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ABSTRACT

Background

Interferons-beta (IFNs-beta) and glatiramer acetate (GA) were the first two disease-modifying therapies (DMTs) approved 20 years ago
for the treatment of multiple sclerosis (MS). DMTs' prescription rates as first or switching therapies and their costs have both increased
substantially over the past decade. As more DMTs become available, the choice of a specific DMT should reflect the risk/benefit profile, as
well as the impact on quality of life. As MS cohorts enrolled in different studies can vary significantly, head-to-head trials are considered
the best approach for gaining objective reliable data when two different drugs are compared. The purpose of this systematic review is to
summarise available evidence on the comparative effectiveness of IFNs-beta and GA on disease course through the analysis of head-to-
head trials.

This is an update of the Cochrane review 'Interferons-beta versus glatiramer acetate for relapsing-remitting multiple sclerosis' (first
published in the Cochrane Library 2014, Issue 7).

Objectives
To assess whether IFNs-beta and GA differ in terms of safety and efficacy in the treatment of people with relapsing-remitting (RR) MS.

Search methods

We searched the Trials Register of the Cochrane Multiple Sclerosis and Rare Diseases of the CNS Group (08 August 2016) and the reference
lists of retrieved articles. We contacted authors and pharmaceutical companies.

Selection criteria
Randomised controlled trials (RCTs) comparing directly IFNs-beta versus GA in study participants affected by RRMS.
Data collection and analysis

We used standard methodological procedures as expected by Cochrane.

Interferons-beta versus glatiramer acetate for relapsing-remitting multiple sclerosis (Review) 1
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Main results

Six trials were included and five trials contributed to this review with data. A total of 2904 participants were randomly assigned to IFNs
(1704) and GA (1200). The treatment duration was three years for one study, two years for the other four RCTs while one study was stopped
early (after one year). The IFNs analysed in comparison with GA were IFN-beta 1b 250 mcg (two trials, 933 participants), IFN-beta 1a 44 mcg
(three trials, 466 participants) and IFN-beta 1a 30 mcg (two trials, 305 participants). Enrolled participants were affected by active RRMS. All
studies were at high risk for attrition bias. Three trials are still ongoing, one of them completed.

Both therapies showed similar clinical efficacy at 24 months, given the primary outcome variables (number of participants with relapse
(risk ratio (RR) 1.04, 95% confidence interval (Cl) 0.87 to 1.24) or progression (RR 1.11,95% CI 0.91 to 1.35). However at 36 months, evidence
from a single study suggests that relapse rates were higher in the group given IFNs than in the GA group (RR 1.40, 95% Cl 1.13 to 1.74, P
value 0.002).

Secondary magnetic resonance imaging (MRI) outcomes analysis showed that effects on new or enlarging T2- or new contrast-enhancing
T1 lesions at 24 months were similar (mean difference (MD) —0.15, 95% Cl -0.68 to 0.39, and MD -0.14, 95% CI -0.30 to 0.02, respectively).
However, the reduction in T2- and T1-weighted lesion volume was significantly greater in the groups given IFNs than in the GA groups (MD
-0.58, 95% CI -0.99 to -0.18, P value 0.004, and MD -0.20, 95% CI -0.33 to -0.07, P value 0.003, respectively).

The number of participants who dropped out of the study because of adverse events was similar in the two groups (RR 0.95, 95% CI 0.64
to 1.40).

The quality of evidence for primary outcomes was judged as moderate for clinical end points, but for safety and some MRI outcomes
(number of active T2 lesions), quality was judged as low.

Authors' conclusions

The effects of IFNs-beta and GA in the treatment of people with RRMS, including clinical (e.g. people with relapse, risk to progression) and
MRI (Gd-enhancing lesions) measures, seem to be similar or to show only small differences. When MRI lesion load accrual is considered,
the effect of the two treatments differs, in that IFNs-beta were found to limit the increase in lesion burden as compared with GA. Evidence
was insufficient for a comparison of the effects of the two treatments on patient-reported outcomes, such as quality-of-life measures.

PLAIN LANGUAGE SUMMARY

A comparison of the effectiveness and safety of the two most common therapies for people with multiple sclerosis (MS)

Background
This is an update of the Cochrane review 'Interferons-beta versus glatiramer acetate for relapsing-remitting multiple sclerosis' (first
published in the Cochrane Library 2014, Issue 7).

At present, the therapeutic choice for people with MS requires informed discussion on the equivalence of therapeutic agents. This study is
important because it is the first report evaluating through a direct comparison whether two treatments, interferons-beta (IFNs-beta) and
glatiramer acetate (GA), have the same effect on the disease course.

Study characteristics
We searched medical databases for studies in which neither participants nor researchers were told which treatment was given (randomised
double-blind trials). The efficacy of the two therapies was considered in terms of occurrence of relapse and progression of disease.

Key results and quality of evidence

Up to August 2016, we found six studies comprising 2904 participants (1704 treated with IFNs; 1200 with GA) that met our inclusion criteria
requirements. We found that the two therapies seemed to have similar effects or only small differences in the occurrence of relapse or
progression.

The quality of evidence was moderate overall, although in terms of the safety profile the quality of evidence was low. Therisk forincomplete
outcome data was found to be high, as some studies present incomplete reporting of adverse events and numbers of participants who
dropped out.

It is worth noting that all studies but one were sponsored by the drug industry. Furthermore, all of the studies were short-term, with a
treatment duration of three years for one study and two years for the other four, while one study was stopped early after one year.

Interferons-beta versus glatiramer acetate for relapsing-remitting multiple sclerosis (Review) 2
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Interferons compared with glatiramer acetate for participants with relapsing-remitting multiple

sclerosis

interferons compared with glatiramer acetate for participants with relapsing-remitting multiple sclerosis

Patient or population: people with relapsing-remitting multiple sclerosis
Settings: secondary care

Intervention: interferons

Comparison: glatiramer acetate

Outcomes Illustrative comparative risks* (95% Cl) Relative effect  No. of partici- Quality of the Comments
(95% Cl) pants evidence
Assumed risk Corresponding risk (in- (studies) (GRADE)
(control) tervention)
Glatiramer ac-  Interferons
etate
Number of participants with re- Study population RR 1.04 2184 DODO Detection bias risk for clin-
lapse (0.87 to 1.24) (3 studies) moderate ¢ ical outcomes was judged
Risk ratio 36 per 100 38 per 100 as high for 1 study and low
(31to 45) for the other 2 RCTs
(M-H, random, 95% CI)
Follow-up: 24 months Moderate
35 per 100 36 per 100
(30 to 43)
Number of participants with con- Study population RR1.11 2169 DODO Detection bias risk for clin-
firmed progression (0.91to0 1.35) (3 studies) moderate @ ical outcomes was judged
Risk ratio 15 per 100 16 per 100 as high for 1 study and low
(13 to 20) for the other 2 RCTs
(M-H, random, 95% CI)
Follow-up: 24 months Moderate
15 per 100 17 per 100
(14 to 21)
Number of participants who Study population RR 0.95 2685 B®DOO
dropped out for AEs (0.64t01.4) (4 studies) low ab
Risk ratio 4 per 100 4 per 100
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(M-H, random, 95% ClI) (3to6)
Follow-up: 24 months

Moderate

5 per 100 5 per 100

(3to7)

Mean number of active T2 lesions 0.15 lower in IFN ver- 1790 B®DOO Detection bias risk for MRI
Mean difference (IV, random, 95% sus GA groups (3 studies) low b.c outcomes was judged as
Cl) (0.68 lower to 0.39 high- low for all studies
Follow-up: 24 months er)
Mean number of new enhancing le- 0.14 lower in IFN ver- 1734 SDDO Detection bias risk for MRI
sions sus GA groups (3 studies) moderate d outcomes was judged as
Mean difference (IV, random, 95% (0.3 lower to 0.02 high- low for all studies
Cl) er)
Follow-up: 24 months
Mean change in total T2-hyperin- 0.58 lower in IFN ver- 1608 DODO Detection bias risk for MRI
tense lesion load sus GA groups (2 studies) moderate d outcomes was judged as
Mean difference (IV, random, 95% (0.99 to 0.18 lower) low for both studies
o))
Follow-up: 24 months
Mean change in total T1-hy- -0.20 lower in IFN ver- 1602 BP0 Detection bias risk for MRI
pointense lesion load sus GA groups (-0.33 to (2 studies) moderate d outcomes was judged as

Follow-up: 24 months

-0.07)

low for both studies

*The basis for the assumed risk (e.g. median control group risk (GA) across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is

based on the assumed risk in the comparison group (IFNs) and the relative effect of the intervention (and its 95% Cl).
Cl: Confidence interval; RR: Risk ratio.

GRADE Working Group grades of evidence.

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

@High risk of attrition bias.

bwide 95% confidence intervals.
CSignificant heterogeneity of results.
dEffect size of uncertain value.
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BACKGROUND

This is an update of the Cochrane review 'Interferons-beta versus
glatiramer acetate for relapsing-remitting multiple sclerosis' (first
published in The Cochrane Library 2014, Issue 7).

Description of the condition

Multiple sclerosis (MS) is the most important non-traumatic cause
of neurological disability in young adults. It is widely considered
an immune-mediated inflammatory disease of the central nervous
system (CNS). The overall incidence rate of MS is between 3.5
and 6.6 per 100,000, and the prevalence is between 100 and 120
people per 100,000 (Alonso 2008; Richards 2002). After the first
clinical episode (clinically isolated syndrome (CIS)), about 50% of
people develop MS within six years (Chard 2011). MS commonly
follows a relapsing-remitting (RR) course, but after 10 years, about
50% of people with RRMS convert to a secondary progressive (SP)
phase (Weinshenker 1989), which is characterised by progressive
disability with or without superimposed relapses.

Disease-modifying therapies (DMTs) are approved worldwide as
therapeutic options for RRMS (Goodin 2008b; Weinstock-Guttman
2008), although recent systematic reviews of placebo-controlled
trials have questioned their effectiveness, showing partial efficacy
for exacerbation and disease progression (La Mantia 2010; Rice
2001). Thefirsttwo DMTs, recombinant interferons-beta (IFNs-beta)
and glatiramer acetate (GA), became available 20 years ago. In the
Canadian provinces between 2002 and 2007, subcutaneous IFN-
beta 1a was the most commonly used drug, whereas GA showed the
greatest growth in use (Rotstein 2010). Interferon-beta 1a gained
the greatest number of users in the United States between 2002 and
2008, whereas GA showed the greatest growth in use for therapy
switches (Oleen-Burkey 2013).

Today these drugs remain in worldwide use for the treatment of
MS (Jelinek 2015). Persistence with injectable DMTs was found to
be high in an 18-year population-based study, median time to
discontinuation being 11.1 years, with a stop/switch rate of 46% for
GA and 56% for IFN-beta (Zhornitsky 2015).

Description of the intervention

Recombinant IFN-beta products licensed for MS treatment include
two IFN-beta 1b preparations (Betaferon® (Bayer) (FDA 1993); and
Extavia® (Novartis) (FDA 2009)) and three IFN-beta 1a preparations:
Avonex® (Biogen Idec) (FDA 1996); Rebif® (EMD Serono/Pfizer) (FDA
2002); and Plegridy® (Biogen Idec) (FDA 2014).

IFN-beta 1b is a lyophilised protein produced by DNA recombinant
technology using Escherichia coli. The approved dose is 250 mcg
every other day by subcutaneous (SC) injection.

IFN-beta 1a is a lyophilised glycoprotein produced in mammalian
cells by using the natural human gene sequence. Three
preparations are licensed for the treatment of MS: 30 mcg once
a week administered by intramuscular (IM) injection (Avonex®);
22 or 44 mcg administered three times a week by SC injection
(Rebif®); and 125 micrograms injected subcutaneously every 14
days (peginterferon-beta 1a, Plegridy®)

GA, formerly known as co-polymer-1, is a random polymer of
four amino acids: L-alanine, L-glutamic acid, L-lysine and L-

tyrosine. It was the first non-IFN drug approved for the treatment
of MS (FDA 2001). The approved dose of GA (Copaxone® (Teva
Pharmaceuticals)) is 20 mg administered subcutaneously every
day.

How the intervention might work

Large placebo-controlled, randomised double-blind trials have
demonstrated the efficacy of different forms of IFN-beta in study
participants with RRMS, as assessed by clinical evaluation and
magnetic resonance imaging (MRI) (IFN MSSG 1995; Jacobs 1996;
PRISMS 1998). The mechanisms of action of IFN-beta 1b and 1a
are not completely understood. Potential mechanisms include
regulation of immune cell activation and proliferation, auto-
reactive T-cell apoptosis, induction of anti-inflammatory cytokine
shifts, inhibition of immune cell trafficking across the blood-brain
barrier and antiviral activity (Dhib-Jalbut 2010).

GA showed significant efficacy in people with RRMS, reducing
the relapse rate and MRI disease activity (Comi 2001; Johnson
1995). The efficacy of GA is considered due to inhibition of the
immune response to myelin basic protein and possibly other
myelin antigens. Generating suppressor cells, inducing tolerance,
expanding regulatory T-cell populations and altering antigen-
presenting cells seem to be involved in the mechanism of action
(Racke 2010).

Why it is important to do this review

The choice of specific DMTs remains a relevant issue, and the
final decision should be based on a thorough evaluation of
the risk/benefit profile, impact on quality of life and potential
neuroprotective and long-term effects of a given drug (Compston
2008). At present, no clear evidence can be found on the relative
efficacy of different DMTs in the treatment of people with RRMS.
Comparative trials remain the best tool for acquiring objective
information; however, they are difficult to run for several reasons,
including the difficulty of achieving proper blinding and the need
for large sample sizes (Goodin 2008a).

Although new approved drugs are currently available, IFNs and GA
arestillused worldwide to treat MS (Jelinek 2015), drug-persistence
is considerable and patients may also resume injectable DMT after
suspension for different reasons (Zhornitsky 2015). Specific details
on their relative efficacy and tolerability may help physicians make
a more precise and unbiased therapeutic choice for their patients.

Dose-dependent clinical and MRI efficacy of IFNs in RRMS
treatment has been suggested, but this study did not analyse
the role of GA (Oliver 2010). Differences in the safety profile of
immunomodulatory treatments were observed, in particular more
favourable skin tolerance with intramuscularly administered IFNs-
beta and a better systemic adverse event profile for GA (Ouallet
2010).

Direct comparative data evaluating IFNs-beta and GA for RRMS are
now available (Goodin 2008b), but no systematic reviews of head-
to-head trials of IFNs versus GA have been performed.

OBJECTIVES

To assess whether IFNs-beta and GA differ in terms of efficacy and
safety in the treatment of people with relapsing-remitting (RR) MS.

Interferons-beta versus glatiramer acetate for relapsing-remitting multiple sclerosis (Review) 5
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METHODS

Criteria for considering studies for this review
Types of studies

We included randomised, double-blind or single-blind and open-
label active control trials, as well as cross-over trials, comparing
all types of IFNs versus GA in participants with relapsing-remitting
multiple sclerosis (RRMS). Studies including participants with
secondary progressive multiple sclerosis (SPMS) were excluded.

Quasi-randomised and cross-over trials were acceptable but were
not found. Randomised controlled trials (RCTs) designed with
multiple groups were included only with regard to data provided
by groups given GA and IFNs. Uncontrolled non-randomised trials,
add-on trials (i.e. trials with drug associations) and observational
studies were excluded. Trials with a follow-up period shorter than
three months were excluded.

Trials comparing head-to-head different types and dosages of IFNs
without a GA arm were excluded.

Types of participants

People of any age, gender and race affected by RRMS according to
Poser 1983's or McDonald's criteria were included (McDonald 2001;
Polman 2005; Polman 2011).

A relapsing-remitting course is characterised by relapses and
remissions, with or without complete recovery between relapses.

Study participants had to have an Expanded Disability Status Scale
(EDSS) score of 0 to 6.0 (Kurtzke 1983).

Types of interventions

We included trials in which participants received recombinant IFN-
beta 1a (Rebif®, Avonex®) or IFN-beta 1b (Betaferon®, Betaseron®,
Extavia®) at any dose and by any route of administration in any
setting.

Comparison: GA at any dose, route of administration and setting.

For trials comparing multiple groups of participants, only the
following designs were considered.

1. IFN-beta la versus IFN-beta 1b versus GA.
2. GA (dose 1) versus GA (dose 2) versus IFNs-beta.
3. GAversus IFNs-beta (dose 1) versus IFNs-beta (dose 2).

Treatment duration had to be at least three months.

Types of outcome measures
Primary outcomes
CLINICAL EFFICACY OUTCOMES

1. Number of participants who experienced at least one relapse at
12 to 24 months and at the end of follow-up.

2. Number of participants whose condition worsened during the
study; we defined worsening as a 0.5-point increase from starting
EDSS score equal to or greater than 5.5; or a 1-point increase
from starting EDSS score equal to or less than 5.0 (Kurtzke 1983).
Worsening must have been confirmed during two subsequent

neurological examinations separated by at least six months free
of relapses (Rudick 2010). We attempted to ascertain confirmed
worsening at 12 to 18 months; at 24 months; and at the end of
follow-up. Less stringent criteria (such as an increase in EDSS score
sustained for three months) were considered.

CLINICAL SAFETY OUTCOMES

3. Number of participants who withdrew from or dropped out of
the study because of adverse events (AEs), defined according to
the Cochrane Handbook for Systematic Reviews of Interventions as
unfavourable outcomes that occur during or after use of a drug
but not necessarily caused by it, and/or as ‘side effects’ (any
unintended effects, adverse or beneficial, of a drug that occur at
doses normally used for treatment) (Higgins 2011). Serious adverse
events (SAEs) were included and were defined according to the
US Food and Drug Administration (FDA) as participant outcomes
such as death, life-threatening events, hospitalisation, disability,
permanent damage or congenital anomaly/birth defect (FDA 2013).

Secondary outcomes
CLINICAL OUTCOMES

4. Frequency of relapse (number of relapses/patient-year: annual
relapse rate (ARR) was defined as the total number of relapses
across all participants divided by total time on the study across all
participants). Relapse was defined as newly developed or recently
worsened symptoms of neurological dysfunction, with objective
confirmation, lasting longer than 24 hours. Less stringent criteria
(i.e. without objective confirmation) were considered.

5. Time to first relapse after the start of the study.

6. Percentage of participants free of disease activity: no relapses, no
change in EDSS and no MRI changes (T1-T2).

7. Number of participants treated with steroids for relapse of MS.

8. Mean changes in quality of life (QOL) measured by validated
questionnaires such as the Multiple Sclerosis Quality of Life-54
instrument (MSQOL-54) (Vickrey 1995).

MRI OUTCOMES

9.Mean number of active (new or enlarged) T2-hyperintense lesions
per participant at 6 -12 - 24 months from the start of the study and
at the end of the scheduled follow-up period.

10. Mean number of new contrast-enhancing T1 lesions per
participant at 6 -12 - 24 months from the start of the study and at
the end of the scheduled follow-up period.

11. Mean change in total T2-hyperintense lesion volume at 12 - 24
months from the start of the study and at the end of the scheduled
follow-up period.

12. Mean change in total T1-hypointense lesion volume at 12 - 24
months from the start of the study and at the end of the scheduled
follow-up period.

13. Mean change in total brain volume (as a measure of atrophy)
at 12 - 24 months from the start of the study and at the end of the
scheduled follow-up period.

Interferons-beta versus glatiramer acetate for relapsing-remitting multiple sclerosis (Review) 6
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Search methods for identification of studies

A systematic search with no restrictions was conducted to identify
all relevant published and unpublished RCTs.

Electronic searches

The Information Specialist searched the Trials Register of the
Cochrane Multiple Sclerosis and Rare Diseases of the CNS Group
(last search on 8 August 2016), which, among other sources,
contains trials from:

« The Cochrane Central Register of Controlled Trials (CENTRAL) (8
August 2016);

o MEDLINE (PubMed) (1966 to 08 August 2016);
« Embase (Embase.com) (1974 to 8 August 2016);

« Cumulative Index to Nursing and Allied Health Literature
(CINAHL) (EBSCO host) (1981 to 8 August 2016); and

« Latin American and Caribbean Health Science Information
Database (LILACS) (Bireme) (1982 to 8 August 2016).

We searched the following trials registries:

o Clinical trial
clinicaltrialsregister.eu); and

« World Health Organization (WHO) International Clinical Trials
Registry Portal (apps.who.int/trialsearch/).

registries (clinicaltrials.gov,

Information on the Trials Register of the Review Group and
details of search strategies used to identify trials can be found
in the 'Specialised Register' section within the Cochrane Multiple
Sclerosis and Rare Diseases of the Central Nervous System Group
module.

The keywords used to search for studies for this review are listed in
Appendix 1.

Searching other resources

The search was extended to other resources, including:

« screening of reference lists of review articles and primary studies
found;

« screening of abstract books of the main MS meetings (European
Committee for Treatment and Research in Multiple Sclerosis
(ECTRIMS), European Neurological Society (ENS), American
Academy of Neurology (AAN) from 2000 to 8 August 2016; and

« contact with drug manufacturers.

Data collection and analysis
Selection of studies

Three review authors (SF, AG, LLM) independently reviewed titles
and abstracts and excluded the study if it did not meet eligibility
criteria. They obtained the full paper if the title and the abstract did
not provide sufficient information and independently evaluated it.
If they could not reach consensus on inclusion/exclusion criteria
of an individual study, the final decision was made by all review
authors. Study authors were contacted in cases of ambiguity or
missing data.

Data extraction and management

For the update of the review, two review authors (AV, AL)
independently screened titles and abstracts of the citations
retrieved by the literature search to determine their inclusion/
exclusion in the review. A third review author (LLM) further revised
and confirmed the study selection. The two review authors (AL,
LLM) resolved disagreements by discussion.

Assessment of risk of bias in included studies

Two review authors (AV, SF) independently graded the selected
trials according to the domain-based evaluation described in
chapter 10 of theCochrane Handbook for Systematic Reviews
of Interventions (Sterne 2011). The review authors compared
evaluations and discussed and resolved disagreements.

Review authors assessed the following domains as 'yes' (i.e. low risk
of bias), 'unclear' (uncertain risk of bias) or 'no' (i.e. high risk of bias).

. Sequence generation.
. Allocation concealment.
. Blinding (of participants, personnel and outcome assessors).

. Incomplete outcome data (when rate of dropout or loss to
follow-up was greater than 20%, the risk was judged as high).

5. Selective outcome reporting.

A W N =

The review authors reported on each of these assessments for each
individual study in the Risk of bias in included studies table.

We considered overall quality of the studies as good if alldomains of
selection, attrition and detection were at low risk of bias; moderate
if one was at high risk; and poor in the other cases.

Measures of treatment effect

We processed data according to a modified intention-to-treat (ITT)
principle, using the number of randomly assigned participants
who took at least the first dose of the drug. For dichotomous
data, we summarised study results as risk ratios (RRs) with 95%
confidence intervals (Cls) according to Mantel-Haenszel methods.
When possible, we calculated the number needed to treat for an
additional beneficial outcome or the number needed to treat for an
additional harmful outcome. For continuous outcomes, weighted
mean difference (MD) and standardised mean difference (95% Cl)
methods were used.

When event rates were reported as the occurrence of events in the
overall population over a specific interval in time, we used log-RR,
and when the events were reported as hazard ratio (HR), we used
log-HR.

Unit of analysis issues

Studies with parallel-group design were included: participants
randomly assigned to intervention or control were analysed at
the individual allocation level. We decided to include cross-over
studies by considering only data from the first half of the cross-
over trial, but no cross-over studies were found. We performed
a separate analysis at various periods (time frames: short term
<18 months, medium term 24 and 36 months, and long term > 36
months) of different outcomes based on different periods of follow-

up.
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Dealing with missing data

We addressed the effects of withdrawal and loss to follow-up by
performing a sensitivity analysis (see Sensitivity analysis section).
When we discovered that some data with focus on predefined
outcomes were missing, we contacted the corresponding authors.
Missing data are provided in the studies tables. Additional data
from the BEYOND trial were provided by Bayer (O'Connor 2009a;
Pleimes 2013); but requests for additional data from the other study
authors (Lublin 2013a, Mikol 2008 and Calabrese 2012) and from the
drug company Merck Serono were not answered.

Assessment of heterogeneity

Clinical diversity and methodological diversity have been
considered as heterogeneity. Heterogeneity among trial results has
been examined by using the 12 test (Higgins 2003). This provides
an estimate of the percentage of variability due to heterogeneity
rather than to chance alone. We interpreted an |2 estimate of 50%
or more as indicating the presence of heterogeneity, and random-
effects models were applied (DerSimonian 1986). We investigated
diversity in clinical and methodological aspects of included trials.

Assessment of reporting biases

The small number of trials included in this review did not permit
an assessment of publication bias. In future updates, we will assess
publication bias by following recommendations provided by the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011).

Data synthesis

The meta-analysis was conducted using Review Manager 5 software
(Review Manager 2016). If significant heterogeneity was not found
among the included trials, we aggregated all included data in
the final analyses by using a fixed-effect model (Yusuf 1985). If
substantial clinical diversity was noted between included studies,
we used the random-effects model with studies grouped by
intervention. However, we decided to present results using a
random-effects model.

Subgroup analysis and investigation of heterogeneity

Small numbers of trials and small quantities of data did not permit
a subgroup analysis according to IFN type and baseline EDSS. In
future updates, and if further data become available, we plan to
carry out subgroup analyses for primary outcomes according to IFN
types beta 1a and 1b and baseline EDSS higher or lower than 3.0
points.

Sensitivity analysis

Sensitivity analyses were performed to explore missing data
by likely scenario, attributing the outcome of interest to both
treatment groups, as described in the Cochrane Handbook for
Systematic Reviews of Interventions, Section 16.2.2 (Higgins 2011).

Summary of findings table

These outcomes are included in the 'Summary of findings' table.
1. Number of participants who experienced at least one relapse.

2. Number of participants whose condition worsened during the
study.

3. Number of participants who withdrew from or dropped out of the
study because of adverse events.

4. Mean number of active (new or enlarging) T2 lesions.
5. Mean number of new contrast-enhancing T1 lesions.
6. Mean change in total T2-hyperintense lesion volume.
7. Mean change in total T1-hypointense lesion volume.

We assessed the quality of evidence as it relates to the studies
that contributed data to the meta-analyses for prespecified
outcomes using GRADEpro software (GRADEpro 2008). We justified
all decisions to downgrade or upgrade the quality of studies
in footnotes, and we provided comments to aid readers'
understanding of the review when necessary, as recommended by
Cochrane (Schiinemann 2011). The 'Summary of findings' table
includes overall grading of the quality of evidence related to each
of the outcomes, using the GRADEpro approach (GRADE Working
Group 2004). Quality of evidence was graded as high, moderate,
low or very low, upon consideration of within-study risk of bias,
directness of evidence, heterogeneity, precision of effect estimates
and risk of publication bias. Control event rates used in the
calculation of absolute risks were based on the numbers of events
reported in the included studies.

RESULTS

Description of studies
Results of the search

We identified overall 636 reports through the search strategy
(MEDLINE 356, Embase 225, CINAHL 14, CENTRAL 14, clinical trials
registries 11, CDR database 7, other databases 2, additional articles
7). We excluded 592 articles on the basis of abstracts considered not
pertinent.

As compared with the first version, we have retrieved 232 new
records. Two articles and two new ongoing trials were considered
as potentially relevant. One already cited ongoing trial was
included in the present updated review (NCT01058005); and one
study previously classified as awaiting classification was excluded
(Salama 2003). However, the final analysis was unchanged.

Overall, a total of 44 articles were provisionally selected as
potentially fulfilling the inclusion criteria (Figure 1).
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Figure 1. Study flow diagram.
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Figure 1. (Continued)

(meta-analysis)

Seventeen studies were excluded (see Characteristics of excluded
studies): seven because they were not RCTs (Beer 2011; Carra
2008; Ghezzi 2005; Kalincik 2015; Khan 2001; Khan 2012; Spelman
2015); five RCTs, two on GA because the design included no active
comparator treatment with IFNs but placebo in CIS (Comi 2009),
or RRMS (Khan 2013), one because it was a comparative trial
evaluating two dosages of GA (Comi 2011), two because they
evaluated drugs different from those considered in this review
(Barbato 2011; Khoury 2010); and four publications because they
were review articles (Carter 2010; Del Santo 2011; Quallet 2010;
Qizilbash 2012). Finally one study was excluded because authors
never answered our request for additional information (Salama
2003).

Three trials are still ongoing (Characteristics of ongoing studies).
Oneongoingtrialis a phase IV RCT, with head-to-head comparisons
of IFN-beta 1b (250 mg of Betaseron) and GA (Copaxone) for the
treatment of participants with CIS and RR forms of MS by using
acute changes on MRI as the primary outcome (NCT00176592).
The second one is a phase lIb/Ill trial that compares masitinib
with interferon-beta 1a, interferon-beta 1b, peginterferon-beta 1a
or glatiramer acetate in people with RRMS who do not respond
to these first line treatments (EUCTR2012-003735-32-GR). The
third is a 12-month study where participants with RRMS are
randomized 1:1 to fingolimod or approved disease modifying
therapy (NCT01623596). Participants will be treatment naive or
will have only been treated with one class of DMT (Interferon-beta
preparation or glatiramer acetate). The primary objective will be to
evaluate efficacy of fingolimod by assessing participants' retention
on treatment.

Twenty-five studies were considered for inclusion: five published
RCTs (Cadavid 2009a; Calabrese 2012; Lublin 2013a; Mikol 2008;
0'Connor 2009a), and one unpublished study — NCT01058005
— met the selection criteria. Nineteen articles were related
to primary studies, excluding the aforementioned ongoing trial
(NCT00176592), which was related to the Cadavid 2009a study.

1. Three articles were pertinent to the Cadavid 2009a trial.
Investigators analysed the impact of therapies on MRl measures
as follows: one was a post hoc analysis of MRI/clinical activity
(Cadavid 2011); another was an analysis of the development of
focal lesions suggestive of brain injury (Cadavid 2009b); and the
last described changes in brain volume (Cheriyan 2012).

2. Six articles were pertinent to the Lublin 2013a trial: one study
reported the protocol (Lindsey 2012), and five articles were
related to meeting reports of the same trial (Lublin 2012; Lublin
2013b; Lublin 2013c; Wolinsky 2012; Wolinsky 2013).

3. Two articles were pertinent to the Mikol 2008 trial: one was
a post hoc analysis of tolerability (Coyle 2010), and the other
commented on the same trial (Sarensen 2008).

4. Eight articles were pertinent to the O'Connor 2009a trial:
one study was a meeting report of preliminary results
(O'Connor 2008); another described the immunological effects
of treatments (Goodin 2012); another was a post hoc analysis
evaluating MRl measures of degeneration among participants
included in the BEYOND trial (Filippi 2011); three were Errata

reports (O'Connor 2009b; O'Connor 2011; O'Connor 2012);
one was a post hoc analysis (Lampi 2013), and we analysed
additional data from the BEYOND trial, as provided by Bayer
(Pleimes 2013).

Included studies

Six RCTs met our predefined selection criteria: two studies
compared the effects of GA versus IFN-beta 1b (Cadavid 2009a;
O'Connor 2009a), and four compared GA versus IFN-beta 1la
(Calabrese 2012; Lublin 2013a; Mikol 2008; NCT01058005), with
two comparing GA versus IFN-beta 1a 44 mcg SC (Mikol 2008;
NCT01058005), one GA versus IFN-beta 1a 30 mcg IM (Lublin 2013a),
one GA versus both IFN-beta 1a 44 mcg SC and IFN-beta 1a 30 mcg
IM (Calabrese 2012), and one comparing GA versus IFN-beta 1a 44
mcg SC and natalizumab (NCT01058005)

1. Cadavid 2009a (BECOME) evaluated the efficacy of IFN-beta 1b
and GA in 79 participants with RRMS or CIS (36 treated with IFN
and 39 with GA). The primary outcome was MRI measures of
activity (combined active lesion counts).

2. Calabrese 2012 evaluated the efficacy of IFN-beta 1a (44 mcg
SC three times weekly), IM IFN-beta 1a (30 mcg weekly) or GA
in 165 participants with RRMS (55 participants in each group).
The primary outcome was the development of new cortical
lesions and cortical atrophy progression among participants
with RRMS.

3. Lublin 2013a (CombiRx) evaluated the efficacy of combined use
of interferon-beta 1a30 mcgIM weekly and GA 20 mg daily versus
each single agent with matching placebo in 1008 participants
with RRMS (250 treated with IFN, 259 with GA and 499 with IFN +
GA). The primary outcome was annualised relapse rate (ARR).

4. Mikol2008 (REGARD) evaluated the efficacy of SC IFN-beta 1a (44
mcg three times weekly) versus GA in 764 participants with RRMS
(386 in IFN group and 378 in GA group). The primary outcome
was time to first relapse.

5. O'Connor2009a (BEYOND) evaluated the efficacy of IFN-beta 1b
at two different doses (250 mcg and 500 mcg every other day)
and of GA in 2244 participants with RRMS (897 treated with IFN
250 mcg, 899 with IFN 500 mcg and 448 with GA). The primary
outcome was risk of relapse. Missing data were provided by
Bayer (Pleimes 2013).

6. NCT01058005 (SURPASS) evaluated the safety of natalizumab
(300 mg intravenous injection every 4 weeks), IFN-beta 1a (44
mcg SCinjection 3 times weekly), or GA (20 mg SC injection once
daily) in 84 participants. The primary outcome was the incidence
of treatment-emergent serious adverse events (SAEs).

The Characteristics of included studies table provides trial design,
main characteristics of participants, intervention and treatment
groups, selected outcome criteria and the authors' conclusions.

Detailed data related to the definition of relapse are reported in
the Characteristics of included studies table. Four of the five trials
— Cadavid 2009a; Lindsey 2012; Mikol 2008; O'Connor 2009a —
defined relapse as new or recurrent neurological abnormalities
associated with an increase in Scripps Neurological Rating Scale
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(SNRS) score (Cadavid 2009a); oranincrease in EDSS score (Cadavid
2009a; Lublin 2013a; Mikol 2008; O'Connor 2009a), lasting at least
24 hours (Cadavid 2009a; Lublin 2013a; O'Connor 2009a), or at least
48 hours (Mikol 2008) and without fever or infection.

NCT01058005 (SURPASS) underwent an early termination due to
significantly slower than expected enrolment: all clinical efficacy
and magnetic resonance imaging (MRI) procedures were removed
from the protocol and safety assessments were to be managed
through standard of care activities.The results were reported on
clinicaltrials.gov. Based on these data (accessed 19 August 2016)
this study was selected because it fitted our predefined inclusion
criteria, although it was excluded in the previous version of this
review. Actually, no published data have been retrieved and this
study did not contribute to any analyses for the lack of available
data (Characteristics of included studies).

Cadavid 2009a and Lublin 2013a specified that the increase in EDSS
score identified a relapse as follows.

1. Increase in total EDSS of 0.5 point.
2. Increase in Kurtzke Functional System Score (FSS) of 2.0 points.

3. Increase in two or more Kurtzke FSS scores of 1.0 point, or
decrease in SNRS score of 7.0 points (Cadavid 2009a).

Disability progression was analysed by four RCTs and was defined
as:

1. six months' sustained increase in EDSS = 1.0 point from baseline
or at least 0.2 standard deviations (SDs) on baseline Multiple
Sclerosis Functional Composite (MSFC) score (post hoc analysis)
(Cadavid 2011);

2. six months' sustained increase in EDSS = 1.0 point (0.5 for
baseline EDSS = 5.5) (secondary outcome) (Lublin 2013a);

3. six months' sustained increase was confirmed as follows: if the
EDSS score at baseline was 0, then a change of 1.5 points or more
was required; if the EDSS was 0.5-4.5 at baseline, then a change
of 1.0 point or more was required; and if the EDSS at baseline
was 5 points or more, then the change required was 0.5 points
or more (Mikol 2008);

4. three months' sustained increase in EDSS = 1.0 point (secondary
outcome) (O'Connor 2009a).

Baseline characteristics of the included population are reported in
Table 1. AllRCTs included participants with RRMS with low disability
and active disease (frequency of relapse = 1/y). No significant
differences were found between studied populations in terms of
mean age (range 34.8 to 39.0 years), mean EDSS (1.9 to 2.35 points)
and mean relapse frequency (0.97 to 1.9). Mean disease duration
was different, ranging from 0.9 (Cadavid 2009a) to 6.55 (Mikol 2008).

Only three studies reported the numbers of participants with
enhancing baseline lesions at MRI (Cadavid 2009a; Lublin 2013a;
Mikol 2008).

The overall number of participants included in the five RCTs was
4256. However, we decided to exclude from the analysis high
dosages of IFN-beta 1b (500 mcg to 899 participants), as used in the
0'Connor 2009a study, and combined IFN + GA (509 participants),
as used in Lublin 2013a study arms, because these schedules are
not used in clinical practice. The overall population considered in
our analysis was 2858 (1679 participants treated with IFN and 1179
with GA). The drugs analysed in comparison with GA were IFN-
beta 1b (two trials, 933 participants), SC IFN-beta 1a 44 mcg (two
trials, 441 participants) and IM IFN-beta 1a 30 mcg (two trials, 305
participants).

Duration of treatment and follow-up was three years for the Lublin
2013a study and two years for the other four RCTs.

Excluded studies

See 'Results of the search' and the Characteristics of excluded
studies table.

Risk of bias in included studies

The risk of bias was variable across studies: incomplete outcome
data was the main biased dimension (high risk of bias in all studies)
because of high levels of dropout and missing data, followed by
lack of blinding of participants and investigators and by selective
outcome reporting (high risk of bias in three and two studies,
respectively).

Further details of this assessment are provided in relevant sections
of the Characteristics of included studies table and are presented
as the 'Risk of bias' graph (Figure 2) and the 'Risk of bias' summary
(Figure 3).
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Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

All studies, with the exception of Cadavid 2009a (in which the
item was not mentioned) used computer systems to generate the
allocation sequence, but none clearly explained how the sequence
was concealed (with the exception of Lublin 2013a, in which the
sequence was masked by the computer system).

Blinding

Participants treated in Mikol 2008, O'Connor 2009a, Cadavid 2009a
and NCT01058005 were not blinded. In Calabrese 2012, this item is

not mentioned and in Lublin 2013a the computer system ensured
blindness. Treating physicians were aware of the treatments in
Mikol 2008 and O'Connor 2009a and were unaware in Lublin 2013a.
The other studies did not mention this item. In all studies, outcome
assessors were blinded. Two studies were at low risk for detection
bias for MRl measures (Cadavid 2009a; Calabrese 2012), which were
the primary outcomes for these studies and were unclear for clinical
outcomes.
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Incomplete outcome data

Incomplete outcome data was the main biased dimension because
of the high level of loss to follow-up. Participants who dropped out
accounted for 13% to 30%, with higher values for IFN groups in four
RCTs (Table 2). An ITT analysis was performed in Cadavid 2009a,
Mikol 2008 and Lublin 2013a, but in the other two studies it was not
performed. Reasons for loss to follow-up were clearly reported only
by Cadavid 2009a and Mikol 2008.

The online publication was corrected after the first publication
of the study became available (O'Connor 2009b; O'Connor 2011;
0'Connor 2012).

Selective reporting

Cadavid 2009a and O'Connor 2009a failed in matching outcomes
planned with outcomes reported: O'Connor 2009a reported five
tertiary outcomes not planned, and Cadavid 2009a reported one
outcome more than those planned.

Other potential sources of bias

All studies were sponsored by the drug industry (Bayer sponsored
Cadavid 2009a and O'Connor2009a; Merck Serono sponsored Mikol
2008 and Calabrese 2012), with the exception of Lublin 2013a,
which was funded by the National Institutes of Health and the
National Institute of Neurological Disorders and Stroke.

Effects of interventions

See: Summary of findings for the main comparison Interferons
compared with glatiramer acetate for participants with relapsing-
remitting multiple sclerosis

Main findings are described in Summary of findings for the main
comparison.

Clinical efficacy outcomes

1. Number of participants who experienced at least one relapse
at 12 months or at 24 months or at the end of follow-up

This outcome was assessed by three trials at 24 months (Cadavid
2009a; Mikol 2008; O'Connor 2009a) (2184 participants; 76%) and
by one trial at 36 months (Lublin 2013a) (509 participants; 18%) and
was not available from the Calabrese 2012 trial. From these data, we
found no significant differences in effect at 24 months (RR 1.04,95%
C1 0.87 to 1.24) and at 36 months (RR 1.27,95% CI 0.92 to 1.75). No
significant heterogeneity was found among studies (Analysis 1.1).
The results were unchanged when missing data were explored at
sensitivity analysis by a likely scenario (Analysis 1.2) (Table 3).

2. Number of participants with confirmed worsening at 12
months or at 24 months or at the end of follow-up

This outcome was assessed by three trials at 24 months (2169
participants; 76%) and by one trial at 36 months (487 participants;
17%). Three trials adopted the predefined criteria of worsening
(confirmed during two subsequent neurological examinations
separated by at least six months) (Cadavid 2009a; Mikol 2008,Lublin
2013a). One study used less stringent criteria (i.e. an increase in
EDSS sustained for three months) (O'Connor 2009a).

No differences were found when confirmed progression was
analysed at 24 months (RR1.11,95% C10.91 to 1.35) or at 36 months
(RR0.87,95% CI 0.63 to 1.20) (Analysis 2.1).

Results were unchanged when missing data were explored by a
likely scenario (Analysis 2.2) (Table 4).

Clinical safety outcomes

3. Number of participants who withdrew from or dropped out of
the study because of adverse events

The number of participants who withdrew from or dropped out of
the study because of adverse events was available for four studies
(2685 participants; 93%) and was not reported in the Calabrese
2012 study. No differences were found between the two treatment
groups (RR 0.95, 95% Cl 0.64 to 1.40). No heterogeneity was found
(Analysis 3.1).

Similar results were found when SAEs were considered (RR 0.99,
95% Cl 0.63 to 1.56) (Lublin 2013a; Mikol 2008; O'Connor 2009a).
Seven deaths were reported: five in the IFN group (three in the 500
mcg arm) and two in the GA group: among participants treated
with IFN, one died (suicide) about three months after taking the
last dose of study drug (IFN-beta 1a) (Mikol 2008), one died as the
result of pulmonary embolism (Lublin 2013a), and three died for
unexplained reasons (O'Connor 2009a). No reason was specified
for one death reported in the GA group (O'Connor 2009a), and one
participant died of a large cell lymphoma of the CNS (Lublin 2013a)
(Analysis 3.2).

Lublin 2013a is the only trial that provided details on numbers of
SAEs by organ system as experienced by participants. In this study,
SAEs occurred more often in the IFN group than in the GA group:
nervous system disorders, including relapses: 4.4% versus 1.9%;
neoplasms benign and malignant: 2% versus 0.4%; surgical and
medical procedures: 2% versus 1.9%; infections and infestations:
1.6% versus 0.4%; gastrointestinal disorders: 1.2% versus 0.8%; and
cardiac disorders: 1.2% versus 0.8%.

By contrast, the proportions of participants treated with GA were
higher for experiencing hepatobiliary disorders (0.8% vs 0.4%) and
musculoskeletal, connective tissue and bone disorders (0.8% vs
0.4%).

NCT01058005 reported two SAEs: one meningitis herpes and one
cerebralvenous thrombosis in 2/22 participants treated with IFN1a.

Analysis of the number needed to treat for an additional beneficial
outcome or the number needed to treat for an additional harmful
outcome was not provided because reliable data were insufficient.

Clinical outcomes
4. Frequency of relapse

The frequency of relapse was analysed in terms of log rate ratio at
24 months for four studies (Cadavid 2009a; Calabrese 2012; Mikol
2008; O'Connor 2009a). The rate ratio (1.06, 95% CI 0.95 to 1.18)
showed no difference between the two groups. At 36 months, data
were provided by one study (Lublin 2013a); the rate ratio (1.40, 95%
Cl 1.13 to 1.74) was significantly higher in the IFN group (P value
0.002), favouring GA (Analysis 4.1).

5. Time to first relapse

No differences were found (HR 1.01, 95% Cl 0.87 to 1.16) without
heterogeneity among studies (Analysis 5.1).
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6. Percentage of participants free of disease activity: no
relapses, no changes in EDSS and no MRI changes

No analysis was possible because data were insufficient. Data
were reported by only one study (Lublin 2013a): a preplanned
assessment of percentages of participants with no clinical or MRI
activity was performed and no significant differences were found
between IFNs and GA (21.2% and 19.4%).

7. Participants treated with steroids for relapse of MS

This outcome was available for two studies (1420 participants;
50%) (Cadavid 2009a; O'Connor 2009a). Results did not show a
statistically significant difference between the two therapies (RR
1.30, 95% CI 0.76 to 2.24) (Analysis 7.1). Significant heterogeneity
was found between studies (12 = 63%).

8. Mean changes in quality of life

No data were available.

MRI outcomes

9. Mean number of active (new or enlarged) T2-hyperintense
lesions per participant at 6 or 12 or 24 months

This outcome was available for one study at six months (396
participants; 14%), for two studies at 12 months (1722 participants;
60%) and for three studies at 24 months (1790 participants; 62%).
For the latter time point, data from Calabrese 2012 referred to the
IFN 44 mcg group. At six months, the number of active (new or
enlarging) T2 lesions was significantly lower in IFN-treated than in
GA-treated participants (MD —0.86, 95% Cl -1.32 to -0.40; P value
0.0003). No significant differences were found between IFN and GA
for this outcome at 12 months or at 24 months (MD -0.52, 95% ClI
-1.12 t0 0.09, and MD -0.15, 95% Cl -0.68 to 0.39, respectively). At
24 months, heterogeneity was significant (1> = 68%) (Analysis 9.1).
At 24 months, the results did not change when data from Calabrese
2012 evaluating the effects of IM IFN-beta 1a 30 mcg versus GA were
analysed (MD 0.11, 95% CI -0.67 to 0.44).

10. Mean number of new contrast-enhancing T1 lesions per
participant at 6 or 12 or 24 months

This outcome was available at 12 months for one study (1233
participants; 43%) and at 24 months for three studies (1734
participants; 61%). For the latter time point, data from Calabrese
2012 referred to the IFN 44 mcg group. No significant differences
between SC IFN 44 mcg and GA were found for this outcome at
12 months (MD -0.10, 95% Cl -0.26 to 0.06) and at 24 months
(MD -0.14, 95% CI —-0.30 to 0.02) (Analysis 10.1). At 24 months, the
results did not change when data from Calabrese 2012 evaluating
the effects of IM IFN-beta 1a 30 mcg versus GA were analysed (MD
-0.16, 95% CI -0.31 to 0.00).

No data at six months were available.

11. Mean change in total T2-hyperintense lesion volume at 12 or
24 months

This outcome was available for one study at 12 months (1221
participants; 43%), for two studies at 24 months (1608 participants;
56%) and for another study at 36 months (509 participants; 19%).
The mean increase in T2 lesion volume was significantly less in IFN-
treated than in GA-treated participants at month 12 and at month
24 (MD -0.40, 95% Cl —0.59 to -0.21, and MD —0.58, 95% CI —0.99 to

-0.18; P values < 0.0001 and 0.004, respectively). No heterogeneity
was found. The difference favouring IFN (MD -0.26, 95% CI -1.04 to
0.52) was also present in 36-month data from a single study (Lublin
2013a), but it did not reach statistical significance (Analysis 11.1).

12. Mean change in total T1-hypointense lesion volume at 12 or
24 months

This outcome was available at 12 months for one study (1207
participants; 42%) and at 24 months for two studies (1602
participants; 56%). The mean increase in T1 lesion volume was
significantly less in IFN-treated than in GA-treated participants at
month 24 (MD -0.20, 95% Cl -0.33 to -0.07; P value 0.003). The
difference favouring IFN (MD -0.06, 95% CI —0.18 to 0.07) was also
seen in 12-month data from a single study (O'Connor 2009a), but
did not reach statistical significance (Analysis 12.1).

13. Mean change in total brain volume (as a measure of atrophy)
at 12 or 24 months

This outcome was available at 12 months for one study (1137
participants; 40%) and at 24 months for two studies (1552
participants; 54%). Data at 12 months did not show a significant
difference between IFN and GA with regard to brain volume changes
(MD -0.10, 95% CI -0.22 to 0.02). At 24 months, mean brain
volume reduction was significantly greater in IFN-treated than in
GA-treated participants (MD —0.12, 95% ClI -0.23 to —0.01; P value
0.04). At 24 months, the heterogeneity was significant (1 = 83%)
(Analysis 13.1).

DISCUSSION

Summary of main results

The purpose of this study was to evaluate whether treatment with
IFN-beta and GA in participants with RRMS was different in terms of
efficacy and safety, by performing a systematic review of head-to-
head RCTs.

Six trials were included and five trials contributed to this review
with data. The overall population included 2904 participants (1704
participants treated with IFN and 1200 with GA). The drugs analysed
in comparison with GA were SC IFN-beta 1b (two trials, 933
participants), SC IFN-beta 1a 44 mcg (three trials, 466 participants)
and IM IFN-beta 1a 30 mcg (two trials, 305 participants). Duration
of treatment and follow-up was three years for Lublin 2013a and
two years for the other four RCTs. All studies were at high risk for
attrition bias.

The main conclusion was that the two therapies seemed to
have similar effects in terms of clinical efficacy, when primary
outcomes (number of participants with relapse or risk of confirmed
progression) and other supportive outcomes (time to first relapse,
number of participants treated with steroids) were considered.
However, we found some evidence, limited by the small number of
participants derived from only one study, that the relapse ratio was
significantly lower at 36 months in GA as compared with IFN.

The number of participants who withdrew from or dropped out
of the studies because of adverse events (safety end point) was
similar in the two groups. The percentage of discontinuation due
to adverse effects was similar (3% for IFNs and 4% for GA). The
percentage of discontinuation due to serious adverse events was
also similar between groups.
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In light of MRI outcomes, results showed that the effects on new/
enlarging T2 or gadolinium-enhancing lesions at 24 months were
similar. However, IFNs have a more pronounced effect on T2 and
T1 lesion volume accrual at 12 (T2) and 24 months. Conversely, a
lower rate of brain volume (BV) loss at 24 months was observed
in GA-treated participants. The values for new T2 lesions and for
brain atrophy data were limited by the heterogeneity of the results.
Methodological issues have been highlighted (Rudick 2009).

The quality of evidence for primary outcomes was judged as
moderate for clinical end points, but for safety and some MRI
outcomes (number of active T2 lesions) as low (Summary of
findings for the main comparison).

Overall completeness and applicability of evidence

The RCTs included in the review were homogeneous in terms
of included populations, treatment schedules and outcome
measures.

All studies included only participants with active RRMS (pre-study
relapse frequency ranging from 0.97 to 1.9) and low disability (EDSS
1.9 to 2.35). Participants had similar baseline characteristics in
terms of gender and mean age (34.8 to 39 years), although mean
disease duration was different, ranging from 0.9 years to 6.55 years
(Cadavid 2009a and Mikol 2008, respectively).

Studies compared the effects of different IFN products used in
clinical practice versus GA. However, evaluation of the comparative
effects of IFN-beta 1a IM (Avonex) and GA was limited because
of the different time points provided (24 months and 36 months,
respectively). For this reason, the main comparison in this review
was that between GA and IFNs at high frequencies and dosages.

The objectives of this review were reasonably well achieved,
allowing comparison of the two treatments in terms of predefined
clinical and MRI measures of efficacy. The main outcome measure
not available for analysis was quality of life, which impaired the
comparison of the relative tolerability of different DMTs in terms of
patient-reported outcomes.

We selected outcome measures that evaluated changes in clinical
activity (relapse rate, attack-free status or time to first relapse),
MRI activity (new or enlarging T2 lesions or Gd-enhancing lesions),
clinical severity (confirmed disability progression) or MRI severity
(T1 lesion load accrual or BV decrease).

Overall, results showed no differences in clinical effect between
the two treatments. Different effects on some measures of MRI
activity suggest that IFN might have a stronger and faster anti-
inflammatory action than GA. Such an anti-inflammatory effect
might also account for observed differences between the two drugs
in terms of brain volume reduction at 24 months, because they
could be related to non-tissue-related BV loss ('pseudoatrophy'
effect), although pseudoatrophy is seen primarily only during the
firstyear (Zivadinov 2008). Furthermore, the clinicalimpact of these
data is currently being studied (Fisniku 2008: Popescu 2013).

The results of this systematic review have several limitations.

1. The main limitation was related to high risk of attrition bias.
The percentage of dropouts was higher in the IFN groups than
in the GA group for different reasons (adverse effects, lack of
consent, tolerability). This aspect might have a role in the final

assessment of effectiveness of these drugs, although sensitivity
analysis using a likely scenario did not capture different results.

2. The definition of relapse was similar, with objective
confirmation required, in all studies. However, Calabrese 2012
did not define the outcome, and Mikol 2008 counted as
relapses both qualifying and non-qualifying attacks. We could
not exclude the possibility that an inhomogeneous relapse
definition might constitute a bias.

3. Pivotal trials comparing DMTs versus placebo have suggested
different efficacy for disease activity (Hillert 2012), although
the results of this review show similar effects for IFN and GA.
The reasons for this are uncertain, but the primary source of
discrepancy is probably related to differences in the enrolled
populations of studies, especially in the behaviour of placebo
groups (Goodin 2008a).

4. Data did not allow verification of the effects of IFNs and GA
as change therapy in participants who were not responders to
previous therapies. A recent comparative study evaluating DMTs
inreal world clinical practice usinginternational MSBase registry
data has been conducted using propensity score matching.
Slightly lower relapse incidence was found among participants
treated with glatiramer acetate or subcutaneous interferon-beta
1a relative to intramuscular interferon-beta 1a and interferon-
beta 1b. No differences in 12-month confirmed progression
of disability were observed (Kalincik 2015). The ongoing RCTs
might possibly contribute to this issue comparing the new
approved therapies.

Analysis of the safety profile was restricted to the number of
participants who withdrew from, or dropped out of, the study;
drug-related adverse effects (tolerability) were not considered.
Data derived from one study (reported but not planned) suggest
a greater incidence of SAEs such as tumour or infection in
IFN groups than in GA groups, although hepatobiliary and
musculoskeletal disorders were reported more often among
GA-treated participants. Other studies showed that tolerability
was generally good. It is well known that up to 75% of
IFN-treated patients experience flu-like illness, headache and
myalgia. Increased alanine aminotransferase and leukopenia occur
significantly more often in the IFN group, whereas pruritus,
swelling, induration at the injection site (56% to 71%), dyspnoea
and post-injection systemic reactions (15% to 38%) occur
significantly more often in the GA group (Carter 2010; Parkenov
2013).

Significant heterogeneity of results on MRI assessment of new or
enlarging T2 and brain volume changes was probably related to
differences in the MRI protocol and measures of image acquisition
protocol (Cadavid 2009a; O'Connor 2009a; Filippi 2011).

Quality of the evidence

Six RCTs were included, but only five contribute to the analyses
involving large numbers of participants with similar disease
characteristics. No heterogeneity of results was found when clinical
end points were considered, supporting no difference in the
protective effects of IFNs and GA on risk of relapse and progression.

The body of evidence was judged to be of moderate quality for
most clinical and radiological outcomes, although the quality of
evidence for the safety profile was found to be low (Summary of
findings for the main comparison).
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Potential biases in the review process

The trials search strategy and contacts initiated with the main
investigators suggest the likelihood that all relevant studies were
identified and all relevant data were obtained.

Agreements and disagreements with other studies or
reviews

This is the first systematic review comparing IFNs and GA by using
head-to-head RCTs in participants with RRMS.

Many reviews have been published evaluating the efficacy and
safety of DMTs and other approved therapies through direct or
indirect comparison in participants with RRMS, but some have
considered different types of trials, outcome measures and designs.

A Cochrane systematic review reported a meta-analysis of all
available therapies in MS, including comparisons between active
and placebo groups and head-to-head studies (Filippini 2013).
Head-to-head trials on IFN and GA were also considered. However,
in terms of risk of relapse and worsening at 24 months, the
quality of the evidence was judged too low to allow meaningful
comparisons, given the small sample size and the wide 95%
confidence intervals. In this review, only two studies were
considered (Mikol 2008; O'Connor 2009a).

Qizilbash 2012 considered both RCTs and comparative
observational cohort studies and focused on participants treated
with GA for RRMS or CIS versus placebo; the comparators in a
subanalysis were also IFNs and standard treatment. Eleven studies
were included. As compared to the present study results, an 18%
reduction in clinical progression (RR 0.82, 95% Cl 0.68 to 0.98)
was seen in GA-treated participants compared with those given
IFNs, but only two studies were included (Mikol 2008; O'Connor
2009a). Similarly to our findings, study discontinuations due to
adverse events did not differ among participants treated with GA
and those given IFNs (RR 0.89, 95% CI 0.57 to 1.41). Hadjigeorgiou
2013 evaluated through direct and indirect comparisons the
approved existing treatment for RRMS, but no clear conclusions
were provided. Zagmutt 2013 conducted a network meta-analysis
to assess the rates of adverse events and dropout from treatment
for RRMS. Placebo-controlled RCTs evaluating immunosuppressive
drugs and DMTs were included. The GA group had a significantly
lower incidence rate of adverse events when compared with groups
given other products. Dropouts were not significantly different
across treatments, except for a higher incidence in the SC IFN-beta
1a 22 mcg and 44 mcg groups compared with the fingolimod group.

A recent comparative study evaluating DMTs in real world clinical
practice using international MSBase registry data has been
conducted using propensity score matching: a slightly lower
relapse incidence was found among participants treated with
glatiramer acetate or subcutaneous interferon-beta la relative
to intramuscular interferon-beta 1a and interferon-beta 1b. No
differences in 12-month confirmed progression of disability were
observed (Kalincik 2015).

A systematic non-Cohrane review of observational studies and
extension of randomized controlled trials (not included in our
review) has been conducted to evaluate the long-term impact
of IFNs or GA on disability progression in MS. The quantitative
estimate of the treatment effect in reducing progression to EDSS
6 was HR pooled = 0.49 (95% Cl 0.34 to 0.69), P < 0.001, showing

that treatment with immunomodulators seems to reduce long-
term probability of disability progression (Signori 2016).

AUTHORS' CONCLUSIONS

Implications for practice

The results of this review fit into current clinical practice. IFNs and
GA have played historic roles in transforming MS into a treatable
disease and remain the cornerstone of treatment for RRMS as first-
line drugs or as switching therapies, even after 20 years. IFNs and
GA are generally perceived as very safe drugs, in contrast with the
awareness of uncommon but severe AEs associated with newly
available MS treatments (Hillert 2012; Hutchinson 2012; Dubey
2016).

The results of this review support clinicians in using either of these
therapies for RRMS, because of their similar safety and efficacy in
the prevention of disease activity.

However, some differences in clinical and MRI measures should be
underlined.

Evidence from a single study suggests better efficacy of GA over
IFN in terms of relapse rate at three years of follow-up. In
addition, greater and faster reduction in MRl lesion load accrual was
observed in IFN-treated compared with GA-treated participants
with MS. These results need to be considered with caution because
they are derived from a limited number of studies and participants,
and because significant heterogeneity of the results is apparent.
Furthermore, the clinical impact of these data is uncertain.

We were not able to draw conclusions on quality of life and
tolerability of these two drugs, as these parameters were not fully
assessed in this review.

Implications for research

The following considerations should be applied to future research
efforts.

Authors of RCTs should be required to include a clear data
presentation, such as reasons for loss to follow-up; this may allow
more accurate interpretation and less problematic comparisons of
trial results. This is true also for MRI outcome measures that need
comparable protocols for image acquisition.

Comparison of IFN and GA using patient-related outcomes such
as fatigue and other specific MS-related quality of life measures
is needed, as is comparison of the effects of DMTs on cognitive
function.

Researchers should be required to apply standardised sets of
outcomes to produce manageable data that could be further
merged in meta-analysis.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Cadavid 2009a

Methods Multi-centre (2 centres) performed in 1 country (USA); randomised 2-parallel group open-label trial
Duration: 2 years

Study start date: January 2003

Primary completion date: January 2007 (final data collection date for primary outcome measure)

Estimated study completion date: January 2016

Acronym: BECOME

Participants 75 participants affected by RRMS or clinically isolated syndrome CIS

Inclusion criteria:

. 18to 55 years of age

. Capable of giving written informed consent

RRMS

. 1 or more clinical and/or MRI attacks during the previous 6 months

. CIS with onset within the previous 6 months plus evidence of dissemination in time and space (2 or
more brain MRI lesions, at least 1 of which was ovoid and/or periventricular). Evidence of dissemina-
tion in time for acute CIS (< 1 month) required = 1 non-enhancing brain lesion, and for non-acute CIS
(> 1 month) required = 1 enhancing brain lesion

6. EDSS between 0and 5.5
7. Females: adequate contraception
8. Screening: laboratory within normal limits

Exclusion criteria:

1. Pregnancy or breast-feeding
2. Onset of relapse between screening and study day 1

3. History of underlying conditions that could affect the CNS or interfere with MRI results or any other
evaluation in the study

4. Standard metallic devices or foreign bodies
5. Size or weight incompatible with the 3T dedicated head MRI unit

Interferons-beta versus glatiramer acetate for relapsing-remitting multiple sclerosis (Review) 25
Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.


https://doi.org/10.1002%2F14651858.CD009333.pub2

: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Cadavid 2009a (continued)

6. Known allergy or hypersensitivity to gadolinium chelates, albumin, interferons, GA or mannitol

7. Uncontrolled or clinically significant heart disease, history of unstable medical conditions that could
be deemed clinically significant

8. Intolerance or any contraindication to acetaminophen, ibuprofen or steroids

9. Inability, in the opinion of the principal investigator or staff, to be compliant with protocol require-
ments

10.Participation in any clinical trial within the past 6 months

11.Current addictions

12.Active peptic ulcer disease

13.Inability to administer subcutaneous injections by self or by caregiver

14.Medical, psychiatric or other conditions that could compromise the participant's ability to understand
study information, to give informed consent, to comply with the trial protocol or to complete the
study; claustrophobia; uncontrolled head movements; treatment with any interferon or GA

15.Prior use of total body lymphoid irradiation, monoclonal antibodies (e.g. anti-CD25, anti-CD52,
anti-VLA-4, anti-CD20), mitoxantrone, cyclophosphamide, cladribine, azathioprine, mycophenolate,
IVIG or cyclosporine A

16.Corticosteroids in the prior 21 days

Interventions 1. IFN-beta 1b 250 mcg subcutaneously every other day (31 participants with RRMS and 5 with CIS)
2. GA 20 mg subcutaneously every day (30 participants with RRMS and 9 with CIS)

Outcomes The primary efficacy outcome was combined active lesions (CALs) per scan in the first year
Secondary end points included the following.

1. New lesions (NLs) per participant in year 1 and through year 2
2. Annualised relapse rates (total number of relapses divided by total time on study)
3. Times to first relapse

Relapses defined as all new or worsening neurological symptoms lasting 24 hours and not explained by
fever or infection were considered subjective relapses. Subjective relapses confirmed by a blinded ex-
amining neurologist who used worsening scores on the Scripps Neurological Rating Scale (SNRS) or the
Expanded Disability Status Scale (EDSS; Kurtzke 1983) were considered objective relapses. One or more
of the following changes compared with baseline were required for objective relapse confirmation.

Increase in total EDSS of 0.5 point
Increase in EDSS score for 1 system = 2 points
Increase in score of 2 or more systems = 1 point

Decrease in SNRS score of 7 points. All participants found to have a relapse by the blinded neurologist
were offered treatment with 1 gram of methylprednisolone given IV daily for 5 days

HwnN e

Progression of disability was confirmed at 6 months according to EDSS change, or Multiple Sclerosis
Functional Composite Measure was evaluated in a post hoc analysis (Cadavid 2009a; Cadavid 2011)

Notes Participants with CIS (21%) were considered participants with MS because the criteria of diagnosis
were consistent with the new criteria for MS (Polman 2011)

BECOME study was supported by Bayer Schering Pharma, distributors of IFN-beta 1b

This study provided the first published results from the RCT registered in ClinicalTrials.gov Identifier
NCT00176592 (last access 24 November 2013) (Characteristics of ongoing studies)

Study author was contacted for missing data on 13 July 2012 (concerning progression and relapse out-
come), but the request for additional data was rejected

Study authors' conclusions: participants with RRMS randomly assigned to IFN-beta 1b or to GA showed
similar MRI and clinical activity

Risk of bias
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Cadavid 2009a (continued)

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not mentioned
tion (selection bias)
Allocation concealment Unclear risk Not mentioned
(selection bias)
Blinding of participants High risk Participants could not be blinded because of characteristic injection reactions
and personnel (perfor- to IFN-beta 1b or GA
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Low risk for MRI: MRI readers were blinded to treatment
sessment (detection bias)
All outcomes High risk for clinical assessment: unblinded assessment of clinical outcomes
Incomplete outcome data  High risk Even if causes of loss to follow-up were explicit, the dropout rate was very high
(attrition bias) and was not balanced between the 2 groups: 30% with IFN versus 20.5% with
All outcomes GA
Selective reporting (re- Low risk All outcomes were reported (Cadavid 2009a; Cadavid 2011; Cheriyan 2012)
porting bias)
Other bias Unclear risk The study was sponsored by Bayer
Calabrese 2012
Methods Single-centre (Italy), randomised, 3-parallel group, open-label trial

Duration: 2 years
Enrolment: from 1 January 2007 to 30 June 2008

Acronym: none

Participants

165 participants with RRMS
Inclusion criteria:

1. Diagnosis of RRMS
2. 18to 55 years of age
3. EDSS score<5.0

Exclusion criteria: previous treatment with immunosuppressive drugs

Interventions

1. IFN-beta 1a 44 mcg subcutaneously 3 times weekly (55 participants)
2. IFN-beta 1a 30 mcg intramuscularly once weekly (55 participants)
3. GA 20 mg subcutaneously every day (55 participants)

Outcomes MRI (not defined as primary or secondary)
1. New cortical lesion
2. Cortical atrophy
Clinical measures (ARR, EDSS change) were also provided at 12 months and 24 months of follow-up
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Notes The study included as a reference population 50 participants with DMTs-untreated RRMS; this group
was not randomly assigned and was not analysed
This study was funded by an independent medical grant from Merck Serono S.A., Geneva, Switzerland,
an affiliate of Merck KGaA, Darmstadt, Germany
The study author was contacted for missing data on 14 May 2012, and on 13 July 2012 (concerning pro-
gression and relapse outcome) without reply
Study authors' conclusion: DMTs significantly decreased new CL development and cortical atrophy pro-
gression compared with those seen in untreated participants, with faster and more pronounced effects
with SC IFN-beta 1a than with IM IFN-beta 1a or GA

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Random allocation sequence was computer generated

tion (selection bias)

Allocation concealment Unclear risk Not mentioned

(selection bias)

Blinding of participants Unclear risk Not mentioned

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Low for MRI outcome: all images were assessed by 2 experienced observers,
sessment (detection bias) who were blinded to participants' identity and to treatment. Not mentioned
All outcomes whether clinical outcome was blinded

Incomplete outcome data  High risk 1. No reasons for loss to follow-up (similar between groups: 16.4% with IFN-
(attrition bias) beta 1a 44; 14.5% with IFN beta-1a 30 versus 12.7% with GA)

All outcomes 2. Nointention-to-treat analysis performed

Selective reporting (re- High risk Outcome of T2-hyperintense lesion volume planned but not reported
porting bias)

Other bias Unclear risk No definitions of primary or secondary outcomes were reported, nor defini-

tions of relapse.The study was sponsored by Merck Serono

Lublin 2013a

Methods

Multi-centre (68), performed in 2 countries (USA and Canada), randomised, double-blind, 3-parallel

group trial

Duration: 3 years

Enrolment: from January 2005 to April 2009

Acronym: CombiRx

Participants

1008 participants with RRMS

Inclusion criteria:

1. 18to 60 years of age

Interferons-beta versus glatiramer acetate for relapsing-remitting multiple sclerosis (Review) 28
Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Lublin 2013a (continued)

2. EDSSscore0to5.5

3. Diagnosis of RRMS with at least 2 exacerbations in the prior 3 years, where one exacerbation may be
an MRI change meeting the McDonald criteria for dissemination in time

Exclusion criteria:

. Prior use of IFNs or GA

. Acute exacerbation within 30 days of screening

. Steroids for acute exacerbations within 30 days of screening visit

. Long-term systemic steroid use

. Evidence of progressive MS

. IVlg, azathioprine, methotrexate, cyclosporine, mitoxantrone, cyclophosphamide, mycophenolate or
plasma exchange in the 12 weeks before study drug dosing; or 4-aminopyridine in the 4 weeks before
study dosing

7. Previous treatment with natalizumab, cladribine, T-cell vaccine, alemtuzumab, daclizumab, ritux-

imab or total lymphoid irradiation
8. Prior history of seizure (added under amendment 1 of the protocol) or significant cardiac, hepatic,
pulmonary or renal disease; immunodeficiency; or other serious medical conditions

o b~ WN

Interventions Combination therapy with IFN-beta 1a 30 ug intramuscularly weekly and glatiramer acetate (GA) 20 mg
daily versus each single agent with matching placebo, that is, as follows.

1. IFN-beta 1a 30 pg intramuscularly weekly combined with matching placebo-GA daily (250 partici-
pants)

2. Glatiramer acetate (GA) 20 mg daily combined with matching placebo-IFN intramuscularly weekly
(259 participants)

3. Combined therapy with IFN-beta 1a 30 pg intramuscularly weekly and glatiramer acetate (GA) 20 mg
daily (499 participants)

No placebo IFN + placebo GA treatment arm was included

Outcomes Primary end point was reduction in annualised relapse rate
Secondary outcomes included the following.

1. Time to confirmed disability
2. Multiple Sclerosis Functional Composite (MSFC) score
3. MRI (cumulative enhanced lesion number, cumulative unique lesion activity)

Relapse was defined as the appearance of a new symptom or worsening of an old symptom, attrib-
utable to MS, accompanied by a change in the neurological examination (demonstrated by a 0.5 or
greater increase in EDSS score or a 2-point change in 1 functional system or a 1-point change in 2 func-
tional systems, excluding bladder and cognitive changes); lasting at least 24 hours in the absence of
fever; preceded by stability or improvement for at least 30 days, confirmed by the examining physician
within 7 days of onset

Notes Combined actively treated arms were not analysed

This study was funded by the National Institutes of Health and the National Institute of Neurological
Disorders and Stroke (Phase Ill study: UO1INS045719, Planning Grant R21NS41986) and was listed on
www.clinicaltrials.gov (NCT00211887)

Study agents and matched placebo were provided by their manufacturers, Biogen Idec and Teva Phar-
maceuticals

Study author was contacted for missing data (concerning progression and relapse outcome) on 13 July
2012 without reply

Study authors' conclusion: combining the 2 most commonly prescribed therapies for RRMS did not pro-
duce a significant clinical benefit over 3 years
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Lublin 2013a (continued)
Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomly assigned 2:1:1 via a computerised data entry system. Participants
were randomly assigned using a permuted block design within sites with block
sizes of 6 and 12

Allocation concealment
(selection bias)

Low risk The computerised data entry system masked treatment arm allocation and
drug dispensing to participants and all site personnel for the entire duration of
the trial period

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk The computerised data entry system masked drug dispensing to all site per-
sonnel for the entire duration of the trial period

Blinding of outcome as- Low risk Treating clinicians and examining clinicians were blinded to treatment assign-
sessment (detection bias) ment

All outcomes

Incomplete outcome data  High risk 1. ITT analysis performed

(attrition bias)
All outcomes

2. Dropout rate high (22.4% with IFN vs 13.9% with GA)

Selective reporting (re- Low risk All outcomes reported
porting bias)
Other bias Unclear risk Primary, secondary and tertiary outcomes and protocol order were modified
in the results paper draft
Mikol 2008
Methods Multi-centre (81) (14 countries: Argentina, Austria, Brazil, Canada, France, Germany, Ireland, Italy,

Netherlands, Russia, Spain, Switzerland, UK and USA), randomised, 2-parallel group, open-label study
Duration: 24 months
Enrolment: from January to December 2004

Acronym: REGARD

Participants

764 participants with RRMS

Subpopulation of 460 participants (230 from each group) also had serial MRI scans to assess T2-weight-
ed and gadolinium-enhancing lesion number and volume

Inclusion criteria:

. 1810 60 years of age

. At least 1 relapse in the year before entry

. Clinically stable or neurologically improving during the 4 weeks before randomisation
. EDSS score0to 5.5

. Naive participants

aa b W N =

Exclusion criteria:
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Mikol 2008 (continued)

1. Pregnancy or breast-feeding
. Progressive MS

Treatment with steroids (oral or systemic) or adrenocorticotrophic hormone within the previous 4
weeks

Previous treatment with interferon-beta, glatiramer acetate or cladribine
Total lymphoid irradiation

Plasma exchange within previous 3 months

Intravenous gamma globulin use within previous 6 months

Cytokine or anticytokine therapy within previous 3 months
Immunosuppressant use within past 12 months

w N

N Uk

Interventions

1. IFN-beta 1a 44 mcg 3 times weekly (386 participants)
2. Glatiramer acetate 20 mg subcutaneously every day (378 participants)

Outcomes

Primary outcome of the study was time to first relapse
Secondary end points were:

1. MRI measures (mean number of T2 active lesions defined as new or enlarging T2 lesions per partici-
pant per scan)

2. Mean number of gadolinium-enhancing lesions per participant per scan
3. Changes in volume of gadolinium-enhancing lesions
4. Changesin T2 lesion volume

Tertiary end points were as follows.

1. MRI: combined unique active (CUA) lesions, new T1 hypointensities, T1 hypointense lesion volume,
brain volume

2. Clinical: other relapse outcomes, disability progression

Relapse was defined as new or worsening neurological symptoms, without fever, that lasted for 48
hours or longer and were accompanied by a change in Kurtzke Functional Scale (KFS) score. Non-qual-
ifying relapses met the same criteria but were not accompanied by a change in KFS score. For relapse
outcomes, all relapses (qualifying and non-qualifying) were counted

Notes

The study was sponsored by EMD Serono and Pfizer

Study author was contacted for missing data (concerning progression and relapse outcome) on 14 May
2012, and on 13 July 2012, without reply

Additional missing data request (concerning clinical and MRI outcomes) was rejected by the drug com-
pany on 24 September 2012

Study authors' conclusion: no significant difference in the primary outcome between IFN-1a and GA

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Treatments were assigned by a computer-generated randomisation list that
was stratified by centre

Allocation concealment Unclear risk Not mentioned
(selection bias)
Blinding of participants High risk Treating physicians and participants were not blinded
and personnel (perfor-
mance bias)
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Mikol 2008 (continued)
All outcomes

Blinding of outcome as- Low risk Physicians who assessed participants at regular intervals or at the time of a
sessment (detection bias) potential relapse were blinded to treatment and communicated with partic-
All outcomes ipants only as needed to complete the EDSS, the Kurtzke Functional Scale

(KFS) and relapse assessments. Participants were asked not to discuss their
treatment with the assessing physician and covered their injection sites so the
physician could not guess which treatment they had received. MRI evaluations
were performed blinded at the image analysis centre, the VU Medical Centre,
Amsterdam, Netherlands

Incomplete outcome data  High risk 1. Reasons for drug discontinuation were not described for 28/65 (43%) in IFN
(attrition bias) group and 16/49 (33%) in GA group who discontinued study
All outcomes 2. Causes of loss to follow-up were explicit, but the dropout rate was not bal-

anced between the 2 groups (22% with IFN vs 14.3% with GA)

Selective reporting (re- Low risk All outcomes reported
porting bias)

Other bias High risk For relapse outcomes, all relapses (qualifying and non-qualifying) were count-
ed

This study was sponsored by Merck Serono

NCT01058005

Methods Multicentre (42 study locations), randomised, open-label study 3-parallel groups, active-controlled
study
Duration: 27 months
Enrolment: from March 2010 to April 2012
Acronym: SURPASS

Participants 84 participants with RRMS (Polman 2005)

Interventions 1. Natalizumab, 300 mg intravenous injection every 4 weeks (38 participants)
2. IFN-beta 1a 44 mcg subcutaneously 3 times weekly (25 participants)
3. Glatiramer acetate 20 mg subcutaneously every day (21 participants)

Outcomes Incidence of Treatment-emergent Serious Adverse Events

Notes The study was terminated on April 2012 before completion, due to significantly slower than expect-
ed enrolment. Due to early termination of the study and the small size of the study population, there
was insufficient power for efficacy and safety analyses. Only serious adverse events were to be cap-
tured and reported. These study results were provided at www.clinicaltrials.gov, National Institutes of
Health, last updated August 18, 2014 (accessed 19 August 2016), in terms of partial safety. No published
data have been retrieved

Risk of bias

Bias Authors' judgement  Support for judgement
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NCT01058005 (Continued)

Random sequence genera-  Unclear risk No data
tion (selection bias)

Allocation concealment Unclear risk No data
(selection bias)

Blinding of participants High risk Open label
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open label
sessment (detection bias)
All outcomes

Incomplete outcome data  High risk No data on clinical and radiological outcome have been provided since the
(attrition bias) early termination because enrolment had been significantly slower than ex-
All outcomes pected. Thus, the decision was made by the Sponsor to terminate the study

since current and projected future enrolment rates would not have provided
valuable information in a reasonable timeframe. All clinical efficacy and mag-
netic resonance imaging (MRI) procedures were removed from the protocol
and safety assessments were to be managed through standard of care activi-
ties. Forty-seven out of 84 participants withdrawn due to study termination

Selective reporting (re- High risk Only partial data have been reported by ClinicalTrials.gov (access 19 August
porting bias) 2016), regarding safety assessments that were to be managed through stan-
dard of care activities

Other bias High risk No published data have been retrieved

0'Connor 2009a

Methods Multi-centre (198 centres in 26 countries: North and Latin America, Western and Eastern Europe and
Australia), randomised, parallel-group, double-blind (RCDB) trial

Enrolment: from November 2003 to June 2005
Duration: 24 months

Acronym: BEYOND

Participants 2244 with RRMS
Inclusion criteria:

. 18to 55 years of age

. At least 1 relapse in the year before entry
. EDSS score of 0to 5

. Naive participants

A W N =

Exclusion criteria:

Signs or symptoms suggestive of disease other than multiple sclerosis
Progressive multiple sclerosis

Heart disease

Treatment-experienced

Participated in previous trials of drugs for multiple sclerosis

o s wh e
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0'Connor 2009a (Continued)

History of severe depression, alcohol or drug misuse or suicide attempts or current suicidal ideations
Serious or acute liver, renal or bone marrow dysfunction, monoclonal gammopathy

Uncontrolled epilepsy

. Intolerance, contraindication or allergy to any of the drugs used in the study

10.Unable to have MRI

11.Unable to administer the study drug or to have it administered by a caregiver

w N o

Interventions

1. IFN-beta 250 pg subcutaneously every other day (897 participants)
2. IFN-beta 500 pg subcutaneously every other day (899 participants)
3. Glatiramer acetate 20 mg subcutaneously every day (448 participants)

Outcomes Primary end point was relapse risk
Secondary outcomes were as follows.
1. Clinical: progression on the Expanded Disability Status Scale (EDSS) at 1 to 2 to 3 years of follow-up
2. MRI: change in T1-hypointense lesion volume at 1 to 2 to 3 years of follow-up
Relapse was defined as new or recurrent neurological abnormalities that were separated by at least 30
days from onset of the preceding event, lasted at least 24 hours and occurred without fever or infec-
tion. Neurological event was deemed as a relapse only when it was associated with an increase in EDSS
or functional system scores
Notes Study arms treated with IFN 500 mcg (899 participants) were not analysed
Study was sponsored by Bayer HealthCare Pharmaceuticals
Additional missing data (concerning clinical and MRI outcomes) were provided by Dirk Pleimes, Global
Medical Lead Neurology, Bayer Healthcare Pharmaceuticals (Pleimes 2013)
Study authors' conclusion: no difference in clinical outcomes was found
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Participants were randomly assigned in a 2:2:1 ratio by the central randomisa-
tion (selection bias) tion group with use of permuted blocks randomisation with regional stratifica-
tion
Allocation concealment Unclear risk Not mentioned
(selection bias)
Blinding of participants High risk Treating physicians were aware of treatment assignments. Participants were
and personnel (perfor- blind only for the 2 doses of IFN, not for GA. Participants were double-blind to
mance bias) comparisons between the 2 doses. Autoinjector use was mandatory for all par-
All outcomes ticipants. To ensure masking between the 2 doses of interferon-beta 1b, med-
ication was identical in appearance, packaging and labelling
Blinding of outcome as- Low risk Evaluating physicians were masked to all random assignments. Participants
sessment (detection bias) covered their injection sites during neurological examinations and did not dis-
All outcomes cuss adverse events with the evaluating physician
Incomplete outcome data  High risk Dropout rate was 12.6% in IFN group versus 16.5% in GA group
(attrition bias)
All outcomes Reasons for discontinuation were not reported in 78/104 (75%) IFN-treated
and 24/71 (33%) GA-treated
Types of AEs justifying study discontinuation were not described
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0'Connor 2009a (Continued)

Analysis was per protocol (not ITT)

Causes of dropouts were not reported (113/161 (70%); 75/104 (72%); 47/74
(63%)) for most participants

Numbers of participants with “confirmed EDSS progression (year 2)” and “pro-
portion relapse free (year 2)” and “at least one major relapse (year 2)” were
deleted (only proportions were given) because data in all 3 rows were derived
from log-rank tests and Kaplan-Meier estimates (see Erratum 2012; O'Connor

2009a)
Selective reporting (re- High risk 5 tertiary clinical outcomes not planned in methods section but reported in re-
porting bias) sults section (Table 3)
Other bias Unclear risk Online publication has been corrected, taking into account Erratum data. Cor-

rected versions first appeared at Lancet.com/Neurology on 19 January 2011,
and on 9 December 2011. Study was sponsored by Bayer. Sponsor had no role
in data collection, data analysis, data interpretation or writing of the report.
All study authors who were members of the publication committee had full ac-
cess to all data in the study, and the corresponding author had final responsi-
bility for the decision to submit for publication

Abbreviations:

ARR: annual relapse rate.

CAL: combined active lesion.

CIS: clinically isolated syndrome.

CL: cortical lesion.

CUA: combined unique active.

DMT: disease-modifying therapy.

EDSS: Expanded Disability Status Scale.

GA: glatiramer acetate.

IFN: interferon.

ITT: intention-to-treat.

IV: intravenous.

IVIg: intravenous immunoglobulin.

KFS: Kurtzke Functional Scale.

MRI: magnetic resonance scale.

MS: multiple sclerosis.

MSFC: Multiple Sclerosis Functional Composite.
NL: new lesion.

RCDB: randomised, controlled, double-blind.
RRMS: relapsing-remitting multiple sclerosis.
SC: subcutaneous.

SNRS: Scripps Neurological Rating Scale.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Barbato 2011 Intervention group not matching our criteria. This was an RCT; open-label design, evaluating the ef-
ficacy of fingolimod after prior treatment with DMTs for MS (EPOC study) versus continued therapy
with DMTs (IFN-beta 1a, IFN-beta 1b or GA)

Preliminary results available only in abstract meeting book. No published data have been retrieved

Beer 2011 Not an RCT. Observational study on the prevalence of injection site reactions with DMTs
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Study Reason for exclusion

Carra 2008 Not an RCT. Observational study evaluating the effects of switching immuno-modulator treatments
in participants who responded inadequately to first treatment

Carter 2010 Not an RCT. Review of use of glatiramer acetate in RRMS and in CIS

Comi 2009 Intervention group not matching our criteria. RCT evaluating the efficacy of glatiramer acetate ver-
sus placebo in participants with CIS

Comi 2011 Intervention group not matching our criteria. RCT evaluating the effects of 2 doses of GA (20 mg

and 40 mg)

Del Santo 2011

Not an RCT. Review article investigating the effectiveness of drugs, Including interferon, glatiramer,
natalizumab or fingolimod, for RRMS

Ghezzi 2005 Not an RCT. Multi-centre collaborative study evaluating the effects ofimmunomodulatory treat-
ment in participants younger than 16 years of age

Kalincik 2015 Not an RCT. Pairwise analysis of the international MSBase registry data was conducted using
propensity score matching. Treatment with injectable immunomodulators

Khan 2001 Not an RCT. Prospective, open-label treatment trial ofimmunomodulatory therapy IFN-b 1a
(Avonex 1), IFN-b 1b (Betaseron 1) and GA (Copaxone 1) in participants with RRMS

Khan 2012 Not an RCT. Retrospective study in which participants with RRMS were treated with DMTs to exam-
ine the effects of DMTs (IFN-beta and GA) on brain volume over a 5-year period

Khan 2013 Intervention group not matching our criteria. RCT comparing GA 40 mg administered 3 times week-
ly with placebo in participants with RRMS

Khoury 2010 Intervention group not matching our criteria. RCT evaluating the effects of albuterol as add-on
treatment to glatiramer acetate therapy

Ouallet 2010 Not an RCT. Review article comparing the efficacy and safety ofimmunomodulatory treatments for

MS

Qizilbash 2012

Not an RCT. Review assessing the benefit-risk (BR) profile of GA in RRMS and CIS

Salama 2003

No answer from the authors about more details (last request on 15 July 2016)

Spelman 2015

Not an RCT. Participants included were registered in MSBase or the TYSABRI Observational Pro-
gram (TOP). The aim was to compare treatment efficacy and persistence in participants who
switched to natalizumab versus those who switched between glatiramer acetate

(GA) and interferon-beta (IFNb) after an on-treatment relapse on IFNb or GA using propensity score
matched real-world data sets.

Abbreviations:
BR: benefit-risk.

CIS: clinically isolated syndrome.
DMT: disease-modifying therapy.

GA: glatiramer acetate.
IFN: interferon.
MS: multiple sclerosis.

RCT: randomised controlled trial.

RRMS: relapsing-remitting multiple sclerosis
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Characteristics of ongoing studies [ordered by study ID]

EUCTR2012-003735-32-GR

Trial name or title

A 96-weeks, prospective, multicentre, randomised, open label, active-controlled, parallel groups,
phase 2b/3 study to compare efficacy and safety of masitinib to first line treatment, in patients with
relapsing remitting multiple sclerosis with unsatisfactory response to first line treatment

Methods

Indirect comparison of masitinib to interferon beta-1a, interferon beta-1b, peginterferon beta-1a
or glatiramer acetate in people with relapsing remitting multiple sclerosis with unsatisfactory re-
sponse to these first line treatments

Allocation: randomised
Intervention model: parallel assignment
Masking: open label

Acronym: none

Participants

450: 400 Adults (18 to 64 years) and 50 Elderly (= 65 years)

Interventions

Comparison of masitinib to interferon-beta 1a, interferon-beta 1b, peginterferon-beta 1a or glati-
ramer acetate

Outcomes

Primary outcome: annualised relapse rate defined as the number of confirmed relapses per year at
96 weeks

Secondary outcomes:

- EDSS

Cumulative probability of sustained disability progression at week 12, 24, 48, 72 and 96 in EDSS
EDSS score at week 12, 24, 48, 72 and 96

- Relapse

Relapse rate per participant at week 12, 24, 48,72 and 96

Use of corticosteroids for multiple sclerosis

Severity of relapse and number of hospitalisation for potential relapse

+ MRl endpoints: T1 gadolinium-enhancing lesions at week 48 and 96, T2 hyperintense lesions at
week 48 and 96, T1 hypointense lesions at week 48 and 96; Atrophy: measure of brain parenchymal
fraction (BPF) at week 48 and 96, MR criteria from ASL (Arterial Spi Labelling): cerebral blood flow
(CBF) in ml/100 g/min, cerebral blood volume (CBV) in ml/100 g and mean transit time (MTT) in sec-
onds, at baseline, week 48 and 96 (optional)

« Multiple Sclerosis Functional Composite (MSFC) at week 12, 24, 48, 72 and 96

» Quality of life assessment: MSQOL-54 at week 12, 24, 48, 72 and 96; EQ-Visual Analogue Scale for
Quality of life at week 12, 24, 48, 72 and 96; Beck Depression Inventory at week 12, 24, 48, 72 and
96; Modified Fatigue Impact Scale at week 12, 24, 48, 72 and 96

« Safety profile

Clinical and biological safety profile: occurrence of Adverse Events, potential changes in vital signs,
ECG, chest X-ray and biological parameters

Starting date

19 November 2015 (accessed 29 July 2016)

Contact information

Name of contact point: Vincent Arnold
Address: AB Science, 3, avenue George V, Paris, France
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EUCTR2012-003735-32-GR (Continued)
email: vincent.arnold@ab-science.com

Notes Trial protocol ongoing. No results available (access 29 July 2016)
NCT00176592
Trial name or title Phase IV, rater-blinded, randomised study comparing the effects of 250 mg of Betaseron with 20 mg

of Copaxone in participants with relapsing-remitting or clinically isolated forms of multiple sclero-
sis using 3 tesla MRI with triple-dose gadolinium

Methods Head-to-head comparison of interferon-beta and Copaxone for treatment of participants with clin-
ically isolated syndrome (CIS) and relapsing-remitting (RR) forms of multiple sclerosis (MS) using
acute changes on magnetic resonance imaging (MRI) as the primary outcome

Randomised controlled trial

Allocation: randomised
Intervention model: parallel assignment
Masking: open label

Acronym: BECOME

Participants Estimated enrolment: 75 (CIS and RRMS)

Interventions Head-to-head comparison of interferon-beta and Copaxone

Outcomes Primary outcome measure: number of "combined active" lesions by monthly MRI at conclusion of
the study

Secondary outcome measures: number of enhancing lesions, number of new lesions, number of
"combined active" disease-free participants

Starting date January 2003

Contact information New Jersey Medical School, Newark, NJ 07103, USA
Sponsors and collaborators: University of Medicine and Dentistry of New Jersey

Principal investigator: Diego Cadavid, MD

Notes Estimated study completion date: January 2016

Study is ongoing but is not recruiting participants (ClinicalTrials.gov, US National Institutes of
Health); no study results posted (access 29 July 2016)

NCT01623596
Trial name or title A 12-month, Prospective, Randomized, Active-controlled, Open-label multicenter Study to Eval-
uate the Patient Retention of Fingolimod vs. Approved First-line Disease Modifying Therapies in
Adults With Relapsing Remitting Multiple Sclerosis (PREFERMS)
Methods Randomized Parallel Assignment Open Label Phase 4 study.
Participants will be treatment naive or have only been treated with one class of DMT (Interferon be-
ta preparation or glatiramer acetate). Participants will be able to switch to different treatment for
safety, efficacy, tolerability or convenience during the study.
Interferons-beta versus glatiramer acetate for relapsing-remitting multiple sclerosis (Review) 38
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NCT01623596 (Continued)

Participants

Estimated enrolment: 881 RRMS

Interventions

Drug: Fingolimod

Drug: disease-modifying therapy-Interferon Beta preparation (Exctavia, Betaseron, Rebif, Avonex)

or glatiramer acetate (Copaxone)

Outcomes

Primary outcome measures: retention on treatment (time frame: 12 months)

Secondary objectives are to compare reasons for discontinuation, adverse events, cognitive im-

pairment, medication satisfaction and change in brain volume measured by MRI.

Starting date

June 2012

Contact information

Novartis Pharmaceuticals

Notes

This study has been completed. July 2015 (final data collection date for primary outcome mea-

sure). No study results posted (accessed 29 July 2016)

DATA AND ANALYSES

Comparison 1. Number of participants who experienced at least 1 relapse at 24 months and at end of follow-up

Outcome or subgroup title

No. of studies No. of partici- Statistical method

pants

Effect size

1 At the end of follow-up (24
- 36 months)

Risk Ratio (M-H, Random, 95% Cl)

Subtotals only

1.1 At 24 months

2184 Risk Ratio (M-H, Random, 95% Cl)

1.04[0.87, 1.24]

1.2 At 36 months

509 Risk Ratio (M-H, Random, 95% Cl)

1.27[0.92,1.75]

2 During follow-up likely
scenario

Risk Ratio (M-H, Random, 95% Cl)

Subtotals only

2.1 At 24 months

2184 Risk Ratio (M-H, Random, 95% Cl)

1.10[0.91, 1.34]

2.2 At 36 months

509 Risk Ratio (M-H, Random, 95% Cl)

1.30[0.98, 1.73]

Analysis 1.1. Comparison 1 Number of participants who experienced at least 1 relapse at
24 months and at end of follow-up, Outcome 1 At the end of follow-up (24 - 36 months).

Study or subgroup IFNB GA Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

1.1.1 At 24 months

Cadavid 20092 17/36 11/39 _—) 7.7% 1.67[0.91,3.08]
Mikol 2008 126/386 132/378 —— 39.9% 0.93[0.77,1.14]
0'Connor 2009a 357/897 169/448 —— 52.4% 1.06[0.91,1.22]

Favours IFNB 0.5 07 1 15 2 Favours GA
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Study or subgroup IFNB GA Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Subtotal (95% Cl) 1319 865 ‘ 100% 1.04[0.87,1.24]
Total events: 500 (IFNB), 312 (GA)
Heterogeneity: Tau?=0.01; Chi*=3.47, df=2(P=0.18); 1>=42.43%
Test for overall effect: Z=0.45(P=0.65)
1.1.2 At 36 months
Lublin 2013a 65/250 53/259 - B 100% 1.27(0.92,1.75]
Subtotal (95% Cl) 250 259 —l—— 100% 1.27[0.92,1.75]

Total events: 65 (IFNB), 53 (GA)
Heterogeneity: Not applicable
Test for overall effect: Z=1.47(P=0.14)

Test for subgroup differences: Chi*=1.14, df=1 (P=0.29), 1’=12.33%

Favours IFNB

0.5

0.7

-
=
w»
[N)

Favours GA

Analysis 1.2. Comparison 1 Number of participants who experienced at least 1 relapse
at 24 months and at end of follow-up, Outcome 2 During follow-up likely scenario.

Study or subgroup IFNB GA Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.2.1 At 24 months
Cadavid 2009a 24/36 15/39 4‘—’ 13.9% 1.73[1.09,2.74]
Mikol 2008 143/386 134/378 — 38.37% 1.05[0.87,1.26]
0'Connor 2009a 404/897 200/448 —-— 47.73% 1.01[0.89,1.14]
Subtotal (95% CI) 1319 865 - 100% 1.1[0.91,1.34]
Total events: 571 (IFNB), 349 (GA)
Heterogeneity: Tau?=0.02; Chi*=4.96, df=2(P=0.08); 1>=59.69%
Test for overall effect: Z=0.98(P=0.33)
1.2.2 At 36 months
Lublin 2013a 78/250 62/259 1.3[0.98,1.73]
Subtotal (95% Cl) 250 259 100% 1.3[0.98,1.73]

Total events: 78 (IFNB), 62 (GA)
Heterogeneity: Not applicable
Test for overall effect: Z=1.82(P=0.07)

— 100%
i

Favours IFNB

0.7 1 15 2 Favours GA

Comparison 2. Number of participants who worsened during the study (EDSS progression) at 24 months and at the

end of follow-up

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 At the end of follow-up 4 Risk Ratio (M-H, Random, 95% Cl) Subtotals only

(24-36 months)

1.1 At 24 months 3 2169 Risk Ratio (M-H, Random, 95% Cl) 1.11[0.91,1.35]

1.2 At 36 months 1 487 Risk Ratio (M-H, Random, 95% Cl) 0.87[0.63, 1.20]

Interferons-beta versus glatiramer acetate for relapsing-remitting multiple sclerosis (Review)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

2 During follow-up likely 4 Risk Ratio (M-H, Random, 95% Cl) Subtotals only

scenario

2.1 At 24 months 3 2169 Risk Ratio (M-H, Random, 95% Cl) 1.24[0.81, 1.90]

2.2 At 36 months 1 487 Risk Ratio (M-H, Random, 95% Cl) 0.95[0.71, 1.26]

Analysis 2.1. Comparison 2 Number of participants who worsened during the study (EDSS progression)
at 24 months and at the end of follow-up, Outcome 1 At the end of follow-up (24-36 months).

Study or subgroup IFNB GA Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
2.1.1 At 24 months
Cadavid 2009a 4/36 6/39 t 2.84% 0.72[0.22,2.35]
Mikol 2008 45/386 33/378 o 21.84% 1.34[0.87,2.05]
O'Connor 2009a 183/886 86/444 —.— 75.32% 1.07[0.85,1.34]
Subtotal (95% CI) 1308 861 b 100% 1.11[0.91,1.35]

Total events: 232 (IFNB), 125 (GA)
Heterogeneity: Tau?=0; Chi*=1.35, df=2(P=0.51); 1>=0%
Test for overall effect: Z=1.01(P=0.31)

2.1.2 At 36 months

Lublin 2013a 52/241 61/246 —.— 100% 0.87[0.63,1.2]
Subtotal (95% ClI) 241 246 ‘ 100% 0.87[0.63,1.2]
Total events: 52 (IFNB), 61 (GA)
Heterogeneity: Not applicable
Test for overall effect: Z=0.84(P=0.4)
Test for subgroup differences: Chi*=1.54, df=1 (P=0.21), 1>=35.24%

Favours INFB 0.2 0.5 1 2 5 Favours GA

Analysis 2.2. Comparison 2 Number of participants who worsened during the study (EDSS
progression) at 24 months and at the end of follow-up, Outcome 2 During follow-up likely scenario.

Study or subgroup IFNB GA Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
2.2.1 At 24 months ‘
0'Connor 2009a 263/886 136/444 ‘i‘ 45.02% 0.97[0.82,1.15]
Cadavid 2009a 11/36 10/39 e 20.29% 1.19[0.58,2.46]
Mikol 2008 62/386 35/378 —— 34.69% 1.73[1.18,2.56]
Subtotal (95% CI) 1308 861 . 100% 1.24[0.81,1.9]

Total events: 336 (IFNB), 181 (GA)
Heterogeneity: Tau?=0.1; Chi*=7.36, df=2(P=0.03); 1*=72.81%
Test for overall effect: Z=0.97(P=0.33)

2.2.2 At 36 months

Lublin 2013a 65/241 70/246 . 3 100% 0.95(0.71,1.26]
Favours INFB 02 05 1 2 5 Favours GA
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Study or subgroup IFNB GA Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Subtotal (95% Cl) 241 246 ¢ 100% 0.95[0.71,1.26]
Total events: 65 (IFNB), 70 (GA) ‘
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.37(P=0.71) ‘ ‘ ‘ ‘ ‘
Favours INFB 0.2 0.5 1 2 5 Favours GA

Comparison 3. Number of participants who withdrew or dropped out of the study because of adverse events

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Number of participants who dropped 4 2685 Risk Ratio (M-H, Random, 0.95[0.64, 1.40]

out for AE 95% Cl)

2 Number of participants who dropped 3 2610 Risk Ratio (M-H, Random, 0.99[0.63, 1.56]

out for SAE 95% Cl)

Analysis 3.1. Comparison 3 Number of participants who withdrew or dropped out of the
study because of adverse events, Outcome 1 Number of participants who dropped out for AE.

Study or subgroup IFNB GA Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Cadavid 2009a 3/36 2/39 + 5.02% 1.63[0.29,9.17]
Lublin 2013a 13/250 19/259 —— 32.17% 0.71[0.36,1.4]
Mikol 2008 23/381 19/375 —i— 43.1% 1.19[0.66,2.15]
0O'Connor 2009a 13/897 8/448 . — 19.71% 0.81[0.34,1.94]
Total (95% CI) 1564 1121 L 4 100% 0.95[0.64,1.4]
Total events: 52 (IFNB), 48 (GA)
Heterogeneity: Tau?=0; Chi*=1.76, df=3(P=0.62); 1>=0%
Test for overall effect: Z=0.26(P=0.79) ‘ ‘ ‘ ‘

FavoursIFNB ~ 0.05 0.2 1 5 20 Favours GA

Analysis 3.2. Comparison 3 Number of participants who withdrew or dropped out of the
study because of adverse events, Outcome 2 Number of participants who dropped out for SAE.

Study or subgroup IFNB GA Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Lublin 2013a 5/250 7/259 —0-‘— 15.94% 0.74[0.24,2.3]
Mikol 2008 30/381 27/375 ‘.’ 82.05% 1.09[0.66,1.8]
0'Connor 2009a 0/897 1/448 t 2.01% 0.17[0.01,4.08]
Total (95% Cl) 1528 1082 <& 100% 0.99[0.63,1.56]

Total events: 35 (IFNB), 35 (GA)
Heterogeneity: Tau?=0; Chi*=1.6, df=2(P=0.45); 1>=0%

s
Favours IFNB ~ 0-005 0.1 1 10 200 Favours GA
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Study or subgroup IFNB GA Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Test for overall effect: Z=0.05(P=0.96)

\
Favours IFNB ~ 0.005 0.1 1 10 200 Favours GA

Comparison 4. Frequency of relapse (ARR)

Outcome or subgroup ti-  No. of studies No. of partici- Statistical method Effect size

tle pants

1 Relapse frequency 5 Rate Ratio (Random, 95% Cl) Subtotals only
1.1 At 24 months 4 Rate Ratio (Random, 95% CI) 1.06[0.95,1.18]
1.2 At 36 months 1 Rate Ratio (Random, 95% Cl) 1.40[1.13,1.74]

Analysis 4.1. Comparison 4 Frequency of relapse (ARR), Outcome 1 Relapse frequency.

Study or subgroup IFNB GA log[Rate Rate Ratio Weight Rate Ratio
Ratio]
N N (SE) IV, Random, 95% CI 1V, Random, 95% CI
4.1.1 At 24 months
Cadavid 2009a 0 0 0.1(0.289) e — 3.74% 1.12[0.64,1.98]
Calabrese 2012 0 0 0.2(0.312) e e — 3.21% 1.25[0.68,2.3]
Mikol 2008 0 0 0(0.1) —F— 31.26% 1.03[0.85,1.26]
0'Connor 2009a 0 0 0.1(0.071) ' 61.8% 1.06[0.93,1.22]
Subtotal (95% CI) b 100% 1.06[0.95,1.18]
Heterogeneity: Tau?=0; Chi>=0.38, df=3(P=0.94); 1>=0%
Test for overall effect: Z=1.07(P=0.28)
4.1.2 At 36 months
Lublin 2013a 0 0 0.3(0.109) -.' 100% 1.4[1.13,1.74]
Subtotal (95% CI) L g 100% 1.4[1.13,1.74]
Heterogeneity: Not applicable
Test for overall effect: Z=3.11(P=0)
Test for subgroup differences: Chi*=5.18, df=1 (P=0.02), 1>=80.7%
Favours IFNB 0.2 0.5 1 2 5 Favours GA
Comparison 5. Time to first relapse
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Time to first relapse (HR) 3 Hazard Ratio (Random, 95% 1.01[0.87,1.16]
Cl)
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Analysis 5.1. Comparison 5 Time to first relapse, Outcome 1 Time to first relapse (HR).

Study or subgroup INFB GA log[Hazard Hazard Ratio Weight Hazard Ratio
Ratio]

N N (SE) IV, Random, 95% CI IV, Random, 95% CI
Cadavid 2009a 0 0 -0(0.387) ; 3.58% 0.98[0.46,2.1]
Mikol 2008 0 0 -0.1(0.125) —a— 34.07% 0.94[0.74,1.2]
0'Connor 2009a 0 0 0(0.093) —- 62.35% 1.05[0.87,1.25]
Total (95% Cl) > 100% 1.01[0.87,1.16]
Heterogeneity: Tau?=0; Chi*=0.47, df=2(P=0.79); 1>=0%
Test for overall effect: Z=0.08(P=0.93)

Favours INFB 05 07 1 15 2 Favours GA
Comparison 7. Number of participants treated with steroids for MS relapse
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Patients Treated with Steroids 2 1420 Risk Ratio (M-H, Random, 95%  1.30[0.76, 2.24]

Cl)

Analysis 7.1. Comparison 7 Number of participants treated with
steroids for MS relapse, Outcome 1 Patients Treated with Steroids.

Study or subgroup IFNB GA Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

Cadavid 2009a 16/36 9/39 H— 33.51% 1.93[0.98,3.8]
0O'Connor 2009a 309/897 144/448 - 66.49% 1.07[0.91,1.26]
Total (95% Cl) 933 487 * 100% 1.3[0.76,2.24]
Total events: 325 (IFNB), 153 (GA) ‘

Heterogeneity: Tau?=0.11; Chi?>=2.71, df=1(P=0.1); 1*=63.04% ‘

Test for overall effect: Z=0.96(P=0.34) ‘

Favours IFNB  0.01 0.1 1 10 100 Favours GA

Comparison 9. Mean number of active (new or enlarged) T2-hyperintense lesions per participant at 6 - 12 - 24
months and at end of follow-up period

Outcome or subgroup No. of studies No. of partici- Statistical method Effect size

title pants

1 During follow-up 3 Mean Difference (IV, Random, 95% Cl) Subtotals only

1.1 At 6 months 1 396 Mean Difference (IV, Random, 95% Cl) -0.86 [-1.32,-0.40]

1.2 At 12 months 2 1722 Mean Difference (IV, Random, 95% Cl) -0.52[-1.12,0.09]

1.3 At 24 months 3 1790 Mean Difference (IV, Random, 95% Cl) -0.15[-0.68, 0.39]
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Analysis 9.1. Comparison 9 Mean number of active (new or enlarged) T2-hyperintense lesions
per participant at 6 - 12 - 24 months and at end of follow-up period, Outcome 1 During follow-up.

Study or subgroup IFNB GA Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
9.1.1 At 6 months
Mikol 2008 197 06(16) 199 15(29) o 100% -0.86[-1.32,-0.4]
Subtotal *** 197 199 P 100% -0.86[-1.32,-0.4]
Heterogeneity: Not applicable
Test for overall effect: Z=3.65(P=0)
9.1.2 At 12 months
Mikol 2008 185 0.5(1.3) 192 0.8(1.7) - 60.93% -0.27[-0.58,0.04]
0O'Connor 2009a 897 1.8(5.7) 448 2.7(5.8) —— 39.07% -0.9[-1.55,-0.25]
Subtotal *** 1082 640 ~a 100% -0.52[-1.12,0.09]
Heterogeneity: Tau?=0.13; Chi*=2.92, df=1(P=0.09); 1>=65.77%
Test for overall effect: Z=1.68(P=0.09)
9.1.3 At 24 months
Calabrese 2012 55 1.2(1) 55 1.2(1) —— 41.7% 0[-0.37,0.37]
Mikol 2008 161 0.8(2.3) 174 0.6 (1.5) —— 39.75% 0.19[-0.23,0.61]
0O'Connor 2009a 897 3.2(8.3) 448 4.4(9.1) e —— 18.54% -1.2[-2.2,-0.2]
Subtotal *** 1113 677 o 100% -0.15[-0.68,0.39]
Heterogeneity: Tau?=0.14; Chi*>=6.3, df=2(P=0.04); 1*=68.25%
Test for overall effect: Z=0.54(P=0.59)
Test for subgroup differences: Chi*=3.9, df=1 (P=0.14), 1>=48.69% ‘ ‘ ‘ ‘

Favours IFNB 2 -1 0 1 2 Favours GA

Comparison 10. Mean number of new contrast-enhancing T1 lesions per participant at 6 - 12 - 24 months and at end
of follow-up period

Outcome or sub- No. of studies No. of partici- Statistical method Effect size
group title pants

1 Mean number 3 Mean Difference (IV, Random, 95% Cl) Subtotals only
1.1 At 6 months 0 0 Mean Difference (IV, Random, 95% Cl) 0.0[0.0, 0.0]

1.2 At 12 months 1 1233 Mean Difference (IV, Random, 95% Cl) -0.10 [-0.26, 0.06]
1.3 At 24 months 3 1734 Mean Difference (IV, Random, 95% Cl) -0.14 [-0.30, 0.02]

Analysis 10.1. Comparison 10 Mean number of new contrast-enhancing T1 lesions per
participant at 6 - 12 - 24 months and at end of follow-up period, Outcome 1 Mean number.

Study or subgroup IFNB GA Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl

10.1.1 At 6 months

Favours IFNB 05-025 0 025 05 Favours GA
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Study or subgroup IFNB GA Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Subtotal *** 0 0 Not estimable
Heterogeneity: Not applicable
Test for overall effect: Not applicable
10.1.2 At 12 months
0'Connor 2009a 827 0.5(0.2) 406 0.6 (1.6) —.'— 100% -0.1[-0.26,0.06]
Subtotal *** 827 406 - 100% -0.1[-0.26,0.06]
Heterogeneity: Not applicable
Test for overall effect: Z=1.25(P=0.21)
10.1.3 At 24 months
Calabrese 2012 55 1(1) 55 1.1(1) —_— 17.99% -0.1[-0.47,0.27]
Mikol 2008 230 0.2(1.2) 230 0.4(1.2) —i— 54.02% -0.17[-0.39,0.05]
0'Connor 2009a 773 0.5(1.6) 391 0.6 (2.8) e e 28% -0.1[-0.4,0.2]
Subtotal *** 1058 676 - 100% -0.14[-0.3,0.02]
Heterogeneity: Tau?=0; Chi*=0.19, df=2(P=0.91); 1>=0%
Test for overall effect: Z=1.7(P=0.09)
Test for subgroup differences: Chi*=0.11, df=1 (P=0.74), 1>=0% ‘ ‘ ‘ ‘

Favours IFNB 05-025 0 025 05 Favours GA

Comparison 11. Mean change in total T2-hyperintense lesion load at 12-24 months and at end of follow-up period

Outcome or subgroup No. of studies No. of partici- Statistical method Effect size

title pants

1 Mean absolute change 3 Mean Difference (IV, Random, 95% Cl) Subtotals only
1.1 At 12 months 1 1221 Mean Difference (IV, Random, 95% Cl) -0.4 [-0.59, -0.21]
1.2 At 24 months 2 1608 Mean Difference (IV, Random, 95% Cl) -0.58 [-0.99, -0.18]
1.3 At 36 months 1 509 Mean Difference (IV, Random, 95% Cl) -0.26 [-1.04, 0.52]

Analysis 11.1. Comparison 11 Mean change in total T2-hyperintense lesion load at
12-24 months and at end of follow-up period, Outcome 1 Mean absolute change.

Study or subgroup IFNB GA Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
11.1.1 At 12 months
O'Connor 2009a 821 0.4 (2.8) 400 0.8(0.3) . 100% -0.4[-0.59,-0.21]
Subtotal *** 821 400 L 2 100% -0.4[-0.59,-0.21]

Heterogeneity: Not applicable
Test for overall effect: Z=4.09(P<0.0001)

11.1.2 At 24 months

Mikol 2008 230 -2.4(6.2) 230 -1.6 (6.2) { 12.37% -0.83[-1.97,0.31]
0'Connor 2009a 765 0.9 (3.4) 383 1.4(3.5) —B— 87.63% -0.55[-0.98,-0.12]
Favours IFNB 1 05 0 05 1 Favours GA
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Study or subgroup IFNB GA Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Subtotal *** 995 613 - 100% -0.58[-0.99,-0.18]
Heterogeneity: Tau?=0; Chi*=0.21, df=1(P=0.65); 1>=0%
Test for overall effect: Z=2.86(P=0)
11.1.3 At 36 months
Lublin 2013a 250  -02(42) 259 0(4.8) = 100% -0.26[-1.04,0.52]
Subtotal *** 250 259 e 100% -0.26[-1.04,0.52]
Heterogeneity: Not applicable
Test for overall effect: Z=0.65(P=0.51)
Test for subgroup differences: Chi*=0.85, df=1 (P=0.65), 1>=0%
Favours IFNB 1 05 0 05 1 Favours GA

Comparison 12. Mean change in total T1-hypointense lesion load at 12-24 months and at end of follow-up

Outcome or subgroup No. of studies No. of partici- Statistical method Effect size

title pants

1 Mean absolute change 2 Mean Difference (IV, Random, 95% Cl) Subtotals only
1.1 At 12 months 1 1207 Mean Difference (IV, Random, 95% Cl) -0.06 [-0.18, 0.07]
1.2 At 24 months 2 1602 Mean Difference (IV, Random, 95% Cl) -0.20 [-0.33,-0.07]

Analysis 12.1. Comparison 12 Mean change in total T1-hypointense lesion load
at 12-24 months and at end of follow-up, Outcome 1 Mean absolute change.

Study or subgroup IFNB GA Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
12.1.1 At 12 months
0'Connor 2009a 813 0.1(1.2) 394 0.2 (0.9) —.—— 100% -0.06[-0.18,0.07]
Subtotal *** 813 394 - 100% -0.06[-0.18,0.07]
Heterogeneity: Not applicable
Test for overall effect: Z=0.91(P=0.36)
12.1.2 At 24 months
Mikol 2008 230 0.7 (1.4) 230 -0.4 (1.4) {—-7 25.25% -0.29[-0.55,-0.03]
0'Connor 2009a 761 0.2(1.2) 381 0.4 (1.3) —B— 74.75% -0.17[-0.33,-0.02]
Subtotal *** 991 611 —— 100% -0.2[-0.33,-0.07]
Heterogeneity: Tau?=0; Chi>=0.57, df=1(P=0.45); 1>=0%
Test for overall effect: Z=2.98(P=0)
Test for subgroup differences: Chi*=2.47, df=1 (P=0.12), 1>=59.52%

Favours IFNB 04 02 0 0.2 04 Favours GA
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Comparison 13. Mean change in total brain volume (as a measure of atrophy) at 12-24 months and at end of follow-

up
Outcome or subgroup No. of studies No. of partici- Statistical method Effect size
title pants
1 Mean absolute change 2 Mean Difference (IV, Random, 95% Cl) Subtotals only
1.1 At 12 months 1 1137 Mean Difference (IV, Random, 95% Cl) -0.10[-0.22,0.02]
1.2 At 24 months 2 1552 Mean Difference (IV, Random, 95% Cl) -0.12[-0.23,-0.01]

Analysis 13.1. Comparison 13 Mean change in total brain volume (as a measure of
atrophy) at 12-24 months and at end of follow-up, Outcome 1 Mean absolute change.

Study or subgroup IFNB GA Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl| Random, 95% Cl
13.1.1 At 12 months
0'Connor 2009a 762 -0.8(1) 375 -0.7 (1) —.— 100% -0.1[-0.22,0.02]
Subtotal *** 762 375 e 100% -0.1[-0.22,0.02]
Heterogeneity: Not applicable
Test for overall effect: Z=1.67(P=0.1)
13.1.2 At 24 months
Mikol 2008 230 -1.2(0.1) 230 -1.1(0.1) | ] 58.25% -0.17[-0.18,-0.15]
0'Connor 2009a 717 -0.6 (0.8) 375 -0.6 (0.8) —— 41.75% -0.05[-0.14,0.04]
Subtotal *** 947 605 e 100% -0.12[-0.23,-0.01]
Heterogeneity: Tau?=0.01; Chi*=5.73, df=1(P=0.02); 1>=82.54%
Test for overall effect: Z=2.05(P=0.04)
Test for subgroup differences: Chi*=0.05, df=1 (P=0.83), 1>=0%

Favours GA 02 01 01 02 Favours IFNs
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ADDITIONAL TABLES

Table 1. Baseline characteristics of the population included in the RCTs

Study name Drugs Number % female Age,years,mean Mean EDSS score Disease duration, Previous number ofre- Number of
of partici- (SD) (SD) years,mean (SD) lapses, mean (SD)
pants participants
with MRI Gad
+ lesions (%)
Cadavid IFN-beta 1b 36 75 36 (7.75) 2.0* 0.9* 1.8* 26
2009a
(0to5) (0.1to0 24) (0to 7.5) (72)
GA 39 64 36 (8.25) 2.0* 1.2* 1,9* 27
(0t0 5.5) (0.2 to 34) (0.13t0 7.0) (69)
Calabrese IFN-beta1a44 55 69.5 35.9(9.1) 1.9 5.7 1,2 ND
2012
(1.0) (4.9) (0.6)
IFN-betala30 55 68.0 34.8(9.6) 1.9 5.3 1,2 ND
ng
(0.8) (5.1) (0.7)
GA 55 72.9 38.9(10.2) 2.1(1.1) 5.5 1,3 ND
(6.1) (0.7)
Lublin IFN-betala30 250 69.2 37.6(10.2) 2.0(1.2) 1.4 1.7° 187 (74.8)
2013a ug
(4.0) (0.9)
GA 259 71.4 39.0 (9.5) 1.9(1.2) 1.0 (2.9) 1.6°(0.7) 215 (83.01)
Mikol 2008 IFN-betala44 386 69 36.7(9.8) 2.35(1.28) 5.93 (6.25) 0.97** (0.42) 150 (39)
Hg
GA 378 72 36.8 (9.5) 2.33(1.31) 6.55 (7.10) 1.01** (0.35) 156 (41)
O'Connor IFN-beta 1b 897 70 35.8%* (11.13) 2.35(2) 5.3** (4.45) 1.6°(0.74) ND
2009a
GA 448 68 35.2** (11.87) 2.28(2) 5.1** (4.45) 1.6°(0.74) ND

ND (no data available).
*Median (range); mean not reported.
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**SD or weighted mean was calculated.
°Pre-1-year.

Table 2. Dropout data

Study Arm N° participants N° dropout Reasons for missing
At ran- 24 36 n° % Lost Did SwitchedVith-  Devi- Had Died  Be- Oth-
domisa-  months months to not treat- drew ated ad- came er
tion fol- re- ment from  verse preg- rea-
low-up ceive pro- events nant  sons
drug tocol
Cadavid IFN-beta 1a 44 ug 36 25 ND 116 30.6 7 0 0 0 0 1 0 0 38
2009al
GA 39 31 ND 87 20.5 4 0 0 0 0 0 0 0 48
Calabrese IFN-beta 1a 44 ug 55 46 ND 9 16.4 9 ND
20122
IFN-beta 1a 30 ug 55 47 ND 8 14.5 8
GA 55 48 ND 7 12.7 7
Lublin 201323  IFN-beta 1a30 g 250 ND 194 56 22.4 13 0 0 0 0 1711 1 0 2513
GA 259 ND 223 36 13.9 9 0 0 0 0 1112 1 0 1514
Mikol 2008 4 IFN-beta 1a 44 g 386 301 ND 85 22.0 17 3 0 0 2 23 0 8 329
GA 378 324 ND 54 14.3 2 3 0 0 2 19 0 5 2310
O'Connor IFN-beta 1b 250 897 784 ND 113 12.6 12 9 10 38 3 13 1 27
2009a 5
GA 448 374 ND 4 16.5 12 3 5 18 2 8 1 1 24

ND (no data available)

Source of data are described as follow.

1] pg 1977; 2] pg 3; 3] pg 33; 4] pg 904; 5] pg 890; 6] 7 lost to follow-up + 4 discontinued intervention (see pg 1977); 7] 4 lost to follow-up + 4 discontinued intervention (see pg 1977); 8] treatment failure; 9] 4
had disease progression + 28 for other reasons; 10] 7 had disease progression + 16 for other reasons; 11] 4 AE/SAE + 13 side effects; 12] 6 AE/SAE + 5 side effects; 13] 14 non-medical reason + 11 other medical
reason; 14] 8 non-medical reason + 7 other medical reason
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Table 3. Sensitivity analysis (OUTCOME: N° of participants with at least 1 relapse)
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Study Arm N° participants N° dropout Lost to
Randomised avail- 24 months 36 months n° % follow-up
able
for the outcome

Cadavid 2009a IFN-beta 1a 44 36 25 11 30.6 7

GA 39 31 8 20.5 4

Calabrese 2012 IFN-beta 1a 44 55 46 9 16.4 9

IFN-beta 1a 30 55 47 8 14.5 8
GA 55 48 7 12.7 7
Lublin 2013a IFN-beta 1a 30 250 194 56 22.4 13
GA 259 223 36 13.9 9
Mikol 2008 IFN-beta 1a 44 386 301 85 22.0 17
GA 378 324 54 14.3 2
O'Connor 2009a IFN-beta 1b 897 784 113 12.6 57*
GA 448 374 74 16.5 31
"Data provided by Bayer (Pleimes 2013).
Table 4. Sensitivity analysis (OUTCOME: N° participants with EDSS progression)

Study Arm N° participants at N° dropout Lost to
Randomised available 24 months 36 months n° % follow-up
for the outcome

Cadavid 2009a IFN-beta 1a 44 36 25 11 30.6 7
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APPENDICES

Appendix 1. Keywords for searching the MS Group Register

{interferon\*} OR {interferon beta} OR {beta-1 interferon} OR {beta 1 interferon} OR {interferon beta-1\*} OR {rebif} OR {avonex} OR
{betaseron} OR {beta-seron} OR {betaferon} OR {beta-IFN-1\*} OR {interferon beta-1\*} OR {Interferon-beta\*} OR {interferon beta\*} OR
{recombinant interferon beta-1\*}

AND

{copolymer-1} OR {cop-1} OR {copaxone} OR {glatiramer acetate} OR {cpx} OR {copl} OR {copolymer} OR {glatiramer} OR
{immunomodulation\*} OR {immunomodulator\*} OR {immunosuppression}

AND
{relapsing remitting} OR {relapsing-remitting } OR {remitting-relapsing} OR {remitting relapsing}

WHAT'S NEW

Date Event Description
8 August 2016 New search has been performed New search was performed
8 August 2016 New citation required but conclusions New studies have been added

have not changed

HISTORY

Protocol first published: Issue 9, 2011
Review first published: Issue 7,2014

Date Event Description

22 October 2015 Amended Minor edit made

CONTRIBUTIONS OF AUTHORS

Roles and responsibilities

Drafting the protocol All review authors
Selecting which studies to include LLM, SF, AG
Planning data sheet for study data extraction LLM, AV, GR, CDP
Planning data sheet for MRI data extraction LLM, AV, MR, CDP
Extracting data from studies, double-checking data and resolving discrepancies LLM, AV, MR, FB, SF, AL, GR
Assessing risk of bias of included studies LLM, AV, SF
Entering data into RevMan LLM, AV, CDP
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Planning the strategy analysis LLM, AV, MR, CDP
Carrying out statistical analysis, interpreting statistical results CDP, AV, LLM

Carrying out and interpreting the results and drafting the final review LLM, AV, MR, CDP, BWG
Providing review control, according to Standards for the Reporting of New Cochrane Intervention LLM, AV

Reviews
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

Qutcomes

The secondary clinical outcome "Mean change in EDSS disability score" was deleted because it was considered not relevant.

The secondary clinical outcomes "Mean number of active (new or enlarged) T2-hyperintense lesions per participant" and "Mean number
of new contrast-enhancing T1 lesions per participant" at 3 months were not evaluated because considered not relevant

The definition of outcome "Number of relapse free" was changed to "Number of participants who experienced a relapse" for consistency.
Analysis

Treatment schedules not approved in RRMS treatment and not used in clinical practice were not included in the analysis.

Scoring of overall quality of the study was better defined.

Sensitivity analysis exploring the impact of loss to follow-up was performed using a likely scenario because that is more understandable.

We used risk ratio instead of odds ratio because this measure is suitable for the design of included studies, as studies provided neither
infrequent events nor unbalanced groups.

The Summary of findings for the main comparison was added.
INDEX TERMS

Medical Subject Headings (MeSH)

Adjuvants, Immunologic [*therapeutic use]; Glatiramer Acetate [*therapeutic use]; Interferon beta-1a [*therapeutic use]; Interferon
beta-1b [*therapeutic use]; Magnetic Resonance Imaging; Multiple Sclerosis, Relapsing-Remitting [diagnostic imaging] [*drug therapy]
[pathology]; Randomized Controlled Trials as Topic; Recurrence
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