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A B S T R A C T   

Background: Fatigue is a frequent and disabling symptom of multiple sclerosis (MS) often associated with 
impaired quality of life (QoL) in patients. Teriflunomide is a once-daily oral immunomodulator used for the 
treatment of relapsing remitting forms of MS. However, its effect on fatigue is not well known in real life practice. 
We evaluated the impact of teriflunomide on fatigue in patients with relapsing remitting MS (RRMS) after 2 years 
of treatment in the real-world Teri-FAST study. 
Methods: Teri-FAST was a 2-year, prospective, observational study conducted in France in RRMS patients treated 
with teriflunomide 14 mg. Fatigue was assessed using the French version of the modified fatigue impact scale 
(EMIF-SEP). The primary endpoint was the change from baseline in EMIF-SEP score after 2 years of treatment. 
Secondary endpoints included evaluation of depression (Beck Depression Inventory [BDI]), health-related QoL 
(Two-Life Scale TLS-QoL 10), self-reported physical activity, and adverse events. 
Results: 210 eligible patients were included in the study with a mean age of 45.4 years and a mean ± SD 
Expanded Disability Status Scale score of 1.76 ± 1.43 at baseline. About half (52.4%) of patients had no previous 
treatment for MS. In the 163 patients who completed at least 1 follow-up visit, the mean change in EMIF-SEP 
score at Year 2 was –1.54 (95% CI: 
–4.02, 0.94) indicating that fatigue remained stable. Similarly, there were no changes in depression level and 
QoL after 2 years of treatment. Physical activity slightly improved with 57% of patients reporting being phys-
ically active after 2 years as compared to 46% at baseline. The safety profile of teriflunomide was consistent with 
that seen during clinical development, and compliance with treatment was high. 
Conclusion: Fatigue scores remained stable in RRMS patients treated with teriflunomide 14 mg over 2 years in 
real-life setting. Teriflunomide did not negatively impact depression or QoL.   

1. Introduction 

Fatigue is a frequently reported symptom of multiple sclerosis (MS) 
and is one of the most burdensome experienced by patients (Ayache and 
Chalah, 2017). It can affect 50% to 90% of MS patients according to 
studies and can occur at all stages of the disease including as a prodrome 
(Penner and Paul, 2017; Yusuf et al., 2020). In a study in 85 patients 
with MS, most patients reported fatigue as either their worst (14%) or 

one of their worst (55%) symptoms (Fisk et al., 1994). Similarly, in the 
global versus MS survey conducted in 1075 participants with MS, 76% of 
patients reported that their daily activities were limited by fatigue (18% 
severely) (Bass et al., 2019). 

While fatigue is a frequent symptom in MS patients, it is also highly 
subjective and lacks a universally accepted definition. It may take many 
forms such as a feeling of exhaustion or tiredness at the physical and/or 
cognitive level, and has been commonly defined as “a subjective lack of 
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physical and/or mental energy that is perceived by the individual or 
caregiver to interfere with usual or desired activity” (Braley and Cher-
vin, 2010; Multiple Sclerosis Clinical Practice Guidelines, 1998). Fatigue 
is particularly disabling for MS patients and is often associated with 
impaired quality of life (QoL) by negatively impacting daily profes-
sional, physical and social activities (Gullo et al., 2019; Janardhan and 
Bakshi, 2002; Nourbakhsh et al., 2016). Altogether, the pathophysiology 
of fatigue in MS is still poorly understood and may result from multiple 
underlying causes, making it very challenging to manage (Chalah et al., 
2015). Possible contributing factors include damage to the nervous 
system caused by MS, neuroendocrine dysfunction, inflammation, or 
side effects of MS therapy (Ayache and Chalah, 2017). 

Teriflunomide is a once-daily oral immunomodulator approved for 
the treatment of relapsing remitting forms of multiple sclerosis (RRMS) 
(European Medicines Agency, 2013). Teriflunomide has been demon-
strated to have efficacy on clinical and magnetic resonance imaging 
(MRI) outcomes in two large, placebo-controlled phase 3 studies, 
TEMSO (NCT00134563) and TOWER (NCT00751881) (Confavreux 
et al., 2014; O’Connor et al., 2011). In both studies, teriflunomide 14 mg 
once daily significantly reduced the risk of relapse and disability wors-
ening in patients with relapsing forms of MS compared with placebo. 
Efficacy of teriflunomide was maintained in the long term in the TEMSO 
extension study (O’Connor et al., 2016). 

The effect of teriflunomide on fatigue in MS patients, particularly in 
real life settings, has not been thoroughly investigated. We set up the 
Teri-FAST observational study to evaluate fatigue in patients with RRMS 
treated with teriflunomide 14 mg in real-world practice in France. Fa-
tigue was self-assessed by patients using a routine and clinically vali-
dated tool, the Modified Fatigue Impact Scale (MFIS; EMIF-SEP in its 
French version). Patients were followed up for a total of 2 years. 

2. Material and methods 

2.1. Study design 

Teri-FAST was a 2-year, prospective, open-label, observational study 
conducted to assess fatigue in patients with RRMS treated with teri-
flunomide 14 mg in real-life practice. Patients were recruited between 
January 2015 and June 2016 by 50 neurologists in private or mixed 
public-private practices evenly distributed throughout metropolitan 
France. 

The study was carried out in accordance with the ethical principles of 
the declaration of Helsinki (1964 and revisions), the Recommendations 
on Ethics and Good Practice in Epidemiology (2007), and the local 
regulations in force. 

2.2. Patients 

Eligible patients were aged 18–65 years, with a diagnosis of RRMS, 
Expanded Disability Status Scale (EDSS) score ≤5.5, free of relapse for 
the last 60 days, and either no previous treatment for MS or previous 
treatment with interferon-β or glatiramer acetate for at least 6 months. 
Patients presenting a condition that could interfere with fatigue evalu-
ations (such as severe depression) were not included in the study. 

The decision to prescribe teriflunomide had to be made indepen-
dently of the entry of the patient into the study and had to be in 
accordance with the recommendations outlined in the drug labelling 
(assessment of blood pressure, hepatic enzymes and complete blood cell 
count before starting the treatment) (European Medicines Agency, 
2013). 

All patients provided written informed consent prior to entering the 
study. 

2.3. Data collection 

Fatigue, severity of depression and health-related QoL were assessed 

using validated French versions of self-questionnaires at inclusion, 6 
months, 1 year and 2 years after treatment initiation. Other collected 
data included physical activity and treatment compliance as reported by 
the patient and occurrence of adverse events (AEs) throughout the 
study. 

Fatigue experienced over the past 4 weeks was measured using EMIF- 
SEP, a validated French version of the MFIS widely used to measure 
fatigue in MS patients (Debouverie et al., 2008,2007; Téllez et al., 2005). 
MFIS is an abridged scale derived from the original 40-item Fatigue 
Impact Scale and is composed of 21 items each with a score of 0 to 4. It is 
easy to use in clinical practice and offers multidimensional score as-
sessments of fatigue including physical (range 0–36), cognitive (range 
0–40) and psychosocial dimensions (range 0–8). The total EMIF-SEP 
score ranges from 0 to 84 with higher scores indicating a greater 
impact of fatigue on daily life. The patient generally experiences fatigue 
when the total score is 38 or above (Téllez et al., 2005). 

Depression was measured using a shortened 13-item version of the 
Beck Depression Inventory (BDI) with a total score ranging from 0 to 39: 
no depression (0–3), slight depression (4–7), moderate depression 
(8–15), severe depression (≥16) (Collet and Cottraux, 1986). 

Health-related QoL was measured using the 10-item Two-Life Scale 
(TLS-QoL 10) an easy to use tool adapted to MS patients with a total 
score range ranging from 0 (good QoL) to 10 (highly impacted QoL) 
(Devy et al., 2013). 

2.4. Statistical methods 

Three study populations were assessed: the eligible population (pa-
tients who met the inclusion criteria and had previous treatment data 
available), the evaluable population (eligible patients who completed at 
least 1 post-inclusion follow-up visit), and the safety population (pa-
tients who took at least 1 teriflunomide tablet). 

The primary endpoint (change from baseline in EMIF-SEP score after 
2 years) was calculated in the evaluable population as the adjusted mean 
difference and 95% confidence interval (CI) using a mixed model 
adjusted for baseline score. Missing data were imputed with the last 
observation carried forward (LOCF) method. Change in EMIF-SEP score 
was also analysed descriptively according to previous MS treatment 
(interferon-β, glatiramer acetate or treatment-naïve). 

In addition, the mean change in EMIF-SEP score after 2 years of 
teriflunomide treatment was compared to a theoretical change of +9 
points without treatment using Student’s t-test, with a hypothesis of a 
mean difference of at least -5 points between the two virtual treatment 
groups. This assumption was based on the findings of the TENERE study 
where mean change in Fatigue Impact Score at 48 weeks was +4.10 in 
patients treated with teriflunomide 14 mg compared with +9.10 in those 
treated with interferon-β (mean difference of -5 points) (Vermersch 
et al., 2014). However, it should be noted that the impact of interferon-β 
on fatigue varies across studies and its detrimental effect on fatigue re-
mains controversial (Braley and Chervin, 2010; Patti et al., 2011). To 
detect the hypothesised difference of -5 points in fatigue score, 300 
evaluable patients were required to ensure 80% power based on an 
estimated standard deviation (SD) of about 30 points and a bilateral α at 
0.05 (unilateral at 0.025), assuming normal distribution. While this 
target sample size was not reached, variability of EMIF-SEP score was 
lower than estimated (observed SD: 18 points) and the actual sample 
size of 163 evaluable patients was sufficient to reach a statistical power 
>90% as calculated a posteriori. 

Secondary endpoints (depression, QoL, physical activity, compliance 
with teriflunomide treatment, and occurrence of AEs) were analysed 
descriptively in the evaluable population. 
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3. Results 

3.1. Study population and baseline characteristics 

Of 217 patients recruited to the study, a total of 211 patients took at 
least one tablet of teriflunomide (safety population), 210 patients were 
included in the eligible population, and 163 in the evaluable population 
(Fig. 1). In all, 75/217 (34.6%) patients discontinued the study; the most 
common reasons for discontinuation were occurrence of an AE (22 pa-
tients), lack of efficacy of treatment (14 patients), or patients lost to 
follow-up (11 patients). 

Baseline demographics and disease characteristics of the eligible 
population are presented in Table 1. Patients had a mean ± SD age of 
45.4 ± 10.3 years, were in majority women (74.3%), and had a low 
mean ± SD EDSS score of 1.76 ± 1.43. The mean ± SD time from 
diagnosis of MS was 8.9 ± 8.2 years, and about half of the patients had 
no previous MS treatment (treatment-naïve). The mean ± SD number of 
relapses in the 2 years before inclusion was 0.8 ± 1.1. In average, pa-
tients experienced their last relapse 9.7 ± 11.0 months before entering 

Fig. 1. Flow diagram of participants and study design. 
BDI, Beck Depression Inventory; EMIF-SEP, French version of the Modified Fatigue Impact Scale in Multiple Sclerosis; Incl, Inclusion; Mo, Month; TLS-QoL10, Two- 
Life Scale - Quality of Life 10; Y, Year. 

Table 1 
Baseline demographics and disease characteristics in the eligible population.   

Total (N=210) 

Age, mean (SD), years 45.4 (10.3) 
Females, n (%) 156 (74.3) 
Time from diagnosis of MS, mean (SD), years 8.9 (8.2)a 

Number of relapses in the past 2 years, mean (SD) 0.8 (1.1)b 

Time from last relapse, mean (SD), months 9.7 (11.0)c 

EDSS score, mean (SD) 1.76 (1.43)d 

Prior treatment*, n (%)  
Treatment-naïve 110 (52.4) 
Interferon-β 64 (30.5) 
Glatiramer acetate 36 (17.1)  

a n = 208; 
b n = 205; 
c n = 118; 
d n = 209. 
* Within 3 months before inclusion.EDSS, Expanded Disability Status Scale; 

MS, multiple sclerosis; SD, standard deviation. 
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the study. 
The mean (± SD) duration of treatment with teriflunomide was 2.0 

± 0.2 years. 

3.2. Fatigue after 2-year treatment with teriflunomide 

Mean ± SD total EMIF-SEP score was 32.8 ± 18.0 at baseline and 
31.3 ± 19.1 at Year 2, resulting in a non-clinically significant mean 
change from baseline of –1.54 (95% CI: –4.02, 0.94) (Table 2). Similarly, 
no clinically significant change was noted after 2 years of treatment in 
the physical, cognitive, and psychosocial fatigue subscales as shown in 
Fig. 2. 

The mean change in total EMIF-SEP score (–1.54) was significantly 
lower compared with a theoretical change of +9 points for untreated 
patients (P<0.0001). 

The mean change (95% CI) in EMIF-SEP score from Baseline to Year 
2 in patients who were previously treated with interferon-β or glatiramer 
acetate was –0.6 (–5.4, 4.2) and –1.4 (–7.4, 4.6), respectively. In treat-
ment-naïve patients, the mean change (95% CI) from baseline to Year 2 
was –2.2 (–6.3, 1.9). However, owing to the small number of patients in 
each subgroup, the actual impact of prior MS treatment on fatigue is 
difficult to ascertain. 

3.3. Depression, health-related quality of life and physical activity 

Mean ± SD BDI score was 5.9 ± 5.6 at baseline, indicating slight 
depression. Depression did not worsen after 2 years’ treatment with 
teriflunomide, with a mean ± SD score of 5.0 ± 5.0 (mean change (95% 
CI) from baseline: –0.6 (–1.5, 0.3)) (Table 2). 

Similarly, health-related QoL remained stable during the study: the 
mean ± SD TLS-QoL score was 2.6 ± 2.7 at Baseline and 2.2 ± 2.6 at 
Year 2 (mean change (95% CI) from baseline: –0.3 (–0.8, 0.1)) (Fig. 3). 

The proportion of patients who reported physical activity at Year 1 
and Year 2 (about 58%) was greater as compared to Baseline and 6 
months (about 47%) (Table 2). The most frequently reported physical 
activity was walking. 

3.4. Evolution of multiple sclerosis 

The vast majority (>90%) of patients in the evaluable population did 
not have MS relapse over the 2 years of treatment. Less than 10% of 
patients experienced one relapse, and only one patient had two relapses 
during the study. 

3.5. Compliance with treatment 

The compliance with treatment as self-reported by the patients was 
relatively high throughout the study and ranged between 90-93% at 
each visit. A total of 123 (92.5%) patients (of the 133 patients for which 
this information was available after 2 years) reported that they had 
never missed a dose. 

Table 2 
Fatigue, depression and physical activity after teriflunomide treatment in the 
evaluable population.   

n Total (N=163) 

Fatigue (EMIF-SEP score)   
Mean (SD)   

Baseline 163 32.8 (18.0) 
Year 2 163 31.3 (19.1) 
Mean change from baseline (95% CI) 163 –1.54 (–4.02, 0.94) 

Depression (BDI score)   
Mean (SD)   

Baseline 162 5.9 (5.6) 
Year 2 121 5.0 (5.0) 
Mean change from baseline (95% CI) 121 –0.6 (–1.5, 0.3) 

Physical activity, n (%)   
Baseline* 208 96 (46.2) 
Month 6 160 77 (48.1) 
Year 1 147 86 (58.5) 
Year 2 133 76 (57.1)  

* Data at baseline are from the eligible population.BDI, Beck Depression In-
ventory; CI, Confidence interval; EMIF-SEP, French version of the Modified 
Fatigue Impact Scale in Multiple Sclerosis; SD, standard deviation. 

Fig. 2. Mean EMIF-SEP physical, cognitive, and psychosocial fatigue sub-scales 
score after teriflunomide treatment in the evaluable population. 

Fig. 3. Mean TLS-QoL 10 score after teriflunomide treatment in the evaluable 
population. 
TLS-QoL 10, Two-Life Scale - Quality of Life 10. 
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3.6. Safety 

The occurrence of AEs during the study is shown in Table 3. In all, 
27.5% of patients who took at least 1 tablet of teriflunomide reported an 
AE. The most common AEs were hair thinning (MedDRA preferred term, 
alopecia; 6.2%) and diarrhoea (5.2%); all other AEs occurred in less than 
1.5% of patients. A total of 14 serious AEs were reported of which 7 were 
considered by the investigator as related to teriflunomide treatment. 
Serious AEs included lymphopenia, increase in transaminases and alo-
pecia (1 patient each). Overall, 22/211 patients (10.4%) permanently 
discontinued treatment because of the development of AEs. The most 
frequently reported AEs leading to treatment discontinuation were al-
opecia (5 patients; 2.4%), diarrhoea (4 patients; 1.9%) and acute 
pancreatitis (2 patients [1 serious]; 0.9%). There were no new or un-
expected safety findings as compared to the known safety profile of 
teriflunomide. 

4. Discussion 

In this observational study conducted in real-life setting in France, 
the degree of fatigue as measured by EMIF-SEP remained constant in 
RRMS patients treated with teriflunomide over the first 2 years. Simi-
larly, no clinically significant changes were observed on depression and 
QoL as self-reported by patients. 

The safety and tolerability profile of teriflunomide in the study was 
consistent with that seen during clinical development. In two pooled 
safety analysis representing a cumulated exposure to teriflunomide of 
more than 6800 patient-years treated for up to 12 years, the most 
frequent AEs were globally similar to those observed in our study and 
included alanine aminotransferase increase, diarrhoea and hair thinning 
(Comi et al., 2016). The high treatment compliance (when information 
was available) observed throughout the 2-year treatment (>90%) may 
be in part explained by the good and manageable safety profile of 
teriflunomide. 

The results on fatigue, QoL and depression are particularly mean-
ingful as they show an absence of deterioration of all three parameters 
over a 2-year period. More than 90% of patients in this study were 
relapse-free during teriflunomide treatment although this was a cohort 
with a low rate of relapse at baseline. In placebo-controlled trials, teri-
flunomide demonstrated efficacy in preventing relapse and disability 
progression (Confavreux et al., 2014; O’Connor et al., 2011). The low 
relapse rate seen in our study, together with the stabilisation of the 
physical and general well-being of patients, may have contributed to the 
lack of negative impact on fatigue. In addition, several studies also 
indicate an independent relation between inflammation status and fa-
tigue in MS (Heesen et al., 2006; Malekzadeh et al., 2015). This points to 
a possible role of the anti-inflammatory action of teriflunomide in 

stabilisation of fatigue. 
The results of this observational study are in line with those observed 

in the two randomized, double-blind phase 3 trials that compared teri-
flunomide with placebo (TEMSO (O’Connor et al., 2011) and TOWER 
(Confavreux et al., 2014)). In these two studies, patients reported only 
small changes from baseline in Fatigue Impact Scale scores, with no 
significant differences between teriflunomide and placebo groups for 
mean changes at week 108 in TEMSO and at week 48 in TOWER 
(Confavreux et al., 2014; O’Connor et al., 2011). Here, we confirm and 
extend these results to the population of RRMS patients treated with 
teriflunomide in real clinical practice. 

Moreover, in a study investigating the relationship between fatigue 
in MS and regional cortical and subcortical gray matter atrophy, MFIS 
score was significantly correlated with cortical thickness of the parietal 
lobe (r = − 0.50, P = 0.01) (Pellicano et al., 2010). In a post-hoc analysis 
of the MRI data in TEMSO study by Structural Image Evaluation using 
Normalization of Atrophy (SIENA), teriflunomide significantly slowed 
whole brain volume loss over 2 years compared with placebo (Radue 
et al., 2017). Interestingly, recent evidence suggest that 
teriflunomide-induced reduction on whole brain atrophy may be driven 
by its effect on cortical regions (Zivadinov et al., 2019a,2019b). 
Therefore, the effect of teriflunomide on slowing cortical gray matter 
atrophy could also participate in the stabilisation of fatigue seen in our 
study. 

In the randomised, single-blinded TENERE study, evolution of fa-
tigue was less impacted by teriflunomide treatment as compared to 
patients treated with interferon-β (Vermersch et al., 2014). It is specu-
lated that oral treatment with teriflunomide may not negatively impact 
fatigue as opposed to injectable interferon-β. However, the impact of 
interferon-β on fatigue varies across studies and its detrimental effect on 
fatigue remains controversial (Braley and Chervin, 2010; Patti et al., 
2011). In our study, the mean change in fatigue during teriflunomide 
treatment was significantly reduced compared with a theoretical change 
of +9 points for untreated patients based on the results of TENERE study 
(see Statistical Methods) (P < 0.0001). 

Notably, more patients reported physical activity after 1-year treat-
ment with teriflunomide, and this improvement was maintained at 2 
years. While the effect is modest, it is nonetheless clinically significant 
and may contribute to the non-progression of the disease and the general 
well-being of patients. 

QoL was generally good at inclusion (score around 2) and was not 
impacted by teriflunomide treatment. This is consistent with the find-
ings observed in the TERI-PRO study, an observational study that 
assessed QoL after 48 weeks (Coyle et al., 2018). Fatigue has been shown 
to be a major determinant of MS patients’ perception of health and 
well-being, and the lack of worsening in fatigue may have played a role 
in the stabilisation of QoL (Green et al., 2017; Janardhan and Bakshi, 
2002). 

The main limitation of this study is the absence of a comparator 
group to determine the extent of a placebo effect or the effect of another 
disease-modifying drug on fatigue. Therefore, we compared the evolu-
tion of fatigue with that of a theoretical group without treatment, based 
on the results of a previous randomized controlled study (Vermersch 
et al., 2014). However, this virtual comparison should be interpreted 
with caution because of bias such as the use of a different fatigue scale or 
a different timepoint of evaluation. 

Another limitation pertains to the definition of fatigue itself. Despite 
the use of a clinically validated fatigue scale in our study, fatigue re-
mains a subjective symptom that lacks an unified definition and may 
have different interpretations based on cultural or educational back-
grounds of patients (Braley and Chervin, 2010). Moreover, as the pa-
tients included in this cohort had mild active MS, the effects on relapse 
observed in this study should be interpreted with caution and not 
generalized to patients with other characteristics. 

Table 3 
Adverse events after teriflunomide treatment in the safety population.   

Total (N = 211)  
No. of events N (%) of patients 

Any AE 87 58 (27.5) 
AE in >1.5% of patients   

Alopecia 15 13 (6.2) 
Diarrhoea 11 11 (5.2) 

AE of special interest* 5 5 (2.4) 
Serious AE** 14 10 (4.7) 
AE leading to treatment discontinuation 34 22 (10.4)  

* Lymphopenia, neutropenia, hepatobiliary disorder, hypertension and pso-
riasis (1 patient each).Patients could have more than 1 AE and could experience 
more than 1 occurrence of the same event. AE, adverse event. 

** One case each of alopecia, angioedema, psoriasis, acute pancreatitis, ul-
cerative colitis, diverticular perforation, hernial eventration, varicose veins, 
intervertebral disc disorder, increased transaminase levels, depression with 
suicidal ideation, menorrhagia, lymphopenia, and cholangitis. 
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Conclusion 

Fatigue scores remained low and stable in a large cohort of RRMS 
patients treated with teriflunomide 14 mg over 2 years in real-life 
setting. Teriflunomide did not negatively impact depression level or 
QoL. Because fatigue heavily impacts daily life of patients with MS, it is 
an important symptom to evaluate during clinical studies. Moreover, it 
is also a fundamental symptom to assess and manage in clinical practice 
as part of multidisciplinary care of MS patients. 
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J. de Sèze et al.                                                                                                                                                                                                                                 

https://doi.org/10.1016/j.neucli.2017.02.004
https://doi.org/10.1016/j.neucli.2017.02.004
https://doi.org/10.7224/1537-2073.2018-087
https://doi.org/10.1093/sleep/33.8.1061
https://doi.org/10.3389/fncel.2015.00460
https://doi.org/10.3389/fncel.2015.00460
http://refhub.elsevier.com/S2211-0348(20)30733-1/sbref0005
http://refhub.elsevier.com/S2211-0348(20)30733-1/sbref0005
http://refhub.elsevier.com/S2211-0348(20)30733-1/sbref0005
https://doi.org/10.1016/j.msard.2015.11.006
https://doi.org/10.1016/j.msard.2015.11.006
https://doi.org/10.1016/S1474-4422(13)70308-9
https://doi.org/10.1016/j.msard.2018.09.017
https://doi.org/10.1007/s00415-008-0761-6
https://doi.org/10.1007/s00415-008-0761-6
https://doi.org/10.1177/1352458507077942
https://doi.org/10.1111/ene.12107
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
https://www.ema.europa.eu/en/documents/product-information/aubagio-epar-product-information_en.pdf
http://refhub.elsevier.com/S2211-0348(20)30733-1/sbref0013
http://refhub.elsevier.com/S2211-0348(20)30733-1/sbref0013
https://doi.org/10.1177/2055217317728301
https://doi.org/10.1016/j.msard.2019.03.024
https://doi.org/10.1016/j.msard.2019.03.024
https://doi.org/10.1136/jnnp.2005.065805
https://doi.org/10.1016/s0022-510x(02)00312-x
https://doi.org/10.1016/s0022-510x(02)00312-x
https://doi.org/10.1155/2015/758314
http://refhub.elsevier.com/S2211-0348(20)30733-1/sbref0019
http://refhub.elsevier.com/S2211-0348(20)30733-1/sbref0019
http://refhub.elsevier.com/S2211-0348(20)30733-1/sbref0019
https://doi.org/10.1111/ene.13102
https://doi.org/10.1212/WNL.0000000000002441
https://doi.org/10.1056/NEJMoa1014656
https://doi.org/10.1177/1352458511401943
https://doi.org/10.1001/archneurol.2010.48
https://doi.org/10.1038/nrneurol.2017.117
https://doi.org/10.1038/nrneurol.2017.117
https://doi.org/10.1212/NXI.0000000000000390


Multiple Sclerosis and Related Disorders 47 (2021) 102659

7
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