Journal of Central Nervous System Disease
Volume 13: 1-11

© The Author(s) 2021

Article reuse guidelines:
sagepub.com/journals-permissions

DOI: 10.1177/11795735211028781

®SAGE

Efficacy and Safety of Teriflunomide in Multiple
Sclerosis across Age Groups: Analysis
from Pooled Pivotal and Real-world Studies

Jiwon Oh'2}, Sandra Vukusic?34, Klaus Tiel-Wilck®,
Jihad Said Inshasi®, David Rog’, Darren P Baker8, Yelena Pyatkevich89,
Elizabeth M Poole810 and Patrick Vermersch'

1St. Michael's Hospital, University of Toronto, Toronto, ON, Canada. 2Service de Neurologie,
Sclérose en Plaques, Pathologies de la Myéline et Neuro-inflammation et Fondation Eugéne
Devic EDMUS Pour la Sclérose en Plaques, Hopital Neurologique Pierre Wertheimer, Hospices
Civils de Lyon, Lyon-Bron, France. 3Centre des Neurosciences de Lyon, INSERM 1028 et CNRS
UMR5292, Observatoire Francais de la Sclérose en Plaques, Lyon, France. “Université Claude
Bernard Lyon 1, Villeurbanne, France. *Neurologisches Facharztzentrum Berlin, Berlin, Germany.
6Dubai Medical College, Dubai, United Arab Emirates. “"Manchester Centre for Clinical
Neurosciences, Salford, UK. 8Sanofi, Cambridge, MA, USA. °Takeda Pharmaceutical,
Cambridge, MA, USA. °Bluebirdbio, Cambridge, MA, USA. "Universite de Lille, Inserm U1172,
CHU Lille, FHU Precise, Lille, France.

ABSTRACT

BACKGROUND: Evidence suggests that efficacy and safety of disease-modifying treatments for multiple sclerosis may differ with age. We
evaluate efficacy and safety of teriflunomide across age subgroups of patients from pooled clinical trials and real-world studies.

METHODS: Post hoc analyses of patients who received teriflunomide 14 mg in the pooled phase Il and Ill TEMSO, TOWER, TENERE, and
TOPIC core and extension studies (n = 1978), and the real-world Teri-PRO (n = 928) and TAURUS-MS | (n = 1126) studies were conducted.
Data were stratified by age at study entry: <25, >25 to <35, >35 to <45, and >45 years. In Teri-PRO and TAURUS-MS [, an additional
group, >55 years, was assessed.

RESULTS: In the pooled core studies, teriflunomide reduced annualized relapse rate (ARR) versus placebo across all ages. Unadjusted
ARRs remained low across age groups in pooled extensions (0.18-0.30), Teri-PRO (0.10-0.35), and TAURUS-MS | (0.14-0.35). Baseline
Expanded Disability Status Scale scores were higher with age, but stable through core and extension studies (mean increases over 7 years:
<25 years, +0.59; >25 to <35 years, +0.46; >35 to <45 years, +0.35; >45 years, +0.81). Across age groups, adverse event (AE)
incidences were 78.4% to 90.7% in pooled core and extension studies and Teri-PRO, and 29.2% to 37.7% in TAURUS-MS |; serious AE
incidences were <21.3% in all studies. In pooled phase Il and Teri-PRO studies, lymphocyte count decreases over 1 year after initiating
teriflunomide, and proportions of patients developing lymphopenia, were small across age groups.

CONCLUSIONS: Teriflunomide efficacy was demonstrated regardless of age. Safety was generally consistent across age groups.
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Introduction

Multiple sclerosis (IMS) is the most common chronic neuro-
logic condition in young adults worldwide, and is typically
diagnosed between the ages of 20 and 40 years.!? Since MS
usually extends over decades of a person’s life and has a mini-
mal effect on life expectancy, its prevalence increases in older
age groups, and disease activity may differ by age.3* It has been
estimated that, in the United States, the prevalence of MS is

highest in adults 55 to 64 years of age, underscoring the impor-
tance of understanding how age affects MS.2 In addition, there
is accumulating evidence that, with age, the efficacy of disease-
modifying therapies (DMTs) may decrease and age-related
adverse events (AEs) may emerge, altering the benefit-risk
ratio of DMTs.>7 Moreover, given that DMTs target the
immune system, there is a potential for lymphopenia and
increased infection risk,® which is an important clinical
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consideration in older people with MS (pwMS), who often
present with various comorbidities.

Teriflunomide, a once-daily oral immunomodulator, is
approved in more than 80 countries for the treatment of relaps-
ing forms of MS (RMS), including clinically isolated syndrome
(CIS), relapsing-remitting MS (RRMS), and in some jurisdic-
tions, active secondary progressive MS.%10 The efficacy and
safety of teriflunomide 14 mg have been established in patients
with RMS or RRMS in the phase II and phase III TEMSO,
TOWER, and TENERE clinical trials, and in those patients
with CIS in the TOPIC study."'® Long-term efficacy and
safety of teriflunomide 14 mg was demonstrated in extension
studies of the phase II and III trials through 9 years.!%17 In the
real-world Teri-PRO and TAURUS-MS 1 studies, terifluno-
mide 14 mg—treated patients reported high levels of treat-
ment satisfaction, with a stable safety and tolerability profile
over 48 weeks and over 2 years, respectively.1®1?

In this study, our objective was to evaluate whether age had
an effect on the efficacy and safety of teriflunomide using
pooled data from the phase IT and III clinical trials and from 2
real-world studies of teriflunomide. In the safety analysis, we
specifically evaluated the association of lymphocyte counts and
risk of infection across age groups, as this is a safety concern of
interest in aging pwMS.

Methods
Patients and study design

In this post hoc analysis, data were obtained from the pooled
phase II and phase III TEMSO, TOWER, TENERE, and
TOPIC clinical trials and their extension studies, the phase IV
Teri-PRO study, and the TAURUS-MS I study. Patients who
were treated with teriflunomide 14 mg were stratified by age at
core study entry. Individuals who only started teriflunomide 14
mg during the extension studies were stratified by age at time
of starting the extension study. Age stratification subgroups
were as follows: <25, >25 to <35, >35 to <45, and >45
years. Additional cohorts of patients aged >55 years were
included from the Teri-PRO and TAURUS-MS 1 studies
since these studies included a significant proportion of older
patients (>55 years).

Complete study designs for the phase II and phase III
TEMSO, TOWER, TENERE, and TOPIC studies have been
published previously’-17 and are briefly summarized here.

The phase II study and phase III TEMSO and TOWER
studies (for RMS patients) and the TOPIC study (for patients
with CIS diagnosis; McDonald 2005 criteria?®) were double-
blind, placebo-controlled studies in which patients were ran-
domized 1:1:1 to receive placebo, teriflunomide 7 mg, or
teriflunomide 14 mg. Age ranges for eligible patients were
>18 to 65 years for the phase II core study and its extension,
>18 to 55 years for TEMSO, TOWER, and TOPIC studies,
and =18 years for TENERE. Patients were treated for 36
weeks in the phase II trial, =48 weeks in TOWER, and 108

weeks in TEMSO; a 108-week treatment duration was
planned for TOPIC, but the study ended approximately 1.7
years earlier than planned due to the 2010 revisions of the
MS diagnostic McDonald criteria.?> TENERE was a phase
II1, rater-blinded study in which patients with RMS were
randomized 1:1:1 to receive teriflunomide 7 mg, terifluno-
mide 14 mg, or subcutaneous interferon beta-la (IFN B-1a)
44 pg thrice weekly, and completed 48 weeks after the last
patient was randomized. In the extension studies of the phase
IT and III trials, patients received teriflunomide 14 mg regard-
less of their original dose (TOWER, TENERE) or continued
their original core study dose of teriflunomide (phase II,
TEMSO, TOPIC). Patients who initially received placebo or
IFN B-la received teriflunomide 14 mg (TOWER,
TENERE) or were reassigned 1:1 to teriflunomide 7 or 14
mg (phase II, TEMSO, TOPIC).

Details of the Teri-PRO study design have been published
previously.!® Briefly, this phase IV trial conducted in 14 coun-
tries (Austria, Belgium, Canada, Chile, Finland, France,
Germany, Greece, Italy, Norway, Spain, Sweden, the United
Kingdom, and the United States) was a prospective, single-
arm, open-label study that assessed treatment satisfaction, dis-
ease outcomes, and safety in patients with RMS receiving
teriflunomide per local prescribing guidelines. Patients received
teriflunomide (7 or 14 mg once daily in the United States, teri-
flunomide 14 mg in the other countries) and were followed up
for 48 weeks.

TAURUS-MS I was a noninterventional, prospective, lon-
gitudinal study in Germany.! Patients were eligible for enroll-
ment if they were =18 years old, had diagnoses of RRIVIS, were
capable of completing questionnaires, and had no existing con-
traindications. To avoid selecting a nonrepresentative study
population, no explicit exclusion criteria were specified.
Documentation started approximately 4 weeks after treatment
initiation with teriflunomide, and follow-up visits were sched-

uled after 3, 6,12, 18, and 24 months.

Study endpoints

Although there were differences across the studies, the follow-
ing common endpoints were assessed across all studies: annual-
ized relapse rate (ARR), Expanded Disability Status Scale
(EDSS) scores, and occurrence of AEs. Lymphocyte counts in
the pooled core and extension studies and Teri-PRO studies
were obtained using standard clinical laboratory assessments at
baseline and Year 1 (Day 336-Day 378). Analyses could not be
completed for lymphocyte counts in the TAURUS-MS 1

population.

Statistical analysis

All available data through the duration of each study were ana-
lyzed without imputation in patients who received terifluno-
mide 14 mg separately for each age group. In the TENERE
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core and extension studies, only patients who received teriflu-
nomide 14 mg were analyzed, including patients switching
from IFN B-1a 44 pg.

For the clinical trials, efficacy analyses (ARR and EDSS)
were based on the combined intent to treat population, includ-
ing all patients who were randomized and who received at least
1 dose of study drug from the phase II and phase III TEMSO,
TOWER, and TENERE core and extension studies (maxi-
mum study durations: phase 1I extension, 12.8 years; TEMSO,
10.8 years; TOWER, 6.3 years; TENERE, 5.7 years). Data
were included up to the last time point at which there were
=10 participants in each age category. Safety analyses were
based on all patients grouped according to the dose of treat-
ment they received, rather than the group to which they were
randomized, and included data from TOPIC.

In the pooled core studies, adjusted ARRs were derived
using a Poisson model with the total number of confirmed
relapses onset between randomization date and last dose date
as the response variable; poolcode (study), treatment, region,
and EDSS strata at baseline as covariates; and log-transformed
standardized study duration as an offset variable. Relapse rates
were calculated for teriflunomide 14 mg versus placebo accord-
ing to the age subgroups. In the pooled core and extension
studies, Teri-PRO, and TAURUS-MS I, the unadjusted ARR
and confidence intervals were calculated using the normal
approximation for Poisson confidence interval; data in the core
and extension studies were included up to the last time point at
which there were =10 patients in each group. EDSS scores
were analyzed using year-wise descriptive statistics.

AEs were reported as incidences defined as the percent-
age of patients with at least 1 event. In the pooled core stud-
ies and Teri-PRO, mean lymphocyte levels were quantified
using 1.0 cells/L X 107 cells/L as the lower limit of normal
(LLN). Lymphopenia grades, categorized on a scale of 1 to 4
(Grade 1: 9 cells/L; Grade 2: <0.8 to =0.5 X 107 cells/L;
Grade 3: <0.5 to =0.2 X 107 cells/L; Grade 4: <0.2 X 10°
cells/L), were derived from 2 consecutive visits for the pooled
phase III core studies (TEMSO, TOWER, TOPIC, and
TENERE), and from the baseline and Year 1 visits for the
Teri-PRO study.

Standard protocol approvals, registrations, and
patient consents

All studies were conducted in accordance with the International
Conference on Harmonisation Guidelines for Good Clinical
Practice and the Declaration of Helsinki. All patients provided
written informed consent before participating in the trials. All
procedures were approved by local institutional ethics review
boards of participating sites (names of the Institutional Review
Boards and Independent Ethics Committees that approved the
procedures at each participating site for all studies are listed in

the Supplemental Appendix).

The phase II and III clinical trials and the real-world
Teri-PRO study are registered with www.clinicaltrials.gov
(Clinical Trials.gov identifiers: phase II core: NCT01487096;
phase II extension: NCT00228163; TEMSO core: NCT
00134563; TEMSO extension: NCT00803049; TOWER:
NCT00751881; TENERE: NCT00883337; TOPIC: NCT
00622700; Teri-PRO: NCT01895335). The TAURUS-MS 1
study is registered in the Bundesinstitut fiir Arzneimittel und

Medizinprodukte public database under number 2075.

Results
Patients

In the phase II, TEMSO, TOPIC, TOWER, and TENERE
core and extension studies, data were pooled from 1978 patients
treated with teriflunomide 14 mg: 209 (11%) aged <25 years,
593 (30%) aged >25 to <35 years, 719 (36%) aged >35 to
<45 years, and 457 (23%) aged >45 years. Mean ever exposed
teriflunomide 14 mg treatment time during the pooled core
and extension studies was 3.3 years (median 2.9 years; range
0.002-12.8 years).

At baseline, time since first symptom or MS diagnosis and
mean EDSS score was higher with increasing age, whereas
mean number of relapses in the 2 years preceding enrollment
was lower with increasing age (Table 1). Baseline demograph-
ics and disease characteristics were similar by age group for
patients on placebo and teriflunomide 14 mg (mean treatment
time, 1.5 years) from the pooled core studies (Supplemental
Table S1).

In the Teri-PRO study, data were obtained from 928
patients treated with teriflunomide 14 mg: 23 (2%) aged <25
years, 125 (13%) aged >25 to <35 years, 280 (30%) aged >35
to <45 years, 288 (31%) aged >45 to <55 years, and 212
(23%) aged >55 years (percentages do not add up to 100%
due to rounding). In TAURUS-MS 1, data were obtained
from 1126 patients treated with teriflunomide 14 mg: 43
(4%) aged <25 years, 168 (15%) aged >25 to <35 years, 357
(32%) aged >35 to <45 years, 408 (36%) aged >45 to <55
years, and 150 (13%) aged >55 years. As with the pooled core
and extension studies, the duration since first symptom or MS
diagnosis and the mean EDSS score at baseline was higher
with increasing age in both the Teri-PRO and TAURUS-MS
I studies (Table 1).

Clinical efficacy by age group

In the pooled phase II, TEMSO, TOWER, and TENERE
core studies, teriflunomide 14 mg significantly reduced ARR
compared with placebo across all age groups (relative risks of
0.445,0.732,0.641, and 0.642 in patients aged <25 years, >25
to <35 years, >35 to <45 years, and >45 years, respectively;
Figure 1A). Through the pooled core and extension studies,
the unadjusted ARRs over 13 years were lower in patients

aged >35 years (0.18-0.20) than in those aged <35 years
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Table 1. Baseline characteristics of patients treated with teriflunomide 14 mg in the pooled phase Il, TEMSO, TOWER, TOPIC, and TENERE core
and extension studies, Teri-PRO study, and TAURUS-MS | study by age group.

POOLED PHASE Il AND Ill CORE AND

AGE GROUP, YEARS

EXTENSION2

>25TO <35 >35TO <45

N = 593 N =719
Age, years 22.8 (2.0) 30.7 (2.8) 40.3 (2.8) 50.3 (3.3)
Female, % 70.3 65.9 73.6 74.8
Time since MS diagnosis, years® 2.6 (2.4)° 4.4 (3.7)9 6.3 (5.6)¢ 7.7 (7.1)f
Time since first symptoms of MS, years® 4.0 (3.0)° 6.7 (4.4)9 9.4 (6.6)° 12.3 (8.5)
EDSS score 1.9 (1.1)9 2.2(1.3) 2.5(1.4) 3.0 (1.5)
Number of relapses in the prior 2 yearsh 1.7 (1.4) 1.5 (1.3)i 1.4 (1.3)k 1.2 (1.2)
Received previous MS DMT, %" 4.7 47.7m 45 .2k 48.70

TERI-PRO AGE GROUP, YEARS

>25TO <35 >35 TO <45 >45TO <55

N =125 N = 280 N = 288
Age, years 22.0 (2.4) 31.3(2.8) 411 (2.7) 50.4 (2.9) 61.2 (4.1)
Female, % 73.9 73.6 76.1 75.3 72.6
Time since first symptoms of MS, years 4.7 (4.7) 6.6 (4.7) 11.0 (7.0) 14.2 (9.3) 19.0 (11.0)
EDSS score 1.5 (1.5) 1.9 (1.6) 2.5 (1.8)° 3.2 (1.8)r 4.1 (1.9)
Number of relapses in the prior 2 years 1.4 (1.4) 1.4 (1.3) 1.4 (1.6) 1.1(1.4) 1.0 (1.5)a
Received previous MS DMT in past 2 69.6 73.6 72.5 71.9 68.9
years, %
TAURUS-MS I
Age, years 22.7 (2.1) 31.3(2.7) 41.2 (2.9) 50.1 (2.8) 60.7 (4.2)
Female, % 39.5 58.3 68.3 71.3 72.7
Time since first symptoms of MS, years 2.0 (2.2)s 5.6 (4.6)! 9.9 (6.9)v 13.2 (8.6)v 13.9 (9.2)v
EDSS score 1.1 (0.9)s 1.6 (1.2) 2.1 (1.3)y 2.7 (1.6)% 2.9 (1.6)*
Number of relapses in the prior 2 years 1.3(0.7) 1.2 (1.5)t 0.9 (1.0)* 0.9 (1.0)# 0.8 (1.2)2

Abbreviations: DMT, disease-modifying therapy; EDSS, Expanded Disability Status Scale; MS, multiple sclerosis; SD, standard deviation.

Values are mean (SD) unless indicated otherwise.

aPatients initiated teriflunomide 14 mg at either core study baseline or extension baseline; °Excluding patients from the TOPIC study; °n = 146; 9n = 485; en = 629;

fn = 435; 9n = 208; "Excluding patients in the phase Il study and TOPIC study; 'n = 144;in = 462;n = 593;'n = 412;™n = 463;"n = 413;°n = 279;Pn = 285;In = 211;
"Per protocol set; sn = 39;'nh = 163;Un = 336; n = 384; "n = 142;*n = 138;Yn = 294;2n = 344; *n = 131; tn = 167; *n = 350; #n = 406;n = 149.

(0.27-0.30; Figure 1B). In the Teri-PRO study, the unadjusted
ARRs were generally lower in the older age groups over 48
weeks (ARRs ranged from 0.35 in patients >25 to <35 years
old to 0.11 in patients >55 years old [Figure 1C]); however,
the unadjusted ARR for the <25 years age group was 0.10. In
the TAURUS-MS I study, the unadjusted ARR was likewise
lower over 2 years in older patients (ARRs were between 0.35
in patients >25 to <35 years old to 0.14 in patients >55 years
old, and was 0.29 in patients aged <25 years, Figure 1D).

In the pooled phase II, TEMSO, TOWER, and TENERE

core and extension studies, EDSS scores were stable over 7

years, with mean EDSS score changes observed at Year 7 versus
baseline as follows: patients aged <25 years: +0.59, aged >25
to <35 years: +0.46, aged >35 to <45 years: +0.35, and aged
>45 years: +0.81 (Figure 2). Data from 8 to 13 years in the
extensions were not included in the analyses due to low
patient numbers (<10 participants in each age category). In
the real-world Teri-PRO and TAURUS-MS I studies, mean
EDSS scores were stable across all age groups, with mean

score changes from baseline ranging from -0.18 to +0.13 at
Week 48 and from -0.07 to +0.33 at Year 2, respectively
(Table 2).
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>25t0<35 >35t0<45 >45to <55 >55
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Age Group, Years <25

Figure 1. Relapse rates stratified by patient age at study entry: (A) ARR of placebo- and teriflunomide 14 mg-treated patients in the pooled phase I,
TEMSO, TOWER, and TENERE core studies, and relative risk reductions with teriflunomide 14 mg versus placebo in all age groups, (B) unadjusted ARR
in patients treated with teriflunomide 14 mg in the pooled phase Il, TEMSO, TOWER, and TENERE core and extension studies through year 13, (C)
unadjusted ARR in patients treated with teriflunomide 14 mg in the Teri-PRO study over 48 weeks, and (D) unadjusted ARR in patients treated with
teriflunomide 14 mg in the TAURUS-MS | study over 2 years.

Abbreviations: ARR, annualized relapse rate; Cl, confidence interval; EDSS, Expanded Disability Status Scale; No., number; RR, relative risk.

aDerived using a Poisson model with the total number of confirmed relapses onset between randomization date and last dose date as the response variable; poolcode
(study), treatment, region, and EDSS strata at baseline as covariates; and log-transformed standardized study duration as an offset variable.

bCalculated from total number of relapses that occurred during the treatment divided by the total number of patient years; Cl calculated using normal approximation for

Poisson CI.
°Data in the core and extension studies were included up to the last time point at which there were =10 patients in each age group.

Age Group, Years
<25 -->25t0<35 -o->35t0<45 -@->45

4 .
5 W
2 . 5 .
» 3
o - 5 —s
a
w2 3 & ~ - b I I
w = @ L I |
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]
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Baseline 1 2 3 4 5 6 7
Year
Age Group No. of patients
>25 to <35 years 486 482 370 309 225 139 88 57
>35 to <45 years 629 624 518 428 310 199 147 104
>45 years 435 430 358 301 213 136 92 72

Figure 2. EDSS scores stratified by age in patients treated with teriflunomide 14 mg in the pooled phase Il, TEMSO, TOWER, and TENERE core and
extension studies over 7 years. Baseline for those receiving teriflunomide 14 mg in the core studies was core study baseline, while baseline for those
receiving teriflunomide 14 mg after switching from placebo, teriflunomide 7 mg, or IFN B-1a in the core studies was extension study start. Due to low

patient numbers (<10 participants in each age category), data from years 8 through 13 were not included.
Abbreviations: EDSS, Expanded Disability Status Scale; IFN B, interferon beta; No., number; SE, standard error.
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Table 2. EDSS scores stratified by age in patients treated with teriflunomide 14 mg in the Teri-PRO and TAURUS-MS | studies.

AGE GROUP, YEARS

>35TO <45

>45 TO <55

>25TO <35
Teri-PRO
Baseline 1.52 (1.46) 1.89 (1.55)
n =22 n =125
Week 48 1.34 (1.69) 1.81 (1.50)
n=22 n=110

Mean change
from baseline

-0.18 (~0.55 t0 0.18)

0.03 (~0.13 t0 0.19)

(95% CI) n=22 n =110
TAURUS-MS |
Baseline 1.13 (0.85) 1.64 (1.22)
n =39 n =138
Year 2 0.81 (0.65) 1.43 (1.36)
n=28 n =52

Mean change
from baseline
(95% ClI)

-0.07 (-0.63 to 0.49)

n=7

-0.07 (-0.32 t0 0.18)

n =45

2.51 (1.73) 3.24 (1.84) 412 (1.88)
n =276 n = 283 n =203

2.57 (1.81) 3.37 (1.87) 4.00 (1.95)
n =253 n = 264 n =183

0.05 (~0.08 to 0.18)

0.13 (0.04 to 0.23)

-0.05 (~0.17 t0 0.07)

n = 252 n = 261 n =183
2.10 (1.34) 2.67 (1.56) 2.92 (1.55)
n =294 n = 344 n =131
2.16 (1.48) 2.68 (1.56) 2.95 (1.45)
n =129 n =154 n =59

0.14 (~0.03 to 0.30)

n =106

0.08 (-0.06 to 0.22)

n =135

0.33 (0.01 to 0.64)

n =52

Abbreviations: Cl, confidence interval; EDSS, Expanded Disability Status Scale; SD, standard deviation.

Values are mean (SD) unless indicated otherwise.

Safety by age group

In the pooled phase II, TEMSO, TOPIC, TOWER, and
TENERE core and extension studies, the safety profile of teri-
flunomide over 13 years was generally similar across age groups.
The frequencies of any AE were 87.0% to 90.7%, frequencies
of any serious AEs were 14.2% to 21.3%, and frequencies of
AEs leading to permanent treatment discontinuation were
12.0% to 15.0% (Table 3). In the core studies, frequencies
of AEs were numerically equal or higher in teriflunomide
14 mg—treated patients versus placebo across all age groups;
this trend was also observed for frequencies of serious AEs and
AEs leading to permanent discontinuation across age groups,
except in patients aged >45 years (Supplemental Table S2). In
the core and extension studies, the most frequently reported
AEs were nasopharyngitis, headache, increased alanine ami-
notransferase, hair thinning, and diarrhea, observed by =10%
of patients across all age groups (Supplemental Table S3). Of
these AEs, hair thinning occurred more frequently in the >25
to <35 years and >35 to <45 years age groups than it did
among patients aged <25 and >45 years. Diarrhea, back pain,
and hypertension were generally more common in the older
age groups. Rates of malignancy were low in all age groups,
with no malignancies reported in patients <25 years old. Of
the 10 deaths that occurred across age groups, 7 were deemed
not related to treatment, while 3 (1 in the <25 years old group

and 2 in the >45 years old group) were deemed to be poten-
tially related to treatment; however, medical evaluations have
not established a formal causative role of teriflunomide as a risk
factor explaining these fatal outcomes (Table 3).

In the Teri-PRO study, frequencies of any AE were similar
across age groups (78.4%-85.0%), while frequencies of serious
AEs and AEs leading to death (none of which were deemed
related to treatment) were higher with age (Table 3).
Frequencies of AEs leading to permanent discontinuation in
patient groups >25 years old were similar (8.8%-11.8%). The
most commonly reported AE was hair thinning, which had
lower incidence with increasing age (Supplemental Table S3).
In patients <25 years old, incidences of fatigue and headache
were higher, and incidence of diarrhea was lower versus the
other age groups. Patients >55 years old reported the lowest
incidences of fatigue and headache. None of the 4 deaths
reported in the study (all occurred in patients aged >35 years)
were deemed related to teriflunomide treatment (Table 3).

In the TAURUS-MS I study, frequencies of any AE were
similar across age groups (29.2%-37.7%), and were lower than
those observed in the pooled studies and the Teri-PRO study
(Table 3). Frequencies of serious AEs and AEs leading to per-
manent discontinuation were similar across age groups,
although AEs leading to permanent discontinuation were
approximately twice as high in the <25 years old group than
in the older age groups. One death was observed in a patient
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Table 3. AEs in patients treated with teriflunomide 14 mg in the pooled phase Il, TEMSO, TOWER, TOPIC, and TENERE core and extension

studies, Teri-PRO study, and TAURUS-MS | study by age group.

AGE GROUP, YEARS

NUMBER (%)

>25TO <35 >35 TO <45
POOLED PHASE Il AND Ill CORE N = 593 N = 719
AND EXTENSIONa
Any AE 184 (88.0) 516 (87.0) 652 (90.7) 408 (89.3)
Any serious AE 41 (19.6) 84 (14.2) 153 (21.3) 87 (19.0)
Any AE leading to death® 3(1.4) 0 4 (0.6) 3(0.7)
Any AE leading to permanent 28 (13.4) 83 (14.0) 108 (15.0) 55 (12.0)

treatment discontinuation

TERI-PRO AGE GROUP, YEARS

>25TO <35 >35 TO <45 >45TO <55

N =125 N = 280 N = 288
Any AE 19 (82.6) 98 (78.4) 238 (85.0) 240 (83.3) 172 (81.1)
Any serious AE 1(4.3) 11 (8.8) 32 (11.4) 40 (13.9) 33 (15.6)
Any AE leading to deathe 0 0 1(0.4) 1(0.3) 2(0.9)
Any AE leading to permanent 1(4.3) 11 (8.8) 31 (11.1) 34 (11.8) 19 (9.0)

treatment discontinuation

TAURUS-MS |

Any AE 16 (37.2) 50 (29.2) 128 (35.8) 152 (37.2) 57 (37.7)
Any serious AE 6 (14.0) 13 (7.6) 46 (12.8) 61 (14.9) 19 (12.6)
Any AE leading to deathd 0 0 0 0 1(0.7)
Any AE leading to permanent 5 (11.6) 7 (4.1) 18 (5.0) 18 (4.4) 9 (6.0)

treatment discontinuation

Abbreviation: AE, adverse event.

aPatients initiated teriflunomide 14 mg at either core study baseline or extension baseline.

bThree deaths were deemed to be potentially related to treatment: 1 pulmonary tuberculosis (<25 years), and 1 tachycardia and 1 suicide (>45 years); however, medical
evaluations have not established a formal causative role of teriflunomide as a risk factor explaining the fatal outcomes. The 7 deaths not deemed related to treatment
were 1 bacterial sepsis and 1 suicide (<25 years); 1 gastrointestinal ulcer hemorrhage, 1 acute cardiac failure, 1 sepsis, and 1 hematemesis (>35-<45 years); and

1 suicide (>45 years).

°No deaths were deemed to be related to treatment, and were: 1 severe multiple sclerosis relapse (>35 to <45 years), 1 pneumonia (>45 to <55 years), 1 myocardial
infarction and 1 non-small cell lung cancer (>55 years).

9The death deemed potentially related to treatment was due to bronchopulmonary aspergillosis.

>55 years old and was deemed potentially related to treat-
ment. Patients <25 years old reported a higher incidence of
MS relapse compared with patients in the other age groups
(Supplemental Table S3).

As an AE of special interest, we investigated the association
of lymphocyte counts and risk of infection across age groups.
In the pooled TEMSO, TOWER, TOPIC, and TENERE
core studies and the Teri-PRO study, mean baseline lympho-
cyte counts in patients who received teriflunomide 14 mg were
1.9 to 2.2 X 10° cells/L across age groups, and were lowered to
1.6 to 2.0 X 107 cells/L after 1 year of teriflunomide 14 mg
treatment (Figure 3). All mean values pre- and posttreatment
were above the LLN. The proportion of patients free from
lymphopenia through Year 1 was similar across age groups in

the pooled core studies (89.1%-96.3%; Supplemental Table
S4). Most occurrences of lymphopenia were Grade 1 (2.9%-
9.3% across age groups) or Grade 2 (0%-1.6% across age
groups), with no cases at Grade 3 or 4. In the Teri-PRO study,
the proportion of patients free from lymphopenia through Year
1 was likewise similar across age groups (92.6%-100%). There
were 2 cases of lymphopenia that were Grade 3, and none that
were Grade 4.

In the pooled phase 1I, TEMSO, TOWER, TOPIC, and
TENERE core studies, the incidence of infections was similar
across age groups (39.5%-45.5%), and serious infections were
less common in patients aged >35 years, versus those aged
<35 years (Table 4). Infections led to permanent treatment
discontinuation in <1% of patients in each of the age groups
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>

TEMSO, TOWER, TOPIC, and TENERE

----- LLN ®=Baseline ®mYear 1

Mean (SE) Lymphocyte Levels
(x10° cells/L)

<25 >25t0 <35 >35to <45 >45
Age Group (Years)

No. of patients 135 89 336 231 374 289 207 167

TERI-PRO

254 LLN mBaselne ®Year1

<25 >25t0<35 >35to =45 >45to <55 >55
Age Group (Years)
123 67

22 15 274 153 281 166 203 112

Figure 3. Mean lymphocyte counts stratified by age in patients treated with teriflunomide 14 mg, and measured at baseline and year 1: (A) in the pooled
TEMSO, TOWER, TOPIC, and TENERE core studies and (B) in the Teri-PRO study.

Abbreviations: LLN, lower limit of normal; No., number; SE, standard error.

<45 years and none in those >45 years, and no deaths result-
ing from infections occurred in any age group. In the Teri-
PRO study, infection incidences were lower in patients <35
years old (17.4%-24.8%) versus patients >35 years old (27.8%-
37.9%; Table 4). Incidences of serious infections were only
observed in patients >35 years old and were similar across age
groups >35 years. Infections led to death or permanent discon-
tinuation in 0.3% and 1.7% of patients >45 to <55 years old,
respectively. In the TAURUS-MS I study, incidences of infec-
tion were generally lower with age (18.6% in patients <25
years old, 13.1%-13.5% in patients >25 to <55 years old, and
10.6% in patients >55 years old; Table 4). There was 1 patient
>55 years old who had an opportunistic infection that led to
death.??

Discussion

PwMS diagnosed at an older age generally have a poorer
prognosis than their younger counterparts, and diminishing
effectiveness of DMTs with age, which could be due to lower
ARRs in patients with older age, may contribute to this
observation.>”2324 In this post hoc analysis of the pooled piv-
otal teriflunomide clinical trials and their extensions and real-
world studies, efficacy of teriflunomide 14 mg on clinical
outcomes was maintained regardless of age at study entry, with
a safety profile that was generally consistent across age groups.
In the pooled core studies, teriflunomide 14 mg showed greater
efficacy on relapse rates compared with placebo over 2 years
regardless of age at baseline, with a lower ARR observed in
teriflunomide-treated patients >45 years old (0.31) than in
younger patients (0.33-0.59). Through the extension studies,
ARR was likewise lower in patients >45 years old (0.18) versus
in patients <45 years old (0.20-0.30). In the real-world studies,
teriflunomide-treated patients =55 years old also had lower
ARR (Teri-PRO, 0.11; TAURUS-MS 1, 0.14) compared with
patients in younger age groups, in keeping with the natural his-
tory of MS. However, the observed stability of ARR in our
study suggests that the effectiveness of teriflunomide persists

even in older pwMS over extended treatment durations.
Similarly, in the pooled core and extension studies conducted
over 7 years, and in the real-world studies, there was relatively
little disability progression in pwMS treated with terifluno-
mide over time irrespective of age (mean increase from baseline
<0.81 EDSS points) despite the age-related differences in
baseline disability levels. Since disability progression is typi-
cally accelerated in older pwlMIS,?>26 the stability observed in
those >45 years old in the pooled studies (n = 457; mean age
= 50) and in those >55 years old in the real-world studies (n =
362, mean age = 61) is noteworthy, as few studies on MS treat-
ments have specifically investigated a large number of older
pwMS from these age groups.

The safety of teriflunomide treatment was generally con-
sistent across age groups in both clinical trials and real-world
studies. Incidence of AEs in the pooled core and extension
studies and the real-world Teri-PRO study ranged from 78%
to 91% and did not vary across age groups. Incidence of serious
AEs and AEs that led to permanent discontinuation was like-
wise stable across age groups. PwMS in the real-world
TAURUS-MS 1 study reported lower frequencies for AEs
(29%-38%) and the safety outcomes did not vary across age
groups. While it is unclear why the incidence of AEs was lower
in TAURUS-MS, given that this was a study evaluating real-
world effectiveness and safety, these results are reassuring.

Teriflunomide exerts immunomodulatory effects by selec-
tively inhibiting mitochondrial dihydroorotate dehydrogenase,
which results in inhibiting the proliferation of rapidly dividing
cells such as lymphocytes.®?7:28 It is known that the immune
system changes with age, and age-related immune deficits can
include slowed cellular repopulation following teriflunomide-
induced lymphopenia, and reduced numbers and diversity of
newly generated T lymphocytes, which may limit responses to
infections and malignancies in older adults.?>-3! In the pooled
core studies and the real-world Teri-PRO study, teriflunomide
treatment over 1 year did not result in significant reductions in
lymphocyte levels or in an increase in lymphopenia across age
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Table 4. Infections in patients treated with teriflunomide 14 mg in the pooled phase Il, TEMSO, TOWER, TOPIC, and TENERE core studies through

48 weeks, Teri-PRO study, and TAURUS-MS | study by age group.

POOLED PHASE Il AND Ill CORE, %

AGE GROUP, YEARS

>25TO <35 >35 TO <45

N = 336 N = 375
Infections 39.7 455 39.5 43.3
Serious infections 2.2 2.4 1.9 1.0
Infections leading to death 0 0 0 0
Infections leading to permanent 0.7 0.9 0.8 0

treatment discontinuation

TERI-PRO, %

>25TO <35 >35 TO <45 >45 TO <55

N =125 N = 280 N = 288
Infections 17.4 24.8 37.9 33.3 27.8
Serious infections 0 0 2.5 3.5 3.8
Infections leading to death 0 0 0 0.3 0
Infections leading to permanent 0 0 0 1.7 0

treatment discontinuation

TAURUS-MS |, %

Infections 18.6 13.5
Serious infections 2.3 3.5
Infections leading to death 0 0

Infections leading to permanent 7.0 0.6

treatment discontinuation

groups. None of the teriflunomide-treated patients >45 years
old in the pooled phase II and III studies had Grade 3 or 4
lymphopenia, and only 2 patients in Teri-PRO had Grade 3
lymphopenia. During the same 1-year treatment duration,
incidences of infections (39.5%-45.5%) and serious infections
(1.0%-2.4%) in the pooled studies were similar across age
groups, and no patients >45 years old had infections that led to
death or permanent treatment discontinuation. In the Teri-
PRO study, patients >55 years old had fewer infections
(27.8%) than patients >35 to <45 years old (37.9%) or those
>45 to <55 years old (33.3%), and there were no infections
that led to death or permanent treatment discontinuation in
this oldest age group. However, there was 1 patient in the 45-55
years age group in Teri-PRO who had a serious infection
(pneumonia) leading to death.’® In addition, in TAURUS-MS
I, there was a single patient >55 years old who had a fatal
opportunistic infection (bronchopulmonary aspergillosis),"
illustrating that serious AEs can occur, but only rarely. Overall,
the observed low incidences of serious infection and lympho-
penia leading to treatment discontinuation in older pwMS
suggest that teriflunomide is generally safe for use across age

1341 13.4 10.6
4.5 3.9 4.6
0 0 0.7
0.6 0.7 0.7

groups. This is an important consideration in the modern MS
clinical practice at which DMTs are being utilized in an
increasingly immunosenescent population.32

This study has several limitations. First, it was conducted
post hoc; thus, this analysis was not powered to compare across
age groups for the treatment time, study duration, and total
number of patients, and comparisons were descriptive. Another
limitation of our study, in particular regarding the phase II and
IIT extensions, is the potential of bias toward patients with
favorable efficacy and tolerability outcomes, who are more
likely to enroll in the extensions. Additionally, the pooled data
from the phase II and III clinical trials only included 30
patients > 55 years (corresponding to 7% of the >45 years
subgroup), making the oldest subgroup in this analysis (>45
years) not representative of the growing population of MS
patients >55 years old.>3334 Moreover, analyses of lymphocyte
counts in TAURUS-MS 1 patients could not be completed,
excluding this population from our study of the association of
lymphocyte counts and risk of infection across age groups.
Finally, there were clearly observed baseline age-related differ-
ences in clinical characteristics, including higher EDSS scores
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and disease durations in older groups, and more inflammatory
disease in younger groups. These factors need to be considered
when interpreting our findings.

The importance of analyses such as ours that evaluate out-
comes by age group is highlighted when considering recent
real-world comparative studies that have found teriflunomide-
treated patients to be older than those receiving dimethyl
fumarate.3>37 These studies have supported the effectiveness
and safety of both teriflunomide and dimethyl fumarate in
MS patients in the real-world setting.3>-37 These 2 oral DMTs
also had similar discontinuation rates3® and were associated
with higher levels of persistence compared with injectable
DMTs.3%40 With the inclusion of data from Teri-PRO and
TAURUS-MS 1, our study adds to this growing body of
evidence for efficacy and safety of oral DMTs in real-world
settings.

In conclusion, our findings suggest that the efficacy and
safety of teriflunomide is similar across the age groups that
were enrolled in the clinical trials reported. Furthermore, there
was no increased incidence of infection and death in older
patients. Collectively, these findings indicate teriflunomide
treatment provides clinical benefit and an acceptable safety
profile across a spectrum of ages in adults.

Acknowledgements

The authors and Sanofi thank the patients who participated in
these studies, as well as the steering committees and the inves-
tigators in the phase II, phase III TEMSO, TOWER,
TENERE, and TOPIC trials and their extension studies, and
the Teri-PRO and TAURUS-MS 1 studies. Critical review of
the manuscript was provided by Sarah Strattman, MS, of
Sanofi. Editorial assistance was provided by George Gomez,
PhD, and Panos Xenopoulos, PhD, of Elevate Scientific
Solutions, and was funded by Sanofi.

Author Contributions

Author contributions for this study are as follows: substantial
contributions to the conception or design of the work (DB,
EMP, JSI, JO, PV, YP), acquisition of data for the work (DR,
SV), statistical analysis (EMP), interpretation of data (all
authors), and drafting the manuscript (all authors). All authors
have read and given their approval for this version to be pub-
lished, and agree to be accountable for all aspects of the work.

Previous Presentation of Data

Some of the data included in this manuscript were presented
at the 71st Annual Meeting of the American Academy of
Neurology (AAN), May 4-10, 2019; the Annual Meeting of
the Consortium of Multiple Sclerosis Centers (CMSC),
May 28-June 1, 2019; the 5th Congress of the European
Academy of Neurology (EAN), 29 June-2 July, 2019; and
the 6th Congress of the EAN, May 23-26, 2020 (Virtual
Congress).

Availability of Data and Materials

Qualified researchers may request access to patient-level data
and related study documents including the clinical study report,
study protocol with any amendments, blank case report form,
statistical analysis plan, and dataset specifications. Patient-level
data will be anonymized and study documents will be redacted
to protect the privacy of the trial participants. Further details
on Sanofi’s data-sharing criteria, eligible studies, and process
for requesting access can be found at https://www.clinical-
studydatarequest.com.

ORCID iD

Jiwon Oh 2/ https://orcid.org/0000-0001-5519-6088

Supplemental Material
Supplemental material for this article is available online.

REFERENCES

1. Dimitrov LG, Turner B. What’s new in multiple sclerosis? Br J Gen Pract.
2014;64:612-613.

2. Wallin MT, Culpepper W], Campbell JD, et al. The prevalence of MS in the
United States: a population-based estimate using health claims data. Neurology.
2019;92:€1029-¢1040.

3. Confavreux C, Vukusic S. Age at disability milestones in multiple sclerosis.
Brain. 2006;129:595-605.

4. Scalfari A, Neuhaus A, Daumer M, Ebers GC, Muraro PA. Age and disability
accumulation in multiple sclerosis. Neurology. 2011;77:1246-1252.

5. Weideman AM, Tapia-Maltos MA, Johnson K, Greenwood M, Bielekova B.
Meta-analysis of the age-dependent efficacy of multiple sclerosis treatments.
Front Neurol. 2017;8:577.

6. Schweitzer F, Laurent S, Fink GR, et al. Age and the risks of high-efficacy dis-
ease modifying drugs in multiple sclerosis. Curr Opin Neurol. 2019;32:305-312.

7. Signori A, Schiavetti I, Gallo F, Sormani MP. Subgroups of multiple sclerosis
patients with larger treatment benefits: a meta-analysis of randomized trials. Eur
J Neurol. 2015;22:960-966.

8. Bar-Or A, Pachner A, Menguy-Vacheron F, et al. Teriflunomide and its mecha-
nism of action in multiple sclerosis. Drugs. 2014;74:659-674.

9. AUBAGIO (teriflunomide). Prescribing Information. Genzyme Corporation.
April 2021.

10.  Sanofi-Aventis Group. AUBAGIO (teriflunomide) summary of product charac-
teristics. 2020. Accessed September 29, 2020. https://www.ema.curopa.eu/en/
documents/product-information/aubagio-epar-product-information_en.pdf

11.  O’Connor P, Comi G, Freedman MS, et al. Long-term safety and efficacy of ter-
iflunomide: nine-year follow-up of the randomized TEMSO study. Neurology.
2016;86:920-930.

12.  O’Connor PW, Li D, Freedman MS, et al. A phase II study of the safety and
efficacy of teriflunomide in multiple sclerosis with relapses. Neurology. 2006;
66:894-900.

13.  Confavreux C, O’Connor P, Comi G, et al. Oral teriflunomide for patients with
relapsing multiple sclerosis (TOWER): a randomised, double-blind, placebo-
controlled, phase 3 trial. Lancet Neurol. 2014;13:247-256.

14.  Miller AE, Wolinsky JS, Kappos L, et al. Oral teriflunomide for patients with a
first clinical episode suggestive of multiple sclerosis (TOPIC): a randomised,
double-blind, placebo-controlled, phase 3 trial. Lancet Neurol. 2014;13:
977-986.

15. O’Connor P, Wolinsky JS, Confavreux C, et al. Randomized trial of oral teriflu-
nomide for relapsing multiple sclerosis. N Eng/ ] Med. 2011;365:1293-1303.

16. Vermersch P, Czlonkowska A, Grimaldi LM, et al. Teriflunomide versus subcu-
taneous interferon beta-1a in patients with relapsing multiple sclerosis: a ran-
domised, controlled phase 3 trial. Mult Scler. 2014;20:705-716.

17.  Confavreux C, Li DK, Freedman MS, et al. Long-term follow-up of a phase 2
study of oral teriflunomide in relapsing multiple sclerosis: safety and efficacy
results up to 8.5 years. Mult Scler. 2012;18:1278-1289.

18.  Coyle PK, Khatri B, Edwards KR, et al. Patient-reported outcomes in relapsing
forms of MS: real-world, global treatment experience with teriflunomide from
the Teri-PRO study. Mult Scler Relat Disord. 2017;17:107-115.


https://www.clinicalstudydatarequest.com
https://www.clinicalstudydatarequest.com
https://orcid.org/0000-0001-5519-6088
https://www.ema.europa.eu/en/documents/product-information/aubagio-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/aubagio-epar-product-information_en.pdf

Oh et al

11

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Kallmann BA, Tiel-Wilck K, Kullmann JS, Engelmann U, Chan A. Real-life
outcomes of teriflunomide treatment in patients with relapsing multiple sclero-
siss TAURUS-MS observational study. 7Zher Adv Neurol Disord. 2019;12:
1756286419835077.

Polman CH, Reingold SC, Edan G, et al. Diagnostic criteria for multiple sclero-
sis: 2005 revisions to the “McDonald Criteria”. Ann Neurol. 2005;58:840-846.
Polman CH, Reingold SC, Banwell B, et al. Diagnostic criteria for multiple
sclerosis: 2010 revisions to the McDonald criteria. Ann Neurol. 2011;69:
292-302.

Miller AE, Vermersch P, Kappos L, et al. Long-term outcomes with terifluno-
mide in patients with clinically isolated syndrome: results of the TOPIC exten-
sion study. Mult Scler Relat Disord. 2019;33:131-138.

Sanai SA, Saini V, Benedict RH, et al. Aging and multiple sclerosis. Mult Scler.
2016;22:717-725.

Vaughn CB, Jakimovski D, Kavak KS, et al. Epidemiology and treatment of
multiple sclerosis in elderly populations. Nat Rev Neurol. 2019;15:329-342.
Alroughani R, Akhtar S, Ahmed S, et al. Is time to reach EDSS 6.0 faster in
patients with late-onset versus young-onset multiple sclerosis? PLoS One.
2016;11:¢0165846.

Trojano M, Liguori M, Bosco Zimatore G, et al. Age-related disability in mul-
tiple sclerosis. Ann Neurol. 2002;51:475-480.

Claussen MC, Korn T. Immune mechanisms of new therapeutic strategies in
MS: teriflunomide. Clin Immunol. 2012;142:49-56.

Aly L, Hemmer B, Korn T. From leflunomide to teriflunomide: drug develop-
ment and immunosuppressive oral drugs in the treatment of multiple sclerosis.
Curr Neuropharmacol. 2017;15:874-891.

Montecino-Rodriguez E, Berent-Maoz B, Dorshkind K. Causes, consequences,
and reversal of immune system aging. J Clin Invest. 2013;123:958-965.

El Chakhtoura NG, Bonomo RA, Jump RLP. Influence of aging and environ-
ment on presentation of infection in older adults. Infect Dis Clin North Am.
2017;31:593-608.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Ventura MT, Casciaro M, Gangemi S, etal. Immunosenescence in aging:
between immune cells depletion and cytokines up-regulation. Clin Mol Allergy.
2017,15:21.

Mills EA, Mao-Draayer Y. Aging and lymphocyte changes by immunomodula-
tory therapies impact PML risk in multiple sclerosis patients. Mult Scler.
2018;24:1014-1022.

Solaro C, Ponzio M, Moran E, et al. The changing face of multiple sclerosis:
prevalence and incidence in an aging population. Mult Scler. 2015;21:
1244-1250.

Daltrozzo T, Hapfelmeier A, Donnachie E, Schneider A, Hemmer B. A system-
atic assessment of prevalence, incidence and regional distribution of multiple
sclerosis in Bavaria from 2006 to 2015. Front Neurol. 2018;9:871.

D’Amico E, Zanghi A, Callari G, etal. Comparable efficacy and safety of
dimethyl fumarate and teriflunomide treatment in relapsing-remitting multiple
sclerosis: an Italian real-word multicenter experience. Ther Adv Neurol Disord.
2018;11:1756286418796404.

Buron M, Chalmer T, Sellebjerg F, et al. Comparative effectiveness of terifluno-
mide and dimethyl fumarate: a nationwide cohort study. Neurology. 2019;92:
e1811-¢1820.

Laplaud D, Casey R, Barbin L, et al. Comparative effectiveness of teriflunomide
vs dimethyl fumarate in multiple sclerosis. Neurology. 2019;93:¢635-¢646.
D’Amico E, Zanghi A, Sciandra M, et al. Discontinuation of teriflunomide and
dimethyl fumarate in a large Italian multicentre population: a 24-month real-
world experience. J Neurol. 2019;266:411-416.

Lahdenperi S, Soilu-Hinninen M, Kuusistom H, Atula S, Junnila J, Berglund
A. Medication adherence/persistence among patients with active multiple scle-
rosis in Finland. Acta Neurol Scand. 2020;142:605-612.

Vermersch P, Suchet L, Colamarino R, Laurendeau C, Detournay B. An analysis
of first-line disease-modifying therapies in patients with relapsing-remitting
multiple sclerosis using the French nationwide health claims database from
2014-2017. Mult Scler Relat Disord. 2020;46:102521.





