
458 Kalincik T, et al. J Neurol Neurosurg Psychiatry 2019;90:458–468. doi:10.1136/jnnp-2018-319831

ReseaRch papeR

Comparison of fingolimod, dimethyl fumarate and 
teriflunomide for multiple sclerosis
Tomas Kalincik,1,2 eva Kubala havrdova,3 Dana horakova,3 Guillermo Izquierdo,4 
alexandre prat,5,6 Marc Girard,5,6 pierre Duquette,5,6 pierre Grammond,7 
Marco Onofrj,8 alessandra Lugaresi,9,10 serkan Ozakbas,11 Ludwig Kappos,12 
Jens Kuhle,12 Murat Terzi,13 Jeannette Lechner-scott,14,15 cavit Boz,16 
Francois Grand’Maison,17 Julie prevost,18 patrizia sola,19 Diana Ferraro,19 
Franco Granella,20,21 Maria Trojano,22 Roberto Bergamaschi,23 eugenio pucci,24 
Recai Turkoglu,25 pamela a Mccombe,26 Vincent Van pesch,27 Bart Van Wijmeersch,28 
claudio solaro,29 cristina Ramo-Tello,30 Mark slee,31 Raed alroughani,32 
Bassem Yamout,33 Vahid shaygannejad,34 Daniele spitaleri,35 
José Luis sánchez-Menoyo,36 Radek ampapa,37 suzanne hodgkinson,38 
Rana Karabudak,39 ernest Butler,40 steve Vucic,41 Vilija Jokubaitis,42 Tim spelman,42 
helmut Butzkueven42,43,44

Multiple sclerosis

To cite: Kalincik T, Kubala 
havrdova e, horakova D, 
et al. J Neurol Neurosurg 
Psychiatry 2019;90:458–468.

For numbered affiliations see 
end of article.

Correspondence to
a/prof Tomas Kalincik, cORe, 
Department of Medicine, 
University of Melbourne, 
Melbourne, VIc 3050, australia;  
tomas. kalincik@ unimelb. edu. au

Received 15 October 2018
Revised 7 December 2018
accepted 14 December 2018
published Online First 13 
January 2019

© author(s) (or their 
employer(s)) 2019. No 
commercial re-use. see rights 
and permissions. published 
by BMJ.

AbsTrACT
Objective Oral immunotherapies have become a 
standard treatment in relapsing-remitting multiple 
sclerosis. Direct comparison of their effect on relapse 
and disability is needed.
Methods We identified all patients with 
relapsing-remitting multiple sclerosis treated with 
teriflunomide, dimethyl fumarate or fingolimod, 
with minimum 3-month treatment persistence and 
disability follow-up in the global MsBase cohort 
study. patients were matched using propensity 
scores. Three pairwise analyses compared annualised 
relapse rates and hazards of disability accumulation, 
disability improvement and treatment discontinuation 
(analysed with negative binomial models and 
weighted conditional survival models, with pairwise 
censoring).
results The eligible cohorts consisted of 614 
(teriflunomide), 782 (dimethyl fumarate) or 2332 
(fingolimod) patients, followed over the median of 
2.5 years. annualised relapse rates were lower on 
fingolimod compared with teriflunomide (0.18 vs 0.24; 
p=0.05) and dimethyl fumarate (0.20 vs 0.26; p=0.01) 
and similar on dimethyl fumarate and teriflunomide 
(0.19 vs 0.22; p=0.55). No differences in disability 
accumulation (p≥0.59) or improvement (p≥0.14) 
were found between the therapies. In patients 
with ≥3-month treatment persistence, subsequent 
discontinuations were less likely on fingolimod than 
teriflunomide and dimethyl fumarate (p<0.001). 
Discontinuation rates on teriflunomide and dimethyl 
fumarate were similar (p=0.68).
Conclusion The effect of fingolimod on relapse 
frequency was superior to teriflunomide and dimethyl 
fumarate. The effect of the three oral therapies on 
disability outcomes was similar during the initial 2.5 
years on treatment. persistence on fingolimod was 
superior to the two comparator drugs.

InTrOduCTIOn
Oral immunotherapies have changed the standard 
of managing relapsing-remitting multiple sclerosis 
(MS) and prescription practices globally.1 Their 
availability as a first-line treatment has led to their 
use as a default initial therapy in several countries. 
While oral immunotherapies are highly effective 
modulators of MS activity,2–4 they have not been 
directly compared in randomised settings.5 The 
recently published post hoc comparisons combining 
data from the pivotal placebo-controlled trials6–9 
and observational cohorts10 11 suggested that 
fingolimod and dimethyl fumarate are compa-
rable in suppressing episodic inflammatory activity. 
However, results of these studies varied, most 
probably due to variability in patients’ underlying 
disease activity. For instance, while the proportions 
of patients with no evidence of disease activity were 
similar in those treated with fingolimod or dimethyl 
fumarate as their first treatment choice, fingo-
limod was superior to dimethyl fumarate among 
patients who switched to oral agents from injectable 
therapies.11

Direct comparisons of relapse and disability data 
are needed to inform evidence-based choices of first 
oral therapy, switching between oral agents due to 
the lack of tolerance, or treatment escalation with 
oral agents in the setting of prior treatment failure. 
Where postmarketing trials are failing to provide 
this much needed information,5 several obser-
vational cohorts have demonstrated capacity to 
generate valuable evidence for comparative effec-
tiveness of various therapies, highly concordant 
with pivotal trials.12–16 In this study, we compared 
relapse activity, disability accumulation, disability 
improvement and persistence on therapy among 
patients treated with three of the four currently 
available oral MS immunotherapies: teriflunomide, 
dimethyl fumarate and fingolimod.
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PATIenTs And MeThOds
database and study population
MSBase, an international observational MS cohort study,17 was 
approved by the Melbourne Health Human Research Ethics 
Committee. Patients have provided written informed consent, as 
required. The list of study contributors is given in online supple-
mentary table 1.

The inclusion criteria for this study consisted of: definite 
relapse-onset MS,18 19 continuous exposure to one of the study 
therapies for ≥3 months, no prior treatment with alemtuzumab 
or haematopoietic stem cell transplantation, a minimum data 
set (including sex, age, date of first MS symptom, dates of clin-
ical relapses, disease course and disability score at treatment 
start (recorded within 6 months before and 1 month after the 
start of therapy)) and minimum recorded follow-up (5 months 
before treatment start and two disability scores recorded after 
commencing study therapy, ≥6 months apart with ≥1 score 
recorded while on the study therapy).

Procedures
Patients were treated with one of the oral therapies: terifluno-
mide (14 mg daily), dimethyl fumarate (240 mg twice daily) or 
fingolimod (0.5 mg daily). Study baseline was defined as the first 
commencement of an index therapy and patients were censored 
at treatment discontinuation or the last recorded disability score.

The data were recorded as part of standard clinical practice, 
mostly at tertiary MS centres, with data entry at the time of 
clinical visits, as governed by the MSBase Observational Plan. 
Data entry portals were iMed or the MSBase online data entry 
system. MRI information was reported by treating neurologists 
based on the local MRI protocols and reporting standards. A 
cerebral MRI acquired within 12 months prior to and 1 week 
after the commencement of study therapy was considered as 
baseline MRI. Missing MRI data were handled through multiple 
imputation.20

An automated quality assurance procedure was applied (online 
supplementary table 2), quantifying erroneous data entry, data 
density and generalisability as described elsewhere.21

study endpoints
The primary study outcomes were annualised relapse rate (ARR), 
cumulative hazards of relapses, disability accumulation events 
and disability improvement events while on study therapy, and 
cumulative hazard of treatment discontinuation.

A relapse was defined as new symptoms or exacerbation of 
existing symptoms persisting for ≥24 hours, in the absence of 
concurrent illness/fever, and occurring ≥30 days after a previous 
relapse. Confirmation of relapses by disability score was not 
required. Individual ARRs between baseline and censoring were 
calculated.

Disability was quantified using the Expanded Disability Status 
Scale (EDSS), which was typically derived from clinical exam. 
Neurostatus certification was required at the participating 
centres. Scores obtained <30 days after a relapse were excluded. 
Disability accumulation was defined as an on-treatment increase 
in EDSS by 1 step (1.5 steps if baseline EDSS was 0 and 0.5 
steps if baseline EDSS was >5.5) confirmed by subsequent 
EDSS scores over ≥6 months (irrespective of treatment status at 
confirmation). Disability improvement was defined as a decrease 
in EDSS by 1 step (1.5 steps if baseline EDSS was 1.5 and 0.5 
steps if baseline EDSS was >6) confirmed over ≥6 months.22 
Treatment discontinuation events and their main reasons were 
recorded; these reasons did not use unified definitions the 

reasons for treatment discontinuation were reported as per 
treating neurologists.

Matching and statistical analysis
Matching and statistical analyses were conducted using R 
(V.3.4.1) in three separate matched analyses of dimethyl fuma-
rate versus teriflunomide, fingolimod versus teriflunomide or 
fingolimod versus dimethyl fumarate. Individual patients were 
matched on their propensity of receiving either of the compared 
therapies.23 24 Individual propensity scores were calculated using 
a multivariable logistic regression model of treatment allocation 
that used sex, age, time from first symptom, EDSS at baseline, 
number of relapses in the prior 1 year, disease activity recorded 
in the prior 1 year (relapses/progression of disability/relapses 
and progression of disability/no activity), presence/absence of 
contrast-enhancing lesion on cerebral MRI at baseline, number 
of hyperintense T2 lesions on cerebral MRI at baseline (catego-
rised as 1–2, 3–8 or ≥9 lesions), number of prior MS therapies, 
the most effective previously used therapy (as per ranking based 
on a network meta-analysis of randomised trials)25 and country.

Where information about baseline cerebral MRI at treatment 
start was not available, multiple imputation with an expectation 
maximisation with bootstrapping algorithm was used to impute 
the missing values (generating 17 imputed data sets).20 26 27 The 
imputation was based on patient ID, sex, age at baseline, base-
line date, MS duration at baseline, treatment group, baseline 
EDSS, prebaseline MS activity, the last prebaseline therapy, time 
from the previous therapy and the duration of the prebaseline 
follow-up. A sensitivity analysis was carried out after loosening 
the missingness-not-at-random assumption. The analysis used 
normalised weights to approximate the inferences in the data 
with MRI missing not at random.28 The associations between the 
clinical and demographic variables and missingness of the MRI 
data were evaluated with multivariable logistic regression. The δ 
was chosen based on a published algorithm.29

Patients were matched without replacement in a variable 2:1 
(dimethyl fumarate:teriflunomide), 4:1 (fingolimod:terifluno-
mide) or 5:1 (fingolimod:dimethyl fumarate) ratio using nearest 
neighbour matching within a calliper of 0.15 SDs of the propen-
sity score.30 All subsequent analyses were paired with weighting 
to adjust for the variable matching ratio. Pairwise censoring 
was used to determine common on-treatment follow-up time 
to mitigate attrition bias and the effect of differential treatment 
persistence.12

Tests of statistical inference were carried out at α=0.05. ARRs 
were compared with a marginal weighted negative binomial 
model with a cluster term for matched patient sets. Cumulative 
hazards of relapses, and disability accumulation and improve-
ment events were analysed with weighted conditional propor-
tional hazards models (Andersen-Gill). Models of disability 
outcomes were adjusted for visit frequency. Cumulative hazard 
of discontinuing therapy was evaluated with weighted condi-
tional proportional hazards models (Cox) in cohorts that were 
not pairwise censored. Where the proportionality of hazards 
assumption was violated (as per Schoenfeld’s global test), an 
interaction term for treatment and time was included.

Robustness of the statistically significant differences to uniden-
tified confounders was quantified with Rosenbaum sensitivity 
test for Hodges-Lehmann Γ. Γ estimates the minimum magnitude 
of an unmeasured confounder that would change the conclusion 
of an analysis.31 Where no statistically significant differences 
were observed, analytical power was quantified as the minimum 
detectable effect at 1-β=0.8 using 200 simulations.
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Figure 1 patient disposition. eDss, expanded Disability status scale; Ms, multiple sclerosis.

sensitivity analyses
Eight sensitivity analyses were completed to evaluate the robust-
ness of the results to potential confounders: (1) excluding MRI 
from the estimation of propensity score (to eliminate a potential 
effect of multiple imputation); (2) matching on relapses during 
the prior 2 years (to evaluate the influence of the assessment of 
prebaseline disease activity); (3) matching in a fixed 1:1 ratio 
(to evaluate the effect of matching ratio); (4) only including 
patients who were exposed to other immunotherapies and expe-
rienced relapses during the 1 year prebaseline; (5) only including 
patients from countries where fingolimod is second-line therapy; 
(6) only including patients from countries where fingolimod is 
first-line therapy; (7) complete case analysis of patients with 
baseline cerebral MRI available; and (8) analysis of all infor-
mation recorded after the start of study therapy irrespective of 
treatment status and duration—the ‘intention to treat’ paradigm 
(to eliminate potential effect of early treatment discontinuation, 
informed censoring and enable evaluation of delayed changes in 
disability).

resulTs
study population
A total of 614 (teriflunomide), 782 (dimethyl fumarate) and 
2332 (fingolimod) patients who fulfilled the inclusion criteria 
and were treated between 12 December 2006 and 20 September 
2017 (figure 1;online supplementary tables 3 and 4) were 
included in the study. Of the patients who commenced the study 
medication, 109 (5.2%) on teriflunomide, 275 (10.1%) on 
dimethyl fumarate and 221 (3.4%) on fingolimod discontinued 
therapy during the initial 3 months from treatment start and 
were excluded from the analysis (reported under the insufficient 
on-treatment follow-up category). The reported reasons for 
treatment discontinuation among these excluded early discon-
tinuations are shown in online supplementary table 5.

As expected, the three included treatment groups differed in 
their baseline characteristics before matching (online supple-
mentary table 6). Logistic regression models were used to calcu-
late the propensity scores—the probability of exposure to either 
of the compared treatment pairs (online supplementary table 
7). These models showed that before matching, patients treated 
with teriflunomide tended to be older, with longer time from 
disease onset, less relapses and MRI activity during the previous 
year and with lower EDSS relative to the other two study ther-
apies. In addition, patients treated with fingolimod tended to 
have higher EDSS and more relapses during the prior year in 

comparison to those treated with dimethyl fumarate. The char-
acteristics of the patients excluded by the matching procedure 
are shown in online supplementary table 8.

The numbers of patients retained in the matched cohorts 
for all three pairwise primary analyses are shown in table 1. 
The matching procedure significantly decreased the between-
group differences in propensity scores from 0.20–0.40 to 
0.004–0.030, corresponding to a 90.9%–98.2% improvement 
in balance between the matched groups (online supplementary 
table 9). The close match on individual characteristics between 
the groups is demonstrated in table 1 (standardised differences 
≤20% for most variables and 26% for prior relapse activity 
for fingolimod vs teriflunomide). Among those with cerebral 
MRI information available, the proportions of the patients with 
contrast-enhancing lesions and with high and low lesion counts 
were balanced. As a result of pairwise censoring, on-treatment 
follow-up was identical in the matched groups. The numbers of 
matched patients followed for ≥2.5 years were 147 vs 111 for 
dimethyl fumarate versus teriflunomide, 501 vs 98 for fingo-
limod versus teriflunomide and 1056 vs 155 for fingolimod 
versus dimethyl fumarate, respectively.

effectiveness
Dimethyl fumarate versus teriflunomide
The mean ARR did not differ between patients treated with 
dimethyl fumarate (0.19, 95% CI 0.15 to 0.23) and teriflun-
omide (0.22, 95% CI 0.18 to 0.26, p=0.55, figure 2A). This 
observation was confirmed by similar cumulative hazards of 
relapses in the two treatment groups (HR 0.86, 95% CI 0.64 
to 1.14, p=0.29; figure 2C). No differences were observed for 
confirmed disability accumulation (HR 1.02, 95% CI 0.60 to 
1.76, p=0.92) and improvement (HR 1.26, 95% CI 0.58 to 2.74, 
p=0.55; figure 2B,D,E). These results were fully replicated with 
imputation of missing MRI data under missing-not-at-random 
assumption. The analysis was sufficiently powered to identify 
differences of 0.18 relapses per year (ARR), 58% difference in 
cumulative hazards of relapses and 3% and 21% differences in 
cumulative hazards of disability accumulation and improvement, 
respectively (online supplementary table 12).

Fingolimod versus teriflunomide
The mean ARR was lower in fingolimod-treated patients (0.18, 
95% CI 0.16 to 0.21) than in those treated with teriflunomide 
(0.24, 95% CI 0.21 to 0.27, p=0.05, figure 3A). The difference 
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Table 1 Demographic, clinical and paraclinical characteristics of the matched patients

dimethyl 
fumarate 
(n=470)

Teriflunomide 
(n=355)

Cohen’s 
d

Fingolimod 
(n=910)

Teriflunomide 
(n=403) Cohen’s d

Fingolimod 
(n=1825)

dimethyl 
fumarate 
(n=672)

Cohen’s 
d

Female patients (%) 352 (75) 266 (75) 673 (74) 294 (73) 1332 (73) 504 (75)

Age (years), mean±SD 41±11 42±10 0.06 40±10 42±10 0.11 39±10 40±11 0.03

Disease duration (years), median (quartiles) 9.2 (4.6–15.2) 9.7 (5–16.1) 0.07 8.9 (4.9–14.6) 9.4 (4.7–15.8) 0.08 8.7 (4.7–14.4) 8.4 (3.8–14.3) 0.04

Disability (EDSS), median (quartiles) 2 (1–3.5) 2 (1–3) 0.05 2 (1.5–3.5) 2 (1–3) 0.16 2.5 (1.5–3.5) 2 (1.5–3.5) 0.22

Relapses 12 months prebaseline, mean±SD 0.6±0.8 0.4±0.7 0.16 0.7±0.8 0.5±0.7 0.26 0.9±0.9 0.8±0.9 0.11

Prior disease activity, patients

  Relapses (%) 126 (27) 72 (20) 313 (34) 90 (22) 757 (41) 233 (35)

  Progression (%) 0 (0) 0 (0) 0 (0) 0 (0) 6 (0) 3 (0)

  Relapses and progression (%) 75 (16) 53 (15) 153 (17) 59 (15) 355 (19) 126 (19)

  None (%) 269 (57) 230 (65) 444 (49) 254 (63) 707 (39) 310 (46)

MRI information available, patients (%) 87 (18) 82 (23) 255 (28) 108 (27) 489 (27) 136 (20)

MRI, number of T2 lesions, patients

  T2 lesion count available (%) 38 (8) 52 (15) 159 (17) 62 (15) 316 (17) 39 (6)

  1–2 (%) 1 (3) 1 (2) 1 (1) 1 (2) 3 (1) 0 (0)

  3–8 (%) 6 (16) 9 (17) 17 (11) 9 (15) 27 (9) 2 (5)

  ≥9 (%) 31 (82) 42 (81) 141 (89) 52 (84) 286 (91) 37 (95)

MRI, contrast-enhancing lesions, patients

  MRI with contrast available (%) 61 (13) 49 (14) 152 (17) 71 (18) 323 (18) 113 (17)

  Contrast-enhancing lesions present (%) 13 (21) 9 (18) 20 (13) 9 (13) 103 (32) 37 (33)

CSF, oligoclonal bands, patients

  CSF with oligoclonal bands available (%) 253 (54) 175 (49) 458 (50) 193 (48) 990 (54) 394 (59)

  Oligoclonal bands present (%) 221 (87) 157 (90) 400 (87) 173 (90) 887 (90) 341 (87)

Pairwise-censored follow-up on study therapy 
(years), median (quartiles)

1.3 (1.0–1.9) 1.3 (1.0–1.9) 0.00 1.4 (1.0–2.0) 1.4 (1.0–2.0) 0.00 1.3 (1.0–2.0) 1.3 (1.0–2.0) 0.00

Visit interval (months), median (quartiles) 5 (3–8) 5 (3–8) 0.02 4 (3–7) 4 (3–7) 0.04 4 (3–6) 4 (3–7) 0.00

Previous therapies (n), median (quartiles) 1 (1–2) 1 (1–2) 0.05 1 (1–2) 1 (1–2) 0.08 2 (1–2) 1 (1–2) 0.10

Most active previous therapy, patients

  Interferon β/ glatiramer acetate (%) 350 (74) 275 (77) 689 (76) 320 (79) 1279 (70) 512 (76)

  Teriflunomide (%) 0 (0) 0 (0) 0 (0) 0 (0) 29 (2) 14 (2)

  Fingolimod (%) 34 (7) 23 (6) 0 (0) 0 (0) 0 (0) 0 (0)

  Natalizumab (%) 37 (8) 16 (5) 95 (10) 21 (5) 335 (18) 74 (11)

  Mitoxantrone (%) 4 (1) 4 (1) 19 (2) 4 (1) 49 (3) 9 (1)

  None (%) 45 (10) 37 (10) 84 (9) 45 (11) 133 (7) 63 (9)

Most effective previous therapy is shown in the ascending order as per a previous network meta-analysis of multiple sclerosis therapies.25

Low-efficacy therapy: interferon β, glatiramer acetate, teriflunomide.
CSF, cerebrospinal fluid; EDSS, Expanded Disability Status Scale.

was resistant to unmeasured confounders with relative magni-
tude of 20% of the reported treatment effect. Consistent with 
the above, cumulative hazard of relapses was lower in the fingo-
limod cohort when compared with the teriflunomide cohort (HR 
0.77, 95% CI 0.63 to 0.95, p=0.03; figure 3C). No differences 
in the rate of confirmed disability accumulation (HR 1.01, 95% 
CI 0.64 to 1.59, p=0.97) and improvement (HR 1.57, 95% CI 
0.87 to 2.86, p=0.14) events were found (figure 3B,D,E). The 
results were replicated with imputation of MRI values missing 
not at random. The analysis was sufficiently powered to detect 
1% and 36% differences in the cumulative hazards of disability 
accumulation and improvement, respectively.

Fingolimod versus dimethyl fumarate
The mean ARR was lower among the patients treated with 
fingolimod (0.20, 95% CI 0.19 to 0.22) matched to the 
patients treated with dimethyl fumarate (0.26, 95% CI 0.24 
to 0.28, p=0.01; figure 4A), consistent with the comparison 
of the cumulative hazard of relapses (HR 0.78, 95% CI 0.68 
to 0.90, p=0.0005; figure 4C). These results were resistant to 
unmeasured confounders with relative magnitude of 20% of 
the reported treatment effect. Cumulative hazards of confirmed 

disability accumulation (HR 1.10, 95% CI 0.78 to 1.56, p=0.59) 
and improvement (HR 0.83, 95% CI 0.62 to 1.11, p=0.20) 
were similar in the fingolimod and dimethyl fumarate cohorts 
(figure 4B,D,E). The analysis of MRI values missing not and 
random confirmed the above results in full. This analysis was 
sufficiently powered to demonstrate 9% and 14% differences in 
the cumulative hazards of disability accumulation and improve-
ment, respectively.

Persistence
The likelihood of discontinuing therapy was similar in the 
dimethyl fumarate and teriflunomide cohorts (24% during 
the initial 2 years; HR 0.95, 95% CI 0.74 to 1.20, p=0.68; 
figure 2F). As the reason for discontinuation, adverse event was 
reported at a similar rate in the two treatments (in 8% and 7% of 
the matched patients, respectively), whereas lack of efficacy (as 
per neurologist) was relatively more commonly reported in teri-
flunomide (15%) than dimethyl fumarate (8%, online supple-
mentary table 10).

Patients were less likely to discontinue fingolimod than teri-
flunomide (HR 0.56, 95% CI 0.44 to 0.71, p=10−6; 10% vs 
26% at 2 years, respectively; figure 3F). Lack of efficacy as a 
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Figure 2 comparison of the treatment outcomes for dimethyl fumarate versus teriflunomide. Bar graphs show mean±95% cIs. Mean eDss scores in 
panel B are calculated from scores available at a given year post-treatment. DMF, dimethyl fumarate; eDss, expanded Disability status scale.
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Figure 3 comparison of the treatment outcomes for fingolimod versus teriflunomide. Bar graphs show mean±95% cIs. Mean eDss scores in panel B are 
calculated from scores available at a given year post-treatment. eDss, expanded Disability status scale.
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Figure 4 comparison of the treatment outcomes for fingolimod versus dimethyl fumarate. Bar graphs show mean±95% cIs. Mean eDss scores in panel B 
are calculated from scores available at a given year post-treatment. DMF, dimethyl fumarate; eDss, expanded Disability status scale.
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reason for discontinuation was reported similarly in both treat-
ments (5% fingolimod vs 5% teriflunomide), with adverse 
events being less commonly reported in fingolimod (7% vs 13%, 
respectively; online supplementary table 10).

Patients were less likely to discontinue fingolimod than 
dimethyl fumarate (HR 0.49, 95% CI 0.42 to 0.58, p=10–16; 
17% vs 31% at 2 years, respectively; figure 4F). The proportions 
of patients with lack of efficacy being the reported reason for 
discontinuation were similar in fingolimod (9%) and dimethyl 
fumarate (8%). Discontinuation due to reported adverse events 
was more common in dimethyl fumarate (10%) than fingolimod 
(4%; online supplementary table 10).

sensitivity analyses
For the comparison of dimethyl fumarate and teriflunomide, 
sensitivity analyses largely confirmed the results of the primary 
analysis (online supplementary table 11). Interestingly, the 
frequency of relapses trended to be marginally lower on dimethyl 
fumarate than teriflunomide in the analysis of complete cases 
with baseline MRI and the intention-to-treat analysis. In addi-
tion, the intention-to-treat analysis suggested a trend towards 
a more frequent recovery from disability on dimethyl fumarate 
when compared with teriflunomide.

The results of the primary analysis comparing fingolimod and 
teriflunomide were replicated by most of the sensitivity anal-
yses. The exceptions were the comparisons of ARRs in patients 
matched on relapse incidence during the 2 years preceding the 
study therapy and two relatively less powered subcohorts—
complete case analysis of patients with baseline cerebral MRI 
and in countries where fingolimod is first-line therapy.

Similarly, the results of the primary analysis of fingolimod 
versus dimethyl fumarate were replicated by most of the sensi-
tivity analyses, with a small number of exceptions, in which the 
trends were consistent with the primary analysis.

dIsCussIOn
In this propensity score-matched analysis of the global obser-
vational MSBase cohort, we have studied patients with relaps-
ing-remitting MS exposed to one of three oral immunotherapies 
for MS, most of whom had not experienced relapses within a 
year prior to commencing study therapy, with ≥9 cerebral 
lesions and previously exposed to other immunotherapies, in 
particular interferon β and glatiramer acetate. The effect of 
fingolimod on relapse activity was superior to dimethyl fuma-
rate and teriflunomide. During the initial 2.5 years, the three 
therapies had comparable effects on disability accumulation and 
disability improvement. Dimethyl fumarate and teriflunomide 
were more likely to be discontinued than fingolimod.

A limited number of studies compared treatment effective-
ness between pairs of oral preparations for relapsing-remitting 
MS. A propensity score-matched, pairwise-censored analysis 
of observational data from 550 patients from seven centres in 
Italy suggested that the proportions of patients with no evidence 
of disease activity or relapses over 18 months were similar in 
those treated with fingolimod or dimethyl fumarate.11 However, 
among patients who switched to their study therapy from another 
immunotherapy (similar to the majority of patients in our study), 
those treated with fingolimod were more likely to remain free 
from evidence of disease activity, relapses and confirmed wors-
ening of disability than those treated with dimethyl fumarate. 
A single-centre propensity score-weighted study among 659 
patients did not find a statistically significant difference in 
the rate of relapses between patients treated with fingolimod 

or dimethyl fumarate over 2 years. In that study, 0.20–0.21 
on-treatment relapses per patient and year were reported, but 
the mean time to the first relapse was markedly longer in fingo-
limod (7.56 months) than dimethyl fumarate (3.83 months).10 A 
network meta-analysis of two pooled post hoc analyses of place-
bo-controlled trials reported non-significant trends favouring 
fingolimod over dimethyl fumarate in relapse frequency and 
3-month confirmed disability progression in highly active MS.7

Another network meta-analysis reported no differences in 
relapse and disability outcomes between fingolimod and dimethyl 
fumarate, but showed a relatively lower effect of teriflunomide 
on relapse frequency.8 A matching-adjusted indirect comparison 
of patient data from the randomised trials of dimethyl fumarate 
with aggregate data from the randomised trials of fingolimod did 
not find differences in relapse and 3-month confirmed disability 
outcomes at 2 years.6 Another indirect analysis of trial data 
suggested that relapse rate ratio favours dimethyl fumarate over 
teriflunomide.32 In contrast, a comparison of randomised trials 
showed that the numbers of treated patients needed to prevent 
a relapse and confirmed disability worsening were similar for 
dimethyl fumarate and teriflunomide but marginally lower for 
fingolimod.9 An analysis of health insurance claims suggested 
that the relapse-related claims were similar for dimethyl fumarate 
and fingolimod and less frequent than the claims for terifluno-
mide.33 However, health claims represent only an approxima-
tion for relapse incidence, and disability information is typically 
unavailable. Finally, a single-centre propensity score-weighted 
and matched analysis found a lower treatment discontinuation 
rate among patients treated with fingolimod when compared 
with dimethyl fumarate.34 It is apparent that the results of studies 
comparing oral therapies show substantial variability, which can 
be attributed to the variability in the source data and method-
ology.12 These differences are also probably co-determined by 
the amount of underlying inflammatory activity, with more 
pronounced differences between agents observed in patients 
with more active disease.12

Our present study directly compared the effects of the three 
oral immunotherapies in relapsing-remitting MS, including 
relapse frequency, 6-month confirmed disability worsening and 
improvement and the rate and reasons for treatment discontinu-
ation. The main strengths of this study are the direct comparison 
of the three oral therapies from a single international registry 
with prospectively defined observational plan and an objective 
quality control procedure, and high density of disability assess-
ments (every 4–5 months). The observational data from a rela-
tively large number of patients are representative of day-to-day 
clinical practice. We have used MRI information where avail-
able at the start of study therapy, in combination with multiple 
imputation—under both missing at random and not at random 
assumptions—to mitigate an effect of any systematic differ-
ences in subclinical disease activity between the two treated 
cohorts. The results of multiple sensitivity analyses were consis-
tent with the primary analysis. It is worth noting that while the 
primary analysis did not find a statistically significant difference 
in relapse frequency between dimethyl fumarate and teriflun-
omide, a trend favouring dimethyl fumarate was suggested by 
two sensitivity analyses—of cases with complete MRI data and 
the intention-to-treat analysis. This may imply that the effect 
of dimethyl fumarate on preventing relapses may be marginally 
superior to teriflunomide when informed censoring and subclin-
ical inflammatory activity detectable by cerebral MRI are fully 
accounted for.35

Our conclusions are limited to an on-treatment follow-up of 
2.5 years, which is only marginally longer than a follow-up in 
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most pivotal randomised clinical trials in relapsing-remitting 
MS. As discussed above, information about recent prebaseline 
brain MRI activity was only available for a limited cohort. We 
have therefore used a multiple imputation procedure to impute 
the missing values, including a sensitivity analysis under missing-
not-at-random conditions. In order to mitigate confounding of 
imminent relapse activity by subclinical inflammation,36 we have 
conducted a sensitivity analysis among patients with MRI data 
available with matching on MRI activity.

We chose propensity score matching as the strategy to control 
indication bias; this method allows quantification of improve-
ment in the propensity score match and is also suitable for pair-
wise censoring in order to mitigate attrition bias, an important 
confounder in observational studies.11 20 The importance of the 
context of treatment administration is exemplified by the dimin-
ished difference in relapse rates between fingolimod and the 
other two oral preparations when analysed in countries where 
fingolimod is only available as a second-line therapy. Propen-
sity score matching decreased the overall imbalance between the 
compared cohorts by 90.9%–98.2%. In order to adjust the anal-
yses for the mild residual imbalances in prebaseline relapse rates 
(such as imbalance due to the Will Rogers phenomenon,37 which 
would be attributed to the use of different diagnostic criteria 
in patients diagnosed before and after 2010) and prior use of 
natalizumab, we conducted sensitivity analyses in a subgroup 
with prior on-treatment relapses or matched on 2-year relapse 
rate, which largely confirmed the results of the primary analyses. 
The effect of treatment epoch may also contribute to bias due to 
informed censoring; where in patients treated earlier, the toler-
ance for on-treatment disease activity would have been greater, 
while the concept of ‘no evidence of disease activity’ as a treat-
ment target has only been introduced recently.38 Thus, in more 
recently introduced therapies (dimethyl fumarate and terifluno-
mide), on-treatment disease activity could be under-reported as 
a result of informative censoring. Whilest in the primary analysis 
we were unable to mitigate this bias, if present, it would deflate 
rather than inflate the observed differences between fingolimod 
and the other two oral agents. In order to mitigate detection bias 
(due to differential on-treatment follow-up or differing expecta-
tions of disease activity)22 we have adjusted the relevant models 
for visit frequency and have conducted a sensitivity analysis 
using an intention-to-treat approach (analysing the post-treat-
ment follow-up irrespective of treatment discontinuation status), 
which has largely confirmed the results of the primary analysis. 
Propensity score-based comparative analyses mitigate the effect 
of measured confounders but are vulnerable to potential unmea-
sured confounders. As estimated by Hodges-Lehmann Γ, the 
present analyses were robust to unmeasured confounders of a 
magnitude of 20% of the treatment effects. Finally, regarding 
robustness of the negative results reported, we performed post 
hoc power analyses, which showed that our primary analysis 
was sufficiently powered to uncover clinically relevant treatment 
differences.

In this study, we have compared effectiveness of and 
persistence on oral immunotherapies for relapsing-remitting 
MS. Fingolimod is associated with a lower incidence of relapses 
and discontinuation rate than dimethyl fumarate and terifluno-
mide. The magnitude of this difference was relatively small (one 
relapse every 11–17 patient-years). The choice of MS therapy 
is determined by a multitude of factors, including treatment 
safety, family planning or convenience of administration. Very 
rare but severe adverse events, such as progressive multifocal 
encephalopathy, may be an important factor in the treatment 
decision process.39 This is particularly relevant to fingolimod, 

which, among the compared oral disease-modifying therapies, 
is associated with the greatest risk of this potentially life-threat-
ening complication.40 Choosing a therapy in individual patients 
remains a complex task that requires thorough and individual-
ised evaluation of disease prognosis and the corresponding risks 
and benefits of the increasing number of available therapies.
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