ARR. In the CTS, the effect size was
similar whatever the reason for switching the
previous DMT to fingolimod (persistent disease
activity, AEs or ‘other’), suggesting that there is
a real treatment effect, over and above any
contribution of regression to the mean. Finally,
since many enrolled patients had not experi-
enced a relapse in the year preceding inclusion,
the relative reduction in ARR could not be cal-
culated for these patients.

Patients treated with fingolimod were in
general switched from another DMT (only 10%
were treatment-naive), most frequently follow-
ing planned discontinuation of natalizumab. In
terms of disease activity at inclusion, the
patients treated were not very severe, with a
median EDSS score of 2 and an ARR in the
previous year of less than 1, in spite of having a
10-year (on average) history of MS. The age and
gender distributions of these patients were
consistent with those of the overall RRMS pop-
ulation in France [28].

Over half of treated patients were treated
consistently with the approved indications of
fingolimod, the most frequent inconsistency
being switches from another DMT to fin-
golimod even though their MS was well con-
trolled on previous therapy. Two possible
explanations can be proposed for the rather
high rate of prescription outside the approved
indication. The first is that the duration of
treatment with natalizumab was limited to
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2 years at the time the present study was initi-
ated, and natalizumab treatment is also
required to be discontinued in patients who
develop anti-JC virus antibodies. For patients
who had to stop natalizumab therapy for these
reasons, even if their MS was well controlled,
fingolimod was the only alternative second-line
treatment available for most of the length of the
study. Patients switching from natalizumab
constituted the majority of patients starting
fingolimod outside the approved indication.
The second explanation would be that the oral
route of administration of fingolimod encour-
aged patients treated with interferon-f or GA
who were averse to self-injection to switch to
fingolimod, even if they were well controlled.

Over the 3-year follow-up period, 61.1% of
patients had been treated with fingolimod
continuously. The rate of treatment discontin-
uation was higher than that reported in previ-
ous real-world studies performed in Sweden [10]
and Canada [11]. In addition, the principal
reason for stopping fingolimod was inadequate
efficacy, whereas in the earlier studies it was
AEs. This difference may be explained by the
wider range of treatment options available
during the VIRGILE study, notably other oral
DMTs and anti-CD20 monoclonal antibodies,
which encourages switching from fingolimod
when the treatment response is suboptimal.
Similar relatively high rates of switching from
and between fingolimod and dimethylfumarate
have been reported in a recent study from the
USA [29].

The relatively large sample size made it pos-
sible to investigate certain patient variables for
association with treatment response, in terms of
change in ARR. Relapses in the year before
inclusion, less disability at inclusion and no
previous DMT treatment were all associated
with a better treatment response. A sensitivity
analysis was performed in the CTS, in which
three variables were retained; ARR in the previ-
ous year, EDSS score at baseline and reason for
staring fingolimod were identified as predictors
of response. Although in this analysis, the ‘rea-
son for starting fingolimod’ variable replaces
the ‘previous DMT’ variable in the FAS, both
variables had ‘no previous treatment’ as a
response modality which, in both data sets, was

associated with a better treatment response, so
that the two analyses are consistent. These
findings can be compared with previous studies
of predictors of fingolimod response. For
example, in a Spanish observational cohort
study [15], which evaluated 211 patients, only
baseline EDSS score was associated with the on-
treatment ARR in the first 24 months of fin-
golimod treatment, but the statistical power of
that study was relatively low compared to the
present VIRGILE study. A recent Italian study
with RRMS evaluated predictors of ‘no evidence
of disease activity’ (NEDA), time to first relapse
and time to confirmed disease progression in a
cohort of 339 patients treated for 4 years with
fingolimod [30]. Variables associated with time
to first relapse were age at disease onset,
gadolinium-enhancing lesions at inclusion,
ARR in the previous 2 years and natalizumab
treatment in the previous year. Other studies
have evaluated biological parameters, such as
lymphocyte populations, as predictors of fin-
golimod response [31, 32], but this was not
feasible in the present study. Associations
between pre-treatment disease activity, baseline
disability and treatment history on the one
hand and clinical response on the other have
been observed previously in long-term obser-
vational studies of patients treated with inter-
feron-p [33, 34] or GA [8, 35].

The findings of the VIRGILE study can be
compared with those of the phase III clinical
trials of fingolimod (FREEDOMS [4] and
TRANSFORMS [5]). Persistence rates were much
higher in the clinical trials (approx. 85%) than
in VIRGILE, consistent with the interventional
nature of these studies, and around half of
patients included in these trials were previously
treatment-naive. On-treatment ARRs in these
studies were 0.18 [4] and 0.16 [5], and the pro-
portions of patients remaining relapse-free were
70% [4] and 83% [5]. As in fingolimod-treated
patients in the phase III trials, the EDSS score
remained essentially stable in the VIRGILE
study. Although in the present study the change
in score over the 3-year evaluation period was
statistically significant, the change in mean
score was not considered clinically relevant.

The findings can also be compared with
those of the PANGAEA study [17], the largest

I\ Adis



652

Neurol Ther (2022) 11:633-658

real-world study published with fingolimod to
date. It should be noted that effectiveness is
only described in this study for patients still
treated with fingolimod at the time of the fol-
low-up visit, corresponding to the CTS in the
VIRGILE study. In the PANGAEA study, fin-
golimod persistence rate at 36 months was 70%,
compared to 56% in VIRGILE. The PANGAEA
patients were principally switched to fin-
golimod from an interferon-B, and thus may
explain the higher baseline ARR (1.79 relapses/
year) compared to the VIRGILE study. Over the
3-year treatment period, the ARR in PANGAEA
was 0.27, 58% of patients were relapse-free and
13% presented confirmed disease progression.
Corresponding data in the VIRGILE study (FAS
population) were 0.31, 55.5% and 23.4%
respectively. The findings of the two studies can
thus be considered comparable.

Regarding safety, the study provides useful
information on exposure in unselected patients,
including those from potentially at-risk groups,
who were excluded from the phase Il and III
clinical trials, such as the elderly and those with
certain comorbidities. In addition, the large
number of patients included should facilitate
the detection of rare events. Nonetheless, the
nature of the AEs reported was essentially sim-
ilar to those reported in the phase III trials [4, 5],
and no unexpected AE, in particular no unex-
pected serious AE, was reported in the VIRGILE
study. The proportion of patients reporting AEs
was 60%, which is lower than that reported in
the phase III clinical trials (94% in FREEDOMS
[4] and 86% in TRANSFORMS [5]), which is
perhaps attributable to the observational nature
of the study. It should be noted that 248 of the
1055 patients starting fingolimod in the VIR-
GILE study switched to another DMT over the
3-year period, which complicates attribution of
causality. Reporting rates for listed AEs for fin-
golimod, such as lymphopenia, macular
oedema, herpes zoster or basal cell carcinoma,
ranged from four patients (0.4%) for basal cell
carcinoma to 273 for lymphopenia 273 (24.8%).
These rates are consistent with those from the
phase III trials [4, 5], but somewhat higher than
those reported in the PANGAEFA study [17]. Two
cases of PML were identified in patients receiv-
ing fingolimod, but both had recently switched

from natalizumab and these events were
attributed to the latter treatment (indeed one
patient already had symptoms subsequently
attributed to PML at the time fingolimod was
started). Cardiovascular monitoring at initia-
tion of fingolimod therapy complied with the
prescribing information in all cases. The pro-
portion of patients in whom cardiac rthythm
abnormalities were observed at this time was
low, suggesting that the recommended cardiac
contraindications for fingolimod were being
respected and largely protected exposed
patients from any cardiac toxicity of
fingolimod.

The VIRGILE study also allowed HRQoL
outcomes to be documented in a large cohort of
patients starting treatment with fingolimod, an
aspect that has not been widely studied in pre-
vious large drug utilisation studies. We did not
observe any significant on-treatment change in
MusiQoL scores in either the fingolimod or
natalizumab cohorts, using either the MusiQoL
or EQ-5D instruments. This suggests that these
patients, who were not well controlled before
starting fingolimod, consider their health to
have been stable over the 3-year period of
treatment with fingolimod, which is consistent
with the absence of a clinically relevant increase
in disability score.

The mean MusiQoL study at inclusion was
67.8 in the fingolimod group, which is very
close to the value of 65.8 reported in a previous
international study of 1992 adult patients with
MS [36]. The data are also consistent with the
earlier PERFORMS observational study of fin-
golimod, performed in the Middle East, which
also reported no significant change over a
12-month treatment period [14]. In contrast, in
the interventional setting, the EPOC study
conducted in North America [35] reported an
improvement in HRQoL in patients switching
from an injectable first-line DMT to fingolimod,
using a generic quality of life measure (SF-36)
[37]. The impact of fingolimod treatment on
HRQoL in the real-world setting over the long-
term is still poorly characterised and further
studies in this field are needed to clarify the
issue [9]. With respect to natalizumab, a large
and significant increase of 11 points in Musi-
QoL score after 3years’ treatment has been
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described in a small French study of 48 patients
[38], but we were not able to document such a
change in the present much larger study.

The EQ-5D score reported here (0.66) is
somewhat higher than would be expected from
a previous report of data from France collected
in 2007 (EQ-5D score 0.67 for EDSS 3 or less,
0.52 for EDSS 4-5, 0.33 for EDSS 6 or higher)
[39], which have been used widely in cost-ef-
fectiveness analyses in France (e.g. for
dimethylfumarate [40]). This difference may
reflect a change in perceptions of burden of ill-
ness with the introduction of oral treatments as
an alternative to the injectables, which were the
only DMTs available in 2007 when the earlier
ED-5Q data were collected. It would be inter-
esting to perform a dedicated study to collect
utility data from patients prescribed oral DMTs
or other recent innovative MS treatments for
informing future cost-utility analyses.

The study also included, at the request of the
French health authorities, a parallel, indepen-
dent cohort of 330 patients initiating natal-
izumab patients to serve as a benchmark.
Compared to the previous much larger drug
utilisation study of natalizumab in France, per-
formed between 2007 and 2012 (TYSEDMUS)
[19], patients initiating natalizumab in the
present study were of a similar age and had a
similar level of disease activity prior to starting
treatment, although the level of disability was
somewhat lower (mean EDSS score 3.2 com-
pared to 3.5 in TYSEDMUSY). It is not appropri-
ate to compare outcomes between the
natalizumab and fingolimod cohorts because
they differed in many characteristics that
influence outcome, namely prior relapse activ-
ity, disability at inclusion and prior DMT his-
tory, and indeed this was not the objective of
the VIRGILE study. Indeed, the guidelines of the
French health authorities for drug utilisation
studies specify that comparisons between
treatment strategies in such studies should not
be made unless the study has been designed
specifically to do this with appropriate statisti-
cal measures to avoid inclusion bias [41]. A
comparative observational study to compare
two different DMTs would require a more rig-
orous methodology, for example by inclusion of
cases using propensity score matching to

minimise between-group differences at base-
line, an approach that has been previously used
successfully to compare treatment outcomes
between fingolimod and natalizumab [16].

It is also of interest to compare changes in
the patterns of care in everyday clinical practice
observed in the VIRGILE study (conducted
between 2014 and 2019) to those in the earlier
GA Observatory (2005-2013) [8] and in the
TYSEDMUS study [18, 19]. Compared to these
earlier studies, the proportion of patients in
VIRGILE who received no further DMT follow-
ing discontinuation of the study treatment was
lower (24%, compared to around 50% in the GA
and natalizumab cohorts). This may reflect the
wider range of treatment options now available.
Persistence rates at 3 years were around 50%
both for fingolimod in VIRGILE and for GA [8]
(natalizumab discontinuation followed specific
stopping rules and the TYSEDMUS data are not
thus comparable). In VIRGILE, more than 90%
of patients starting fingolimod underwent an
MRI evaluation in the following 3 years. This
suggests that MRI has now become a standard
part of management of patients with MS in
France, in contrast to the situation when the GA
Observatory was initiated when it was consid-
ered that MRI was too rarely performed in
everyday practice to be worth collecting data in
the study [8].

CONCLUSIONS

The VIRGILE study has shown that the effec-
tiveness and tolerability of fingolimod when
used in everyday clinical practice over a period
of 3 years are consistent with what would be
expected from the interventional phase III
studies. Fingolimod offers sustained reductions
in clinical and radiological disease activity,
preserved quality of life and is generally well
tolerated. This study highlights the utility of
fingolimod as a DMT for the long-term man-
agement of patients with MS.
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