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ABSTRACT

Background: Since 2010, 27 mixed-treatment
comparisons (MTCs) of disease-modifying ther-
apies (DMTs) for multiple sclerosis have been
published. However, there has been continued
evolution in the field of MTCs. Additionally,

limitations in methodological approach and
reporting transparency, even in the most recent
publications, makes interpretation and com-
parison of existing studies difficult.
Objectives: The objectives of this study are
twofold: (1) to estimate the efficacy and safety
of DMTs at European Commission-approved
doses compared with placebo in adults with
relapsing–remitting multiple sclerosis (RRMS)
using MTC, and (2) to identify and address
methodological challenges when performing
MTC in RRMS, thereby creating a baseline for
comparisons with future treatments.
Methods: Searches were completed in 14 data-
bases, including MEDLINE, Embase, CENTRAL,
CDSR and DARE, from inception to June 2018
to identify published or unpublished prospec-
tive, randomised controlled trials of all Euro-
pean Union-approved DMTs or DMTs expected
to be approved in the near future in RRMS or
rapidly-evolving severe RRMS. No language or
date restrictions were applied. Studies were
included in the MTC if they were judged to have
sufficiently similar characteristics, based on the
following: patient age; proportion of male par-
ticipants; Expanded Disability Status Scale
(EDSS) score; duration of disease; number of
relapses prior to enrolment and proportion of
previously treated patients. Background infor-
mation from the included studies, as well as
effect size and confidence intervals (where rel-
evant) of defined outcomes were extracted.
Reporting of the MTC was consistent with the
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International Society for Pharmacoeconomics
and Outcomes Research (ISPOR) and Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) network meta-analysis
guidelines.
Results: In total, 33 studies were included in
the MTC. Annualised relapse rate (ARR 28 trials)
was significantly reduced in all treatments
compared with placebo. Alemtuzumab had the
highest probability (63%) of being the most
effective treatment in terms of ARR compared
with placebo (rate ratio [RR] 0.28, 95% credible
interval [CrI] 0.21–0.38), followed by natal-
izumab (30% probability; RR 0.32, 95% CrI
0.23–0.43). The risk of 3- and 6-month con-
firmed disability progression (CDP3M, 13 trials;
CDP6M, 14 trials) were similar; CDP6M was
significantly reduced for alemtuzumab (hazard
ratio [HR] 0.365; 95% CrI 0.165–0.725), ocre-
lizumab (HR 0.405, 95% CrI 0.188–0.853) and
natalizumab (HR 0.459, 95% CrI 0.252–0.840)
relative to placebo. There were no significant
differences in the odds of serious adverse events
(SAEs, 6 trials) between any treatment and pla-
cebo. The results of the MTC were limited by
the lack of studies reporting direct comparisons
between the included treatments and by
heterogeneous reporting of key outcome data.
Conclusions: Meta-analyses confirmed the
benefit of all DMTs in terms of relapse rate
compared with placebo with a comparable rate
of SAEs for the DMTs that could be included in
the network. The rigor and transparency of
reporting in this study provide a benchmark for
comparisons with future new agents.

Keywords: Disease-modifying therapies; Meta-
analysis; Mixed treatment comparison; Multiple
sclerosis; Relapsing–remitting multiple sclerosis

Key Summary Points

A number of disease-modifying therapies
(DMTs) are approved for the treatment of
multiple sclerosis, but direct comparative
data do not exist for each individually
with all other alternative options.

The results of this mixed treatment
comparison (MTC) confirmed that all
DMTs included were beneficial in terms of
relapse rate when compared with placebo,
with a comparable rate of serious adverse
events.

The convergence of evidence from
different sources may help to provide
more precision to conclusions when
comparing across the treatment arena.

The rigorous and transparent approach
taken allows the results of this MTC to be
held as a benchmark for comparisons with
future new agents.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.12912446.

INTRODUCTION

While the use of mixed treatment comparison
(MTC) has become increasingly relevant in
healthcare decision-making, this field continues
to evolve and mature. Interpretation of MTC
results can be complex [1–3] as findings for the
same research question can vary depending on
how a systematic review and a meta-analysis
were performed or reported. Consequently,
there is a growing interest in resolving the issues
surrounding clinical MTC with best-practice
recommendations and reporting guidelines
[2, 4–7].

Multiple sclerosis (MS) is a chronic autoim-
mune-mediated inflammatory disease of the
central nervous system that affects an estimated
2.3 million people worldwide [8, 9]. Ongoing
demyelination of central nerve fibres results in
patients become progressively more disabled
over time [8]. Approximately 85% of patients
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diagnosed with MS have a relapsing–remitting
disease type (RRMS) [9] and, therefore, can be
considered for disease-modifying therapies
(DMTs) [10]. Treatment with DMTs aims not to
cure RRMS but instead reduce the rate of MS
relapses and ultimately delay the progression of
disability [10]. A number of DMTs are already
approved for use in the European Union (EU; 14
at the time of analysis), but direct comparative
data do not exist for each individual DMT with
all other alternative options.

The diagnosis of MS has evolved over time
from criteria initially described by Poser [11] to
subsequent updates of McDonald criteria
[12–14]. This development combined with
temporal changes to definitions of outcome
measures [15] make meeting the assumptions of
similarity, homogeneity and transitivity, which
are critical to optimum MTC design, challeng-
ing in MS [2, 16]. While undertaking an analysis
of methodological approaches, Sormani et al.
2020 [17] identified 27 MTCs of treatments for
MS reported since 2010, and also identified
substantial differences between the reported
studies in terms of the inclusion criteria, treat-
ments assessed and analysis methods which
made it impossible to directly compare findings.
In general, the estimated treatment effects rel-
ative to placebo were in the same direction for
those reported by multiple studies, and this
trend was consistent across outcomes and pop-
ulations. However, the magnitude of the effects
and the associated level of uncertainty for each
finding varied as a result of the differences
between MTCs [17]. Even in one of the most
recently published MTCs, the methodological
approach employed was compromised by com-
bining different time points for a shared end-
point measure (12-and 24-month annualised
relapse rate [ARR]) from different trials, the
inclusion of off-label treatments or doses and
the use of less stringent endpoints for measur-
ing disability (3- rather than 6-month con-
firmed disability progression) [18]. Given this,
our aim was to undertake the most rigorous
MTC of DMTs in RRMS at European approved
doses, thereby providing a benchmark for future
MTCs in this disease area, and avoiding some
the challenges in the interpretation of previous
RRMS MTCs.

The objective of this study was to conduct a
systematic literature review and MTC to esti-
mate the clinical efficacy, in terms of relapse
rate and progression of disability over time, and
safety, in terms of risk of serious adverse events
(SAEs), of DMTs at European Commission-ap-
proved doses compared with placebo in adults
with RRMS.

METHODS

The systematic review methods adhered to
published methods [19–21]. This study was
reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) network meta-analysis [4] (Electronic
Supplementary Material [ESM] Appendix 1) and
International Society for Pharmacoeconomics
and Outcomes Research (ISPOR) guidelines [22].

This study included prospective randomised
controlled trials (RCTs) of adults (aged
C 18 years) with a confirmed diagnosis of RRMS
(C 85% of the study population) and treated
with dimethyl fumarate (DMF), interferon (IFN)
beta-1a, pegylated IFN (IFN) beta-1a, IFN beta-
1b, natalizumab, glatiramer acetate (GA), fin-
golimod, teriflunomide, alemtuzumab, ocre-
lizumab, cladribine or placebo. This article is
based on previously conducted studies and does
not contain any studies with human partici-
pants or animals performed by any of the
authors.

The key outcomes of interest for the MTC
were ARR, 3- and 6-month confirmed disability
progression (CDP3M and CDP6M, respectively)
and SAEs.

MEDLINE, MEDLINE In-Process, MEDLINE
Daily Update, MEDLINE Epub Ahead of Print,
PubMed, Embase, Cochrane Central Register of
Controlled Trials (CENTRAL), Science Citation
Index (SCI), National Institutes of Health (NIH)
ClinicalTrials.gov, World Health Organization
(WHO), International Clinical Trials Registry
Platform (ICTRP), PharmNetBund, EU Clinical
Trials Register (EUCTR), International Standard
Randomised Controlled Trial Number (ISRCTN)
Registry, electronic medicines compendium
(eMC) and European Medicines Agency (EMA)
register were searched for relevant studies from
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database inception to June 2018 without lan-
guage or publication limits. The MEDLINE
search strategy is shown in ESM Appendix 2.
The reference lists of included articles were
checked for additional relevant studies.

Two reviewers independently screened arti-
cles for inclusion, assessed study quality and
performed data extraction. For each study, the
background information (year of publication,
other related publications, country, funding,
study aim and treatment type) were extracted
where available. Other specific data extracted
were sample size, location/setting, methods
employed (e.g. randomisation and allocation
concealment, blinding), patient baseline char-
acteristics (e.g. age, diagnosis, comorbidities,
previous and concomitant treatments), inter-
ventions/study arms compared (description of
interventions and comparators), outcomes
assessed (e.g. definition of outcome, when
assessed, who assessed, methods used to assess
outcome[s]), results (e.g. numbers, percentages
and effect sizes with confidence intervals [CIs;
where relevant]) and follow-up time. Notably,
for the outcomes of interest, ARR per arm was
extracted as the total number of relapses/total
number of patient-years of follow-up. For time-
to-event outcomes (e.g. disability progression)
the hazard ratio (HR) with 95% CI was extrac-
ted, where possible. SAE data were extracted
according to the definition of each individual
study, excluding MS relapse. The methodologi-
cal quality of each study was assessed using the
Cochrane risk-of-bias tool for RCTs [23]. Dis-
crepancies at all stages of the review were
resolved through discussion or consultation
with a third reviewer.

Networks were created for each of ARR,
CDP3M, CDP6M and SAE. ARR was analysed
using the rate ratio (RR) at any time point C

12 months. This cutoff was considered to be
sufficient as ARR is essentially a value deter-
mined over 12 months. Less than 12 months
was considered too short an interval to show a
clinical effect. CDP3M or CPD6M were analysed
using the HR for time-to-disability progression
at 24 months as the effect estimate. SAE used
the odds ratio (OR) at the 24-month follow-up
as the effect estimate. The studies eligible for
inclusion in the network were assessed for

similarity based on the following characteris-
tics: diagnosis, diagnostic criteria, age, gender,
Expanded Disability Status Scale (EDSS) range,
duration of disease, number of relapses prior to
enrolment, previously treated patients, EU
licensed doses only and follow-up time.

‘Head-to-head’ comparisons of treatments
were performed in line with the Cochrane
Handbook for Systematic Reviews of Interven-
tions [20]. Forest plots of effect sizes, showing
the results of individual studies, were prepared
using the meta-package [24] in R software (R
Foundation for Statistical Computing, Vienna,
Austria) [25]. Where more than one study
reported the same outcome measure for clini-
cally similar populations, pooled effect esti-
mates and 95% CIs were calculated using
random-effects models. For pooled analyses of
relative treatment effects (e.g. RR, HR), study
weights were calculated using the generic
inverse variance method. For pooled analyses of
binary data based on the number of participants
with an event and the total number of partici-
pants, study weights were calculated using the
Mantel–Haenszel method. Assessment of publi-
cation bias was not possible due to a lack of
sufficient studies. Heterogeneity was assessed
using the I2 statistic.

All indirect comparisons and MTC methods
used in this report are consistent with ISPOR
task force recommendations for the conduct of
direct and indirect meta-analyses [6, 7]. MTC
was performed using a Bayesian approach using
the gemtc package [26]. A burn-in of 50,000
simulations was used, followed by a further run
of 50,000 simulations to obtain parameter esti-
mates. Model convergence was assessed using
the Brooks–Gelman–Rubin statistic [27]. Ran-
dom-effects models were used. Model fit was
assessed using residual deviance and the
deviance information criterion. A frequency
table was constructed from these rankings and
normalised by the number of iterations to give
the rank probabilities [25]. Sensitivity analyses
were performed for fixed-effects models, the
definition of SAEs and follow-up data.

In many cases, the data required as inputs to
standard MTC models were not reported by the
included studies. The missing values were cal-
culated from the available data using standard
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methods [20, 28–30]. When missing values
could not be estimated from the available data
they were not included in the analysis.

Network diagrams for each outcome were
assessed for the presence of loops where incon-
sistency may occur. For those networks with the
potential for inconsistency, we used the node
splitting method to check for evidence of
inconsistency [3]. An inconsistency factor of
exactly 1 would indicate that the indirect and
direct estimates of the treatment comparison
were exactly equal (C 2 studies per comparison
were required). To further confirm the results of
the MTC analysis, pairwise meta-analysis was
compared to the relevant analyses.

RESULTS

Systematic Review

The search strategies identified 19,577 unique
citations (Fig. 1). After title and abstract
screening, 1366 articles met the criteria for full-
text review, of which 537 were excluded. Fifty-
one studies (779 publications) were included in
the review; references can be found in ESM
Appendix 3.

Creating and Defining the Network

The similarity of the study and patient charac-
teristics were analysed to allow network defini-
tion. A summary of the inclusion criteria for all
included studies is shown in ESM Appendix 4a.
The oldest trial was published in 1987 [31],
while over half of the included trials (28 of 51)
were published since 2010. MS diagnosis was
mainly based on the McDonald 2005 criteria
[13] but there was some variation across trials.
Most studies (84%) included over 100 patients,
but seven included less [31–37]. Most (88%) had
a cutoff for inclusion above an EDSS score of 5
or 5.5, with an average score across the trials
ranging from 1.5 to 4. The majority of trials
(71%) included treatment-naı̈ve patients. Most
studies (76%) included exclusively RRMS
patients, six studies included C 85% RRMS
patients and five did not clearly report MS

subtypes [31, 38–41]. Over one-fifth (22%) of
trials were rated as low risk of bias in all
domains, 46% had at least one domain at a high
risk of bias (see ESM Appendix 4b–f). There was
some variation in the follow-up time between
studies. Many studies did not report one or
more of the baseline details. The definition of
relapse was variable; most studies defined it as
new or worsening clinical signs or symptoms.
However, the definition may also include neu-
rological symptoms, with symptoms lasting for
24 h or up to 30 days and possibly but not
definitively accompanied with fever and
infection.

After comparison of the baseline data, 18
studies were excluded from the networks as they
were judged to be unable to uphold similarity
assumptions. The excluded studies are listed in
ESM Appendix 4g with accompanying reasons
for exclusion, which were: dose, follow-up time,
outcome definition and MS type. For the
remaining 33 studies—18 placebo-controlled
and 15 head-to-head— four networks were cre-
ated, one for each outcome of interest. The
network for ARR (28 studies) is shown in Fig. 2
and the networks for CDP3M (13 studies),
CDP6M (14 studies) and SAEs (6 studies) are
shown in ESM Appendix 5. Looking at the net-
works, most comparisons involved one trial,
some had two trials, but only two treatment
comparisons had three trials. In the SAE net-
work, data from CARE MS-I and CARE MS-II
(alemtuzumab 12 mg once daily vs. IFN beta-1a
44 mcg three times per week) could not be
connected to the network due to the absence of
data to inform the intermediate connections.

Analysis and Interpretation

Relapse rate was significantly reduced for all
treatments compared with placebo. Treatments
were ranked according to the probability of
being the most effective (Fig. 3; Table 1; ESM
Appendix 6). Alemtuzumab had the highest
probability (63%) of being the most effective
treatment, in terms of ARR compared with pla-
cebo (RR 0.28, 95% credible intervals [CrI]
0.21–0.38), followed by natalizumab (30%
probability; RR 0.32, 95% CrI 0.23–0.43). All
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other treatments had\10% probability of
being most effective versus placebo, with IFN
beta-1a, IFN beta-1b, GA 20 mg once daily and

teriflunomide all having 0% probability. Pair-
wise comparisons were performed where possi-
ble to identify any potential heterogeneity (ESM

Fig. 1 PRISMA diagram to illustrate the screening of
studies from searches to inclusion. aNot available through
any online resources or via the British Library. EPAR

European public assessment report, PRISMA Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses, SmPC summary of product characteristics
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Appendix 7a–e). High heterogeneity was iden-
tified in the comparison of GA 20 mg versus
placebo (I2 = 86%). The 1987 Bornstein et al.
study [31] appeared to be an outlier and was
excluded in the sensitivity analyses for both
pairwise meta-analysis and MTC analysis;
exclusion of this study reduced heterogeneity
(0%) and altered the RRs slightly while nar-
rowing the 95% CrI (ESM Appendix 7f, g).
Sensitivity analyses were also carried out to
assess the impact of using a fixed-effects model
and the impact of pooling follow-up data by
analysing 24-month data only (ESM Appendix
7h, i); for both analyses, there were no major
differences in the results. There was no evidence
of statistically significant inconsistency using
the node splitting method, or by comparison of

the direct analyses with the MTC results (Fig. 3;
ESM Appendix 7a–e, 7j).

There was substantial uncertainty associated
with disease progression, likely due to the small
number of studies informing each treatment
comparison in the network. There was a reduc-
tion in the risk of both CDP3M and CDP6M for
all treatments relative to placebo; however, the
differences were statistically significant for only
two and three treatments compared with pla-
cebo, respectively (CDP3M: alemtuzumab and
ocrelizumab; CDP6M: alemtuzumab, ocre-
lizumab and natalizumab). Again, treatments
were ranked according to the probability of
being the most effective (Fig. 4 [CDP3M], Fig. 5
[CDP6M]; ESM Appendix 6). The results were
numerically similar for the CDP3M and CDP6M
analyses. In the case of disability progression at

Fig. 2 Network diagram for annualised relapse rate (28
studies, with name of study given in uppercase letters on
connecting lines). bid Twice daily, DMF dimethyl
fumarate, GA glatiramer acetate, IFN interferon, PEG

pegylated, q2w every 2 weeks, q24w every 24 weeks, q4w
every 4 weeks, qad every other day, qd once daily, qw once
per week, tiw three times per week
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6 months, only alemtuzumab, ocrelizumab and
natalizumab were significantly more effective
than placebo (Fig. 5). Alemtuzumab had the
highest probability (45%) of being the most
effective treatment compared with placebo (HR
0.37, 95% CrI 0.17–0.73), followed by ocre-
lizumab (26% probability; HR 0.40, 95% CrI
0.19–0.85) and then natalizumab (17% proba-
bility; HR 0.46, 95% CrI 0.25–0.84). There was
no evidence of heterogeneity in any pairwise
comparisons (ESM Appendices 8a, b and 9a, b).
Sensitivity analyses were carried out to assess
the impact of using a fixed-effects model in
both CDP3M and CDP6M (ESM Appendices 8c
and 9c), and the results were similar in both
models. Analysis of inconsistency using the
node splitting method was not possible due to a
lack of studies.

There were no statistically significant differ-
ences in the odds of a SAE for any treatment in
the network relative to placebo (Fig. 6; ESM
Appendix 10). There was moderate evidence of
heterogeneity (ESM Appendix 10a). Sensitivity
analysis was carried out to assess the impact of
using a fixed-effects model (ESM Appendix 10b)
and found that the treatment effects were sim-
ilar in both models. As the definition of SAE
considered for inclusion in the network exclu-
ded MS relapse, we performed a sensitivity
analysis to investigate the impact of its inclu-
sion (ESM Appendix 10c). The results of this
analysis showed that inclusion of MS relapse
had little impact on the results for IFN beta-1a
or fingolimod but it did reduce the estimated
treatment effects relative to placebo for GA,
DMF, and natalizumab. Analysis of inconsis-
tency was not possible.

Fig. 3 Annualised relapse rate of all treatments relative to placebo
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DISCUSSION

Substantial differences in the conduct of previ-
ous systematic reviews in terms of the patient
population included treatments and analysis
methods, which mean that the results of those
studies are not directly comparable with the
results of this review.

This review performed Bayesian random-ef-
fects modelling to compare all treatments to
each other and placebo, and the results were
ranked according to the probability that each
treatment was the most effective in terms of risk
of relapse and disability progression. Sensitivity
analyses were performed to investigate hetero-
geneity, using fixed-effects instead of random-
effects models, pooling of follow-up data and
the definition of SAE. All of these analyses
indicated that the base–case analysis was robust,
and we found no evidence of statistically sig-
nificant inconsistency.

The networks presented here were clearly
defined for the treatments at individual nodes,

and different treatment regimens were not
combined. We clearly presented patient and
study characteristics. The process for including
studies into the network and the reasons for
exclusion were also clearly reported. The iden-
tified evidence base had variable diagnostic cri-
teria, which reflected the clinical changes that
have occurred over the 30-year time span cov-
ered by the review. Sormani et al. [17] discussed
the importance of the similarity of the popula-
tion in terms of diagnosis and MS subtypes. To
ensure similarity we restricted patients to those
with RRMS (C 85% RRMS). In addition, we
restricted studies to those reporting SAEs (not
adverse events [AEs] and not SAEs whose defi-
nition included MS relapse) to ensure that SAEs
were consistent between studies. For similar
reasons, CDP3M and CDP6M were analysed at
24-month follow-up while we combined all
follow-up times greater than 12 months for
ARR. A combination of follow-up times allowed
a network to be created that compared more
relevant treatments. A panel of expert MS

Table 1 Annualised relapse rate of all treatments relative to placebo

Treatment Rate ratio 95% CrI lower 95% CrI upper

IFN beta-1a 30 mcg qw 0.807 0.695 0.932

IFN beta-1a 44 mcg tiw 0.649 0.516 0.802

PEG IFN beta-1a 125 mcg q2w 0.642 0.473 0.880

IFN beta-1b 250 mcg qad 0.651 0.533 0.779

GA 20 mg qd 0.626 0.533 0.719

GA 40 mg tiw 0.657 0.503 0.855

Teriflunomide 14 mg qd 0.736 0.609 0.889

DMF 240 mg bid 0.498 0.403 0.614

Fingolimod 0.5 mg qd 0.463 0.379 0.562

Natalizumab 300 mg q4w 0.316 0.233 0.428

Alemtuzumab 12 mg qd 0.284 0.205 0.381

Ocrelizumab 600 mg q24w 0.346 0.246 0.476

Cladribine 3.5 mg/kg qd 0.425 0.325 0.554

bid Twice daily, CrI credible interval, DMF dimethyl fumarate, GA glatiramer acetate, IFN interferon, PEG pegylated, q2w
every 2 weeks, q24w every 24 weeks, q4w every 4 weeks, qad every other day, qd once daily, qw once per week, tiw three
times per week
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clinicians was consulted to interpret this vari-
ability and confirmed that the studies included
were clinically comparable and outcomes were
clinically relevant. The clinical similarity of
study populations was often unclear due to
absent or heterogeneous reporting of key
patient characteristics.

As treatments for MS have evolved over time,
there has been a methodological shift from
simple placebo-controlled studies in naı̈ve
patients to complex head-to-head or active-
controlled studies, with or without a placebo
reference, in a mixed population of treatment-
naı̈ve and previously treated patients. This
trend will have an impact on the MTC network
and, ultimately, the relative effect. For example,
a head-to-head trial in patients who have
experienced disease activity on previous ther-
apy might introduce bias in the relative effects
seen in such an MTC and could overestimate
effects versus placebo. The varying ARR and

progression rates observed with IFN beta-1a
over many years in different studies with dif-
ferent comparators highlight the difficulty of
this exercise. The defined networks presented
here were limited by the lack of head-to-head
comparisons between some treatments, which
remains an unmet need in MS, and the limited
number of studies per comparison. Given these
limitations, MTC is the only way to conduct
such cross-study comparisons.

While MTCs allow for the comparison of
products where no direct evidence exists, it is
important to note that they should not be used
in isolation as a tool to assist decision making.
Patient characteristics and preference, hetero-
geneity of disease course and unmet need
should all be considered when looking into
individual treatment decisions. MTCs provide
estimates of comparative efficacy given the
available data included. The further application
of real-world data and comparisons employing

Fig. 4 Disability progression confirmed after 3 months for all treatments relative to placebo
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propensity matching and adjustment have the
possibility to enhance these MTC findings and
expand evidence across populations beyond the
RCT. Although at a risk of introducing greater
heterogeneity, the convergence of evidence
from different sources may help to provide
more precision to conclusions in comparing
across the treatment arena.

Strengths and Limitations

We identified a number of major challenges
during MTC analysis which were inherent in
the available evidence base for MS trials,
including: reporting of AEs; lack of baseline
details; sparse networks which can limit
opportunities for sensitivity or subgroup analy-
ses and defining similarity assumptions.

Fig. 5 Disability progression confirmed after 6 months for all treatments relative to placebo

Fig. 6 Any serious adverse event for all treatments relative to placebo
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MS networks are sparse in comparison to
other disease types, such as schizophrenia [42].
Many links in the network were formed from
single studies; therefore, the exclusion of a sin-
gle study for any sensitivity analysis could lead
to the breakdown of the entire network. The
reliance of the networks on limited studies
prevented the investigation of subgroups of
interest (MS subtypes, non-responders, treat-
ment naı̈ve patients, previous treatments) or
further sensitivity analyses (risk of bias, disease
severity, study size, use of an active comparator
or placebo). Several studies did not report rele-
vant data, such as standard deviation or CIs to
allow inclusion in the MTC. It is a challenge
within the design of a network (especially sen-
sitivity analyses) to avoid the temptation to
create the network at the expense of the quality
of data by compromising similarity assumptions
or data imputation.

There were no statistically significant differ-
ences in the odds of an SAE for any treatment in
the network relative to placebo (Fig. 6; ESM
Appendix 10), which may reflect limited statis-
tical power due single studies informing the
different arms of the network; alternatively, it
may indicate that there are no differences
between the treatments.

This systematic review followed best practice
standards [20], and the methodology was
clearly reported. There were no date or language
restrictions. The searches included a compre-
hensive set of sources and databases that were
designed to identify articles about the inter-
ventions or the comparators. Two independent
reviewers were involved in all steps of the
review, thereby ensuring low risk of meta bias
[43]. It is important for decision making to
include both components of the benefit–risk
equation, and therefore we selected both effi-
cacy and safety outcomes. However, alternative
study designs are more appropriate for identi-
fying AEs, and it is likely that restricting inclu-
sion to RCTs compromised the evidence for
SAEs in this review. This study may be improved
by including non-randomised trials [21, 44, 45].

The best practice requirement to submit our
MTC protocol to PROSPERO post-dated the data
extraction phase of our initial analysis, thereby
preventing us from registering our study.

However, we recognise the importance of reg-
istration to PROSPERO in demonstrating trans-
parency and therefore encourage all researchers
to submit their MTC protocol to ensure that
high standards of review work are upheld.

As discussed above, the clinical similarity of
the included studies was difficult to assess due
to unclear reporting of key information. We
consulted a panel of clinicians to provide expert
guidance on the similarity of the included
studies. In cases where the available informa-
tion was ambiguous, we favoured inclusion of
the studies wherever possible in order to pro-
vide the best available evidence. Since many
links in the network were formed from single
studies, the alternative would be that networks
could not be formed for several outcomes and
the comparisons of interest could not be asses-
sed. However, it should be considered that the
factors outlined above may have introduced
heterogeneity into the analysis.

The use of date limits can introduce bias into
analysis and may compound the problems
associated with sparse networks by excluding
important evidence. Consistent with the
Cochrane review standards [46], we did not
apply a date limit and performed searches in
each database from inception, with the aim of
identifying all relevant evidence. However, we
recognise that the inclusion of earlier studies
may present a limitation in our analysis in that
temporal changes in diagnostic criteria, treat-
ment patterns and clinical trial populations
could introduce further heterogeneity. In fact,
when high heterogeneity was observed in ARR
for comparisons of GA versus placebo, the
exclusion of a 1987 study by Bornstein et al. [31]
from the sensitivity analysis resulted in only a
slight change in the point estimate compared to
the base case.

CONCLUSIONS

Meta-analyses confirmed that all DMTs reduced
ARR compared with placebo as defined by the
included studies. This result generally aligns
with other those from MTCs, as reported in
2020 by Sormani et al. [17], in which the esti-
mated treatment effects relative to placebo were
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in the same direction for those treatment effects
that were reported by multiple studies. This
trend was consistent across outcomes and across
populations, but the magnitude of the effects
and the associated uncertainty varied as a result
of the differences between studies [17]. In terms
of ARR, alemtuzumab and natalizumab had the
highest probabilities of being the most effective
treatment compared with placebo.

Uncertainty in results for CDP3M and
CDP6M were likely a result of the small number
of studies that could be included in the analysis.
However, the findings suggested that only the
monoclonal antibodies alemtuzumab, ocre-
lizumab and natalizumab reduced the rate of
disability progression at 6 months compared
with placebo. Although data on SAEs were not
available for all DMTs, the result of analysis
implies that patients receiving active treatment
with DMTs for RRMS experience fewer SAEs
than those receiving placebo.

The rigorous and transparent approach taken
to performing and reporting the current study
allows the results to be held as a benchmark for
comparisons with future new agents.
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