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Abstract
Objectives To explore efficacy, risk factors, safety, and persistence of teriflunomide in relapsing–remitting multiple sclerosis 
(RRMS) cohort.
Methods This prospective, observational cohort study included 217 consecutive teriflunomide treated RRMS patients, 
192 of which with at least 3-month persistence on teriflunomide were included in effectiveness and risk factor analyses. 
Multivariate Cox proportional regression analysis was performed to identify factors associated with failure of no evidence 
of disease activity (NEDA) 3.
Results At baseline 82% patients were treatment naïve while 18.0% interferon-β1b treated patients had stopped treatments 
for more than 1 year. After treatment, 79.0% patients achieved NEDA 3 at 12-month, mean annualized relapse rate (ARR) 
reduced significantly (0.79 ± 0.80 vs 0.16 ± 0.70; P < 0.001), and mean expanded disability status score (EDSS) remained 
stable (1.40 ± 1.67 vs 1.56 ± 1.88; P > 0.05). Male sex (hazard ratio [HR] 1.856; 95% confidence interval [CI] 1.118–3.082, 
P < 0.05), baseline EDSS score ≥ 4 (HR 2.682; 95% CI 1.375–5.231, P < 0.01), and frequent relapses before treatment (HR 
3.056; 95% CI 1.737–5.377, P < 0.01) were independent factors significantly associated with failure of NEDA 3. The most 
frequent adverse events (AEs) were hair thinning, alanine aminotransferase (ALT) elevation, and leukopenia, the latter two 
most commonly lead to teriflunomide discontinuation during the first 3 months. Persistence rates at 6, 12, and 24 months 
after teriflunomide initiation were 86.9%, 72.4%, and 52.8%, respectively.
Conclusions Our results support efficacy and tolerability of teriflunomide for treatment-naïve RRMS patients in real-world 
practice. Female patients, patients with less relapses and less disability before treatment are most likely to benefit from 
teriflunomide treatment.
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Introduction

Multiple sclerosis (MS), an immune-mediated chronic 
demyelinating disease of the central nervous system, pri-
marily manifests as recurrent attacks during early stage 
disease, followed by progressive disability [1]. Recently, 
numerous disease-modifying therapies (DMTs) have 
been approved to successfully reduce relapse occurrence 
and slow progression to permanent disability in patients 
with MS. These DMTs provide better opportunities for 
personalized treatments, but detailed knowledge regard-
ing how best to tailor therapy in practice remains lacking 
[2]. Moreover, no evidence of disease activity (NEDA), 
defined as an absence of relapses, disability progression 
lasting at least 3 months and no new MRI lesions, now 
become a new goal and outcome measure for MS treat-
ment. [3]

Teriflunomide (Aubagio, Paris, Sanofi Genzyme), an 
once-daily, oral immunomodulatory agent, selectively 
and reversibly inhibits the mitochondrial enzyme dihy-
droorotate dehydrogenase, blocking de novo pyrimidine 
synthesis and reducing autoreactive T lymphocyte prolif-
eration [4–6]. Teriflunomide efficacy and safety have been 
consistently demonstrated in both pivotal phase 3 rand-
omized control trials (RCTs) [7, 8] and long-term exten-
sion studies [9, 10]. Teriflunomide has been reported to 
have superior efficacy compared with placebo in reducing 
relapses, preventing disability accumulation, and improv-
ing MRI outcomes with respect to brain lesions and atro-
phy measures [7, 8, 11]. The teriflunomide safety profile 
is manageable, with no significant changes in immune 
surveillance [7–9]. Most side effects are self-limiting, of 
mild to moderate intensity, and rarely lead to treatment 
discontinuation [12].

Real-world studies are important complements for RCTs, 
because they include an unselected patient population 
treated during routine clinical practice and, therefore, may 
provide more generalizable data. Several recently published 
real-world studies have confirmed the efficacy, tolerability, 
satisfaction, and persistence of teriflunomide treatment in 
patients with MS [13–16]. However, few studies have exam-
ined NEDA or predictors of treatment response, which are 
important factors when determining personalized treatment 
decisions. In addition, published post-marketing investiga-
tions indicate that teriflunomide is more commonly pre-
scribed to male patients due to pregnancy-related safety con-
cerns; however, evidence supporting this preferential use in 
male patients is less robust than general efficacy and safety 
data [17]. Therefore, in the present study, we collected data 
on the efficacy, safety, and persistence of teriflunomide treat-
ment in a real-world patient cohort to identify demographic 
and clinical predictors associated with NEDA 3 failure.

Methods

Study population

This prospective, observational, cohort study used the MSN-
MOBase, a hospital-based electronic database established in 
2011 [18, 19] to collect data on consecutive patients with MS 
and related disorders. Patients included in this database were 
followed up at least semi-annually, regardless of the clinical 
disease course. Before the censoring date (May 2021), 223 
patients with relapsing–remitting MS (RRMS) who were 
treated with teriflunomide were included in the study. Terif-
lunomide was administered according to the approved label 
instructions (14 mg, once per day). All patients met the 2017 
revised McDonald diagnostic criteria for MS [20]. After 
excluding patients lost to follow-up (n = 6), 217 patients 
were included in the baseline, persistence, and safety anal-
yses. Only 192 patients with a minimum of 3 months of 
persistence on teriflunomide treatment were included in the 
final effectiveness and risk factor statistical analysis (Fig. 1). 
All patients in our study gave their informed consent prior to 
their inclusion in the study. This study was approved by the 
ethics committee of Peking Union Medical College Hospital 
and the approval number was ZS-1041.

Data collection

The following data were extracted from the MSNMOBase 
on May 1, 2021. The following data were collected for 
each patient at teriflunomide initiation (defined as “base-
line”): demographic data, dates of disease onset, dates 
of pre-treatment relapses, symptoms of previous attacks, 
expanded disability status scale (EDSS) scores, brain and 
spinal MRI outcomes, cerebrospinal fluid oligoclonal 
bands (OBs), previous treatment initiation dates, previ-
ous treatment termination dates, and reasons for previous 
treatment discontinuation.

Follow-up began 4 weeks after teriflunomide treat-
ment initiation, and follow-up visits were scheduled every 
month for 3 months and then at 6-month intervals until the 
censoring date. Follow-up data were collected at routine 
clinical visits starting at baseline and continuing through 
the last available visit or until teriflunomide discontinu-
ation. The dates and clinical manifestations of relapses 
experienced during teriflunomide treatment, EDSS scores, 
and adverse events (AEs) were collected at each visit, and 
the dates and reasons for teriflunomide discontinuation 
were recorded. Blood tests, including complete blood 
counts and liver function tests, were scheduled for each 
visit. MRI studies were conducted using a 3.0-T scanner 
with a 3-mm slice thickness (Fig. 2).
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Definitions and outcomes

Regions of the central nervous system involved at MS onset 
were categorized as optic nerve, cerebellum/brainstem, spi-
nal cord, or cerebrum. Recovery from the first attack was 
classified as either complete (absence of neurological signs 
compared to baseline, EDSS = 0 or 1.0) or incomplete (par-
tial recovery or failure to recover, persistence of neurological 
signs compared to baseline, EDSS ≥ 2.0). A MS relapse was 

defined as the appearance of any new MS-related symptoms 
or signs or the worsening of any existing symptoms or signs 
persisting for at least 24 h, in the absence of concurrent ill-
ness or fever, and occurring at least 30 days after a pre-
vious relapse [21]. Patients who experienced at least two 
attacks 1 year before treatment onset or at least three attacks 
2 years before treatment onset were defined as having fre-
quent relapses before treatment. Disability was assessed by 
Neurostatus-certified MS specialists. Confirmed disability 

Fig. 1  Flow chart of data processing and exclusions. MS Multiple sclerosis, RRMS relapsing remitting multiple sclerosis

Fig. 2  Follow-up visit schedule before and after teriflunomide start. CBC Complete blood counts, EDSS Expanded Disability Status Score, MS 
multiple sclerosis
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worsening (CDW) was defined as an increase of ≥ 1.0 points 
in EDSS score from baseline (or ≥ 0.5 points for patients 
with baseline EDSS scores ≥ 5.5) that persisted over a period 
of ≥ 12 weeks.

The primary aim of the study was to evaluate the propor-
tion of patients who achieved NEDA 3 over 12 months on 
teriflunomide treatment and identify risk factors associated 
with the failure to achieve NEDA 3. NEDA 3 was defined 
as a composite that consisted of (a) the absence of clinical 
relapses; (b) no CDW sustained for 12 weeks (as measured 
by EDSS); and (c) no new or enlarging T2 or T1 gadolinium-
enhancing lesions on annual MRI. The secondary outcomes 
were the persistence rate and the proportion of patients with 
AEs, using European Medical Agency definitions of AEs.

Statistical analysis

Descriptive variables are presented as the percentage (%), 
mean with standard deviation (SD), or median with inter-
quartile range (IQR). Cox proportional regression analysis 
was used to investigate the following factors as potential 
predictors of failure to achieve NEDA 3: sex, age at dis-
ease onset, disease course at treatment start, EDSS score at 
treatment start, involved nervous system regions at disease 
onset, recovery from the first attack, frequent relapses before 
treatment, the number of relapses during the first 2 years 
after disease onset, AEs, OB, relapse before treatment, and 
whether teriflunomide was the first-line treatment. First, an 
univariate model was applied including potential predictors, 
and the results are expressed as the hazard ratio (HR) and 
95% confidence interval (CI). All variables with P < 0.05 
in the univariate analysis were included in the multivari-
ate analysis. The variables were inserted one by one and 
removed if they were found to have lost significance. Vari-
ables with P < 0.05 were maintained in the analysis. Factors 
with P < 0.05 in the multivariate analysis were considered 
significant.

All statistical analyses were performed using SPSS soft-
ware, version 26.0 (SPSS Inc., Chicago, IL, USA).

Results

Cohort characteristics

The baseline demographic and clinical characteristics of 
the 217 patients included in the baseline analysis are sum-
marized in Table 1. Among these patients, 140 (64.5%) 
were women, and the median (IQR) age at disease onset 
was 29.7 (23.8, 37.4) years. The median (IQR) EDSS score 
at baseline was 1.0 (0.00, 2.00), and 200 (92.2%) patients 
had baseline EDSS scores less than 4.0. The most com-
monly isolated regions involved at disease onset were the 

spinal cord (68 [31.3%]) and cerebrum (62 [28.6%]). A 
total of 111 (51.2%) patients recovered completely from 
their first attack, whereas others had either partial recov-
ery (82 [37.8%]) or failed to recover (17 [7.8%]). Before 
starting teriflunomide treatment, 84 (38.7%) patients expe-
rienced no relapses, whereas 31 (14.3%) patients had fre-
quent relapses (see definitions), and 25 (11.5%) patients 
had at least two relapses during the first 2 years after dis-
ease onset.

Before teriflunomide initiation, although 39 (18.0%) 
patients had received DMTs (interferon β1-b), all of them 
had discontinued their treatments for more than 1 year and 
the treatment duration was not long (6.87 [2.63, 21.83] 
months), because interferon β1-b was not available in 
mainland China in December 2016. The median (IQR) 
teriflunomide treatment follow-up time was 18.3 (9.9, 
24.2) months.

Table 1  Demographic and clinical characteristics of patients

EDSS Expanded Disability Status Scale, IQR interquartile range
a Patients who had at least 2 attacks 1  year before treatment or at 
least 3 attacks 2 years before treatment were considered had frequent 
relapses before treatment

Characteristics

No. of patients 217
Female, no. (%) 140 (64.5)
Age at onset, median (IQR), years 29.7 (23.8, 37.4)
Disease duration before treatment, median (IQR), 

years
2.74 (0.64, 6.52)

EDSS score at treatment start, median (IQR) 1.00 (0.00, 2.00)
 EDSS score < 4, no. (%) 200 (92.2)
 EDSS score ≥ 4, no. (%) 17 (7.8)

Regions involved at onset, no. (%)
 Isolated optic nerve 33 (15.2)
 Isolated brainstem/cerebellum 43 (19.8)
 Isolated spinal cord 68 (31.3)
 Isolated cerebrum 62 (28.6)
 Poly-system onset 12 (5.5)

Recovery from the first attack, no. (%)
 Complete recovery 111 (51.2)
 Partial recovery 82 (37.8)
 Failed to recover 17 (7.8)

Oligoclonal band positive, no. (%) 157 (72.4)
Pre-treatment relapses, no. (%)
 0 84 (38.7)
 ≥ 1 133 (61.3)

Frequent relapses before  treatmenta, no. (%) 31 (14.3)
≥ 2 relapses during the first 2 years, no. (%) 25 (11.5)
Treatment before teriflunomide initiation, no. (%)
 None 178 (82.0)
 Beterferon β-1b 39 (18.0)
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Efficacy

After excluding 25 patients treated with teriflunomide 
for less than 3 months, 192 patients were included in the 
effectiveness analysis. The mean annualized relapse rate 
(ARR) reduced from 0.79 ± 0.80 at 1 year before treatment 
to 0.16 ± 0.70 during treatment (− 79.7%, P < 0.001). The 
mean EDSS scores at treatment initiation and last follow-up 
were 1.40 ± 1.67 and 1.56 ± 1.88, respectively (P = 0.658). 
During the teriflunomide follow-up period, 67 (65.1%) 
patients achieved NEDA 3, 16 (8.3%) patients experienced 
clinical relapses, 30 (15.6%) patients had new or enlarging 
T2 or T1 gadolinium-enhancing lesions on annual MRI, and 
25 (13.0%) patients experienced CDW. The proportion of 
patients with NEDA 3 over 12 months was 79.0%.

The univariate analysis identified male sex (HR 1.635; 
95% CI 1.002–2.669, P = 0.049), EDSS score ≥ 4 at treat-
ment start (HR 2.237; 95% CI 1.167–4.289, P = 0.015), 
frequent relapses before treatment (HR 2.926; 95% CI 
1.669–5.131, P = 0.000), and ≥ 2 relapses during the first 
2 years after disease onset (HR 2.691; 95% CI 1.460–4.957, 
P = 0.001) as significantly associated with the failure to 

achieve NEDA 3 (Table 2). The multivariate analysis con-
firmed that male sex (HR 1.856; 95% CI 1.118–3.082, 
P = 0.017), EDSS score ≥ 4 at treatment start (HR 2.682; 
95% CI 1.375–5.231, P = 0.004), and frequent relapses 
before treatment (HR 3.056; 95% CI 1.737–5.377, P = 0.000) 
were independently and significantly associated with the 
failure to achieve NEDA 3 (Table 2).

Persistence and safety

At database lock (May 2021), 142 (65.4%) patients remained 
on teriflunomide treatment after a median (IQR) treatment 
follow-up time of 18.3 (9.9, 24.2) months, whereas 75 
(34.6%) patients discontinued teriflunomide after a median 
(IQR) treatment duration of 8.9 (2.5, 13.8) months. Overall, 
at 6, 12, and 24 months after treatment onset, the percentages 
of patients who persisted on teriflunomide treatment were 
86.9%, 72.4%, and 52.8%, respectively. The reasons cited 
for treatment discontinuation among the 75 patients who 
discontinued treatment included persistent disease activity 
despite treatment for 28 (37.3%) patients; poor tolerability 
for 18 (24.0%) patients; inability to afford teriflunomide 

Table 2  Univariate and 
multivariate analyses of 
predictors of NEDA 3 failure

Bold values indicate the statistical significance
ALT alanine aminotransferase, CI confidence interval, EDSS Expanded Disability Status Scale, HR hazard 
ratio, SOB Specific Oligoclonal Band positive
a Patients who had at least 2 attacks 1 year before treatment or at least 3 attacks 2 years before treatment 
were considered had frequent relapses before treatment

Factors Univariate analyses Multivariate analyses

HR (95% CI) P value HR (95% CI) P value

Male 1.635 (1.002, 2.669) 0.049 1.856 (1.118, 3.082) 0.017
Age at onset 0.981 (0.958, 1.005) 0.124
Disease course at treatment start 1.032 (0.991, 1.075) 0.128
Baseline EDSS ≥ 4 2.237 (1.167, 4.289) 0.015 2.682 (1.375, 5.231) 0.004
Regions involved at onset (yes vs no)
Isolated optic nerve 1.632 (0.912, 2.919) 0.099
Isolated brainstem/cerebellum 0.690 (0.341, 1.398) 0.303
Isolated spinal cord 0.886 (0.530, 1.481) 0.644
Isolated cerebrum 0.989 (0.576, 1.700) 0.969
Poly-system onset 1.143 (0.358, 3.650) 0.821
Recovery from 1st attack
 Complete recovery 0.995 (0.614, 1.610) 0.982
 Incomplete recovery 0.998 (0.610, 1.634) 0.994
 No recovery 1.023 (0.440, 2.375) 0.958

Positive SOB 0.785 (0.395, 1.562) 0.491
Relapse before treatment 1.548 (0.921, 2.601) 0.099
Frequent relapses before  treatmenta 2.926 (1.669, 5.131) 0.000 3.056 (1.737, 5.377) 0.000
≥ 2 relapses during the first 2 years 2.691 (1.460, 4.957) 0.001
Teriflunomide dose reduction 0.912 (0.546, 1.521) 0.723
Teriflunomide as first treatment 1.057 (0.637, 1.756) 0.830
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treatment for 13 (17.3%) patients; failure to obtain medi-
cation due to the coronavirus disease 2019 (COVID-19) 
pandemic for 10 (13.3%) patients; participation in clinical 
trials for 4 (5.3%) patients, and pregnancy preparation for 2 
(2.7%) patients. Early discontinuation, defined as treatment 
discontinued within 3 months of initiation, occurred for 21 
(28.0%) patients, primarily driven by AEs (n = 10, 47.6%), 
teriflunomide cost (n = 6, 28.6%), and participation in clini-
cal trials (n = 4, 19.0%) rather than persistent disease activity 
(n = 1, 1.3%).

In the safety analysis set, which comprised 217 patients, 
151 patients (69.6%) reported a total of 246 AEs, and only 
18 (8.3%) patients discontinued teriflunomide due to AEs. 
All AEs reported by patients are shown in Table 3. The fre-
quencies of the following AEs were greater than 10%: hair 
thinning or decreased hair density (n = 101, 46.5%), alanine 
aminotransferase (ALT) elevation (n = 44, 20.3%), and leu-
kopenia (n = 39, 18.0%). Serious AEs leading to hospital 
admissions occurred in three patients, including pneumonia 
(n = 2, 0.9%) and urinary tract infection (n = 1, 0.5%).

Discussion

This prospective, observational cohort study provides 
insights into the effectiveness, persistence, and safety of 
teriflunomide in RRMS and risk factors associated with 
treatment failure in real-world practice. Different from 
previous studies, this study focused on the naïve patients 
and we identified male sex, EDSS scores ≥ 4 and frequent 
relapses during the 2 years before treatment as independent 
risk factors for failure to achieve NEDA 3. These findings 
will assist neurologists in identifying promising candidates 
for teriflunomide and making appropriate personalized treat-
ment decisions.

In this study, all the patients admitted were included unse-
lectively and were consistently treated with teriflunomide. 
Different from previous real-world studies, all the patients 
included in this study were not on any DMT at least for 
1 year prior to teriflunomide initiation. Since the efficacy of 
teriflunomide was reported in subgroup analyses of pivotal 
studies to be different between patients with and without 
prior DMT [22], the data of our study might better repre-
sent the effectiveness and safety data of teriflunomide in 
treatment-naïve patients.

Based on the results of a phase II study which found that 
teriflunomide began to reduce the cumulative active lesions 
significantly 12 weeks after its initiation [23], only patients 
with a minimum 3-month persistence on teriflunomide 
were included in the effectiveness analysis. There was no 
significant difference in baseline demographic and clinical 
characteristics between the patients excluded and included. 
Like previous pivotal RCTs and real-world studies [7, 8, 16], 
our study also found that teriflunomide significantly reduced 
ARR (from 0.79 at 1 year before treatment to 0.16 during 
treatment) and maintained stable EDSS scores.

NEDA, suggesting complete disease remission, has 
gained increasing attention as an important treatment goal 
in both clinical trials and practice recently [3, 24, 25]. In 
our study, the proportion of patients achieving NEDA 3 at 
12 months after treatment was 79.0%. This proportion was 
not only higher than that of patients with placebo (11.6%) 
in TEMSO study [26] but also higher than that of patients 
with teriflunomide (46%) in Teri-RADAR study [27], fur-
ther confirming the effectiveness of teriflunomide in the 
real world. Different from Teri-RADAR study, our study 
included treatment-naïve patients with shorter disease dura-
tion (2.74 vs 13.8 years) and lower baseline EDSS score (1.0 
vs 3.0), which might account for the higher proportion of 
patients achieving NEDA 3 in our study.

In analysis of predictors associated with the failure of 
achieving NEDA 3, we found that male sex was an inde-
pendent risk factor. Although post-marketing studies had 
showed propensity to prescribe teriflunomide to men rather 

Table 3  Adverse events of teriflunomide

CK creatine kinase

Adverse events N %

Type of adverse events
 Hair thinning or decreased hair density 101 46.5
 Increase of liver enzymes 44 20.3
 Leukopenia 39 18.0
 Diarrhea 14 6.5
 Skin rash or urticaria 13 6.0
 Weight loss 12 5.5
 Nausea and vomiting 4 1.8
 Headache 4 1.8
 Arterial hypertension 3 1.4
 Recurrent bladder infections 3 1.4
 Muscle pain 2 0.9
 Pneumonia 2 0.9
 Arthralgia 1 0.5
 Palpitation 1 0.5
 Aphthous ulcer 1 0.5
 Nasosinusitis 1 0.5
 CK elevation 1 0.5

Total number of patients with adverse events 151 69.6
Dose reduction of teriflunomide due to adverse events 57 26.3
Discontinuation of teriflunomide due to adverse events 18 8.3
Hospital admission due to adverse events 3 1.4
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than women, driven by safety concerns about pregnancy 
[28], both our study and a nationwide Danish investiga-
tion [29] including more than 3200 teriflunomide-treated 
patients suggested a need for more aggressive treatment to 
provide sufficient disease control for male patients. In addi-
tion, patients with frequent relapses (≥ 2 attacks 1 year or ≥ 3 
attacks 2 years) before treatment or with EDSS score ≥ 4 
at treatment initiation were less likely to achieve NEDA 3 
under teriflunomide treatment in our study. This result is 
consistent with that from TER-Italy study, another real-
world investigation including 1507 teriflunomide-treated 
patients and finding that patients with more pre-treatment 
relapses or EDSS score > 4 were more likely to experience 
treatment failure [30]. Therefore, both our study and the 
real-world investigations from Caucasian cohorts suggested 
a propensity for prescribing teriflunomide to female patients 
with less baseline disability and fewer attacks prior to treat-
ment. These predictors of NEDA 3 failure for teriflunomide 
treatment would be useful for personal treatment decision-
making among MS patients.

The persistence rates of teriflunomide in our cohort were 
72.4% at 12 months and 52.8% at 24 months, which is com-
parable to the result of previous real-world investigations 
from Denmark (72.7%, 12 months) [29] and France (60%, 
24 months) [31]. Like these western studies, the most com-
mon reason for teriflunomide discontinuation in our cohort 
was insufficient effectiveness (37.3%), suggesting terifluno-
mide is a mild DMT for disease control in both Asian and 
western populations.

The types of AEs reported by our patients were consistent 
with that of pivotal RCTs [7, 8] and other real-world stud-
ies [16, 28, 29], whereas the incidence different. Similar to 
previous real-world investigations [13, 29], 69.6% of our 
patients experienced AEs, whereas only 8.3% of patients 
discontinued treatment due to AEs. In addition, unlike other 
western studies, the proportions of patients with elevated 
ALT and leukopenia were particularly high (> 10%) in our 
study. Ethnic heterogeneity and differences in teriflunomide 
metabolism due to ABCG2 polymorphisms in Asian popula-
tions might explain this difference [32]. Early teriflunomide 
discontinuation (< 3-month treatment) in our study was 
primarily driven by AEs, most commonly ALT elevation 
and leukopenia. Therefore, the regular monitoring of liver 
function and blood cell counts remains necessary during the 
teriflunomide treatment, especially during the first 3 months 
after treatment initiation.

This study has some limitations. First, this is a single-
arm, open-label study, which may produce selection bias. 
However, this bias should be low, because teriflunomide was 
the only available DMT for MS in China during July 2018 to 
January 2020 and physicians did not have other options. Sec-
ond, due to the low prevalence of MS in China, the sample 
size of this cohort study was smaller than western studies. 

However, the primary predictors associated with failure of 
teriflunomide treatment identified in this study were similar 
to those identified by other large-scale, real-world investiga-
tions [30, 31]. However, an additional larger, multicenter, 
prospective cohort study remains necessary to further 
explore the predictors of response to teriflunomide.

Despite these limitations, this real-world study supports 
that teriflunomide is an effective and generally well-toler-
ated DMT for RRMS. Importantly, we provided guidance 
regarding which treatment-naïve patients are likely to ben-
efit from teriflunomide: women with mild disease activity 
(≤ 1 attack in 1 year or ≤ 2 attacks in 2 years before treat-
ment) and EDSS score < 4 at treatment initiation.

Author contributions YX and YZ contributed to the study concep-
tion and design. Data collection were performed by YX, YZ, and HY. 
Statistical analysis was performed by YZ, YX, and DZ. The first draft 
of the manuscript was written by YZ. YX, BP and LC commented on 
previous versions of the manuscript. All authors read and approved 
the final manuscript.

Funding This work was supported by the National Key Research and 
Development Program of China [Grant number 2016YFC0901500]; 
CAMS Innovation Fund for Medical Sciences (CIFMS) [Grant num-
ber 2020-12M-CoV19-001]; Peking Union Medical College Education 
Reform Fund [Grant number 2017zlgc0121]; and Peking Union Medi-
cal College Deposition Research Fund [Grant number ZC201904188].

Availability of data and materials The data that support the results of 
this study are available from the corresponding author upon reason-
able request.

Code availability Not applicable.

Declarations 

Conflicts of interest The authors declare that they have no conflict of 
interest.

Ethics approval All patients in our study gave their informed consent 
prior to their inclusion in the study. Approval of our study was obtained 
from the ethics committee of Peking Union Medical College Hospital. 
The Ethics approval number was ZS-1041. The procedures used in this 
study adhere to the tenets of the Declaration of Helsinki.

Consent to participate Informed consent was obtained from all indi-
vidual participants included in the study.

Consent to publication All patients signed informed consent regarding 
publishing their data.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 



4815Journal of Neurology (2022) 269:4808–4816 

1 3

permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Dobson R, Giovannoni G (2019) Multiple sclerosis—a review. 
Eur J Neurol 26(1):27–40. https:// doi. org/ 10. 1111/ ene. 13819

 2. Piehl F (2014) A changing treatment landscape for multiple scle-
rosis: challenges and opportunities. J Intern Med 275(4):364–381. 
https:// doi. org/ 10. 1111/ joim. 12204

 3. Bevan CJ, Cree BA (2014) Disease activity free status: a new end 
point for a new era in multiple sclerosis clinical research? JAMA 
Neurol 71(3):269–270. https:// doi. org/ 10. 1001/ jaman eurol. 2013. 
5486

 4. Bar-Or A, Pachner A, Menguy-Vacheron F, Kaplan J, Wiendl 
H (2014) Teriflunomide and its mechanism of action in multi-
ple sclerosis. Drugs 74(6):659–674. https:// doi. org/ 10. 1007/ 
s40265- 014- 0212-x

 5. Miller AE (2021) An updated review of teriflunomide’s use in 
multiple sclerosis. Neurodegener. Dis. Manag 11(5):387–409. 
https:// doi. org/ 10. 2217/ nmt- 2021- 0014

 6. Scott LJ (2019) Teriflunomide: a review in relapsing-remitting 
multiple sclerosis. Drugs 79(8):875–886. https:// doi. org/ 10. 1007/ 
s40265- 019- 01135-8

 7. O’Connor P, Wolinsky JS, Confavreux C et al (2011) Randomized 
trial of oral teriflunomide for relapsing multiple sclerosis. N Engl 
J Med 365(14):1293–1303. https:// doi. org/ 10. 1056/ NEJMo a1014 
656

 8. Confavreux C, O’Connor P, Comi G et al (2014) Oral teriflu-
nomide for patients with relapsing multiple sclerosis (TOWER): 
a randomised, double-blind, placebo-controlled, phase 3 trial. 
Lancet Neurol 13(3):247–256. https:// doi. org/ 10. 1016/ S1474- 
4422(13) 70308-9

 9. O’Connor P, Comi G, Freedman MS et al (2016) Long-term safety 
and efficacy of teriflunomide: nine-year follow-up of the rand-
omized TEMSO study. Neurology 86(10):920–930. https:// doi. 
org/ 10. 1212/ WNL. 00000 00000 002441

 10. Miller AE, Olsson TP, Wolinsky JS et al (2020) Long-term safety 
and efficacy of teriflunomide in patients with relapsing multiple 
sclerosis: results from the TOWER extension study. Mult Scler 
Relat Disord. https:// doi. org/ 10. 1016/j. msard. 2020. 102438

 11. Radue EW, Sprenger T, Gaetano L et al (2017) Teriflunomide 
slows BVL in relapsing MS: a reanalysis of the TEMSO MRI data 
set using SIENA. Neurol Neuroimmunol Neuroinflamm. https:// 
doi. org/ 10. 1212/ NXI. 00000 00000 000390

 12. Comi G, Freedman MS, Kappos L et al (2016) Pooled safety and 
tolerability data from four placebo-controlled teriflunomide stud-
ies and extensions. Mult Scler Relat Disord 5:97–104. https:// doi. 
org/ 10. 1016/j. msard. 2015. 11. 006

 13. Coyle PK, Khatri B, Edwards KR et al (2017) Patient-reported 
outcomes in relapsing forms of MS: real-world, global treatment 
experience with teriflunomide from the Teri-PRO study. Mult 
Scler Relat Disord 17:107–115. https:// doi. org/ 10. 1016/j. msard. 
2017. 07. 006

 14. Coyle PK, Khatri B, Edwards KR et al (2018) Patient-reported 
outcomes in patients with relapsing forms of MS switching to teri-
flunomide from other disease-modifying therapies: results from 
the global Phase 4 Teri-PRO study in routine clinical practice. 
Mult Scler Relat Disord 26:211–218. https:// doi. org/ 10. 1016/j. 
msard. 2018. 09. 017

 15. Coyle PK, Khatri B, Edwards KR et al (2019) Teriflunomide real-
world evidence: global differences in the phase 4 Teri-PRO study. 
Mult Scler Relat Disord 31:157–164. https:// doi. org/ 10. 1016/j. 
msard. 2019. 03. 022

 16. Kallmann BA, Tiel-Wilck K, Kullmann JS et al (2019) Real-life 
outcomes of teriflunomide treatment in patients with relapsing 
multiple sclerosis: TAURUS-MS observational study. Ther Adv 
Neurol Disord. https:// doi. org/ 10. 1177/ 17562 86419 835077

 17. D’Amico E, Zanghi A, Sciandra M et al (2020) Dimethyl fumarate 
vs teriflunomide: an Italian time-to-event data analysis. J Neurol 
267(10):3008–3020. https:// doi. org/ 10. 1007/ s00415- 020- 09959-1

 18. Li S, Ren H, Xu Y et al (2020) Long-term efficacy of mycophe-
nolate mofetil in myelin oligodendrocyte glycoprotein antibody-
associated disorders: a prospective study. Neurol Neuroimmunol 
Neuroinflamm. https:// doi. org/ 10. 1212/ NXI. 00000 00000 000705

 19. Zhang Y, Xu Y, Xu T et al (2020) Prediction of long-term dis-
ability in Chinese patients with multiple sclerosis: a prospective 
cohort study. Mult Scler Relat Disord. https:// doi. org/ 10. 1016/j. 
msard. 102461

 20. Thompson AJ, Banwell BL, Barkhof F et al (2018) Diagnosis 
of multiple sclerosis: 2017 revisions of the McDonald criteria. 
Lancet Neurol 17(2):162–173. https:// doi. org/ 10. 1016/ S1474- 
4422(17) 30470-2

 21. Havrdova E, Galetta S, Stefoski D, Comi G (2010) Freedom from 
disease activity in multiple sclerosis. Neurology. https:// doi. org/ 
10. 1212/ WNL. 0b013 e3181 dbb51c

 22. Freedman MS, Wolinsky JS, Comi G et al (2018) The efficacy 
of teriflunomide in patients who received prior disease-modify-
ing treatments: subgroup analyses of the teriflunomide phase 3 
TEMSO and TOWER studies. Mult Scler 24(4):535–539. https:// 
doi. org/ 10. 1177/ 13524 58517 695468

 23. O’Connor PW, Li D, Freedman MS et al (2006) A Phase II study 
of the safety and efficacy of teriflunomide in multiple sclerosis 
with relapses. Neurology 66(6):894–900. https:// doi. org/ 10. 1212/ 
01. wnl. 00002 03121. 04509. 31

 24. Rotstein DL, Healy BC, Malik MT, Chitnis T, Weiner HL (2015) 
Evaluation of no evidence of disease activity in a 7-year longi-
tudinal multiple sclerosis cohort. JAMA Neurol 72(2):152–158. 
https:// doi. org/ 10. 1001/ jaman eurol. 2014. 3537

 25. Nixon R, Bergvall N, Tomic D, Sfikas N, Cutter G, Giovannoni 
G (2014) No evidence of disease activity: indirect comparisons 
of oral therapies for the treatment of relapsing-remitting multiple 
sclerosis. Adv Ther 31(11):1134–1154. https:// doi. org/ 10. 1007/ 
s12325- 014- 0167-z

 26. Wolinsky JS, Freedman MS, Thangavelu K, Truffinet P, Rufi 
P, O’Connor PW (2015) Efficacy of teriflunomide treatment in 
achieving no evidence of disease activity in the TEMSO long-
term extension study. Mult Scler 21(SII):76–653

 27. Zivadinov R, Kresa-Reahl K, Weinstock-Guttman B et al (2019) 
Comparative effectiveness of teriflunomide and dimethyl fumarate 
in patients with relapsing forms of MS in the retrospective real-
world Teri-RADAR study. J Comp Eff Res 8(5):305–316. https:// 
doi. org/ 10. 2217/ cer- 2018- 0135

 28. Elkjaer ML, Molnar T, Illes Z (2017) Teriflunomide for multiple 
sclerosis in real-world setting. Acta Neurol Scand 136(5):447–
453. https:// doi. org/ 10. 1111/ ane. 12755

 29. Papp V, Buron MD, Siersma V et al (2021) Real-world outcomes 
for a complete nationwide cohort of more than 3200 terifluno-
mide-treated multiple sclerosis patients in The Danish Multiple 
Sclerosis Registry. PLoS ONE. https:// doi. org/ 10. 1371/ journ al. 
pone. 02508 20

 30. Bucello S, Annovazzi P, Ragonese P et al (2021) Real world 
experience with teriflunomide in multiple sclerosis: the TER-
Italy study. J Neurol 268(8):2922–2932. https:// doi. org/ 10. 1007/ 
s00415- 021- 10455-3

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/ene.13819
https://doi.org/10.1111/joim.12204
https://doi.org/10.1001/jamaneurol.2013.5486
https://doi.org/10.1001/jamaneurol.2013.5486
https://doi.org/10.1007/s40265-014-0212-x
https://doi.org/10.1007/s40265-014-0212-x
https://doi.org/10.2217/nmt-2021-0014
https://doi.org/10.1007/s40265-019-01135-8
https://doi.org/10.1007/s40265-019-01135-8
https://doi.org/10.1056/NEJMoa1014656
https://doi.org/10.1056/NEJMoa1014656
https://doi.org/10.1016/S1474-4422(13)70308-9
https://doi.org/10.1016/S1474-4422(13)70308-9
https://doi.org/10.1212/WNL.0000000000002441
https://doi.org/10.1212/WNL.0000000000002441
https://doi.org/10.1016/j.msard.2020.102438
https://doi.org/10.1212/NXI.0000000000000390
https://doi.org/10.1212/NXI.0000000000000390
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/j.msard.2017.07.006
https://doi.org/10.1016/j.msard.2017.07.006
https://doi.org/10.1016/j.msard.2018.09.017
https://doi.org/10.1016/j.msard.2018.09.017
https://doi.org/10.1016/j.msard.2019.03.022
https://doi.org/10.1016/j.msard.2019.03.022
https://doi.org/10.1177/1756286419835077
https://doi.org/10.1007/s00415-020-09959-1
https://doi.org/10.1212/NXI.0000000000000705
https://doi.org/10.1016/j.msard.102461
https://doi.org/10.1016/j.msard.102461
https://doi.org/10.1016/S1474-4422(17)30470-2
https://doi.org/10.1016/S1474-4422(17)30470-2
https://doi.org/10.1212/WNL.0b013e3181dbb51c
https://doi.org/10.1212/WNL.0b013e3181dbb51c
https://doi.org/10.1177/1352458517695468
https://doi.org/10.1177/1352458517695468
https://doi.org/10.1212/01.wnl.0000203121.04509.31
https://doi.org/10.1212/01.wnl.0000203121.04509.31
https://doi.org/10.1001/jamaneurol.2014.3537
https://doi.org/10.1007/s12325-014-0167-z
https://doi.org/10.1007/s12325-014-0167-z
https://doi.org/10.2217/cer-2018-0135
https://doi.org/10.2217/cer-2018-0135
https://doi.org/10.1111/ane.12755
https://doi.org/10.1371/journal.pone.0250820
https://doi.org/10.1371/journal.pone.0250820
https://doi.org/10.1007/s00415-021-10455-3
https://doi.org/10.1007/s00415-021-10455-3


4816 Journal of Neurology (2022) 269:4808–4816

1 3

 31. Vermersch P, Suchet L, Colamarino R, Laurendeau C, Detournay 
B (2020) 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. https:// doi. org/ 10. 1016/j. msard. 2020. 102521

 32. Yao X, Wu Y, Jiang J, Hu P, Liu D, Chen X (2019) Safety, 
pharmacokinetics, and pharmacogenetics of single-dose terif-
lunomide sodium and leflunomide in healthy Chinese subjects. 

Clin Drug Investig 39(7):643–651. https:// doi. org/ 10. 1007/ 
s40261- 019- 00786-5

https://doi.org/10.1016/j.msard.2020.102521
https://doi.org/10.1007/s40261-019-00786-5
https://doi.org/10.1007/s40261-019-00786-5

	Real-world outcomes of teriflunomide in relapsing–remitting multiple sclerosis: a prospective cohort study
	Abstract
	Objectives 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study population
	Data collection
	Definitions and outcomes
	Statistical analysis

	Results
	Cohort characteristics
	Efficacy
	Persistence and safety

	Discussion
	References




