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Abstract
Background  A broad range of disease-modifying therapies (DMTs) for relapsing–remitting multiple sclerosis (RRMS) is 
available. However, the efficacy and safety of traditional DMTs compared with the recently developed DMTs remain unclear.
Objective  Therefore, we have synthesised available evidence of clinical outcomes for DMTs in adults with RRMS.
Methods  PubMed, Scopus and a manual search were performed. Bayesian network meta-analyses of randomised clinical 
trials assessing DMTs as monotherapies were conducted. SUCRA and GRADE were used to rank therapies and to assess 
quality of general evidence, respectively.
Results  Thirty-three studies were included in the meta-analyses. The most effective therapies for the outcome of annualised 
relapse rate were alemtuzumab (96% probability), natalizumab (96%) and ocrelizumab (85%), compared with all other thera-
pies (hazard ratio versus placebo, 0.31, 0.31 and 0.37, respectively; p < 0.05 for all comparisons) (high-quality evidence). 
However, no significant differences among these three therapies were found. Discontinuation due to adverse events revealed 
similarity across all therapies, except for alemtuzumab, which showed less discontinuation when compared with interferon-
1a intramuscular (relative risk 0.37; p < 0.05).
Conclusion  High-quality evidence shows that alemtuzumab, natalizumab and ocrelizumab present the highest efficacy among 
DMTs, and other meta-analyses are required regarding adverse events frequency, to better understand the safety of therapies. 
Based on efficacy profile, guidelines should consider a three-category classification (i.e. high, intermediate and low efficacy).

Key Points 

Alemtuzumab, natalizumab and ocrelizumab are the 
most effective therapies for the annualised relapse rate in 
the treatment of relapsing–remitting multiple sclerosis 
(RRMS), among disease-modifying therapies.

RRMS guidelines should consider a three-category clas-
sification: high efficacy (i.e. alemtuzumab, natalizumab, 
ocrelizumab), intermediate efficacy (i.e. cladribine, 
fingolimod, dimethyl fumarate) and low efficacy (i.e. 
peginterferon, glatiramer acetate, interferons and teriflu-
namide).

It seems that high- and intermediate-efficacy therapies 
could be the first-line treatment for patients with more 
severe RMSS conditions.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4026​3-018-0541-5) contains 
supplementary material, which is available to authorized users.
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1  Introduction

According to the Multiple Sclerosis International Federa-
tion, 2.3–2.5 million people had multiple sclerosis (MS) in 
2013 (2.1–140/100,000 residents) [1, 2]. MS is classified 
into four major phenotypes: relapsing–remitting multiple 
sclerosis (RRMS), primary progressive MS (PPMS), sec-
ondary progressive MS (SPMS) and clinically isolated syn-
drome (CIS) [3]. RRMS is the most frequent, representing 
80–85% of new cases of MS [4, 5].

RRMS is characterised by symptomatic relapse at irreg-
ular intervals, interspersed with periods of remission in 
which there is total or partial recovery of the patient [6]. 
To reduce the frequency and severity of the relapse, and to 
delay disease progression, decrease the number of lesions 
in the central nervous system and maintain or improve 
patients’ quality of life, RRMS treatment should comprise 
disease-modifying therapies (DMTs) such as alemtuzumab, 
cladribine, dimethyl fumarate, fingolimod, glatiramer ace-
tate, interferons, mitoxantrone, natalizumab, ocrelizumab, 
peginterferon or teriflunomide. The Association of British 
Neurologists (ABN) [7], in guidelines updated in 2015, rec-
ommends starting the treatment with a DMT of moderate 
efficacy (category 1) such as interferons, glatiramer, teriflu-
nomide, dimethyl fumarate and fingolimod. Only for patients 
in high disease activity, or who do not respond or tolerate 
a category 1 DMT, are drugs of high efficacy (category 2) 
such as alemtuzumab and natalizumab recommended. The 
ABN guideline does not include new therapies such as clad-
ribine and ocrelizumab [7]. These therapies were also not 
included in previous published meta-analyses with low risk 
of bias [8]. Network meta-analyses are recommended by the 
International Society for Pharmacoeconomics and Outcome 
Research to compare different treatments simultaneously [9, 
10]. Thus, we aimed to conduct a network meta-analysis of 
randomised clinical trials (RCTs) to provide evidence-based 
hierarchies of the efficacy and safety of all available DMTs 
for patients with RRMS.

2 � Methods

This systematic review was performed in accordance with 
the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses for Network Meta-Analyses (PRISMA 
NMA) [11] and Cochrane Collaboration recommendations 
[12] and is registered with the International Prospective 
Register of Systematic Reviews (PROSPERO), number 
CRD42017059120 [13].

2.1 � Search Strategy and Selection Criteria

Electronic searches were conducted in the PubMed and 
Scopus databases without any time limit or language 
restriction (updated in May 2017). Trial registration data-
bases (ClinicalTrials) and the reference lists of reviews 
and included studies were also searched. Complete search 
strategies are provided in the electronic supplementary 
material (ESM), p 2.

We included studies that fulfilled the following inclu-
sion criteria: randomised, phase II or later controlled trials 
(including post hoc analyses) that assessed the efficacy, 
safety or quality of life (QoL) of a DMT as monotherapy 
(head-to-head or against placebo) in adults diagnosed 
with RRMS. The searched DMT therapies were alemtu-
zumab, 12 mg per day for 5 days (first course) and for 
3 days (second course), with a 1-year interval between 
each course (ALE12 and ALE24) intravenous (IV); aza-
thioprine (AZA) orally (PO); cladribine cumulative dose 
3.5 mg, 5.25 mg per kg (CLA3.5 and CLA5.25) PO or 
(CLA2.45) subcutaneous (SC); daclizumab 150 mg and 
300 mg every 4 weeks (DAC150Q4W and DAC300Q4W) 
IV; dimethyl fumarate 240 mg twice a day or three times a 
day (BG240BID and BG240TIW) PO; fingolimod 0.5 mg, 
1.25 mg and 5 mg per day (FING0.5QD, FING1.25QD and 
FING5QD) PO; glatiramer acetate 20 mg, 40 mg per day 
and 40 mg three times a week (GA20QD, GA40QD and 
GA40TIW) SC; interferon β-1a 30 µg or 60 µg each week 
(IFNA30QW and IFNA60QW) intramuscular (IM); inter-
feron β-1a 44 or 22 µg three times a week (IFNA44TIW 
and IFNA22TIW) SC; interferon β-1b 50, 250, 375 or 
500 µg, every other day (IFNB50EOD, IFNB250EOD, 
IFNB375EOD and IFNB500EOD) SC; pegylated inter-
feron 125  µg every 2 or 4  weeks (PIFN125Q2W and 
PIFN125Q4W) SC; natalizumab 300 mg every 4 weeks 
(NAT300Q4W) IV; ocrelizumab 600 mg and 2000 mg 
every 6 months (OCRE600Q6M and OCRE2000Q6M), 
IV; rituximab (RTX), IV and teriflunomide 7 mg and 
14  mg per day (TERI7QD and TERI14QD), PO. The 
considered outcomes included the annualised relapse 
rate (ARR), disability progression confirmed at 12 weeks 
(DPC12), disability progression confirmed at 24 weeks 
(DPC24), disability improvement confirmed at 12 weeks 
(DIC12), disability improvement confirmed at 24 weeks 
(DIC24), discontinuations due to adverse events (DAE) 
and change in QoL evaluated through Short Form-36 items 
or 12 items (SF-36 or SF-12). Studies with a follow-up 
of < 12 weeks or evaluating RRMS with other forms of 
MS were excluded.

Two researchers independently screened the titles and 
abstracts of retrieved studies to identify irrelevant records. 
In a second stage, full-text articles were also independently 
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evaluated by two researchers according to defined inclu-
sion and exclusion criteria. Discrepancies were recon-
ciled in consensus meetings, using a third researcher as 
a referee.

2.2 � Data Analysis

The following data were independently extracted by two 
researchers by using Microsoft© Office Excel©: (1) study 
baseline characteristics (authors’ names, year of publication, 
country, sample size, patients’ sex and age, disease duration, 
onset of symptoms and follow-up, evaluated DMT thera-
pies), (2) methodological aspects (e.g. trial design); (3) clini-
cal outcome results (efficacy, safety or QoL).

The critical evaluation of risk of bias of the included 
studies was conducted by two independent reviewers, using 
the Cochrane Collaboration revised Risk of Bias (RoB 2.0) 
assessment tool [14]. In the absence of consensus, points 
of disagreement were resolved by the opinion of a third 
researcher.

Statistical analyses were performed using software R v. 
3.4.1/R studio 1.0.153 [15], packages READR [16], META 
[17], METAFOR [18], GeMTC [19], RJAGS [20] and 
CODA [21]. Transitivity analyses were performed by com-
paring population, interventions and control and outcome 
definitions among the included studies in the meta-analyses. 
Transitivity was assumed for minor differences in follow-up 
times, and 48 or 52 weeks were considered to correspond to 
1-year follow-up; 96–108 weeks were considered to corre-
spond to 2-year follow-up. Both pairwise and network meta-
analyses were performed. Effect size measures were defined 
for each outcome as follows: hazard ratio for the ARR out-
come; relative risk for dichotomous outcomes (DPC12 and 
24 weeks, DIC12, DAE); mean difference for the changes in 
the QoL scores (SF-36 or SF-12).

Pairwise meta-analyses for the outcome ARR were 
assessed using the Poisson method. Dichotomous outcomes 
(DPC12 and 24 weeks, DIC12, DAE) were analysed using 
the Mantel–Haenszel method. Changes in the QoL scores 
(SF-36 or SF-12) were evaluated through inverse variance. 
DerSimonian-Laird estimator of τ2 was employed in all anal-
yses. All effect size measures were calculated considering 
95% confidence intervals (CI). Data entry was performed 
with contrast-based data. Heterogeneity was evaluated 
using Higgis inconsistency analyses (I2) [12]. Sensitivity 
analyses, using adjustment of the random effects model by 
Hartung–Knapp and Sidik–Jonjman estimator for τ2, were 
carried out.

Network meta-analyses, using a Bayesian framework for 
each outcome based on the Markov Chain Monte Carlo sim-
ulation method, were performed. Arm-level entry data was 
used. For the inclusion of multiple-arm studies, correlations 
for the likelihood between arms were considered. A common 

heterogeneity parameter was assumed for all comparisons 
[22]. We opted for a conservative analysis of non-informa-
tive priors [23]. Effect size measures were expressed with 
a 95% credibility interval (CrI). Both fixed- and random-
effect models were tested, and the one with the lowest devi-
ance information criteria (DIC) was selected. Convergence 
was attained based on visual inspection of Brooks-Gelman-
Rubin plots and potential scale reduction factor (PSRF) 
(1 < PSRF ≤ 1.05). To increase the estimate precision of the 
relative effect sizes of comparisons and to properly account 
for correlations between multi-arm trials, ranking prob-
abilities for each outcome were calculated via surface under 
the cumulative ranking analysis (SUCRA). To estimate the 
robustness of the network, inconsistency, defined as the dif-
ference between the pooled direct and indirect evidence for 
a comparison, was assessed using node-splitting analysis 
[24]. Sensitivity analyses with the hypothetical removal or 
inclusion of the studies were conducted when discrepan-
cies were identified in the network meta-analyses: (1) first 
scenario: original analyses; (2) second scenario: removal of 
studies with high risk of bias; (3) third scenario: inclusion 
of studies with non-approved therapies; (4) fourth scenario: 
removal of studies with suspicion of impairing transitivity 
due to important differences in patients’ characteristics (e.g. 
age, Expanded Disability Status Score [EDSS], disease dura-
tion, onset of symptoms and previous DMT experience). 
When possible, subgroup (e.g. population) analyses also 
were performed.

The quality of the evidence was assessed using the 
Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) Working Group [25] for ARR 
and DAE96, which were classified as high, moderate, low 
and very low. IFNA44TIW was assumed as the common 
comparator.

2.3 � Role of Funding Source

This study was funded by the Institutional Development 
Support Program of the National Health System (Proadi-
SUS) and Hospital Alemão Oswaldo Cruz (n. 01/2017). This 
funder had no role in any of the phases of the study (i.e. 
study design, data collection, data analysis, interpretation, 
writing of the report and responsibility for submission).

3 � Results

Our systematic review identified 2797 records after removal 
of duplicates; 2596 were considered irrelevant during the 
screening, and 152 were excluded in the full-text appraisal 
(ESM pp 3–8). The remaining 49 records represent 40 RCTs 
included in systematic review and 37 in meta-analysis. The 
included articles were published between 1995 and 2017, 
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with a median in 2011. Most of the studies in systematic 
review were multicentric, conducted in more than one 
country (n = 38) and included 29,150 participants (median 
of 196; interquartile range: 111–417), 66% of whom were 
women. Eight studies included only treatment-naive partici-
pants, and one study assessed only treatment-experienced 
patients; 16 studies included both treatment-naive and treat-
ment-experienced patients, and 15 articles did not report this 
information. Altogether, 15 approved dosages of DMT were 
identified, with 16 clinical trials comparing active therapies 
(head-to-head trials), 14 comparing different doses of DMT 
and 10 evaluating the active treatment against placebo. No 
study evaluating azathioprine or rituximab fulfilled the 
inclusion criteria and could be included in the systematic 
review. Most of the studies had a follow-up of 96 weeks 
(median 96; interquartile range: 48–96). The main character-
istics of the included studies are presented in Table 1 (sup-
plemental characteristics are presented in the ESM, p 9).

The methodological quality assessed by RoB 2.0 is pre-
sented in the ESM, pp 10–14. The outcomes more frequently 
associated with ‘low risk of bias’ were disability improve-
ment and disability progression confirmed at 12 weeks; 
‘some concerns’ appear more frequently in disability pro-
gression confirmed at 24 weeks, whereas ‘high risk’ was 
associated with QoL and ARR outcomes. The two domains 
more frequently scored as ‘high risk of bias’ were meas-
urement of the outcome (due to the lack of masking of the 
assessors) and domain referring to missing outcome data.

Network diagrams of the possible comparisons for evalu-
ated outcomes in the first scenario (original analysis) are 
presented in Fig. 1. (Studies included in each network meta-
analysis are presented in the ESM, p 15). It was not pos-
sible to build a single network for the DIC12 or QoL out-
comes (SF-36 or SF-12). Baseline EDSS, disease duration 
or onset of symptoms were assumed to be homogeneous, 
because sensitivity analyses that excluded studies suspected 
of impairing transitivity exhibited similar results. A fixed-
effects model was selected for the ARR and DCP24 network 
meta-analyses, whereas a random-effects model was selected 
for other DCP12 and DAE analyses.

The network meta-analysis of ARR (Fig. 1a) included 
32 studies (n = 38,298 patient-years). All therapies were 
statistically superior to placebo. By SUCRA analysis, 
ALE12 presented the highest probability of being the best 
alternative for this outcome (96% probability), followed by 
NAT300Q4W with 96%, and OCRE600Q6M with 85%. On 
the other hand, TERI7QD and IFN30QW appeared to be the 
worst therapies (23% and 7%, respectively, of probability of 
ranking first) (see Table 2, Fig. 2). 

The DPC12 network meta-analysis (Fig. 1b) (n = 16 
studies; 13,510 patients) revealed that ALE12 and 
OCRE600Q6M were significantly more efficacious than 
other therapies (94 and 88% of probabilities, respectively). 

The DMTs IFNB250EOD and GA20QD were the worst 
treatments for this outcome (20 and 24% probability, 
respectively) (see ESM, p 16).

The DPC24 analyses (Fig. 1c) (n = 16 trials; 13,410 
patients) presented IFNB250EOD (93% probability) and 
ALE12 (76% probability) as more efficacious treatments, 
whereas GA40TIW (5%) and IFNA30QW (22%) were 
the worst options (see ESM, p. 16). Considering the pos-
sibility that the INCOMIN (Independent Comparison of 
Interferon) [26] study was an outlier in this analysis, after 
the removal of this study, NAT300Q4W became the most 
effective (87% probability), followed by ALE12 (82% 
probability) and OCRE600Q6M (77% probability) (see 
ESM, p. 17).

The network of DAE96 (Fig. 1d) included 17 trials with 
12,221 patients. ALE12 and OCRE600Q6M were consid-
ered the best therapies for this outcome (85 and 67% prob-
ability, respectively), whereas IFN44TIW and CLA3.5 (22 
and 38%, respectively) were ranked last in the SUCRA 
analyses (see Table 2). It is noteworthy that a statistical dif-
ference was found for only one comparison in this outcome 
(ALE12 and IFNA44TIW, with relative risk [95% CrI] 0.37 
[0.17–0.81]).

Pairwise meta-analyses results confirm the results 
obtained in the network meta-analyses (see ESM, p. 18). 
In the pairwise meta-analyses, the change from the original 
statistical method to the Hartung-Knapp method caused the 
enlargement of the confidence intervals. Consequently, the 
statistically significant difference between most of the com-
parisons was lost, except for ARR (ESM, p 19).

The node-splitting technique revealed that no substantial 
differences in the magnitude or direction between the results 
of the direct and indirect effects were identified in the net-
work meta-analyses (ESM, p. 20). The sensitivity analyses, 
using different scenarios of network meta-analyses (scenar-
ios II–IV), found no significant differences compared with 
the original scenario (ESM, p. 21).

Several studies reported results for patients with more 
aggressive forms of RRMS. However, due to the inconsist-
ent reports of outcome results, it was not possible to perform 
subgroup meta-analyses (both pairwise and network) to syn-
thesise evidence.

Table 3 presents the results of the quality of evidence 
assessment (GRADE) for the ARR and DAE outcomes, with 
therapies listed by rank order. For ARR, the most effica-
cious therapies compared with IFNA44TIW presented high-
confidence evidence, whereas in the comparison with the 
least efficacious therapies, the confidence varied from low to 
moderate due to imprecision and presence of methodological 
bias. For the outcome of DAE, most comparisons presented 
high or moderate confidence, the latter downgraded by the 
presence of methodological bias. None of the comparisons 
in either outcome was affected by intransitivity.
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Table 1   Characteristics of the included studies in the systematic review

Study acronym/
first author and 
year
NCT

Year Follow-up, 
weeks

Evaluated alterna-
tives

# Par-
ticipants (# 
Women)

Age, mean in 
years (SD)

Baseline 
EDSS, mean 
(SD)

Disease 
duration, 
mean in 
years (SD)

Symptom 
onset, mean 
in years 
(SD)

Previous 
DMT

ADVANCE
NCT00906399

2014 48 PIFN125Q2W 512 (361) 36.9 (9.8) 2.5 (1.3) 4.0 (5.1) 6.9 (6.6) 17%
PIFN125Q4W 500 (352) 36.4 (9.9) 2.5 (1.2) 3.4 (4.4) 6.5 (6.1)
PLA 500 (358) 36.3 (9.7) 2.4 (1.2) 3.5 (4.6) 6.3 (6.3)

AFFIRM
NCT00027300

2006 96 NAT300Q4W 627 (449) 35.6 (8.5) 2.3 (1.2) 5.0 (0–34)a NR NR
PLA 315 (211) 36.7 (7.8) 2.3 (1.2) 6.0 (0–33)a

BEYOND
NCT00099502

2009 96 IFNB250EOD 897 (627) 35.8 
(28–43)b

2.35 
(1.5–3.0)b

5.4 (3) NR Naive

IFNB500EOD 899 (629) 35.9 
(28–43)b

2.33 
(1.5–3.0)b

5.3 (3)

GA20QD 448 (306) 35.2 
(27–43)b

2.28 
(1.5–3.0)b

5.1 (3)

BRAVO
NCT00605215

2014 96 INFA30QW 447 (307) 38.5 (30.3–
45.9)b

2.5 (1.5–
3.5)b

1.4 (0.3–
4.7)b

5.3 (2.4; 
10.3)b

9%

PLA 450 (321) 37.5 (30.3–
45.4)b

2.5 (1.5–
3.5)b

1.2 (0.3–
4.0)b

4.7 (2.0; 
9.7)b

6%

Calabrese, 2012 2012 96 IFNA44TIW 46 (32) 35.9 (9.1) 1.9 (1.0) 5.7 (4.9) NR Naive
IFNA30QW 47 (32) 34.8 (9.6) 1.9 (0.8) 5.3 (5.1)
GA20QD 48 (35) 38.9 (10.2) 2.1 (1.1) 5.5 (6.1)

CAMMS223
NCT00050778

2008 144 IFNA44TIW 111 (71) 32.8 (8.8) 1.9 (0.8) NR 1.4 (0.2; 
6.3)a

Naive

ALE12 112 (72) 31.9 (8.0) 1.9 (0.7) NR 1.3 (0.1; 
3.5)a

ALE24 110 (71) 32.2 (8.8) 2.0 (0.7) NR 1.2 (0.3; 
3.2)a

CARE-MS I
NCT00530348

2012 96 IFNA44TIW 187 (122) 33.2 (8.5) 2.0 (0.8) NR 2.0 (1.3) Naive
ALE12 376 (243) 33.0 (8.0) 2.0 (0.8) NR 2.1 (1.4)

CARE-MS II
NCT00548405

2012 96 IFNA44TIW 202 (131) 35.8 (8.8) 2.7 (1.2) NR 4.7 (2.9) 100%
ALE12 426 (281) 34.8 (8.4) 2.7 (1.3) NR 4.5 (2.7)
ALE24 170 (120) 35.1 (8.4) 2.7 (1.2) NR 4.3 (2.8)

Clanet, 2002g 2002 144 IFNA60QW 400 (272) 36.7 (7.9) 3.6 (1.0) 6.5 (5.3) NR NR
IFNA30QW 402 (273) 36.9 (7.9) 3.6 (1.0) 6.6 (5.6)

CLARITY
NCT00213135

2010 96 CLA3.5 433 (298) 37.9 (10.3) 2.8 (1.2) 7.9 (7.2) NR 26%
CLA5.25 456 (312) 39.1 (9.9) 3.0 (1.4) 9.3 (7.6) 32%
PLA 437 (288) 38.7 (9.9) 2.9 (1.3) 8.9 (7.4) 33%

CMSSG
NCT00004814

1995 96 GA20QD 125 (88) 34.6 (6.0) 2.8 (1.2) 7.3 (4.9) NR NR
PLA 126 (96) 34.3 (6.5) 2.4 (1.3) 6.6 (5.1)

Cohen, 2007f 2007 36 GA40QD 46 (37) 37.4 (6.5) 2.1 (1.0) 3.8 (4.8) 6.7 (6.4) NR
GA20QD 44 (31) 37.1 (7) 2.0 (1.2) 3.2 (3.7) 7.4 (6.2)

CombiRx
NCT00211887

2013 144 IFNA30QW 250 (173) 37.6 (10.2) 2.0 (1.2) 1.4 (4.0) NR NR
GA20QD 259 (185) 39.0 (9.5) 1.9 (1.2) 1.0 (2.9)

CONFIRM
NCT00451451

2012 96 BG240BID 359 (245) 37.8 (9.4) 2.6 (1.2) 4.9 (5.1) NR 28%
BG240TID 345 (250) 37.8 (9.4) 2.5 (1.2) 4.6 (5.2) 29%
GA20QD 350 (247) 36.7 (9.1) 2.6 (1.2) 4.4 (4.7) 29%
PLA 363 (251) 36.9 (9.2) 2.6 (1.2) 4.8 (5.0) 31%

CORALg

NCT00337779
2011 48 GA20QD 586 (421) 36.3 (9.0) 2.2 (1.2) 3.0 (4.0) NR NR

GA40QD 569 (407) 36.3 (9.0) 2.1 (1.1) 3.3 (4.8)
Tramacere
NCT01064401

2015 96–144 IFNA30QW 922 (627) 36.2 (9.3) 2.5 (1.3) 4.1 (4.7) 6.9 (6.3) 41%
DAC150Q4W 919 (625) 36.4 (9.4) 2.5 (1.2) 4.2 (5.0) 7.0 (6.3) 41%
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Table 1   (continued)

Study acronym/
first author and 
year
NCT

Year Follow-up, 
weeks

Evaluated alterna-
tives

# Par-
ticipants (# 
Women)

Age, mean in 
years (SD)

Baseline 
EDSS, mean 
(SD)

Disease 
duration, 
mean in 
years (SD)

Symptom 
onset, mean 
in years 
(SD)

Previous 
DMT

DEFINE
NCT00420212

2012 96 BG240BID 410 (296) 38.1 (9.1) 2.4 (1.3) 5.6 (5.4) NR 40%
BG240TID 416 (306) 38.8 (8.8) 2.4 (1.2) 5.1 (5.3) 40%
PLA 408 (306) 38.5 (9.1) 2.5 (1.2) 5.8 (5.8) 42%

DMSG 2006 96 IFNA22QW 143 (95) 37 (18–55)a 3.0 (0–5.5)a 6.0 (0–35)a NR NR
IFNB250EOD 158 (99) 38 (19–55)a 2.8 (0–5.5)a 6.0 (0–31)a

Durelli, 2008f 2008 24 IFNB250EOD 40 (27) 33.3 (8.6) 2.0 (0.9) 6.3 (4.8) NR Naive
IFNB375EOD 36 (27) 33.7 (7.3) 2.0 (1.0) 5.7 (3.6)

ECGA​ 2001 36 PLA 120 
(NR)/114 
(83)

34.4 (7.4) 2.4 (1.2) 8.3 (5.6) NR NR

GA20QD 190 
(NR)/113 
(87)

34.0 (7.6) 2.3 (1.1) 8.0 (5.6)

EVIDENCE
NCT00292266

2007 96–192 IFNA44TIW 339 (254) 38.3 
(18–55)a

2.0 (NR)a 4.0 (NR)a NR Naive

IFNA30QW 338 (252) 37.4 
(18–55)a

2.0 (NR)a 4.1 (NR)a

FREEDOMS
NCT00289978

2010 96 PLA 418 (298) 37.2 (8.6) 2.5 (1.3) NR 8.1 (6.4) 59%
FING0.5QD 425 (296) 36.6 (8.8) 2.3 (1.3) 8.0 (6.6) 43%
FING1.25QD 429 (295) 37.4 (8.9) 2.4 (1.4) 8.4 (6.9) 40%

FREEDOMS II
NCT00355134

2014 96 PLA 355 (288) 40.1 (8.4) 2.4 (1.3) NR 10.6 (7.9) 73%
FING0.5QD 358 (275) 40.6 (8.4) 2.4 (1.3) 10.4 (8.0) 74%
FING1.25QD 370 (281) 40.9 (8.9) 2.5 (1.3) 10.8 (8.2) 78%

GALA 2013 48 PLA 461 (313) 38.1 (9.2) 2.7 (1.2) NR 7.6 (6.4) 14%
GA40TIW 943 (641) 37.4 (9.4) 2.8 (1.2) 7.7 (6.7) 14%

GATE
NCT01489254

2015 36 GA20QDc 357 (238) 33.8 (9.0) 2.7 (1.2) NR 6.4 (6.0) NR
PLA 84 (57) 32.6 (8.7) 2.7 (1.2) 5.7 (6.0)

GLACIERf

NCT01874145
2015 16 GA20QD 101 (83) 50.4 (9.3) 2.4 (1.4) 12.1 (10.0) 16.2 (11.0) NR

GA40TIW 108 (89) 50.9 (11.0) 2.5 (1.4) 10.8 (8.6) 15.7 (11.1)
IMPROVE
NCT00441103

2012 16 IFNA44TIW 120 (NR) NR NR NR NR NR
PLA 60 (NR)

INCOMIN 2002 96 IFNA30QW 92 (57) 34.9 (7.9) 1.96 (0.7) 6.7 (5.4) NR NR
IFNB250EOD 96 (66) 38.8 (7.1) 1.97 (0.7) 5.9 (4.2)

Kappos, 2011
NCT00676715

2011 48 PLA 54 (36) 38.0 (8.8) NR 2.7 (0.1–
19.2)a

4.8 (0.6; 
26.2)a

30%

IFNA44TIW 54 (38) 38.1 (9.3) 3.3 (0.1–
20.2)a

5.3 (0.8; 
35.2)a

31%

OCRE600Q6M 55 (35) 35.6 (8.5) 3.6 (0.1–
16.5)a

6.5 (0.5; 
20.5)a

53%

OCRE2000Q6M 55 (32) 38.5 (8.7) 4.4 (0.1–
19.2)a

7.7 (0.3; 
28.0)a

51%

MSCRG​ 1996 96 PLA 143 (103) 36.9 (0.6) 2.3 (0.1) 6.4 (0.5) NR Naive
IFNA30QW 158 (118) 36.7 (0.6) 2.4 (0.1) 6.6 (0.5)

OPERA I
NCT01247324

2017 96 IFNA44TIW 411 (272) 36.9 (9.3) 2.9 (1.2) 3.71 (4.63) 6.25 (5.98) 29%
OCRE600Q6M 410 (270) 37.1 (9.3) 2.8 (1.3) 3.82 (4.8) 6.74 (6.37) 26%

OPERA II
NCT01412333

2017 96 IFNA44TIW 418 (280) 37.4 (9.0) 2.8 (1.3) 4.13 (5.07) 6.68 (6.13) 25%
OCRE600Q6M 417 (271) 37.2 (9.1) 2.8 (1.4) 4.15 (4.95) 6.72 (6.10) 27%
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4 � Discussion

In our study, we compared efficacy and safety of DMTs 
through a systematic review of 40 studies (29,150 partici-
pants), with 33 studies (26,133 participants) included in the 
original analysis. Previous network meta-analyses of DMTs 
in RRMS, published by Tramacere et al. [8], Fogarty et al. 
[27], Siddiqui et al. [28] and Hamidi et al. [29] included, 

respectively, 39, 28, 44 and 49 studies. However, our net-
work presents more strict inclusion criteria, considering 
only RRMS patients and not SPMS patients [8]. We also 
included the three new therapies (CLA3.5, DAC150Q4W 
and OCRE600Q6M) not considered in Tramacere et al. 
Fogarty et al. or Hamidi et al. [8, 27, 29].

The ARR outcome was the most reported by the stud-
ies, followed by DAE; although DPC was reported by most 

Table 1   (continued)

Study acronym/
first author and 
year
NCT

Year Follow-up, 
weeks

Evaluated alterna-
tives

# Par-
ticipants (# 
Women)

Age, mean in 
years (SD)

Baseline 
EDSS, mean 
(SD)

Disease 
duration, 
mean in 
years (SD)

Symptom 
onset, mean 
in years 
(SD)

Previous 
DMT

PRISMS 1998 96 IFNA22TIW 189 (67) 34.8 (29.3–
39.8)b

2.5 (1.2) 5.4 (3.0–
11.2)b

NR NR

IFNA44TIW 184 (66) 35.6 (28.4–
41.0)b

2.5 (1.3) 6.4 (2.9–
10.3)b

PLA 187 (75) 34.6 (28.8–
40.4)b

2.4 (1.2) 4.3 (2.4–
8.4)b

REGARD
NCT00078338

2008 96 IFNA44TIW 386 (267) 36.7 (9.8) 2.4 (1.3) NR 5.93 (6.25) NR
GA20QD 378 (272) 36.8 (9.5) 3.2 (1.3) 6.55 (7.10)

Saida, 2017
NCT01440101

2017 24 PLA 47 (32) 35.1 (8.2) 2.1 (1.5) 5.1 (4.9) 6.8 (5.5) 85%
NAT300Q4W 47 (34) 37.7 (8.6) 2.5 (1.6) 5.9 (5.0) 8.7 (5.7) 91%

SELECT
NCT00390221

2013 52 PLA 204 (128) 36.6 (9.0) 2.7 (1.2) 2.0 (1–6)b NR 24%
DAC150Q4W 208 (140) 35.5 (8.9) 2.8 (1.2) 3.0 (1–7)b 25%
DAC300Q4W 209 (134) 35.2 (8.7) 2.7 (1.2) 3.0 (1–6)b 22%

Stelmasiak, 
2009g

2009 48 PLA 44 (27) NR 4.0 (3.4–
4.5)d

NR NR Naive

CLA5 40 (22) 3.8 (3.3–
4.4)d

TEMSO
(Cohort RRMS)
NCT00134563

2011 96 PLA 995 (NR) NR NR NR NR NR
TERI7QD
TERI14QD

TENERE
NCT00883337

2014 48 IFNA44TIWe 104 (71) 37.0 (10.6) 2.0 (1.2) NR 7.7 (7.6) 24%
TERI7QDe 109 (70) 35.2 (9.2) 2.0 (1.2) 7.0 (6.9) 21%

TRANS-
FORMS

NCT00340834

2010 48 IFNA30QW 435 (295) 36.0 (8.3) 2.2 (1.3) NR 7.4 (6.3) 56%
FING0.5QD 431 (282) 36.7 (8.8) 2.2 (1.3) 7.5 (6.2) 55%
FING1.25QD 426 (293) 35.8 (8.4) 2.2 (1.3) 7.3 (6.0) 59%

ALE12/ALE24 alemtuzumab 12 or 24  mg/day for 5  days and, 12  months later, for 3  days, BG240BID/BG240TD dimethyl fumarate 240  mg 
twice or three times daily, CLA3.5/CLA5.25 cladribine, cumulative dose 3.5 or 5.25  mg/kg, DAC150Q4W/DAC300Q4W daclizumab 150 or 
300 mg every 4 weeks, DMT disease-modifying therapies, EDSS Expanded Disability Status Score, FING0.5QD/FING1.25QD fingolimod 0.5 
or 1.25 mg daily, GA20QD glatiramer acetate 20 mg daily, GA40TIW glatiramer acetate 40 mg three times weekly, IFNA22TIW/IFNA44TIW 
interferon β-1a 22 or 44 µg three times weekly, IFNA30QW/IFNA60QW interferon β-1a 30 or 60 µg weekly, IFNB50EOD/IFNB250EOD/IFN-
B375EOD/IFNB500EOD interferon β-1b 50, 250, 275 or 500  µg every other day, SD standard deviation, NAT300Q4W natalizumab 300  mg 
every 4 weeks, NR not reported, OCRE600Q6M ocrelizumab 600 mg every 6 months, PIFN125Q2W/PIFN125Q4W peginterferon 125 µg every 
2 or 4 weeks, PLA placebo, TERI7QD teriflunomide 7 mg daily, TERI14QD teriflunomide 14 mg daily
a Median (minimum, maximum)
b Median (interquartile range)
c Considered glatiramer acetate branded
d Mean (95% confidence interval
e Considered only arms of therapies that included only patients as RRMS
f Studies not included in the meta-analyses
g Studies not included in the base case
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of the studies, the statistical synthesis of this outcome in 
the present review showed limitations due to differences in 
its assessment: some studies reported DPC or DIC only at 
12 weeks, others at 24 weeks. QoL was poorly reported, 
and in a few cases, it was described incompletely (without 
distribution statistics) and with different assessment tools, 
including specific ones for MS, EQ-5D and SF-12/36, 
which precluded a network development. QoL and other 
patient-reported outcomes are highly relevant in the context 
of RRMS, considering that the disease is a progressively 
incapacitating condition. Hence, as important as avoiding a 
relapse and reducing disease intensity, the benefits obtained 
with the treatment should include physical and mental 
improvement from the perspective of the patient. The hetero-
geneity in measuring and reporting the addressed outcomes 
may be explained by the absence of a core outcome set for 
RRMS in adults, which would be paramount to guide future 

studies, contributing, therefore, to the consistency and per-
tinence of new findings.

ARR was the outcome that presented the best robustness. 
The greater precision for this outcome is probably because 
(as recurrence of relapses) it is the primary endpoint in 
most of the studies, being used in the definition of sam-
ple size. ALE12, NAT300Q4W and OCRE600Q6M were 
the most effective treatments against placebo and active 
comparators, with over 80% probability of being the best 
choice (SUCRA). No significant differences in terms of 
efficacy were identified among them; however, differences 
in costs and administration schedule exist. NAT300Q4W 
is administered monthly, OCRE600Q6M is given every 
6 months and alemtuzumab in two unique courses (one in 
5 days in the first year and a second over 3 days in the sec-
ond year). Despite the potential benefit of ALE12 admin-
istration, little evidence of long-term efficacy exists [30]. 

Fig. 1   Network meta-analyses. Network geometry: each node rep-
resents a therapy, and the lines represent direct comparisons in the 
literature; thicker lines represent largest number of studies identi-
fied, and larger nodes represent the largest number of studies for 
a therapy; dark-coloured nodes correspond to first-line therapies 
and light-coloured nodes to second- or third-line therapies and pla-
cebo. a Annualised relapse rate; b disability progression confirmed 
at 12 weeks; c disability progression confirmed at 24 weeks; d dis-
continuation due to adverse events at 96 weeks. ALE12 alemtuzumab 
12 mg daily for 5 days and, 12 months later, 12 mg daily for 3 days, 

BG240BID dimethyl fumarate 240  mg twice daily, CLA3.5 cladrib-
ine, cumulative dose 3.5  mg/kg, DAC150Q4W daclizumab 150  mg 
monthly, FING0.5QD fingolimod 0.5 mg daily, GA20QD glatiramer 
acetate 20 mg daily, GA40TIW glatiramer acetate 40 mg three times 
weekly, IFNA30QW interferon β-1a 30 µg weekly, IFNA44TIW inter-
feron β-1a 44  µg three times weekly, IFNB250EOD interferon β-1b 
250 µg every other day, NAT300Q4W natalizumab 300 mg monthly, 
OCRE600Q6M ocrelizumab 600 mg every 6 months, PIFN125Q2W 
peginterferon 125 µg every 2 weeks, PLA placebo, TERI7QD teriflu-
nomide 7 mg daily, TERI14QD teriflunomide 14 mg daily
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Cost–utility studies comparing DMTs identified ALE12 as 
more effective and less costly than treatment alternatives, 
followed by NAT300Q4W [29]. No pharmacoeconomic 
studies were found that evaluated ocrelizumab with ALE12 
or NAT300Q4W, but comparison with IFNA44TIW shows 
OCRE600Q6M as the most efficient therapy [31]. CLA3.5 
is administered orally, which may be an additional benefit 
compared with daclizumab (SC) and dimethyl fumarate 
(PO), with similar efficacy. Conversely to Siddiqui [28], we 
also identified that CLA3.5, DAC150Q4W, BG240BID and 
FING0.5QD present an intermediate efficacy profile in ARR, 
below ALE12 and NAT300Q4W. Potential reason for this 
discrepancy between the meta-analyses could be the differ-
ent patients’ inclusion criteria.

Very similar results were obtained for DPC12 and 24. It is 
important to note that the INCOMIN study [26] was reported 
as an outlier for this outcome and may have overestimated 
the efficacy of IFNB250EOD [32, 33]. The influence of this 
trial in the ARR network was not relevant because of the 
greater number of studies included. Sensitivity analyses had 
a greater impact on secondary and tertiary outcomes, but not 
on ARR. This suggests that outcomes with lower statistical 
power are more sensitive to the inclusion or exclusion of 
studies.

We evaluated safety, considering only DAE96, because 
of two reasons. It was not possible to build a 48-week net-
work, but the main reason was that ALE12 is administered 
once a year, which could overestimate its safety in periods 

Table 2   Network meta-analysis results for ARR, regarding all follow-up durations (lower) and DAE for 96 weeks of follow-up (upper)

ALE12 
0.47 

(0.11; 2.50) 

0.69 

(0.23; 2.00) 

0.44 

(0.09; 2.60) 

0.50 

(0.15; 2.30) 
- 

0.52 

(0.16; 2.10) 
- - 

0.37 

(0.17; 0.81) 

0.49 

(0.15; 1.50) 
- 

0.48 

(0.10; 2.10) 
- 

0.52 

(0.14; 2.40) 

0.68 

(0.22; 2.60) 

0.99 

(0.78; 1.30) 

NAT300Q4

W 

1.50 

(0.28; 5.70) 

0.93 

(0.22; 3.90) 

1.10 

(0.36; 3.40) 
- 

1.10 

(0.35; 3.20) 
- - 

0.80 

(0.18; 2.60) 

1.00 

(0.26; 2.80) 
- 

1.00 

(0.20; 3.70) 
- 

1.10 

(0.34; 3.50) 

1.40 

(0.56; 3.60) 

0.83 

(0.68; 1.00) 

0.84 

(0.65; 1.10) 

OCRE600Q

6M 

0.64 

(0.14; 3.70) 

0.73 

(0.23; 3.40) 
- 

0.76 

(0.24; 3.00) 
- - 

0.54 

(0.27; 1.10) 

0.70 

(0.23; 2.10) 
- 

0.70 

(0.15; 2.90) 
- 

0.76 

(0.22; 3.40) 

0.98 

(0.35; 3.70) 

0.73 

(0.55; 0.98) 

0.74 

(0.57; 0.96) 

0.89 

(0.66; 1.20) 
CLA3.5 

1.10 

(0.33; 4.30) 
- 

1.20 

(0.32; 4.10) 
- - 

0.85 

(0.17; 3.20) 

1.10 

(0.26; 3.60) 
- 

1.10 

(0.19; 4.60) 
- 

1.20 

(0.31; 4.60) 

1.50 

(0.51; 4.80) 

0.66 

(0.53; 0.83) 

0.67 

(0.55; 0.81) 

0.80 

(0.63; 1.00) 

0.90 

(0.70; 1.10) 

FING0.5Q

D 
- 

1.10 

(0.40; 2.30) 
- - 

0.75 

(0.20; 2.00) 

0.98 

(0.30; 2.00) 
- 

0.95 

(0.21; 2.90) 
- 

1.00 

(0.37; 2.70) 

1.30 

(0.70; 2.50) 

0.65 

(0.53; 0.81) 

0.66 

(0.54; 0.80) 

0.79 

(0.63; 0.98) 

0.89 

(0.69; 1.10) 

0.99 

(0.83; 1.20) 

DAC150Q4

W 
- - - - - - - - - - 

0.65 

(0.51; 0.81) 

0.65 

(0.53; 0.80) 

0.78 

(0.61; 0.99) 

0.88 

(0.68; 1.10) 

0.98 

(0.81; 1.20) 

0.99 

(0.82; 1.20) 
BG240BID - - 

0.72 

(0.22; 1.80) 

0.93 

(0.37; 1.70) 
- 

0.91 

(0.24; 2.70) 
- 

0.99 

(0.39; 2.60) 

1.30 

(0.74; 2.60) 

0.48 

(0.36; 0.65) 

0.49 

(0.37; 0.63) 

0.58 

(0.43; 0.79) 

0.66 

(0.48; 0.89) 

0.73 

(0.57; 0.94) 

0.74 

(0.57; 0.95) 

0.75 

(0.58; 0.97) 

PIFN125Q2

W 
- - - - - - - - 

0.47 

(0.37; 0.61) 

0.48 

(0.38; 0.60) 

0.57 

(0.44; 0.75) 

0.65 

(0.49; 0.84) 

0.72 

(0.58; 0.88) 

0.73 

(0.58; 0.90) 

0.73 

(0.59; 0.91) 

0.98 

(0.74; 1.30) 
GA40TIW - - - - - - - 

0.45 

(0.40; 0.52) 

0.46 

(0.37; 0.56) 

0.55 

(0.47; 0.63) 

0.62 

(0.48; 0.79) 

0.68 

(0.57; 0.82) 

0.69 

(0.59; 0.81) 

0.70 

(0.58; 0.85) 

0.94 

(0.72; 1.20) 

1.00 

(0.88; 1.10) 

IFNA44TI

W

1.30 

(0.56; 3.00) 
- 

1.30 

(0.35; 4.50) 
- 

1.40 

(0.49; 5.30) 

1.80 

(0.81; 5.40) 

0.45 

(0.38; 0.55) 

0.46 

(0.38; 0.54) 

0.55 

(0.45; 0.66) 

0.62 

(0.49; 0.78) 

0.68 

(0.59; 0.80) 

0.69 

(0.60; 0.80) 

0.70 

(0.60; 0.82) 

0.94 

(0.73; 1.20) 

0.95 

(0.79; 1.20) 

1.00 

(0.88; 1.10) 
GA20QD - 

0.99 

(0.35; 2.60) 
- 

1.10 

(0.47; 3.30) 

1.40 

(0.80; 3.30) 

0.45 

(0.35; 0.58) 

0.46 

(0.37; 0.57) 

0.55 

(0.42; 0.70) 

0.62 

(0.47; 0.80) 

0.68 

(0.56; 0.84) 

0.69 

(0.56; 0.85) 

0.70 

(0.56; 0.87) 

0.94 

(0.71; 1.20) 

0.95 

(0.75; 1.20) 

1.00 

(0.81; 1.20) 

1.00 

(0.83; 1.20) 
TERI14QD - - - - 

0.44 

(0.36; 0.55) 

0.44 

(0.36; 0.54) 

0.53 

(0.42; 0.66) 

0.60 

(0.46; 0.77) 

0.67 

(0.55; 0.81) 

0.67 

(0.57; 0.80) 

0.68 

(0.56; 0.83) 

0.91 

(0.70; 1.20) 

0.97 

(0.86; 1.10) 

0.97 

(0.82; 1.20) 

0.93 

(0.74; 1.20) 

0.97 

(0.78; 1.20) 

IFNB250E

OD 
- 

1.10 

(0.38; 4.00) 

1.40 

(0.53; 5.10) 

0.43 

(0.34; 0.54) 

0.43 

(0.35; 0.53) 

0.51 

(0.40; 0.66) 

0.58 

(0.44; 0.75) 

0.64 

(0.53; 0.79) 

0.65 

(0.53; 0.79) 

0.66 

(0.53; 0.81) 

0.88 

(0.67; 1.20) 

0.90 

(0.71; 1.10) 

0.94 

(0.77; 1.10) 

0.94 

(0.78; 1.10) 

0.94 

(0.79; 1.10) 

0.97 

(0.78; 1.20) 
TERI7QD - - 

0.37 

(0.30; 0.44) 

0.37 

(0.31; 0.44) 

0.44 

(0.36; 0.54) 

0.50 

(0.39; 0.63) 

0.56 

(0.48; 0.64) 

0.56 

(0.51; 0.62) 

0.57 

(0.48; 0.67) 

0.76 

(0.60; 0.97) 

0.78 

(0.64; 0.94) 

0.81 

(0.71; 0.93) 

0.81 

(0.73; 0.91) 

0.81 

(0.67; 0.98) 

0.83 

(0.72; 0.97) 

0.86 

(0.72; 1.0) 

IFNA30Q

W 

1.30 

(0.62; 2.80) 

0.31 

(0.26; 0.38) 

0.31 

(0.27; 0.36) 

0.37 

(0.31; 0.46) 

0.42 

(0.34; 0.52) 

0.47 

(0.41; 0.53) 

0.47 

(0.42; 0.54) 

0.48 

(0.42; 0.55) 

0.64 

(0.51; 0.80) 

0.66 

(0.55; 0.78) 

0.69 

(0.60; 0.79) 

0.69 

(0.62; 0.76) 

0.69 

(0.58; 0.81) 

0.70 

(0.61; 0.82) 

0.73 

(0.63; 0.85) 

0.84 

(0.77; 0.93) 
PLA 

Interpretation: left therapy compared with right therapy; for example, ALE12 is more effective than PLA with an HR of 0.31 (95% CrI 0.26–
0.38), although it is safer than IFNA44TIW with a relative risk (RR) of 0.37 (95% CrI 0.17–0.81). Cells with light-grey fill represent measures 
that presented difference with statistical significance
ALE12 alemtuzumab 12 mg/day for 5 days (1st course) and for 3 days (2nd course) with 1-year interval between each course, ARR​ annual-
ised relapse rate, BG240BID dimethyl fumarate 240  mg twice a day, CLA3.5 cladribine, cumulative dose 3.5  mg/kg, CrI credibility inter-
val, DAC150Q4W daclizumab 150  mg every 4  weeks, DAE discontinuation due to adverse events, FING0.5QD fingolimod 0.5  mg/day, 
GA20QD glatiramer acetate 20  mg/day, GA40TIW glatiramer acetate 40  mg three times weekly, IFNA30QW interferon β-1a 30  µg every 
week, IFNA44TIW interferon β-1a 44 µg three times weekly, IFNB250EOD interferon β-1b 250 µg every other day, NAT300Q4W natalizumab 
300 mg every 4 weeks, OCRE600Q6M ocrelizumab 600 mg every 6 months, PIFN125Q2W peginterferon 125 µg every 2 weeks, PLA placebo, 
TERI7QD teriflunomide 7 mg/day, TERI14QD teriflunomide 14 mg/day
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of < 2 years. For this outcome, whereas in individual studies 
and direct meta-analyses some therapies demonstrate supe-
riority over IFNA44TIW and placebo, in our network we 
identified no differences among most of the comparisons. 
The only statistical difference found was between ALE12 
and IFNA44TIW, favouring ALE12, probably because of 
the difference administration schedules make (once a year 
vs three times weekly, respectively). Despite the wide cred-
ibility intervals, SUCRA analysis suggests that ALE12 and 
OCRE600Q6M are the safest therapies. It is important to 
note that DAE is usually associated with serious adverse 
events, and the ranking we obtained may not correspond 
with the frequency of other adverse events [33]. This analy-
sis demonstrates how considering DAE as the only relevant 
safety outcome could cause health professionals to make 
wrong decisions, especially regarding new therapies. Unlike 
the DAE analysis, clinical practice demonstrates that most 
of these therapies are associated with high rates of adverse 
events, and many long-term adverse events are identified 
after the end of treatment (e.g. acute acalculous cholecys-
titis, thyroid disorders, immune thrombocytopenia with 

alemtuzumab) [34, 35] or even after the end of the studies 
(e.g. cancer, severe infections and deaths with ocrelizumab 
or progressive multifocal leukoencephalopathy, severe liver 
failures and lymphoma cases with natalizumab) [36, 37]. 
Moreover, the case of daclizumab illustrates this concern: 
despite the absence of DAE at 96 weeks or differences with 
interferon on report of severe adverse events in the DECIDE 
(Efficacy and Safety of Daclizumab High Yield Process Ver-
sus Interferon β 1a in Patients With Relapsing–Remitting 
Multiple Sclerosis) and SELECT (Daclizumab High-Yield 
Process in Relapsing–Remitting Multiple Sclerosis) trials, 
recently the manufacturer announced voluntary worldwide 
withdrawal of marketing authorisations for Zinbryta® for 
RRMS due to the identification of cases of inflammatory 
encephalitis and meningoencephalitis [38]. Therefore, 
besides the need to consider frequency of adverse events, it 
is mandatory to consider results of trial extension and real-
world evidence data with adequate confidence in evidence, 
in order to conclude about the safety profile of DMTs.

We selected INFA44TIW as the comparator for our 
analyses of confidence in the evidence, instead of placebo 

Fig. 2   Ranking plot based on analysis of surface under the cumula-
tive ranking curve (SUCRA​) values for efficacy (annualised relapse 
rate) and acceptability (treatment discontinuation due to adverse 
events) over 96 weeks. Treatments lying in the upper-right corner are 
more effective and acceptable than the other treatments. TERI7QD, 
TERI14QD, GA40TIW, PIFN125Q2W and DAC150Q4W could 
not be included in network meta-analysis because of discontinuation 
due to adverse events. ALE12 alemtuzumab 12  mg daily for 5  days 
and, 12  months later, 12  mg daily for 3  days, BG240BID dimethyl 
fumarate 240  mg twice daily, CLA3.5 cladribine, cumulative dose 

3.5 mg/kg, DAC150Q4W daclizumab 150 mg monthly, FING0.5QD 
fingolimod 0.5  mg daily, GA20QD glatiramer acetate 20  mg daily, 
GA40TIW glatiramer acetate 40 mg three times weekly, IFNA30QW 
interferon β-1a 30 µg weekly, IFNA44TIW interferon β-1a 44 µg three 
times weekly, IFNB250EOD interferon β-1b 250 µg every other day, 
NAT300Q4W natalizumab 300  mg monthly, OCRE600Q6M ocreli-
zumab 600 mg every 6 months, PIFN125Q2W peginterferon 125 µg 
every 2  weeks, PLA placebo, TERI7QD teriflunomide 7  mg daily, 
TERI14QD teriflunomide 14 mg daily
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Table 3   Evidence quality assessment for annualised relapse rate and discontinuation due to adverse events (GRADE)

Patient: patients with relapsing–remitting multiple sclerosis (RRMS) 
Setting: secondary healthcare centres 
Intervention: immunomodulators or immunosuppressants used for RRMS
Comparison: interferon β-1a, 44 µg three times weekly (IFNA44TIW)

Intervention Illustrative comparative risks Relative effect (95% CrI) Confidence in 
the evidence 
(GRADE)Assumed risk with 

IFNA44TIW
Corresponding risk
with intervention (95% CrI)

Annualised relapse rate
ALE12 35 per 100 16 per 100

(14–18)
0.45
(0.40–0.52)

⨁⨁⨁⨁
High

NAT300Q4W 35 per 100 16 per 100
(13–21)

0.46
(0.38–0.60)

⨁⨁⨁⨁
High

OCRE600Q6M 35 per 100 19 per 100
(17–22)

0.55
(0.47–0.63)

⨁⨁⨁⨁
High

CLA3.5 35 per 100 22 per 100
(17–28)

0.62
(0.49–0.79)

⨁⨁⨁⨁
High

FING0.5QD 35 per 100 24 per 100
(20–29)

0.68
(0.57–0.82)

⨁⨁⨁⨁
High

DAC150Q4W 35 per 100 24 per 100
(21–28)

0.69
(0.59–0.81)

⨁⨁⨁⨁
High

BG240BID 35 per 100 24 per 100
(20–30)

0.70
(0.58–0.85)

⨁⨁⨁⨁
High

PIFN125Q2W 35 per 100 33 per 100
(25–42)

0.94
(0.72–1.20)

⨁⨁⨁◯1

Moderate
GA40TIW 35 per 100 35 per 100

(31–39)
1.00
(0.88–1.10)

⨁⨁⨁◯1

Moderate
GA20QD 35 per 100 35 per 100

(32–40)
1.00
(0.91–1.14)

⨁⨁◯◯1,2

Low
TERI14QD 35 per 100 36 per 100

(29–43)
1.03
(0.83–1.23)

⨁⨁⨁◯1

Moderate
IFNB250EOD 35 per 100 36 per 100

(29–43)
1.03
(0.83–1.22)

⨁⨁◯◯1,2

Low
TERI7QD 35 per 100 37 per 100

(32–46)
1.06
(0.91–1.30)

⨁⨁⨁◯1

Moderate
IFNA30QW 35 per 100 43 per 100

(38–49)
1.23
(1.08–1.41)

⨁⨁◯◯1,2,3

Low
Discontinuation due to adverse events
ALE12 11 per 100 4 per 100

(2–9)
0.37
(0.17–0.81)

⨁⨁⨁⨁
High

OCRE600Q6M 11 per 100 6 per 100
(3–12)

0.54
(0.27–1.10)

⨁⨁⨁⨁
High

IFNA30QW 11 per 100 8 per 100
(2–22)

0.71
(0.19–2.04)

⨁⨁⨁◯2

Moderate
BG240BID 11 per 100 8 per 100

(2–20)
0.72
(0.22–1.80)

⨁⨁⨁⨁
High

FING0.5QD 11 per 100 8 per 100
(2–22)

0.75
(0.20–2.00)

⨁⨁⨁⨁
High

GA20QD 11 per 100 9 per 100
(4–20)

0.77
(0.33–1.79)

⨁⨁⨁◯2

Moderate
IFNB250EOD 11 per 100 9 per 100

(2–32)
0.77
(0.22–2.86)

⨁⨁⨁◯2

Moderate
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like Tramacere et al. [8]. Due to the effects of imprecision, 
selecting a high-efficacy comparator, such as NAT300Q4W, 
would downgrade the quality of evidence for each compari-
son, whereas selecting a low-efficacy comparator, such as 
IFNA30QW or placebo, would excessively upgrade the 
quality of evidence. High-efficacy comparators present the 
highest quality of evidence for efficacy, whereas interme-
diate- and low-efficacy comparators present moderate and 
low quality. Evidence obtained for safety was mainly high 
quality. None of the comparisons were downgraded due to 
heterogeneity, publication bias or intransitivity; however, 
the low heterogeneity may have been caused by the small 
number of studies in each pairwise meta-analysis. Our sen-
sitivity analyses demonstrated no problems associated with 
transitivity.

As a result of our analyses, especially of efficacy evalu-
ation, we suggest a three-category classification for RRMS 
instead of the two categories recommend by ABN [7]. We 
identified three efficacy clusters: high efficacy (i.e. ALE12, 
NAT300Q4W and OCRE600Q6M), intermediate efficacy 
(i.e. CLA3.5, FING0.5QD and BG240BID) and low efficacy 
(i.e. PIFN125Q2W, GA40TIW, IFNA44TIW, GA20QD, 
TERI14QD and IFNB250EOD). This reclassification would 
have an impact on selecting first-line therapies for patients 
with more aggressive conditions (highly active or rapidly 
evolving severe); although there is not sufficient evidence, 
it seems that high- and intermediate-efficacy therapies 
could be the first-line choice for patients with more aggres-
sive conditions, which makes a difference, especially for 
FING0.5QD and BG240BID, currently in category 1 in the 
ABN guidelines [7], but also for CLA3.5, not included in 
the guideline. Although ABN guidelines draw no difference 

between interferons and teriflunomide, our network iden-
tified TERI7QD and IFNA30QW as the worst options for 
ARR, which probably justifies removing them from the 
guideline. Considering its efficacy profile, DAC150Q4W 
could be proposed as intermediate efficacy; however, 
recently the manufacturer announced voluntary world-
wide withdrawal of marketing authorisations for Zinbryta® 
for RRMS due to identification of cases of inflammatory 
encephalitis and meningoencephalitis [38].

As in any systematic search, there is a chance that stud-
ies were missed. However, the grey literature and manual 
searches found no additional studies, reinforcing the quality 
of our search. Although we applied strict selection criteria 
for the type of MS, we found poor reporting of raw data in 
subgroup analyses of primary studies, which precludes us 
from performing subgroup meta-analyses (e.g. age, EDSS, 
disease duration, disease activity). The rapid evolution of 
the diagnostic criteria may produce differences in efficacy 
assessment, and we could not make sensitivity analyses, 
because most DMTs were evaluated by a single criteria. 
Moreover, analyses for DAE may not represent accurate 
safety concerns as seen in real-world settings.

5 � Conclusion

High-quality evidence shows that alemtuzumab, natali-
zumab and ocrelizumab present the highest efficacy among 
DMTs, and other meta-analyses are required to evaluate 
the frequency of adverse events to better understand the 
safety profile of these therapies. Based on efficacy profile, 

Table 3   (continued)

1: imprecision; 2: methodological bias—measurement of the outcome; 3: methodological bias—selection of the reported result
ALE12 alemtuzumab 12 mg daily for 5 days and, 12 months later, 12 mg daily for 3 days, BG240BID dimethyl fumarate 240 mg twice a day, 
CLA3.5 cladribine, cumulative dose 3.5 mg/kg, CrI credibility interval, DAC150Q4W daclizumab 150 mg every 4 weeks, FING0.5QD fingoli-
mod 0.5 mg/day, GA20QD glatiramer acetate 20 mg/day, GA40TIW glatiramer acetate 40 mg three times weekly, GRADE Grading of Recom-
mendations Assessment, Development and Evaluation, IFNA30QW interferon β-1a 30 µg every week, IFNA44TIW interferon β-1a 44 µg three 
times weekly, IFNB250EOD interferon β-1b 250 µg every other day, NAT300Q4W natalizumab 300 mg every 4 weeks, OCRE600Q6M ocreli-
zumab 600 mg every 6 months, PIFN125Q2W peginterferon 125 µg every 2 weeks, TERI7QD teriflunomide 7 mg/day, TERI14QD teriflunomide 
14 mg/day

Patient: patients with relapsing–remitting multiple sclerosis (RRMS) 
Setting: secondary healthcare centres 
Intervention: immunomodulators or immunosuppressants used for RRMS
Comparison: interferon β-1a, 44 µg three times weekly (IFNA44TIW)

Intervention Illustrative comparative risks Relative effect (95% CrI) Confidence in 
the evidence 
(GRADE)Assumed risk with 

IFNA44TIW
Corresponding risk
with intervention (95% CrI)

NAT300Q4W 11 per 100 9 per 100
(2–29)

0.80
(0.18–2.60)

⨁⨁⨁⨁
High

CLA3.5 11 per 100 9 per 100
(2–35)

0.85
(0.17–3.20)

⨁⨁⨁⨁
High
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guidelines should considerer a three-category classification 
(i.e. high, intermediate and low efficacy). Specific studies 
should be conducted for a more precise selection of therapies 
for more aggressive RRMS conditions.
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