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Real-life outcomes of teriflunomide 
treatment in patients with relapsing 
multiple sclerosis: TAURUS-MS 
observational study
Boris A. Kallmann, Klaus Tiel-Wilck, Jennifer S. Kullmann, Ulrich Engelmann  
and Andrew Chan on behalf of the TAURUS-MS study group

Abstract
Background: Teriflunomide is a once-daily oral immunomodulatory agent approved for the 
treatment of relapsing–remitting multiple sclerosis (MS). We aimed to obtain data on the 
effectiveness, tolerability, and subject satisfaction with teriflunomide (Aubagio®) under 
clinical practice conditions in unselected MS patients.
Methods: This work was a non-interventional, prospective, longitudinal, observational study in 
307 sites in Germany.
Results: A total of 1128 patients were eligible for the efficacy analysis [67.5% female; mean 
age (± standard deviation) 44.9 ± 9.7 years, range 20–73 years]. Time since first MS symptoms 
was 10.6 ± 8.2 years, and time since MS diagnosis was 8.9 ± 7.6 years. Expanded Disability 
Status Scale (EDSS) score at inclusion was 2.3 ± 1.5 (70.4% with score < 3.5). The mean 
observation period was 16.3 ± 9.1 months. A total of 75.2% had received previous disease-
modifying therapies (DMTs) at any time. Of these patients, 504 (44.7%) received no DMT 
within 6 months of study entry, 593 patients (52.6%) had DMT discontinued prior to study 
entry [glatiramer acetate in 10.6%, subcutaneous interferon-beta 1a (IFNβ-1a) in 9.3%, 
intramuscular IFNβ-1a or IFNβ-1b in 6.6% each, azathioprine oral in 0.4%, other in 7.3%, last 
medication not known in 12.0%]. The mean annualized relapse rate decreased from 0.87 in the 
24 months prior to study entry to 0.35 in the 24 months after study entry (n = 468; p ⩽ 0.001). 
EDSS and Fatigue Severity Scale remained stable. In patients who received previous MS 
treatments, Treatment Satisfaction Questionnaire (TSQM-9) values (maximum = 100), for the 
observation at 24 months improved by 8.1 points for effectiveness, 17.0 points for convenience, 
and 15.3 points for global satisfaction (p ⩽ 0.001 each, compared with study entry). In the 
safety cohort (n = 1139), the proportion of patients with adverse events (AEs) of any severity 
was 35.8%, and with serious events 13.0%. The most frequently reported AEs were diarrhea  
(n = 55), followed by MS relapse (n = 48), hair thinning (n = 38), and viral upper respiratory 
tract infection (n = 31).
Conclusions: Relapse rate was halved during the observation period in comparison with the 
same time period before study entry. Patient satisfaction with teriflunomide was high in this 
real-world observation of patients, the majority of whom switched from other DMTs. The 
safety and tolerability profile of teriflunomide was similar to that reported in previous clinical 
trials.
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Background
Multiple sclerosis (MS) is an immune-mediated 
chronic inflammatory disease of the central nerv-
ous system, which is characterized by demyelina-
tion and axonal damage.1 MS is the most common 
neurological disorder of young adults, often lead-
ing to permanent disability and premature 
retirement.

The course of the disease is variable, and out-
comes cannot be predicted for individual 
patients. The majority of patients start with 
relapsing–remitting MS (RRMS) with clearly 
distinguishable attacks occurring at irregular 
intervals.2 As no curative therapy is available, 
treatment of MS aims at reducing the risk of 
relapses and disability progression.1 In recent 
years, the landscape of MS treatment has 
changed, with currently more than 12 disease-
modifying therapies (DMTs) approved for 
relapsing forms of the disease, and a single 
DMT approved for primary progressive dis-
ease.3 This large treatment armamentarium 
helps to individualize medical therapy with care-
ful balance of efficacy and safety, and treatment 
escalation as clinically appropriate.4

Teriflunomide (Aubagio®) is a once-daily oral 
immunomodulatory agent with anti-inflamma-
tory properties, which was approved for RRMS in 
the EU in 2013.5 The agent selectively and revers-
ibly inhibits the mitochondrial enzyme dihydro-
orotate dehydrogenase (DHODH) which is 
required for de novo pyrimidine synthesis.6,7 
Hence, teriflunomide blocks the proliferation of 
rapidly dividing cells such as activated lympho-
cytes. Its efficacy was demonstrated in two pla-
cebo-controlled trials (TEMSO8,9 and TOWER10) 
in patients with RRMS. Further studies include 
TENERE, a randomized, parallel-group, rater-
blinded study comparing teriflunomide and inter-
feron beta-1a subcutaneously (SC) in patients 
with RRMS,11 a phase II study with extension up 
to 8.5 years,12,13 and the phase III TOPIC study 
in patients with a first clinical episode suggestive 
of MS.14 Teriflunomide is commonly used for 
mild/moderate MS disease as a first line or first-
switch therapy in Germany.15

Current data on the effectiveness, tolerability, 
and patient satisfaction of teriflunomide under 
routine clinical practice conditions in unselected 
patients are limited. Consequently, the team 
leading the non-interventional TAURUS-MS 

study aimed to collect such information in a large 
contemporary cohort of real-world patients in 
Germany.

Methods

Design
TAURUS-MS (Therapie mit Aubagio® unter 
Praxisbedingungen: Wirksamkeit, Lebensqualität 
und Verträglichkeit bei Patienten mit schubförmiger 
Multipler Sklerose) was a non-interventional, pro-
spective, longitudinal study in Germany. The study 
was locally approved by the Ethic Committee at  
the Ruhr-University of Bochum, Faculty of Med-
icine, as well as registered in the Bundesinstitut für  
Arzneimittel und Medizinprodukte (BfArM) pub-
lic database under number 2075. It was conducted 
between 6 January 2014 (first patient in) and 4 April 
2017 (last patient out).

Sites
A total of 307 office-based and hospital-based 
neurologists in Germany documented eligible 
patients.

Subjects
Patients were eligible for enrolment if they met all 
inclusion criteria: age ⩾ 18 years, diagnosis of 
RRMS, written patient informed consent, capa-
ble of completing questionnaires, and with no 
existing contraindications. No explicit exclusion 
criteria were specified to avoid selection bias. 
According to the prescribing information, admin-
istering Aubagio® (teriflunomide) 14 mg once 
daily was recommended.

Documentation began about 4 weeks after treat-
ment initiation with teriflunomide, and follow-up 
visits were scheduled after 3 months and in 
6-month intervals thereafter, until month 24.

Documented parameters included demographics, 
information on MS [date of onset and diagnosis, 
type, number of relapses, disability, magnetic res-
onance imaging (MRI) results], previous DMT, 
fatigue as measured using the Fatigue Severity 
Scale (FSS), and adverse events (AEs).

The Treatment Satisfaction Questionnaire 
(TSQM-9) served as an instrument for the (self-) 
assessment of patients’ satisfaction with 
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their current medication.16 The questionnaire 
comprises nine questions in three domains: effec-
tiveness, convenience, and global satisfaction. 
Higher levels of satisfaction are expressed as 
higher TSQM scores (maximum 100 points on 
each scale).

Data collection and management
Data were collected on paper case-report forms 
(CRFs) and entered in duplicate in the data man-
agement program DMSys®, Version 5.1., 
Released 2005, SigmaSoft International Inc., 
Chicago. The data were validated according to 
rules previously defined in a data validation plan.  
specified by the clinical research organisation.

Statistical analysis
Analyses were performed in an exploratory man-
ner using descriptive statistical methods. For con-
tinuous variables, the number of patients with 
nonmissing and missing data, mean, standard 
deviation, minimum, 25% quantile, median, 75% 
quantile, and maximum were calculated. For 
ordinal and categorical variables, frequencies 
were calculated. Incomplete data sets were 
included in the analysis. There was no imputation 
of missing values for any endpoint. No sensitivity 
analyses were done.

All effectiveness analyses were conducted on the 
per-protocol set (PPS) comprising all treated 
patients who complied with the protocol. Clinical 
results were analyzed by visit. For the analysis of 
relapse rate, the Wilcoxon matched-pair signed-
ranks test was used because the number of 
relapses showed a positively skewed distribution 
(see Table 1). For the TSQM-9 and FSS (mean 
value of four out of five items), respectively, 
paired t-tests were used. Changes from baseline 
were analyzed by repeated-measurement analysis 
for time trends.

The Safety Analysis Set (SAS) contains all patients 
for whom a CRF was available, and additionally 
patients with documented AEs or serious AEs but 
without an available CRF. All AEs occurring during 
this observational study were coded using Medical 
Dictionary for Regulatory Activities (MedDRA(R)), 
Version 13.1., Released September 2010, 
MedDRA(R) trademark is owned by International 
Federation of Pharmaceutical Manufacturers and 
Associations (IFPMA) on behalf of International 

Conference on Harmonization (ICH) The inci-
dence of AEs and adverse drug reactions (ADRs) by 
MedDRA system organ class (SOC) was calculated 
(number, frequency) for the safety population.

Analyses were carried out with the statistical tool 
SPSS for Windows, Version 15.0, Released 2006, 
SPSS Inc., Chicago. As an exception, confidence 
intervals of categorical variables were calculated 
with the statistical software BIAS for Windows, 
Version 10.12, epsilon-Verlag GbR, Hochheim 
Darmstadt.

Results

Patient disposition
Of 1139 documented patients (100.0%, safety 
set), 1135 patients had available CRFs, and 1128 
fulfilled the inclusion criteria and were eligible for 
analysis (99.4%, PPS).

Demographics and MS history
Detailed information on the patients at inclusion 
is provided in Table 1. At the baseline visit, 67.5% 
of patients were females and 32.5% were males. 
Mean age was 44.9 ± 10.2 years.

The mean time since first MS symptom was 10.6 
± 8.2 years before baseline visit, and the time 
since diagnosis was 8.9 ± 7.6 years. Mean 
Expanded Disability Status Scale (EDSS) was 
2.3 ± 1.5, with a wide range across patients (0.0 
to 7.0). The majority had an EDSS ⩽ 3.5 
(70.4%). The mean number of MS relapses was 
0.95 ± 1.10 over the 24-month period prior to 
study entry. While 40.4% of patients had no 
relapses within the 24 months prior to study entry, 
36.2% had one, 15.3% two, and 7.2% three or 
more relapses (no data: 1.0%).

The most commonly reported MS-associated 
symptoms were fatigue (56.5%), depression 
(25.6%), cognitive deficits (26.1%), bladder dys-
function (23.1%) and spasticity (20.8%).

Treatment history
No previous MS treatment was documented in 
24.8% of patients. In patients previously treated 
with other MS agents, the most commonly pre-
scribed DMTs were glatiramer acetate (26.9%), 
SC interferon-beta 1a (IFNβ-1a; 23.8%), 
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Table 1. Demographic data at baseline.

Characteristic n Value

Age, years, mean (SD) 1128 44.9 (10.2)

Sex, %

Female 761 67.5

Male 367 32.5

Employment status, %  

Regularly fulltime-employed (⩾ 30 h/week) 469 41.6

Regularly part-time-employed (⩾15–29 h/week) 140 12.4

Underemployed or not regularly employed (< 15 h/week) 59 5.2

Not employed 451 40.0

No data regarding employment 9 0.8

Marital status, %

Single/separated 214 19.0

Partnership 208 18.4

Married 590 52.3

Divorced 80 7.1

Widowed 14 1.2

No data 22 1.95

MS history

Time since first symptom of MS, mean (SD), yearsa 1065 10.6 (8.2)

Time since diagnosis of MS, mean (SD), yearsa 1075 8.9 (7.6)

EDSS scorea

 mean (SD) 947 2.3 (1.5)

 median 2.00

 range 0.0 – 7.0

 ⩽3.5 points, % 794 70.4

 >3.5 points, % 153 13.6

 no data, % 181 16.1

MS relapses over the past 24 months, %  

Mean (SD)b 1117 0.95 (1.1)

 0 456 40.4

https://journals.sagepub.com/home/tan
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Characteristic n Value

 1 408 36.2

 2 172 15.3

 3 45 4.0

 ⩾4 36 3.2 

 No data 11 0.1 

Brain MRI findings, mean (SD)  

MRI performed 1078 0.1

Time of last brain MRI before baseline visit, quarters 968 3.0 (5.4)

Number of T2 lesions by MRI 514 10.3 (8.2)

Number of GD+ lesions by MRI 681 0.5 (1.3)

Symptoms, % 1128  

Fatigue 637 56.5

Depression (MDD) 289 25.6

Cognitive deficits 294 26.1

Spasticity 235 20.8

Bladder dysfunction 261 23.1

Other 354 31.4

Values are means (±SD) or percentages.
EDSS, Expended Disability Status Scale; GD+, gadolinium enhanced; MDD, major depressive disorder: MRI, magnetic 
resonance imaging; MS, multiple sclerosis; SD, standard deviation.
ain relation to baseline visit.
bwithout “missing data”.

Table 1. (Continued)

intramuscular IFNβ-1a (22.8%), and SC 
IFNβ-1b (19.7%).

For the 848 patients who had received a prior 
therapy for mild-to-moderate disease, the deci-
sion to terminate the previous treatment was 
taken by the patient in 37.2%, by the physician in 
24.5%, and by both in 33.1% (no data: 5.2%). 
The main reasons for terminating the previous 
DMT were adverse reactions (59.0%), insuffi-
cient efficacy (24.2%), a desire to switch to an 
oral DMT (16.2%), and a desire for treatment 
break (10.4%).

An overview of the most recent DMTs before 
study entry is shown in Table 2.

Notably, 44.7% of the patients (n = 504) received 
no DMT within 6 months (⩽6 months) of study 
entry. For 52.6% of the patients (n = 593), the 
previous DMT was discontinued prior to study 
entry. These patients were most commonly 
treated with glatiramer acetate (10.6%), SC 
IFNβ-1a (9.3%), intramuscular IFNβ-1a (6.6%), 
or IFNβ-1b (6.6%). The most frequent reasons 
for discontinuations were ‘fear of adverse reac-
tions’ (28.4%), ‘lack of trust in efficacy’ (14.9%), 
and ‘fear of needles’ (14.7%).

Treatment with teriflunomide
The mean observation period was 16.3 ± 
9.1 months (494.6 days ± 277.2 days). Patient 
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disposition on teriflunomide and reasons for stop-
ping are shown in Table 3.

At the 12-month visit, continuous treatment was 
confirmed in 67.2% (n = 758) patients, the  

Table 2. Previous treatment prior to study entry.

Characteristic n %

No pretreatment 280 24.8

Any previous MS medication 848 75.2

 IFNβ-1a intramuscular 257 22.8

 IFNβ-1a subcutaneous 268 23.8

 IFNβ-1b subcutaneous 222 19.7

 Glatiramer acetate subcutaneous 303 26.9

 Azathioprine oral 51 4.5

 Immunoglobulin intravenous 13 1.2

 Other 154 24.8

Previous DMT discontinued ⩽ 6 months prior to study entry 593 52.6

Thereof: 

 IFNβ-1a intramuscular 74 6.6

 IFNβ-1a subcutaneous 105 9.3

 IFNβ-1b subcutaneous 74 6.6

 Glatiramer acetate subcutaneous 119 10.6

 Azathioprine oral 4 0.4

 Other 82 7.3

 Last MS medication not known 135 12.0

No treatment ⩽ 6 months prior to start of teriflunomide 504 44.7

No data regarding previous treatment 31 2.8

Main reason for stopping previous treatment

Lack of trust in efficacy 75 14.9

Fear of adverse reactions 143 28.4

Wish for child 12 2.4

Pregnancy 10 2.0

Assumption of patient’s noncompliance 18 3.6

Fear of needles 74 14.7

Other 183 36.3

Values are means or percentages.
DMT, disease-modifying therapy; IFNβ, interferon beta; MS, multiple sclerosis.
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status was unknown (lost to follow up) in 17.8% (n 
= 201), and 15.0% (n = 169) had stopped treat-
ment. After 24 months, 45.4% (n = 512) patients 
were confirmed to be on continuous treatment, 
33.2% (n = 374) patients were lost to follow up, 
and 21.5% (n = 242) had discontinued treatment. 
The most common reason for discontinuation of 
treatment were AEs (40.1%, n = 97). Of those, 
29.9% (n = 29) patients discontinued due to diar-
rhea, 16.5% (n = 16) due to hair thinning, and 
10.3% (n = 10) due to nausea. Further reasons for 
discontinuation were insufficient efficacy (22.7%, n 
= 55), wish for treatment break (9.1%, n = 22), 
and assumed lack of compliance (9.1%, n = 22). 
Temporary interruption of treatment at some point 
during the observation period was reported in 7.6% 
(no interruptions: 81.3%; no data: 11.1%).

Effectiveness
MS relapses. After 12 months’ treatment with teri-
flunomide, the mean annualized relapse rate (ARR) 

was 0.24 ± 0.53 [95% confidence interval (CI): 
0.20–0.28], whereas the 12-month ARR before 
study entry was 0.59 ± 0.76 (95% CI: 0.54–0.65). 
After 24 months’ treatment with teriflunomide, the 
mean ARR was 0.35 ± 0.68 (95% CI: 0.29–0.41), 
while the ARR for the corresponding period before 
study entry was 0.87 ± 1.10 (data from 468 
patients, 95% CI: 0.77–0.97, p ⩽ 0.001; Figure 1).

EDSS. Mean EDSS at study entry was 2.32 and 
2.37 at month 12 (in n = 555 patients with a fol-
low-up value at this time point), or 2.28 at study 
entry and 2.40 at month 24 (n = 346).

Patient-reported outcomes
TSQM-9. Following treatment with terifluno-
mide, all three domains of the TSQM-9 
improved.

For the effectiveness scale, the mean values  
at study entry (n = 829), 3 months (n = 879), 

Table 3. Teriflunomide treatment duration and reasons for stopping.

Characteristic n Value

Exposure, %

Duration of observation, days, mean (SD) 1072 495 (277)

Follow-up period, mean (days ± SD)  

 approximately 3 months (93.9 ± 26.8) 989 87.7

 approximately 6 months (195.7 ± 49.5) 882 78.2

 approximately 12 months (365.1 ± 65.7) 758 67.2

 approximately 18 months (543.3 ± 67.4) 630 55.9

 approximately 24 months (725.4 ± 76.9) 512 45.4

Main reason for discontinuation (total n = 242; multiple responses possible), %

Insufficient efficacy 55 22.7

Adverse events 97 40.1

Desire to have children 5 2.1

Pregnancy 1 0.4

Wish for treatment break 22 9.1

Assumed lack of compliance 22 9.1

Other 56 23.1

Values are means (±standard deviation) or percentages.
SD, standard deviation.
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6 months (n = 777), 12 months (n = 664), 
18 months (n = 542), 24 months (n = 444), and 
at the last follow-up visit (irrespective of treat-
ment duration, n = 942) were 60.8, 67.7, 67.9, 
69.9, 70.4, 71.0 and 67.5, respectively. 
Comparing the study entry data with that of the 
last visit (n = 710 patients), the mean effective-
ness score increased by 5.8 ± 29.9 points.

In patients who discontinued a previous DMT 
within 6 months of study entry, the mean change 
from study entry to 12 months for the effective-
ness scale was 9.2 ± 28.0 (n = 318; p < 0.001), 
and 8.1 ± 27.7 between study entry and 
24 months (n = 229; p ⩽ 0.001; Figure 2).

For the convenience scale, the mean values at 
study entry (n = 854), 3 months (n = 896), 
6 months (n = 793), 12 months (n = 667), 
18 months (n = 546), 24 months (n = 446), and 
at the last follow-up visit (n = 950) were 74.8, 
89.8, 90.5, 90.8, 91.2, 90.9, and 90.2, respec-
tively. Comparing the study entry data with that 
of the last visit (n = 734 patients), the mean con-
venience score increased by 15.60 ± 27.41 points.

In patients who discontinued a previous DMT 
within 6 months of study entry, the mean change 
from study entry to 12 months for the conveni-
ence scale was 16.8 ± 26.4 (n = 325; p ⩽0.001), 
and 17.0 ± 26.6 between study entry and 
24 months (n = 231; p < 0.001; Figure 2).

For the global satisfaction scale, the mean values at 
study entry (n = 854), 3 months (n = 894), 
6 months (n = 791), 12 months (n = 663), 
18 months (n = 544), 24 months (n = 444), and at 
the last follow-up visit (n = 947) were 62.5, 72.4, 
73.3, 74.8, 76.9, 77.5, and 72.3, respectively. 
Comparing the study entry data with that of the 
last visit (n = 731 patients), the mean global satis-
faction score increased by 9.82 ± 29.1 points.

In patients who discontinued a previous DMT 
within 6 months of study entry, the mean change 
from study entry to 12 months for the global sat-
isfaction scale was 12.6 ± 28.0 (n = 324; p ⩽ 
0.001), and 15.3 ± 27.4 between study entry and 
24 months (n = 232; p < 0.001; Figure 2).

Fatigue Severity Scale (FSS). Only slight changes on 
the FSS were observed during treatment with teri-
flunomide. The mean values at study entry (n = 
965), 6 months (n = 790), 12 months (n = 674), 
18 months (n = 552), 24 months (n = 448), and at 
the last follow-up visit (n = 836) were 4.48, 4.27, 
4.23, 4.10, 4.10, and 4.28, respectively. Comparing 
the study entry data with that of the last visit [n = 
724 patients, not significant (n.s.)], the mean FSS 
score changed by −0.11 ± 1.60 points, between 
study entry and 12 months by −0.13 ± 1.44 points 
(n = 589, p < 0.05), and between study entry and 
24 months by −0.16 ± 1.69 points (n = 397, n.s.).

Patient satisfaction from the perspective of the 
treating physician. The question on patient satis-
faction could be rated from 1 ‘very dissatisfied’ to 
5 ‘very satisfied’ at each visit. The mean scores 
increased during the treatment with teriflunomide. 

Figure 1. Mean annualized relapse rate (ARR).

Figure 2. TSQM-9: Changes in effectiveness, 
convenience, and global satisfaction scores from 
study entry to 24 months for patients receiving 
teriflunomide who discontinued previous DMT within 
6 months of study entry.
***p < 0.001.
DMT, disease-modifying therapy; TSQM-9, Treatment 
Satisfaction Questionnaire.
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After 12 and 24 months of teriflunomide treat-
ment, the scores increased by 1.35 ± 1.36 points  
(n = 355) and 1.42 ± 1.30 points (n = 248), 
respectively, compared with study entry.

Safety
Adverse events. In the safety analysis set com-
prising 1139 patients, 408 patients (35.8%) 
reported a total of 893 AEs.

The most frequently reported AEs related to the 
MedDRA primary SOC were ‘infections and 
infestations’ (13.3% of patients), ‘nervous-system 
disorders’ (9.7%), ‘gastrointestinal disorders’ 
(8.1%), ‘general disorders and administration-
site conditions’ (6.8%), and ‘skin and subcutane-
ous-tissue disorders’ (5.4%). The most frequently 
reported nervous-system disorders were MS 
relapses or other disease-related symptoms. The 
detailed breakdown of AEs by seriousness and 
SOC is shown in Table 4.

The incidence rates of AEs by MedDRA pre-
ferred term, sorted according to frequencies, is 
presented in Table 5. The most frequently 
reported AEs were diarrhea (4.8%, n = 55), fol-
lowed by MS relapse (4.2%, n = 48), hair thin-
ning (3.3%, n = 38), and viral upper respiratory 
tract infection (2.7%, n = 31).

Mean alanine transaminase (ALT) values 
increased from 25.3 ± 16.3 U/l (n = 989) at first 
report to 34.7 ± 88.7 U/l at 3 months (n = 899), 
and were 27.8 ± 22.0 U/l at 12 months (n = 661) 
and 24.9 ± 15.0 U/l at 24 months (n = 447). Six 
patients had elevated hepatic enzymes which led 
to therapy discontinuation in four patients. 
Additionally, liver disorders occurred in three 
patients (hepatic lesion, hepatocellular injury and 
liver tenderness, with the latter case being associ-
ated with teriflunomide treatment according to 
the sponsor’s safety assessment).

In 148 patients (13.0% of patients), 218 serious 
AEs occurred. One patient died due to an oppor-
tunistic infection (bronchopulmonary aspergillo-
sis). The reporting investigator assessed the event 
as related to teriflunomide. However, the 
patient’s age (61 years) and concomitant medica-
tion (phenprocoumon, tiotropium bromide, 
metoprolol tartrate, torasemide, omeprazole, 
metamizole sodium, fluticasone propionate/

salmeterol xinafoate and prednisolone) could be 
possible confounding factors.

Five neoplasms occurred during the study: breast 
cancer (n = 2), cervix carcinoma (n = 1), rectal 
neoplasm (n = 1), and non-Hodgkin’s lymphoma 
(n = 1). The two reported pregnancies led to one 
induced abortion in one case (for personal rea-
sons, it was unknown whether anomalies were 
detected with prenatal diagnostics) and delivery 
of a healthy baby in the second case.

Discussion
The TAURUS-MS study was a prospective, non-
interventional study to document the treatment 
with teriflunomide (Aubagio®) in patients with 
RRMS over a 24-month observation period. The 
study is the first to report experience with teriflu-
nomide under real-life-practice conditions, and 
provides data on treatment satisfaction and 
fatigue in a real-world MS population, in which 
about 25% of the MS patients were treatment 
naïve.

Compared with the placebo-controlled registra-
tion studies that also included mostly RRMS 
patients (91.5% in TEMSO and 97.5% in 
TOWER), patients in TAURUS-MS differed 
substantially. They were older (44.9 years in 
TAURUS-MS versus 37.9 years in both TEMSO 
and TOWER), had a longer disease duration 
(10.6 years versus 8.7 and 8.0 years), a lower mean 
EDSS score (median 2.0 versus 2.5 in both 
TEMSO and TOWER), a lower proportion of 
patients with EDSS > 3.5 (13.6% versus 22.8% 
and 25.5%), and a lower mean ARR (0.95 versus 
1.4 in both TEMSO and TOWER). Also, the 
percentage of patients with previous DMT use 
was higher in TAURUS-MS (75.2%) than in 
TEMSO and TOWER (73% and 67.2% in the 2 
years prior to study entry).

In terms of effectiveness, in the teriflunomide 
14 mg cohorts of the registration studies TEMSO 
and TOWER, an ARR of 0.37 and 0.32, respec-
tively, was reported. In TAURUS-MS, the mean 
ARR of 0.55 was numerically higher, but com-
pared with before study entry, the number of MS 
relapses during teriflunomide treatment decreased 
by more than half (0.59 relapses in the 12 months 
prior to study entry versus 0.24 in the 12 months 
following study entry). In line with this finding, in 
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TAURUS-MS, disability did not progress as 
shown by a stable EDSS (+0.1 points at 
24 months). Also, fatigue remained unchanged as 
measured using the FSS (−0.13 between study 

entry and the 12-month visit) which provides 
supporting evidence for the long-lasting effects of 
teriflunomide therapy in terms of MS disease 
stabilization.

Table 4. Nonserious versus serious adverse events by MedDRA primary system organ class.

Nonserious Serious

 n % n %

Blood and lymphatic-system disorders 9 1.3 4 1.8

Cardiac disorders 1 0.2 8 3.7

Ear and labyrinth disorders 5 0.7 0 0.0

Endocrine disorders 1 0.2 1 0.5

Eye disorders 9 1.3 0 0.0

Gastrointestinal disorders 100 14.8 18 8.3

General disorders and administration-site conditions 83 12.3 5 2.3

Hepatobiliary disorders 1 0.2 3 1.4

Immune-system disorders 2 0.3 0 0.0

Infections and infestations 151 22.4 59 27.1

Injury, poisoning and procedural complications 19 2.8 8 3.7

Investigations 49 7.3 3 1.4

Metabolism and nutrition disorders 6 0. 9 1 0.5

Musculoskeletal and connective tissue disorders 28 4.2 10 4.6

Neoplasms benign, malignant, and unspecified 
(including cysts and polyps)

1 0.2 4 1.8

Nervous-system disorders 71 10.5 63 28.9

Psychiatric disorders 17 2.5 5 2.3

Renal and urinary disorders 9 1.3 4 1.8

Reproductive system and breast disorders 4 0.6 2 0.9

Respiratory, thoracic, and mediastinal disorders 17 2.5 5 2.3

Skin and subcutaneous-tissue disorders 73 10.8 2 0.9

Social circumstances 3 0.4 0 0.0

Surgical and medical procedures 0 0.0 6 2.8

Vascular disorders 16 2.4 7 3.2

Total 675 100.0 218 100.0

MedDRA = Medical Dictionary for Regulatory Activities.
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The importance of the patient perspective on 
treatment in various indications including MS 
has been highlighted in recent years.17–19 The 
TSQM, which is not limited to specific medica-
tions, has been used in many MS studies, includ-
ing the recent THEPA-MS cross-sectional study 
in Germany with over 3000 patients on injectable 
DMTs.20 For SC IFNβ-1a or -1b therapy, for 
example, values across domains ranged between 
68 and 74 points. For patients who had been on a 
previous medication and switched to terifluno-
mide in TAURUS-MS, effectiveness or global 
satisfaction levels were also in this range, while 
the convenience score for teriflunomide was 
higher (up to 91 points). This is in line with recent 
research showing that oral medications are per-
ceived to be more convenient than the DMTs 
administered by injection or infusion.21,11

Results were confirmed by the analysis of the phy-
sicians’ assessment of patient satisfaction, which 

also showed improvement. According to the 
results, more than 90% of the patients perceived 
the administration of teriflunomide as easy, and 
could easily integrate it in their daily routines, 
especially in comparison with the previous DMT.

Despite these results, 21.5% of patients discon-
tinued teriflunomide therapy prematurely, and 
for 33.2%, it was unknown whether the treatment 
was continued or not (lost to follow up). The 
main reasons for premature discontinuation of 
teriflunomide appear to be AEs (40.1%) and 
insufficient efficacy (22.7%).

High discontinuation rates are a typical finding in 
clinical studies, as well as in observational research 
in MS. In a meta-analysis by Giovannoni and col-
leagues on 50 randomized studies and 19 obser-
vational studies in MS, mean discontinuation 
rates of 17–36% for such therapies were noted.22 
One of the underlying reasons could be, 

Table 5. Adverse events by preferred term.

n %

Total number of patients 1139 100

Total patients with AEs 408 35.8

 Of these, patients with serious AEs 148 13.0

AEs (multiple entries possible)

Diarrhea 55 4.8

MS relapse 48 4.2

Hair thinning* 38 3.3

Viral upper respiratory tract infection 31 2.7

Influenza 22 1.9

Drug ineffective 19 1.5

Urinary tract infection 18 1.6

Bronchitis 17 1.5

Hypertension 16 1.4

Influenza-like illness 16 1.4

Nausea 15 1.3

Sorted by frequencies. Adverse events with incidence ⩾ 1%.
*Medical Dictionary for Regulatory Activities (MedDRA) preferred term is alopecia.
AEs, adverse events.
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according to a recent systematic review, that 
patients do not satisfactorily understand the ben-
efits and risks of DMTs.23 Further, there is the 
possibility that patients decide to stop participa-
tion in the study, but continue the drug.

Teriflunomide was generally well tolerated. In total, 
AEs occurred in 35.8% of patients, with 97 patients 
(8.6%) discontinuing treatment due to AEs.

In the safety database of teriflunomide with nearly 
4400 cumulative patient-years, the ‘very frequent’ 
treatment-emergent adverse reactions (defined as 
occurring in ⩾10%) were headache, diarrhea/
nausea, elevated ALT, and hair thinning. In 
TAURUS-MS, no single AE was reported more 
frequently than 5%, with the leading events being 
diarrhea/nausea (4.8%/1.3%), MS relapses 
(4.2%), and hair thinning (3.3%).

The reported AEs were in line with the registra-
tion studies, and no new safety signals were iden-
tified. The observed initial slight increase of the 
mean ALT level in patients normalized during 
treatment. Elevated liver transaminases led to dis-
continuation in only four cases.

When interpreting the results of this study, meth-
odological considerations need to be taken into 
account. The study used an observational design, 
which may lead to unquantifiable bias in the 
selection of MS patients (e.g. under-representa-
tion of critically ill individuals).24 Furthermore, 
neurologists willing to participate in the observa-
tional study are likely to represent a selection of 
physicians with a particular interest and knowl-
edge in the field of MS management. It is known 
that adherent patients are more likely to provide 
their informed consent for study participation.25 
The lost-to-follow-up rate over time was sub-
stantial, as in other observational MS studies;26 
yet at 1 year, within the 20% range is usually 
regarded as acceptable within the confines of evi-
dence-based medicine.27 Among the strengths of 
the study is its large number of patients, with 
complete coverage of all regions in Germany, 
and strong focus on the ambulatory setting rather 
than on university or specialist centers.

Conclusion
The results from this non-interventional study 
demonstrate the sustained effectiveness of teriflu-
nomide in the treatment of patients with RRMS 

over a 24-month period. The number of relapses 
decreased after treatment initiation, and patient 
satisfaction improved in the different areas cov-
ered by the TSQM-9.

The benefit–risk profile of teriflunomide remains 
favorable, and is consistent with that reported for 
other studies of teriflunomide.
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