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TherapeuTic advances in 
neurological disorders

Introduction
Multiple sclerosis (MS) is a chronic autoimmune 
disease characterized by demyelination and 
axonal loss in the central nervous system (CNS).1 
There are four main types of MS: clinically iso-
lated syndrome (CIS), primary progressive MS 
(PPMS), secondary progressive MS (SPMS), and 
relapsing-remitting MS (RRMS).2 ‘Relapsing 

MS’ (RMS) is a term that encompasses all forms 
involving relapses, and these forms are the most 
frequently encountered. Many disease-modifying 
therapies (DMTs) have been approved in various 
regions of the world for the treatment of RMS.

Teriflunomide is a once-daily oral immunomodu-
latory agent approved for the treatment of RMS.3 
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Abstract
Background: Teriflunomide is a first-line oral immunomodulatory agent approved in China for 
the treatment of relapsing multiple sclerosis.
Objective: To compare the treatment outcomes of teriflunomide and no disease-modifying 
therapy (DMT) treatment (in first year) in multi-center real-world Chinese multiple sclerosis 
patients.
Design: Retrospective study.
Methods: This study was conducted in five tertiary hospitals in different geographical regions 
of China. We collected clinical data of patients treated with teriflunomide and no DMT 
treatment (in first year) between 1 January 2017 and 31 August 2021. The effectiveness of 
teriflunomide was described. Potential factors influencing the effectiveness of teriflunomide 
were investigated.
Results: A total of 372 patients treated with teriflunomide and 148 no DMT treatment patients 
were included. A total of 292 patients were treated with teriflunomide for at least 6 months, 
described as a stable teriflunomide cohort. The annualized relapse rate was significantly 
lower in the stable teriflunomide cohort than in the no DMT treatment cohort (0.23 ± 0.47 
versus 0.87 ± 0.67, p < 0.001). The mean Expanded Disability Status Scale (EDSS) score of 
the stable teriflunomide cohort (1.77 ± 1.62) was slightly different from that of the no DMT 
treatment cohort (2.09 ± 2.00). A previous annualized relapse rate of ⩾1, a previous EDSS 
score of ⩾2, and a long disease duration of ⩾5 years were associated with better clinical 
effectiveness.
Conclusion: Teriflunomide is associated with a lower relapse rate and less disability 
accumulation in Chinese patients with multiple sclerosis.

Keywords: annual relapse rate, disease-modifying treatment, multiple sclerosis, teriflunomide

Received: 30 November 2022; revised manuscript accepted: 23 May 2023.

Correspondence to: 
Huan Yang  
Department of Neurology, 
Xiangya Hospital, 
Central South University, 
Changsha 410008, China. 
yangh69@126.com

Hongyu Zhou  
Department of Neurology, 
West China Hospital, 
Sichuan University, 
Chengdu 610041, China 
zhouhy@scu.edu.cn

Bitao Bu
Bo Chen  
Department of Neurology, 
Tongji Hospital, Tongji 
Medical College, Huazhong 
University of Science and 
Technology, Wuhan, China

Chao Quan
Lei Zhou  
Department of Neurology, 
Huashan Hospital, Fudan 
University, Shanghai, 
China

Wenyu Li
Luya Jin  
Department of Neurology, 
Sir Run Run Shaw 
Hospital, School of 
Medicine, Zhejiang 
University, Zhejiang, China

Qiuming Zeng  
Department of Neurology, 
Xiangya Hospital, 
Central South University, 
Changsha, China

Ziyan Shi  
Department of Neurology, 
West China Hospital, 
Sichuan University, 
Chengdu, China

*These authors 
contributed equally to this 
manuscript.

1181170 TAN0010.1177/17562864231181170Therapeutic Advances in Neurological DisordersB Bu, C Quan
research-article20232023

Original Research

https://journals.sagepub.com/home/tan
https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
mailto:yangh69@126.com
mailto:zhouhy@scu.edu.cn


TherapeuTic advances in 
neurological disorders Volume 16

2 journals.sagepub.com/home/tan

It reversibly inhibits dihydroorotate dehydroge-
nase, a key mitochondrial enzyme involved in 
pyrimidine synthesis for DNA replication. 
Consequently, the drug reduces T- and B-cell 
activation, proliferation, and function in response 
to autoantigens.4 The efficacy and safety of terif-
lunomide in RMS have been robustly demon-
strated through phase III clinical trials, including 
the TEMSO,5 TOWER,6 and TOPIC7 trials. 
Moreover, large-scale observational studies such 
as Teri-PRO8 and TAURUS-MS9 have shown 
that patients report high treatment satisfaction, 
convenience, and tolerability with teriflunomide.

As the most widely used DMT in China, teriflu-
nomide has been in the Chinese market for 
4 years. Several single-center real-world studies 
have confirmed the effectiveness and tolerability 
of teriflunomide in Chinese patients with MS.10,11 
However, owing to the limitations of single-center 
studies, such as poor representation and generali-
zation, multi-center, real-world studies evaluating 
the effectiveness and safety of teriflunomide in 
Chinese patients with MS are needed. Moreover, 
DMT-naïve patients who do not receive any 
DMT treatment account for a considerable pro-
portion of all MS patients in China. Furthermore, 
few studies have examined the predictors of treat-
ment response, which are important factors when 
determining personalized treatment decisions.

Therefore, we conducted a multi-center, real-
world retrospective study to evaluate the treatment 
outcomes of teriflunomide in Chinese patients 
with MS. We also investigated the factors influenc-
ing the effectiveness of teriflunomide treatment.

Materials and methods

Data sources
This multi-center, retrospective, observational 
study was conducted at five tertiary hospitals and 
regional MS centers in different geographical 
areas (east, middle, and west) of China. We col-
lected historical clinical data of patients with MS 
who visited the neurology department of these 
hospitals between 1 January 2017 and 31 August 
2021. The subjects’ data were extracted from 
anonymized medical records in a clinical setting 
during the study period and collected through an 
electronic case report form. 

Study design
The study population included two cohorts of 
patients with MS. For the whole teriflunomide 
cohort, patients treated with teriflunomide 
between 1 January 2017 and 31 August 2021 were 
selected. Of these, patients who were treated with 
teriflunomide for at least 6 months during this 
same time period were selected as the stable terif-
lunomide cohort. Patients who had not received 
DMT within 1 year after the initial MS diagnosis 
(mainly due to the availability, cost of treatment, 
or the understanding of patients and clinicians 
about MS disease and DMT treatment) during 
the study period were selected as the “no DMT 
treatment” cohort. Patients who participated in 
other interventional clinical studies during the 
study period were excluded.

The treatment duration of the whole terifluno-
mide cohort was described. Among MS patients 
treated with teriflunomide for at least 6 months, 
described herein as the stable teriflunomide 
cohort, the differences in annualized relapse 
rate (ARR) and Expanded Disability Status 
Scale (EDSS) scores before and after terifluno-
mide treatment were calculated. We further 
compared the differences in ARR and EDSS 
scores between the stable teriflunomide and no 
DMT treatment cohorts. We also explored 
potential factors influencing the effectiveness of 
teriflunomide using a multinomial logistic 
regression model.

A safety analysis was conducted on the whole teri-
flunomide cohort. Adverse events (AEs) occur-
ring during the study period were also recorded. 
We further investigated the reasons for drug dis-
continuation among patients who discontinued 
teriflunomide treatment during the study period 
using the medical records.

Statistical analysis
First, a descriptive analysis of the patients’ clinical 
characteristics was performed. Continuous data 
were summarized as mean [standard deviation 
(SD)] or median [interquartile range (IQR), 25th 
percentile–75th percentile) and compared between 
groups using Student’s t tests or Mann–Whitney U 
tests. Categorical data were summarized as counts 
(percentage) and compared between groups using 
the chi-square test or Fisher’s exact test.
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Subsequently, the Mann–Whitney U test was 
used to assess whether there were significant 
changes in the ARR and EDSS scores of patients 
before and after teriflunomide treatment. A 
comparison of ARR and EDSS scores was also 
conducted between stable teriflunomide and no 
DMT treatment cohorts.

Propensity score matching (PSM) using a logistic 
regression model was conducted to balance covar-
iates between patients receiving teriflunomide 
treatment for at least 6 months and no DMT treat-
ment patients. Patients in the no DMT treatment 
arm were matched in a 1:2 ratio to those in the 
stable teriflunomide treatment arm with a similar 
predicted probability using the nearest neighbor 
matching technique with a caliper of 0.20 SDs of 
the propensity score. Matching factors included 
age of initial symptom, gender, MS duration, ini-
tial symptom, and type of MS. Standardized mean 
differences (SMDs) were calculated, and SMD 
>0.2 was considered to be an imbalance.

Potential factors influencing the effectiveness of 
teriflunomide included gender, age of onset (con-
tinuous variable measured in years), ARR before 
treatment (<1, ⩾1), EDSS before treatment (<2 
or ⩾2), MS disease duration (<5 years, ⩾5 years), 
previous DMT use (defined as the use of any 
DMTs before teriflunomide treatment), and teri-
flunomide treatment duration (6–12 months, 12–
24 months, ⩾24 months). The effectiveness of 
teriflunomide was defined by two endpoints: 
relapse (ARR) and disability evaluation (EDSS). 
The change in ARR was classified according to 
three categories: increased or unchanged after 
treatment, a 0–70% reduction, and a 70–100% 
reduction. The change in EDSS was also divided 
into three categories: disability worsening (an 
increase of ⩾1.0 points in the EDSS score from 
baseline for patients with baseline EDSS scores 
<5.5 or ⩾0.5, for patients with baseline EDSS 
scores ⩾5.5), disability stabilization (EDSS score 
remained stable or with an increase but did not 
meet the criteria for disability worsening), and 
disability improvement (a reduction in EDSS 
score from baseline). Multinomial logistic regres-
sion was performed to evaluate the impact of 
potential factors on the changes in ARR and 
EDSS in patients treated with teriflunomide.  
The ordinal logistic regression model was not 

applied because it failed the parallel regression 
assumption.

All analyses were conducted using the R statisti-
cal package v.4.1.2 (R Foundation for Statistical 
Computing, Vienna, Austria).

Results

Clinical characteristics
During the study period, a total of 372 patients 
treated with teriflunomide and 148 no DMT 
treatment patients were identified (Table 1). The 
mean ages of the whole teriflunomide and no 
DMT treatment cohorts were 31.89 and 
39.04 years, respectively. Women accounted for 
69% of the whole teriflunomide cohort and 67% 
of the no DMT treatment cohort. The mean age 
of onset was 27.74 ± 9.11 years for the whole teri-
flunomide cohort, and the mean disease duration 
was 4.90 ± 5.07 years. The whole teriflunomide 
cohort had a mean ARR before treatment of 
1.00 ± 0.73 and a mean EDSS before treatment 
of 1.92 ± 1.49. The most common initial symp-
toms were limb numbness (39%), weakness 
(17%), and blurred vision (15%) among the 
whole teriflunomide cohort. Corticosteroids 
(22%) and interferons (15%) were the most com-
monly used medications in patients treated with 
teriflunomide.

Teriflunomide treatment duration
The median treatment duration of teriflunomide 
was 12(6, 18) months (Table 2). In the whole 
teriflunomide cohort, 292 (78.92%) patients 
were treated with teriflunomide for at least 
6 months.

Effectiveness analysis
Among the patients who were treated with teriflu-
nomide for at least 6 months, described as the sta-
ble teriflunomide cohort, the ARR was 
significantly lower (0.22 ± 0.44) at the last follow-
up visit compared to pre-treatment (1.01 ± 0.74), 
with a 78.2% reduction (Table 3). The EDSS 
score showed a reduction, with a pre-treatment 
average of 1.92 ± 1.54 and a post-treatment aver-
age of 1.79 ± 1.66.
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Table 1. Clinical characteristics of the whole teriflunomide cohort versus the no DMT treatment cohort.

Characteristics Whole teriflunomide 
cohort

No DMT treatment 
cohort

p value

Patients, n 372 148  

Age, years <0.001

 Mean (SD) 31.89 (10.01) 39.04 (13.29)  

 Median 30.00 37.00  

 Q1, Q3 25.00, 37.00 30.00, 48.00  

 Missing 2 0  

Gender, n (%) 0.680

 Male 115 (31) 49 (33)  

 Female 257 (69) 99 (67)  

Disease duration, years 0.858

 Mean (SD) 4.90 (5.07) 5.39 (6.26)  

 Median 3.42 3.50  

 Q1, Q3 1.37, 7.00 0.83, 8.00  

 Missing 8 7  

Age at onset, years <0.001

 Mean (SD) 27.74 (9.11) 32.73 (11.98)  

 Median 26.00 31.00  

 Q1, Q3 21.00, 31.00 24.00, 39.00  

 Missing 24 7  

ARR before treatment 0.077

 Mean (SD) 1.00 (0.73) 0.89 (0.66)  

 Median 1.00 0.88  

 Q1, Q3 0.50, 1.24 0.43, 1.00  

 Missing 14 15  

EDSS score before treatment 0.296

 Mean (SD) 1.92 (1.49) 2.34 (2.10)  

 Median 2.00 2.00  

 Q1, Q3 1.00, 3.00 0.25, 4.00  

 Missing 19 54  

CSF oligoclonal bands, n (%) 0.050

 Positive 180 (71) 41 (58)  

 Negative 75 (29) 30 (42)  

 Missing 117 77  

(Continued)
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Characteristics Whole teriflunomide 
cohort

No DMT treatment 
cohort

p value

Initial symptoms, n (%) 0.110

 Limb numbness 142 (39) 52 (37)  

 Limb weakness 63 (17) 27 (19)  

 Blurred vision 55 (15) 22 (16)  

 Dizzy 44 (12) 8 (6)  

 Diplopia 31 (9) 13 (9)  

 Balance dysfunction 11 (3) 12 (9)  

 Headache 5 (1) 1 (1)  

 Limb pain 2 (0) 1 (1)  

 Deaf 1 (0) 0 (0)  

 Imaging findings alone 0 (0) 1 (1)  

 Paroxysmal limb convulsions 1 (0) 0 (0)  

 Dysarthria 1 (0) 0 (0)  

 Iridocyclitis 1 (0) 0 (0)  

 Mental and behavior disorder 0 (0) 1 (1)  

 Facial muscle weakness 1 (0) 0 (0)  

 Bowel and bladder dysfunction 1 (0) 0 (0)  

 Cognitive disorder 0 (0) 1 (1)  

 Sleep disorder 1 (0) 0 (0)  

 Dysphagia 0 (0) 1 (1%)  

 Missing 11 8  

MS type, n (%) 0.560

 RRMS 353 (95) 138 (93)  

 SPMS 11 (3) 6 (4)  

 PPMS 3 (1) 3 (2)  

 CIS 3 (1) 1 (1)  

 Missing 2 0  

Previous medication, n (%)  

 Interferon 54 (15) 6 (4) <0.001

 Leflunomide 3 (1) 0 (0) 0.560

 Mitoxantrone 0 (0) 1 (1) 0.280

 Rituximab 4 (1) 0 (0) 0.580

 Dimethyl fumarate 1 (0) 0 (0) >0.999

(Continued)

Table 1. (Continued)

https://journals.sagepub.com/home/tan


TherapeuTic advances in 
neurological disorders Volume 16

6 journals.sagepub.com/home/tan

Characteristics Whole teriflunomide 
cohort

No DMT treatment 
cohort

p value

 Corticosteroid 82 (22) 4 (3) <0.001

 Azathioprine 15 (4) 1 (1) 0.050

 Methotrexate 3 (1) 0 (0) 0.560

 Mycophenolate mofetil 12 (3) 4 (3) >0.999

 Cyclophosphamide 1 (0) 0 (0) >0.999

 Tacrolimus 5 (1) 0 (0) 0.330

 Immunoglobulin 2 (1) 0 (0) >0.999

 Ciclosporin 1 (0) 0 (0) >0.999

ARR, annualized relapse rate; CIS, clinically isolated syndrome; CSF, cerebrospinal fluid; EDSS, Expanded Disability Status 
Scale; Q1, 25% quantile; Q3, 75% quantile; MS, multiple sclerosis; PPMS, primary progressive multiple sclerosis; RRMS, 
relapsing-remitting multiple sclerosis; SD, standard deviation; SPMS, secondary progressive multiple sclerosis.

Table 1. (Continued)

Table 2. Treatment duration of the whole 
teriflunomide cohort.

Characteristics Whole teriflunomide 
cohort

Patients, n 372

Treatment duration, months

 Mean (SD) 13.37 (9.31)

 Median 12.00

 Q1, Q3 6.00, 18.00

 Missing 2

  Treatment 
duration⩾6 months, 
n (%)

292 (78.92)

Q1, 25% quantile; Q3, 75% quantile; SD, standard 
deviation.

We then evaluated the ARR and EDSS in the sta-
ble teriflunomide cohort versus the no DMT treat-
ment cohort. After adjustment for the clinical 
characteristics by PSM analysis, the clinical char-
acteristics of the no DMT treatment and stable 
teriflunomide cohorts were found to be compara-
ble (Table 4). There were no significant differ-
ences in age of onset, gender, disease duration, 
initial symptoms, and MS type between the no 

DMT treatment cohort and the stable terifluno-
mide cohort.

The ARR of the stable teriflunomide cohort 
(0.23 ± 0.47) was significantly lower than that of 
the no DMT treatment cohort (0.87 ± 0.67; 
Table 5). The average EDSS score of the stable 
teriflunomide cohort (1.77 ± 1.62) was also lower 
than that of the no DMT treatment cohort 
(2.09 ± 2.00).

Factors influencing the effectiveness of 
teriflunomide
In the relapse evaluation (Table 6), after adjusting 
for the other characteristics, patients with an ARR 
before treatment of ⩾1 were more likely to have a 
0–70% reduction (odds ratio [OR] = 6.71; 95% 
confidence interval [CI] = 1.92–23.5, p = 0.003) 
and >70% ARR reduction (OR = 2.73; 95% 
CI = 1.15–6.44, p = 0.022) than patients with an 
ARR before treatment of <1. Patients with a dis-
ease duration of ⩾5 years were more likely to have 
a 0–70% ARR reduction (OR = 3.95; 95% 
CI = 1.08–14.4, p = 0.038) than patients with a 
disease duration of <5 years. In addition, patients 
with a teriflunomide treatment duration of 
>24 months were more likely to have a 0–70% 
ARR reduction (OR = 13.6; 95% CI = 2.47–
75.2, p = 0.003) than patients with a teriflunomide 
treatment duration of 6–12 months.
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In the disability evaluation model (Table 7), 
patients with before treatment EDSS score of ⩾2 
were more likely to have disability improvement 
(OR = 3.32; 95% CI = 1.49–7.40, p = 0.003) 
than those with before treatment EDSS score of 
<2, and patients with previous DMT use were 
less likely to have disability improvement 
(OR = 0.22; 95% CI = 0.07–0.67, p = 0.008).

Safety analysis
A total of 219 AEs were reported among the 
whole teriflunomide cohort (Table 8). The most 
common adverse effect of teriflunomide was alo-
pecia, which was described in 28.49% of the 
whole teriflunomide cohort. Other common 
adverse effects included abnormal liver function 
test results (7.80%), leukopenia (5.91%), and 
skin rash (2.96%). Other adverse reactions, such 
as digestive symptoms, headache, amenorrhea, 
weight loss, and hypertension, occurred in less 
than 2% of the whole teriflunomide cohort.

Analysis of treatment discontinuation
During the study period, a total number of 136 
patients in the whole teriflunomide cohort dis-
continued the treatment (Table 9). Disease 
relapse was the main reason for treatment discon-
tinuation (55.15%). Other reasons included 
financial reasons (8.82%), self-intention (6.62%), 
pregnancy or an intention to get pregnant 
(5.88%), adverse drug reaction (5.88%), and 

going off-test (5.15%). Among those who discon-
tinued treatment, 26 patients (19.12%) had a 
treatment duration of <3 months, and 13 patients 
(9.56%) were treated with teriflunomide for 
>25 months.

Subgroup analysis
We further evaluated the effectiveness of teriflu-
nomide in different MS types in the stable teriflu-
nomide cohorts (Table 10). In RRMS patients, 
the ARR post-treatment was significantly lower 
(0.21 ± 0.44) than the ARR pre-treatment 
(1.01 ± 0.75). The EDSS scores also showed a 
decreasing trend. The same decreasing ARR 
trend was also observed in other types of patients, 
while the change in EDSS scores showed an 
unstable trend.

Discussion
Here, we present a retrospective multi-center 
real-world study on MS patients following teriflu-
nomide treatment from five tertiary hospitals and 
regional MS centers in different geographical 
areas of China. To the best of our knowledge, this 
study is the first to evaluate real-world treatment 
outcomes of teriflunomide in Chinese patients 
with MS in multiple regions. The regional MS 
centers included in this study were located in 
eastern, central, and western China. Therefore, 
the patients included in this study were represent-
ative of a broad MS population in China.

Table 3. Effectiveness outcomes of the stable teriflunomide cohort (pre-treatment versus post-treatment).

Characteristics Pre-treatment Post-treatment Difference 95% CI p value

Patients, n 292 292  

ARR –0.79 –0.89 to –0.69 <0.001

 Mean (SD) 1.01 (0.74) 0.22 (0.44)  

 Missing 8 4  

EDSS –0.13 –0.40 to 0.14 0.340

 Mean (SD) 1.92 (1.54) 1.79 (1.66)  

 Missing 9 14  

95% CI, 95% confidence interval; ARR, annualized relapse rate; EDSS, Expanded Disability Status Scale; SD, standard 
deviation.
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Table 4. Clinical characteristics of the no DMT treatment and stable teriflunomide cohorts via propensity score matching analysis.

Before PSM After PSM

 No DMT 
treatment 
cohort

Stable 
teriflunomide 
cohort

p value SMD No DMT 
treatment 
cohort

Stable 
teriflunomide 
cohort

p value SMD

Patients, n 148 292 117 210  

Age of onset, year, mean (SD) 32.73 (11.98) 27.81 (9.32) <0.001 0.459 30.54 (10.04) 28.73 (8.80) 0.092 0.191

Gender, female, n (%) 99 (66.9) 207 (70.9) 0.452 0.086 83 (70.9) 152 (72.4) 0.881 0.032

Disease duration, year, mean 
(SD)

5.39 (6.26) 5.07 (4.62) 0.559 0.057 5.41 (6.25) 5.03 (4.78) 0.538 0.068

Initial symptom, n (%) 0.217 0.476 0.969 0.130

 Limb numbness 52 (37.1) 109 (38.5) 46 (39.3) 85 (40.5)  

 Limb weakness 27 (19.3) 53 (18.7) 23 (19.7) 42 (20.0)  

 Blurred vision 22 (15.7) 44 (15.5) 22 (18.8) 40 (19.0)  

 Diplopia 13 (9.3) 24 (8.5) 10 (8.5) 20 (9.5)  

 Dizzy 8 (5.7) 34 (12.0) 8 (6.8) 14 (6.7)  

 Balance dysfunction 12 (8.6) 8 (2.8) 7 (6.0) 7 (3.3)  

 Headache 1 (0.7) 3 (1.1) 1 (0.9) 2 (1.0)  

 Imaging finding alone 1 (0.7) 0 (0.0)  

 Paroxysmal limb convulsions 0 (0.0) 1 (0.4)  

 Dysarthria 0 (0.0) 1 (0.4)  

 Iridocyclitis 0 (0.0) 1 (0.4)  

 Mental and behavior disorder 1 (0.7) 0 (0.0)  

  Bowel and bladder 
dysfunction

0 (0.0) 1 (0.4)  

 Cognitive disorder 1 (0.7) 0 (0.0)  

 Sleep disorder 0 (0.0) 1 (0.4)  

 Dysphagia 1 (0.7) 0 (0.0)  

 Limb pain 1 (0.7) 2 (0.8)  

MS type, n (%) 0.605 0.128 0.855 0.111

 RRMS 138 (93.2) 277 (95.5) 111 (94.9) 200 (95.2)  

 SPMS 6 (4.1) 9 (3.1) 5 (4.3) 8 (3.8)  

 PPMS 3 (2.0) 2 (0.7) 1 (0.9) 1 (0.5)  

 CIS 1 (0.7) 2 (0.7) 0 (0.0) 1 (0.5)  

CIS, clinically isolated syndrome; MS, multiple sclerosis; PPMS, primary progressive multiple sclerosis; PSM, propensity score matching; RRMS, 
relapsing-remitting multiple sclerosis; SD, standard deviation; SMD, standardized mean difference; SPMS, secondary progressive multiple sclerosis.
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Some large-scale studies focusing on the preva-
lence and clinical features of MS in Asian or 
Chinese population have been reported.12,13 It is 
recognized that MS in Asia is associated with dif-
ferent clinical and epidemiological features com-
pared with those in North America and Europe, 
such as a lower prevalence, rare familial occur-
rence, high female to male ratio, more severe 
optic nerve and spinal cord attacks, fewer brain 
and cerebellar lesions, lower proportion of pro-
gressive disease, and a lower incidence of positive 
oligoclonal bands.14 In this study, females 
accounted for a high ratio of participants in both 
the teriflunomide and no DMT treatment 
cohorts. RRMS accounted for 95% and 93% of 
the teriflunomide and no DMT treatment 
cohorts, respectively. Optic nerve and spinal cord 
symptoms, such as limb numbness, limb weak-
ness, and blurred vision, were the most common 
initial symptoms, consistent with the previous 
findings [with limbs numbness (33%), blurred 
vision (16%), limbs weakness (14%), and diplo-
pia (7%)].12

Previous phase III trials, such as TOWER6 and 
TEMSO,5 demonstrated that teriflunomide was 
associated with a lower relapse rate and less disa-
bility accumulation than placebo. A subgroup 
analysis of the TOWER study also confirmed that 
teriflunomide was as effective and safe in the 
Chinese subpopulation as it was in the overall pop-
ulation of patients in the TOWER trial.15 
Teriflunomide entered the Chinese market in 
2018; thus far, real-world data on the effectiveness 

of teriflunomide in Chinese patients have been 
relatively limited. In our study, we observed a 
decreasing trend in EDSS scores and ARR using 
multi-center real-world data from MS patients in 
different areas of China. Compared with the ARR 
pre-treatment, ARR post-treatment decreased 
from 1.01 to 0.22, a 78.22% reduction. The ARR 
of the teriflunomide cohort was much lower than 
that of the no DMT treatment cohort after PSM 
(0.23 versus 0.87). These results were similar to 
those of our previous single-center real-world 
study.10 The decreasing trend of relapse rate 
observed in our study was similar to that of the 
TOWER Chinese subpopulation15 and much 
higher than that of European and American 
Caucasian populations.4 According to previous 
studies, the difference in the effectiveness of terif-
lunomide between the Chinese population and 
European and American Caucasian populations 
may be due to differences in plasma terifluno-
mide concentrations. Population pharmacoki-
netic analysis showed that the median value for 
the area under the plasma teriflunomide concen-
tration versus time curve (0–24 h) in Chinese 
patients was 51.5% higher than that in non-Asian 
patients. Furthermore, according to previous 
studies and our data, few Chinese patients had 
received other DMTs compared with the 
European and American Caucasian populations. 
Therefore, we suggest that teriflunomide is more 
suitable for Chinese patients. We noticed that the 
age of the stable teriflunomide cohort before PSM 
was younger than that of the stable teriflunomide 
cohort after PSM and the ARR post-treatment 

Table 5. Effectiveness outcomes of the no DMT treatment cohort versus the stable teriflunomide cohort.

Characteristics No DMT 
treatment cohort

Stable teriflunomide 
cohort

Difference 95% CI p value

Patients, n 117 210  

ARR 0.64 0.50 to 0.78 <0.001

 Mean (SD) 0.87 (0.67) 0.23 (0.47)  

 Missing 6 2  

EDSS 0.32 –0.18 to 0.82 0.204

 Mean (SD) 2.09 (2.00) 1.77 (1.62)  

 Missing 37 7  

95% CI, 95% confidence interval; ARR, annualized relapse rate; EDSS, Expanded Disability Status Scale; SD, standard 
deviation.
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Table 6. Multinomial logistic regression analysis of factors influencing teriflunomide effectiveness (ARR).

Factors 0–70% reduction 70%+ reduction

OR 95% CI p value OR 95% CI p value

Gender (female) 1.90 0.61–5.89 0.267 1.35 0.61–2.98 0.453

Age of onset 1.01 0.95–1.08 0.796 1.04 0.99–1.09 0.090

ARR before treatment

 ARR <1  

 ARR ⩾1 6.71 1.92–23.5 0.003 2.73 1.16–6.44 0.022

EDSS score before treatment

 EDSS <2 — — — —  

 EDSS ⩾2 2.57 0.86–7.72 0.092 1.56 0.71–3.40 0.266

Disease duration

 Disease duration <5 years — — — —  

 Disease duration ⩾5 years 3.95 1.08–14.4 0.038 1.55 0.63–3.79 0.339

Previous DMT use

 No — — — —  

 Yes 0.28 0.06–1.22 0.091 0.46 0.18–1.17 0.104

Treatment duration

 6–12 months — — — —  

 12–24 months 1.20 0.33–4.29 0.781 0.79 0.34–1.81 0.575

 >24 months 13.6 2.47–75.2 0.003 2.13 0.51–8.77 0.297

95% CI, 95% confidence interval; ARR, annualized relapse rate; DMT, disease-modifying therapy; EDSS, Expanded Disability Status Scale; OR, odds 
ratio.
Bold values denote statistical significance at the p < 0.05 level.

was slightly higher in the group after PSM 
(0.23 ± 0.47) compared with the group before 
PSM (0.22 ± 0.44), which suggested that age 
may affect the DMT treatment response of MS. 
Since patients who did not receive DMTs still 
accounted for a considerable proportion of all 
patients with MS in China, it is recommended 
that patients who do not receive DMTs at present 
should start DMTs as soon as possible.

The previous single-center real-world study had 
provided guidance regarding that female treat-
ment-naïve patients with mild disease activity 
(⩽1 attack in 1 year or ⩽2 attacks in 2 year before 

treatment) and EDSS score <4 at treatment ini-
tiation were more likely to benefit from terifluno-
mide.11 Considering that the ARR and before 
treatment EDSS scores varied among patients 
treated with teriflunomide, we included both var-
iables as confounders in the models. Finally, our 
study identified that a previous ARR of ⩾1, longer 
disease duration (⩾5 years), and longer terifluno-
mide treatment duration (⩾24 months) were 
associated with high ARR reduction. A previous 
EDSS score of ⩾2 and a history of no previous 
DMT use were associated with disability improve-
ment. Although post-marketing studies have 
shown a propensity to prescribe teriflunomide to 
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Table 7. Multinomial logistic regression analysis of factors influencing teriflunomide effectiveness (EDSS).

Factor Disability stabilization Disability improvement

OR 95% CI p value OR 95% CI p value

Gender (female) 1.24 0.60–2.56 0.556 1.46 0.65–3.27 0.357

Age of onset 0.99 0.96–1.03 0.692 0.98 0.94–1.02 0.380

ARR before treatment

 ARR <1  

 ARR ⩾1 0.47 0.21–1.04 0.063 0.80 0.33–1.92 0.618

EDSS score before treatment

 EDSS  < 2 — — — —  

 EDSS ⩾ 2 0.84 0.42–1.71 0.639 3.32 1.49–7.40 0.003

Disease duration

 Disease duration  < 5 years — — — —  

 Disease duration ⩾ 5 years 0.61 0.26–1.40 0.240 0.68 0.27–1.71 0.414

Previous DMT use

 No — — — —  

 Yes 0.49 0.21–1.14 0.098 0.22 0.07–0.67 0.008

Treatment duration

 6–12 months — — — —  

 12–24 months 0.97 0.44, 2.12 0.930 0.75 0.32, 1.76 0.509

  > 24 months 0.82 0.30–2.23 0.705 0.99 0.34–2.94 0.988

95% CI, 95% confidence interval; ARR, annualized relapse rate; DMT, disease-modifying therapy; EDSS, Expanded Disability Status Scale; OR, odds 
ratio.
Bold values denote statistical significance at the p < 0.05 level.

men rather than women, driven by safety con-
cerns about pregnancy16 and risk of hair thinning 
and alopecia, and the previous single-center real-
world study has shown that female patients were 
more likely to benefit from teriflunomide treat-
ment,11 in this study gender was not a significant 
factor influencing the effectiveness of terifluno-
mide. The age of onset also showed no significant 
impact on the effectiveness of teriflunomide in 
both relapse reduction and disability improve-
ment. Patients with more than 5 years of disease 
duration showed a significant association with 
ARR reduction, which is consistent with the find-
ings of a previous study.17 We suggested this may 

be due to the high proportion of MS patients who 
have not undergone prior DMT treatment. Despite 
their long disease duration, patients with a naïve 
DMT treatment history may still benefit from the 
initial DMT treatment. We also noticed that a teri-
flunomide treatment of >24 months had a signifi-
cant impact on ARR reduction, indicating that the 
persistence of teriflunomide treatment is impor-
tant. A decreasing effect on the probability of dis-
ability improvement was observed in patients 
who had undergone previous treatment with 
DMTs. Therefore, this analysis suggested MS 
patients with a previous ARR of ⩾1, a previous 
EDSS score of ⩾2, and a long disease duration 
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Table 8. The adverse effects of whole teriflunomide cohort.

Characteristics N Ratio

Patients 372  

Total adverse events 219  

 Alopecia 106 28.49%

 Abnormal liver function test results 29 7.80%

 Leukopenia 22 5.91%

 Skin rash 11 2.96%

 Digestive symptoms 7 1.88%

 Headache 4 1.08%

 Amenorrhea 4 1.08%

 Urinary tract infection 3 0.81%

 Upper respiratory tract infection 3 0.81%

 Eczema 3 0.81%

 Weight loss 3 0.81%

 Memory deterioration 2 0.54%

 Dental ulcer 2 0.54%

 Thrombocytosis 2 0.54%

 Cheilitis 1 0.27%

 Hyperbilirubinemia 1 0.27%

 Hypertension 1 0.27%

 Arthralgia 1 0.27%

 Increased blood creatinine 1 0.27%

 Muscle tension 1 0.27%

 Muscle soreness 1 0.27%

 Skin flaking 1 0.27%

 Energy loss 1 0.27%

 Herpes labialis 1 0.27%

 Xerostomia 1 0.27%

 Bowel and bladder dysfunction 1 0.27%

 Pruritus 1 0.27%

 Anemia 1 0.27%

 Palpitation 1 0.27%

 Abnormal blood routine 1 0.27%

 Thrombocytopenia 1 0.27%

 Gingival hyperplasia 1 0.27%

Table 9. Analysis of teriflunomide treatment 
discontinuation.

Characteristics Teriflunomide 
cohort

Patients, n 372

Treatment discontinuation, n (%) 136 (39.31)

Reasons of discontinuation, n (%)

 Relapse 75 (55.15)

 Financial reasons 12 (8.82)

 Self-intention 9 (6.62)

  Pregnant or plan to get 
pregnant

8 (5.88)

 Adverse drug reaction 8 (5.88)

 Off-test 7 (5.15)

 Missing 17 (12.50)

Duration of treatment, months

 0–3 26 (19.12)

 4–6 34 (25.00)

 7–12 27 (19.85)

 13–24 36 (26.47)

 25+ 13 (9.56)

of ⩾5 years can also benefit from teriflunomide 
treatment, who had not been considered as the 
major target population before. Nevertheless, 
more evidence is required to support this 
finding.

In this study, the most common adverse effects 
were alopecia (28.49%), abnormal liver function 
test results (7.80%), leukopenia (5.91%), and 
skin rash (5.91%), which were consistent with the 
safety results from the TOWER Chinese sub-
group.15 Most adverse events were mild, suggest-
ing that teriflunomide was generally well tolerated 
in Chinese patients.

Our study has some limitations. First, the sites in 
this study did not include MS centers in northern 
China, and limited numbers of regional MS centers 
may lead to incomplete assessment and bias; more 
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Table 10. Effectiveness outcomes of different MS types (pre-treatment versus post-treatment).

Characteristics Pre-treatment Post-treatment Difference 95% CI p value

RRMS

Patients, n 277 277  

ARR –0.81 –0.91 to –0.70 <0.001

 Mean (SD) 1.01 (0.75) 0.21 (0.44)  

 Missing 8 4  

EDSS score –0.16 –0.42 to 0.11 0.244

 Mean (SD) 1.83 (1.50) 1.67 (1.57)  

 Missing 9 14  

SPMS

Patients, n 9 9  

ARR –0.48 –1.1 to 0.10 0.096

 Mean (SD) 1.01 (0.54) 0.52 (0.61)  

EDSS score 0.61 –0.80 to 2.0 0.367

 Mean (SD) 4.28 (1.09) 4.89 (1.64)  

PPMS  

Patients, n 2 2  

ARR –0.12 –1.7 to 1.5 0.500

 Mean (SD) 0.12 (0.18) 0.00 (0.00)  

EDSS score 0.00 –4.6 to 4.6 >0.999

 Mean (SD) 2.75 (1.06) 2.75 (1.06)  

CIS  

Patients, n 2 2  

ARR  

 Mean (SD) 1.00 (0.00) 0.00 (0.00)  

EDSS score –0.25 –3.4 to 2.9 0.500

 Mean (SD) 1.25 (0.35) 1.00 (0.00)  

95% CI, 95% confidence interval; ARR, annualized relapse rate; CIS, clinically isolated syndrome; EDSS, Expanded 
Disability Status Scale; PPMS, primary progressive multiple sclerosis; RRMS, relapsing-remitting multiple sclerosis; SD, 
standard deviation; SPMS, secondary progressive multiple sclerosis.

large-scale, multi-center, multi-regional real-
world studies are needed to increase the repre-
sentativeness of the sample in the future. Second, 

due to the retrospective design and inconsistent 
medical imaging standards, this study did not 
include any magnetic resonance imaging (MRI) 
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endpoints. Third, the duration of follow-up should 
be extended to observe the long-term effectiveness 
and safety of teriflunomide. Furthermore, future 
large-scale research is needed to determine the fac-
tors influencing the effectiveness of teriflunomide.

Taken together, these results suggest that teriflu-
nomide is associated with a significantly lower 
relapse rate and less disability accumulation, which 
is consistent with previous clinical trials. We 
noticed MS patients with a previous ARR of ⩾1, a 
previous EDSS score of ⩾2, and a long disease 
duration of ⩾5 years might also benefit from terif-
lunomide treatment. In addition, teriflunomide 
was well tolerated in this study.
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