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Background: The Association of British Neurologists (ABN) 2015 guidelines suggested classifying multiple
sclerosis therapies according to their average relapse reduction. We sought to classify newer therapies
(cladribine, ocrelizumab, ofatumumab, ozanimod) based on these guidelines. Materials & methods: Ther-
apies were classified by using direct comparative trial results as per ABN guidelines and generating classifi-
cation probabilities for each therapy based on comparisons versus placebo in a network meta-analysis for
annualized relapse rate. Results: For both approaches, cladribine and ofatumumab were classified as high
efficacy. Ocrelizumab and ozanimod (1.0 mg) were classified as moderate or high efficacy depending on
the approach used. Conclusion: Cladribine and ofatumumab have an efficacy comparable with therapies
classified in the ABN guidelines as high efficacy.
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Multiple sclerosis (MS) is a chronic immune-mediated disorder of the central nervous system that is characterized
by inflammation, demyelination and degenerative changes, including neuroaxonal loss and progressive atrophy [1].
The exact etiology of MS is not well understood, although several genetic and environmental risk factors have
been identified [1]. Four MS phenotypes exist: clinically isolated syndrome, relapsing–remitting (RRMS), secondary
progressive and primary progressive [2]. The term relapsing MS (RMS) has been used to describe both RRMS and
secondary progressive patients with superimposed relapses [3]. There are many disease-modifying therapies (DMTs)
indicated for patients with RMS/RRMS, the earliest of which was IFN-β-1b. Most MS therapies target various
immune cells involved in the inflammatory cascade. Overall, DMTs are more efficacious in the earlier stages of
RRMS and decrease in effectiveness as the disease progresses [4].

Decisions regarding the optimal DMTs for patients with RMS/RRMS are informed by numerous factors
including the level of disease activity and other patient characteristics, the relative efficacy, tolerability and safety of
therapies, and the likelihood of adherence and access to therapies. Several guidelines covering the use of DMTs for
patients with RMS/RRMS have recently been published, including those from the American Academy of Neurology
(AAN) [5], the Association of British Neurologists (ABN) [6], the Brazilian Academy of Neurology working jointly
with the Brazilian Committee on Treatment and Research in Multiple Sclerosis (BAN/BCTRIMS) [7] and the
European Committee of Treatment and Research in Multiple Sclerosis working jointly with the European Academy
of Neurology (ECTRIMS/EAN) [8]. Of these four guidelines, only the ABN and BAN/BCTRIMS guidelines
proposed approaches to classifying DMTs based on their efficacy to help inform treatment decisions. Instead of
broadly classifying DMTs, the guidelines from the AAN and ECTRIMS/EAN identified specific therapies as being
more efficacious than others. The AAN guidelines included conclusions regarding the superiority of individual
DMTs compared with placebo or other DMTs based on outcomes such as annualized relapse rate (ARR) that were
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Figure 1. Timeline of Association of British Neurologists guidelines and recent multiple sclerosis therapies.
ABN: Association of British Neurologists.

measured in clinical trials. The ECTRIMS/EAN guidelines identified interferon and glatiramer acetate as relatively
less efficacious therapies but recommended selecting among the many available DMTs based on factors such as
patient characteristics and comorbidities, disease severity and the safety profile and accessibility of each therapy.

The ABN first published guidelines on the use of MS DMTs in 1999, and these were most recently updated
in 2015 [6]. The 2015 iteration of the ABN guidelines included seven DMTs: alemtuzumab, dimethyl fumarate,
fingolimod, glatiramer acetate, IFN-β preparations, natalizumab and teriflunomide [6]. The ABN guidelines sug-
gested dividing these seven therapies into two broad classes: high efficacy, defined as average relapse reduction
substantially more than 50% (alemtuzumab and natalizumab) and moderate efficacy, defined as average relapse
reduction between 30 and 50% (dimethyl fumarate, fingolimod, glatiramer acetate, IFN-β preparations and teri-
flunomide) [6]. Similar to the ABN guidelines, the BAN/BCTRIMS guidelines mentioned two groups of DMTs,
those associated with a moderate reduction in the ARR in comparison to placebo (around 30%) and those of higher
potency (associated with a reduction greater than 50% in the ARR, usually compared with placebo) [7]. Since the
publication of these 2015 guidelines, several newer DMTs have been approved for the treatment of MS, including
cladribine, ocrelizumab, ofatumumab and ozanimod, that have not yet been classified in this manner (Figure 1).

Cladribine is a purine antimetabolite that was evaluated in a Phase III randomized controlled trial (RCT),
CLARITY (NCT00213135) [9]. The CLARITY trial investigated oral (PO) cladribine (3.5 or 5.25 mg/kg cumu-
lative dose) versus placebo in patients with RRMS. This trial met its primary end point: ARR was significantly
lower in cladribine-treated patients compared with patients who received placebo (0.14 and 0.15 for the 3.5 and
5.25 mg/kg doses, respectively, vs 0.33; both p < 0.001).

Ocrelizumab is a humanized monoclonal anti-CD20 antibody that was evaluated in two identically designed
Phase III RCTs, OPERA I (NCT01247324) and OPERA II (NCT01412333) [10]. The OPERA trials investigated
intravenous ocrelizumab 600 mg versus subcutaneous (SC) IFN-β-1a 44 μg in patients with RMS. Both OPERA
I and II met their primary end point: ARR was significantly lower in ocrelizumab-treated patients compared with
patients treated with IFN-β-1a (OPERA I: 0.16 vs 0.29; OPERA II: 0.16 vs 0.29; both p < 0.001).

Ofatumumab is a human monoclonal anti-CD20 antibody that was evaluated in two identically designed Phase
III RCTs, ASCLEPIOS I (NCT02792218) and ASCLEPIOS II (NCT02792231) [11]. The ASCLEPIOS trials
investigated SC ofatumumab 20 mg versus PO teriflunomide 14 mg in patients with RMS. Both ASCLEPIOS
I and II met their primary end point: ARR was significantly lower in ofatumumab-treated patients compared
with patients treated with teriflunomide (ASCLEPIOS I: 0.11 vs 0.22; ASCLEPIOS II: 0.10 vs 0.25; both p <

0.001) [11].
Ozanimod is an S1P1 modulator that was evaluated in two Phase III RCTs, RADIANCE (NCT02047734) [12]

and SUNBEAM (NCT02294058) [13]. The RADIANCE and SUNBEAM trials investigated PO ozanimod (0.5 or
1.0 mg) versus intramuscular (IM) IFN-β-1a 30 μg. Both trials met their primary end point: ARR was significantly
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lower in ozanimod-treated patients compared with patients treated with IFN-β-1a (RADIANCE: 0.22 and 0.17
for the 0.5 and 1.0 mg doses, respectively, vs 0.28; SUNBEAM: 0.24 and 0.18 for the 0.5 and 1.0 mg doses,
respectively, vs 0.35; p < 0·0167 for RADIANCE ozanimod 0.5 mg vs IFN-β-1a and p < 0·0013 for SUNBEAM
ozanimod 0.5 mg vs IFN-β-1a but p < 0.001 for both ozanimod 1.0 mg comparisons) [12,13].

When the ABN guidelines were released, all high-efficacy DMTs in MS (i.e., alemtuzumab and natalizumab)
were intravenously administered monoclonal antibody therapies. Safety concerns associated with alemtuzumab
and/or natalizumab include serious infusion reactions or acute hypersensitivity reactions even under supervision
and premedication, serious or opportunistic infections and organ-specific toxicities. Accordingly, based on their
risk–benefit ratio it was recommended that the high-efficacy DMTs be reserved for use later in the disease
course [4,6]. However, recent evidence suggests early treatment with high-efficacy therapies may lead to improved
disease control [14,15]. The efficacy-based classification of newer DMTs not yet included in the ABN guidelines is
expected to improve the ability of patients and clinicians to select treatment options that optimize patient care [16].

The aim of this study was to classify contemporary DMTs based on their efficacy in accordance with the
guidelines set by the ABN. In addition to a direct comparative approach that closely followed the ABN guidelines,
we employed an additional classification approach that used a network meta-analysis (NMA) to incorporate both
direct and indirect comparative evidence to estimate DMT efficacy relative to a common comparator, placebo.

Materials & methods
Identification & selection of relevant trials
A systematic literature review (SLR) was conducted in December 2019 and employed a robust methodology for
identification of evidence as recommended by the National Institute of Health and Care Excellence (NICE) [17].
Implementation and reporting of the systematic review followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement [18]. The aim of the review was to identify all RCTs assessing the
efficacy and safety of DMTs used for the treatment of patients with RMS. Briefly, a search of databases (including
Embase, MEDLINE and Cochrane), neurology/MS conference abstracts (2017–2019), health technology assess-
ment websites and clinical trials registries was conducted in December 2019. Two reviewers independently screened
titles and abstracts against eligibility criteria and then evaluated potentially eligible articles in full-text form using
the same criteria, with disagreements resolved by a third independent reviewer. Eligible trials for this study were
RCTs with a duration of at least 48 weeks involving adult patients with relapsing forms of MS (excluding trials
wherein >25% of patients had non-relapsing forms of MS). Trials were only included if one of their objectives
was to directly compare the efficacy of any of a list of interventions (alemtuzumab, cladribine, dimethyl fumarate,
diroximel fumarate, fingolimod, glatiramer acetate, IFN-β-1a, IFN-β-1b, natalizumab, ocrelizumab, ofatumumab,
ozanimod, peginterferon β-1a and teriflunomide) to any other included DMT or placebo. Only licensed (by the
US FDA and/or EMA) and clinically relevant regimens of these DMTs were considered. Full details of the SLR
search strategy have been described previously [19].

Classification of DMTs
According to the 2015 ABN guidelines, DMTs can be divided into two broad classes: drugs of high efficacy, defined
as average relapse reduction substantially more than 50% and drugs of moderate efficacy, defined as average relapse
reduction between 30 and 50% [6]. This classification approach was based on between-trial comparisons made
using direct comparative results reported by pivotal RCTs. Because the meaning of ‘substantially’ was not clearly
stated in the guidelines and so was subjective, we used a 50% threshold to define the high-efficacy class. Regardless
of how the classes were defined, we expected there to be a gradation in efficacy within the class groupings.

In the present analysis, we employed two approaches to classify DMTs. The first approach closely followed
the ABN guidelines, which grouped DMTs based on direct comparative results reported by RCTs for relapse
reduction [6]. Because of the lack of reporting details (e.g., how average relapse reduction was calculated) in
the guidelines, we developed our own definition for average relapse reduction. Specifically, for each DMT we
qualitatively considered the relative reduction in relapse risk (DMT vs comparator) using the outcome of ARR as
reported by RCTs included in the evidence base. We classified a DMT as high efficacy if the relative reduction in
relapse risk was ≥50% for all trials reporting a comparison for the therapy.

The second approach was to group DMTs based on their rate ratio (RR) versus placebo as derived from an NMA
with ARR as the outcome. An RR ≤0.5 corresponded to high efficacy and an RR >0.5 and ≤0.7 corresponded to
moderate efficacy. In addition to these two classes, a ‘modest efficacy’ class was defined as average relapse reduction
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<30% or RR >0.7. The probability that a DMT was high efficacy, moderate efficacy or modest efficacy was based
on the RR versus placebo value generated for each iteration of the NMA for the outcome of ARR. The sum of these
probabilities was 100% for each DMT. Each DMT was assigned the efficacy class for which it had the greatest
probability in the NMA. The use of NMA allowed us to incorporate both direct and indirect comparative evidence
and estimate DMT efficacy relative to a common comparator, placebo. We selected placebo as the comparator to
obtain a relative reduction in relapse risk value for each DMT, which was the measure used to classify therapies in
the ABN guidelines.

We selected ARR as the efficacy outcome of interest for this study because it was the primary outcome of most
Phase III clinical trials in RMS including the CLARITY cladribine trial, the OPERA I and II ocrelizumab trials, the
ASCLEPIOS I and II ofatumumab trials and the RADIANCE and SUNBEAM ozanimod trials. Other outcomes
were not considered for the efficacy classification of DMTs because the ABN guidelines classified therapies based
solely on relapse reduction and the NMA-based classification approach used in this study was not feasible for
outcomes such as time to confirmed disability progression that are reported as relative values between DMTs.

Network meta-analysis

Methods of indirect treatment comparison such as NMA permit the comparison of DMTs not directly evaluated
in an RCT, provided the therapies can be linked via a network of direct comparisons made in RCTs. For example,
a DMT for which only RCTs comparing it to an active comparator are available can be indirectly compared with
placebo if that active comparator was compared with placebo in one or more other RCTs included in the analysis.

In accordance with published recommendations regarding the evaluation of NMA feasibility [20–22], a rigorous
qualitative assessment of between-trial clinical heterogeneity was conducted based on trial design, patient eligibility
criteria, baseline patient characteristics, placebo response and trial-specific outcome definitions. We previously
reported an NMA feasibility assessment for a similar evidence base, which included a detailed comparison of
patient eligibility criteria and baseline characteristics [19]. Although we noted between-trial heterogeneity in some
baseline patient characteristics and placebo arm ARR outcome values in our assessment, these differences did
not preclude an NMA. This conclusion aligns with recently published NMAs that used an evidence base similar
to this study and conducted sensitivity analyses showing this heterogeneity did not appreciably impact NMA
results [19,23–26]. We previously found that older trials (1987–2003) were more likely to have elevated placebo-arm
(i.e., baseline risk) relapse rates, which likely reflects changes in MS natural history and improving diagnostic criteria
and standard of care over time. However, excluding these older trials as a sensitivity analysis did not appreciably
change the results of the ARR NMA [19]. Although heterogeneity in an NMA can be accounted for with meta-
regression, this method was not considered appropriate given the limited number of trials connecting treatments in
the network. Nevertheless, to further investigate the influence of clinical heterogeneity between trials, we conducted
a baseline risk adjusted NMA. This analysis permitted us to control for between-trial differences in baseline risk
(i.e., placebo-arm relapse rates), which are known to reflect potentially important differences in measured and
unmeasured confounders across trials. As such, we were able to adjust for multiple cross-trial differences. A forest
plot summarizing the results of this NMA is provided in Appendix A of the Supplementary Materials. The results of
the baseline risk adjusted NMA closely aligned with the NMA we used to classify DMTs, supporting our assertion
that imbalances in baseline patient characteristics did not preclude an NMA. Accounting for heterogeneity by
conducting sensitivity analyses in which trials with a divergent value for a baseline patient characteristic were
excluded was not considered appropriate because this exclusion would be based on arbitrary thresholds and so
would introduce uncertainty in the resultant indirect effect estimates.

The ARR NMA was performed using standard Bayesian approaches based on the Markov Chain Monte Carlo
simulation as described in the NICE Evidence Synthesis Decision Support Unit Technical Support Document
series [27]. The NMA used a random effects model because it makes less stringent assumptions about the consistency
of effects [28]. A Poisson model was used with vague priors for treatment effects and between-trial variances. Inputs
for the model were ARR (mean), trial duration and patient number. For each study, trial duration was extracted in
weeks; where only the number of months or years was reported by a study, it was assumed that 1 year = 52 weeks
and 12 months = 1 year. The analysis was conducted using R version 3.6.1, Just Another Gibbs Sampler (JAGS)
version 4.3.0 and WinBUGS version 1.4.3, and was based on burn-in and sampling durations of 60,000 iterations
each. To assess whether the model had adequate fit to the data, we compared the posterior mean of the residual
deviance from the NMA to the corresponding number of unconstrained data points (approximately equal if the
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fit is adequate), as well as the deviance information criterion. The Brooks-Gelman-Rubin statistic was assessed to
ensure that convergence was reached [29].

Results
Literature search & trial selection
Briefly, 36 RCTs were identified based on an SLR. Four of these RCTs were excluded from our analysis. The
ASSESS trial (fingolimod 0.5 mg vs glatiramer acetate 20 mg) was excluded because the data were from a conference
proceeding and were therefore insufficient for inclusion in the analysis [30]. The ADVANCE trial (pegylated IFN-
β-1a 125 μg vs placebo) [31] and INCOMIN trial (IFN-β-1a IM 30 μg vs IFN-β-1b SC 250 μg) [32] were excluded
because their results were not reflective of clinical practice. Specifically, the ADVANCE trial was excluded because
the NICE committee determined this trial to be an outlier and disregarded its impact in the technology appraisal
guidance for ocrelizumab [33]. Unlike other head-to-head IFN trials, INCOMIN reported significantly different
efficacy results between interferon therapies [34]. Finally, one trial was excluded as it was a noninferiority trial
comparing different formulations of glatiramer acetate 20 mg [35]. The list of 32 included RCTs is provided in
Table 1. Full search and selection details, quality assessment, feasibility assessment and discussion of the included
trials (with the exception of ozanimod trials) have been reported previously [19].

Classification of DMTs
Eighteen DMTs were classified in this study. For the first classification approach (i.e., aligning with the approach
described in the ABN guidelines), the relative reduction in relapse risk for each DMT based on ARR values reported
by included RCTs is provided in Table 1. Of the 41 comparisons, 19 (46%) were versus placebo, 19 (46%) were
versus an IFN-β preparation and 3 (7%) were versus teriflunomide 14 mg. Except for the placebo-controlled
cladribine CLARITY trial, all RCTs for the newer DMTs (ocrelizumab, ofatumumab and ozanimod) used an active
comparator. Based on the approach described in the ABN guidelines, the high-efficacy class included alemtuzumab,
cladribine (both doses), natalizumab and ofatumumab; and the moderate efficacy class included dimethyl fumarate,
fingolimod, glatiramer acetate, IFN-β preparations, ocrelizumab, ozanimod (both doses) and teriflunomide.

For the second classification approach (i.e., deriving classification probabilities from an ARR NMA), the RR
versus placebo values for each DMT from the ARR NMA are provided in Figure 2. Relative to placebo, ofatumumab
reduced relapse rate by 70%, ocrelizumab by 67%, cladribine by 58% (3.5 mg/kg) or 55% (5.25 mg/kg) and
ozanimod by 55% (1.0 mg) or 41% (0.5 mg). The probabilities of each DMT being classified as high efficacy,
moderate efficacy and modest efficacy are presented in Figure 3. The probabilities that alemtuzumab, cladribine
3.5 and 5.25 mg/kg, fingolimod, natalizumab, ocrelizumab, ofatumumab and ozanimod 1.0 mg were high-
efficacy therapies were ≥50% and were ≥99% for alemtuzumab, natalizumab, ocrelizumab and ofatumumab. The
probabilities that dimethyl fumarate, glatiramer acetate 20 and 40 mg, IFN-β-1a SC 22 and 44 μg, IFN-β-1b SC,
ozanimod 0.5 mg, teriflunomide 14 mg were moderate-efficacy therapies were ≥50%. Finally, the probabilities
that IFN-β-1a IM and teriflunomide 7 mg were modest-efficacy therapies were ≥50%.

Discussion
The 2015 update to the ABN guidelines divided licensed DMTs for MS into two broad classes (drugs of high
efficacy and drugs of moderate efficacy) based on average relapse reduction. To our knowledge, this classification has
not been revised since the 2015 guideline update. Newer therapies have since been introduced, including cladribine,
ocrelizumab, ofatumumab and ozanimod. Furthermore, the direct comparative approach described in the ABN
guidelines does not account for the use of different comparators (active or placebo) across the trials included in the
evidence base. In the present study, classification of these newer DMTs was estimated in the context of the ABN
guidelines using two approaches: using direct comparative ARR results from RCTs as per the guidelines, and using
classification probabilities based on the RR versus placebo for ARR in a Bayesian NMA. The latter approach allows
for more consistent classification because it leverages both direct and indirect comparative evidence to compare all
therapies in the evidence base to a common comparator, placebo. Although the NMA-based approach used DMT
versus placebo effect estimates to align with the ABN guidelines, future classification approaches could focus on
comparisons with alemtuzumab and natalizumab, the two therapies identified in the guidelines as high efficacy.
Therapies classified in the 2015 ABN guidelines as high efficacy (alemtuzumab and natalizumab) and moderate
efficacy (dimethyl fumarate, fingolimod, glatiramer acetate, IFN-β preparations and teriflunomide), remained as
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Table 1. Relapse rate reduction values reported by randomized controlled trials included in this study.
Intervention Comparator Trial name Relative reduction in relapse risk (vs

comparator)†
Ref.

Alemtuzumab 12 mg IFN-�-1a SC 44 μg CAMMS223 69% [36]

Alemtuzumab 12 mg IFN-�-1a SC 44 μg CARE-MS I 54% [37]

Alemtuzumab 12 mg IFN-�-1a SC 44 μg CARE-MS II 50% [38]

Cladribine 3.5 mg/kg Placebo CLARITY 58% [9]

Cladribine 5.25 mg/kg Placebo CLARITY 55% [9]

Dimethyl fumarate 240 mg BID Placebo CONFIRM 44% [39]

Dimethyl fumarate 240 mg BID Placebo DEFINE 53% [40]

Fingolimod 0.5 mg Placebo FREEDOMS 55% [41]

Fingolimod 0.5 mg Placebo FREEDOMS II 48% [42]

Fingolimod 0.5 mg IFN-�-1a IM 30 μg TRANSFORMS 52% [43]

Glatiramer acetate 20 mg IFN-�-1b SC 250 μg BEYOND 6% [44]

Glatiramer acetate 20 mg Placebo Bornstein et al. (1987) 78% ‡ [45]

Glatiramer acetate 20 mg IFN-�-1a IM 30 μg Calabrese et al. (2012) 0% [46]

Glatiramer acetate 20 mg IFN-�-1a IM 30 μg CombiRx 31% [47]

Glatiramer acetate 20 mg Placebo CONFIRM 29% [39]

Glatiramer acetate 20 mg Placebo Copolymer 1 MS trial 30% [48]

Glatiramer acetate 20 mg IFN-�-1a SC 44 μg REGARD 3% [49]

Glatiramer acetate 40 mg Placebo GALA 34% [50]

IFN-�-1a IM 30 μg Placebo BRAVO 24% [51]

IFN-�-1a IM 30 μg Placebo MSCRG 18% [52]

IFN-�-1a IM 30 μg IFN-�-1b SC 250 μg Stepien et al. (2013) 19% [53]

IFN-�-1a SC 22 μg Placebo PRISMS 29% ‡ [54]

IFN-�-1a SC 44 μg IFN-�-1a IM 30 μg Calabrese et al. (2012) 20% [46]

IFN-�-1a SC 44 μg IFN-�-1a IM 30 μg EVIDENCE 16% [55]

IFN-�-1a SC 44 μg Placebo PRISMS 32% ‡ [54]

IFN-�-1b SC 250 μg Placebo IFNB MS 34% [56]

Natalizumab 300 mg Placebo AFFIRM 68% [57]

Ocrelizumab 600 mg IFN-�-1a SC 44 μg OPERA I 47% [10]

Ocrelizumab 600 mg IFN-�-1a SC 44 μg OPERA II 47% [10]

Ofatumumab 20 mg Teriflunomide 14 mg ASCLEPIOS I 50% [11]

Ofatumumab 20 mg Teriflunomide 14 mg ASCLEPIOS II 60% [11]

Ozanimod 0.5 mg IFN-�-1a IM 30 μg RADIANCE 21% [12]

Ozanimod 0.5 mg IFN-�-1a IM 30 μg SUNBEAM 31% [13]

Ozanimod 1.0 mg IFN-�-1a IM 30 μg RADIANCE 39% [12]

Ozanimod 1.0 mg IFN-�-1a IM 30 μg SUNBEAM 49% [13]

Teriflunomide 7 mg Placebo TEMSO 31% [58]

Teriflunomide 7 mg IFN-�-1a SC 44 μg TENERE -86% [59]

Teriflunomide 7 mg Placebo TOWER 22% [60]

Teriflunomide 14 mg Placebo TEMSO 32% [58]

Teriflunomide 14 mg IFN-�-1a SC 44 μg TENERE -18% [59]

Teriflunomide 14 mg Placebo TOWER 36% [60]

†Relative reduction in relapse risk calculated using ARR values reported by treatment arm.
‡ARR values calculated using reported number of relapses per patient over a specified time period.
ARR: Annualized relapse rate; BID: Twice a day; IFN: Interferon; IM: Intramuscular; RCT: Randomized controlled trial; SC: Subcutaneous.

such according to the direct comparative approach, but fingolimod was classified as high efficacy according to the
NMA-based approach.

In the CLARITY trial, the relative reductions in relapse risk for cladribine 3.5 mg/kg and cladribine 5.25 mg/kg
versus placebo were 58 and 55%, respectively. In the ASCLEPIOS I and ASCLEPIOS II trials, the relative reductions
in relapse risk for ofatumumab versus teriflunomide were 50 and 60%, respectively. We therefore classified cladribine
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Figure 2. Annualized relapse rate network meta-analysis forest plot (versus placebo) with efficacy class for each disease-modifying
therapies (2015 Association of British Neurologists guidelines). Rate ratios from the ARR NMA may not directly align with the relapse
rate reduction values used by the ABN to group the DMTs. The ABN guidelines were published in 2015, so the NMA estimates were
informed by additional more recently published trials.
ABN: Association of British Neurologists; ARR: annualized relapse rate; DMT: Disease-modifying therapy; IFN: Interferon; IM:
Intramuscular; NMA: Network meta-analysis; SC: Subcutaneous.

(3.5 and 5.25 mg/kg doses) and ofatumumab as high efficacy based on the direct comparative approach described
in the ABN guidelines. According to the ARR NMA-based approach, these DMTs had the greatest probability of
being classified as high efficacy. Collectively, these results suggest that the ABN guidelines should be updated to
expand the high efficacy class to include cladribine and ofatumumab.

In the OPERA I and OPERA II trials, the relative reduction in relapse risk for ocrelizumab versus IFN-β-1a
was 47%. In the RADIANCE trial, the relative reductions in relapse risk for ozanimod 0.5 mg and ozanimod
1.0 mg versus IFN-β-1a were 21 and 39%, respectively. In the SUNBEAM trial, the relative reductions in relapse
risk for ozanimod 0.5 mg and ozanimod 1.0 mg versus IFN-β-1a were 31 and 49%, respectively. We classified
ocrelizumab and ozanimod 1.0 mg as moderate efficacy based on the direct comparative approach described in the
ABN guidelines. However, according to the ARR NMA-based classification approach, these DMTs, along with
another therapy classified as moderate efficacy in the ABN guidelines (fingolimod) [6], had the greatest probability of
being classified as high efficacy. The ABN guidelines noted that fingolimod and dimethyl fumarate were particularly
efficacious among moderate-efficacy DMTs [6], which was reflected in their higher probabilities of high efficacy
classification compared with other therapies previously classified by the ABN as moderate efficacy. Taken together,
the results of the two classification approaches suggest that the ABN guidelines could either be updated to expand
the high efficacy class to include fingolimod, ocrelizumab and ozanimod 1.0 mg, or these DMTs could together
be considered as a particularly efficacious subgroup of the moderate efficacy class. We classified ozanimod 0.5 mg
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Figure 3. Heatmap of efficacy class probabilities for each disease-modifying therapies as derived from the
annualized relapse rate network meta-analysis. The heatmap reports the probability that a DMT was classified as
high, moderate, or modest efficacy, based on the many iterations of the NMA that were run as part of this analysis.
The DMTs are ordered by high-efficacy class probability. Newer DMTs not included in the 2015 ABN guidelines are in
bold.
ABN: Association of British Neurologists; ARR: Annualized relapse rate; DMT: Disease-modifying therapy; IFN:
Interferon; IM: Intramuscular; NMA: Network meta-analysis; SC: Subcutaneous.

as moderate efficacy according to both the direct comparative approach described in the ABN guidelines and the
ARR NMA-based approach.

Similar to the ABN guidelines, the BAN/BCTRIMS guidelines mentioned two groups of DMTs, those associated
with a moderate reduction in ARR in comparison to placebo (around 30%) and those of higher potency (associated
with a reduction greater than 50% in ARR, usually compared with placebo) [7]. Higher potency DMTs, which were
identified as being appropriate for patients with highly active RMS, were alemtuzumab, cladribine, fingolimod,
natalizumab and ocrelizumab (ofatumumab and ozanimod were not included in the guidelines because Phase III
trial results were not yet released) [7]. This higher potency DMT class closely aligns with the group of therapies
we identified using the ARR NMA-based approach as having the greatest probability of being classified as high
efficacy.

Lucchetta et al. conducted NMAs to evaluate the efficacy of traditional DMTs with more recently developed
therapies in adults with RRMS, prior to the release of Phase III trial results for ofatumumab and ozanimod [24].
Similar to the NMA-based classification results reported here, Lucchetta et al. determined that alemtuzumab,
natalizumab and ocrelizumab had the highest efficacy for ARR in the treatment of RRMS, with each having a
probability >80% of being the most effective therapy [24]. Although the ABN guidelines only grouped DMTs into
moderate or high efficacy, Lucchetta et al. also identified a low-efficacy group, which included glatiramer acetate,
IFN-β-1a, IFN-β-1b, peginterferon, and teriflunomide [24]. The results of the NMA-based classification reported
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in the present study were similar to Lucchetta et al. and suggest that IFN-β-1a IM and teriflunomide 7 mg may be
clustered as low- or modest-efficacy therapies.

Several NMAs have recently been conducted to compare the treatment effects of DMTs in MS [23–26] However,
these publications did not include some or all the newer DMTs (cladribine, ocrelizumab, ofatumumab and
ozanimod) because trial results were not available at the time of analysis. The present study builds on an SLR and
NMA we have reported elsewhere [19] and provides the most up-to-date quantitative synthesis of DMTs available
for the treatment of RMS.

This study had several limitations. First, neither of our classification approaches were ideal. The ABN guidelines
defined high-efficacy therapies as having an average relapse reduction substantially more than 50%. Because the
meaning of ‘substantially’ was not clearly stated in the guidelines, we used a 50% threshold to define the high-efficacy
class. It is possible that some DMTs that we classified as high efficacy would be instead be classified as moderate
efficacy if a higher threshold was used. For example, the effect estimate for dimethyl fumarate versus placebo from
the ARR NMA was 0.50, such that the classification of this DMT as high efficacy or moderate efficacy according
the NMA-based approach was highly sensitive to the threshold that we used. Both of our approaches were limited
in that DMTs were classified based on point estimates and so uncertainty in these estimates was not considered.
Second, although we aimed to closely align our direct comparative approach with the 2015 ABN guidelines, the
lack of reporting details (e.g., how average relapse reduction was calculated) in the guidelines led us to develop to
our own definition for average relapse reduction. For each DMT we qualitatively considered the relative reduction
in relapse risk (DMT vs comparator) using the outcome of ARR as reported by RCTs included in the evidence
base. This approach used a commonly reported measure of relapse (ARR) and permitted us to consider the relative
reduction in relapse for every relevant direct comparison reported by trials included in our evidence base. Notably,
all DMTs classified as high or moderate efficacy in our direct comparative approach were consistent with the 2015
ABN guidelines. Third, our NMA-based approach is valid only if the included trials are sufficiently similar such that
NMA results will not be biased by underlying patient population heterogeneity. Extensive cross-trial assessments
were conducted to identify imbalances that would have precluded NMAs; however, meta-regression and sensitivity
analyses involving the exclusion of outlier trials with respect to baseline patient characteristics were not appropriate.
Further, we previously reported that the trials included in a similar evidence base were sufficiently similar [19] and
this same conclusion was reached by other recent NMAs [23–26]. Finally, the classification of DMTs was based
on ARR and did not consider other efficacy outcomes or safety/tolerability outcomes commonly reported in MS
trials. We focused on ARR to align with the ABN guidelines, but future efforts could consider other outcomes as
well. The classification results of this study are based solely on DMT efficacy and do not consider the many other
important variables that require consideration when selecting an appropriate treatment strategy. For example, the
ABN guidelines note that high efficacy therapies have a more complex safety profile and recommend limiting their
use to people with more active disease [6]. Despite these constraints, the evidence generated from this study provides
an important extension of the current ABN guidelines with respect to DMT efficacy by incorporating a larger and
newer evidence base of licensed DMTs used to treat MS. In addition, it introduces an alternative approach to DMT
classification based on efficacy that leverages indirect treatment comparisons to improve treatment effect estimates
and allow the use of a common comparator.

Conclusion
This study provides important evidence regarding the relative efficacy of contemporary DMTs compared with older
approved treatments for RMS. Our findings demonstrate that the relapse reduction associated with cladribine and
ofatumumab is similar to other DMTs currently classified by the ABN as drugs of high efficacy. Ocrelizumab and
ozanimod 1.0 mg were classified as moderate or high efficacy depending on the classification approach used, and
ozanimod 0.5 mg was classified as moderate efficacy.
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Summary points

• Newer therapies for relapsing multiple sclerosis (cladribine, ocrelizumab, ofatumumab and ozanimod) were
classified according to treatment guidelines from the Association of British Neurologists (ABN) using two
approaches.

• The first classification approach closely aligned with the ABN guidelines and used direct comparative results from
relevant randomized controlled trials and considered the relative reduction in relapse risk based on the reported
annualized relapse rate (ARR).

• The second classification approach used classification probabilities based on comparisons versus placebo from a
network meta-analysis with ARR as the outcome.

• We identified cladribine and ofatumumab as therapies that would be classified as high efficacy according to both
approaches.

• We identified ocrelizumab and ozanimod 1.0 mg as therapies that could be classified either as moderate efficacy
according to the ABN guidelines or high efficacy according to the ARR network meta-analysis-based approach.

• We identified ozanimod 0.5 mg as a therapy that would be classified as moderate efficacy according to both
approaches.

• We proposed a third class, modest efficacy, and identified intramuscular interferon β-1a and teriflunomide 7 mg
as therapies that would be classified as such. These therapies were classified as moderate efficacy according to
the ABN guidelines.

• This study provides important evidence regarding the relative efficacy of contemporary therapies compared with
older approved treatments for relapsing multiple sclerosis.
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53. Stępień A, Chalimoniuk M, Lubina-Dąbrowska N, Chrapusta SJ, Galbo H, Langfort J. Effects of interferon beta-1a and interferon
beta-1b monotherapies on selected serum cytokines and nitrite levels in patients with relapsing–remitting multiple sclerosis: a 3-year
longitudinal study. Neuroimmunomodulation 20(4), 213–222 (2013).

54. Ebers GC. PRISMS Study Group. Randomised double-blind placebo-controlled study of interferon beta-1a in relapsing/remitting
multiple sclerosis. Lancet 352(9139), 1498–1504 (1998).

55. Panitch H, Goodin DS, Francis G et al. Randomized, comparative study of interferon beta-1a treatment regimens in MS: the
EVIDENCE trial. Neurology 59(10), 1496–1506 (2002).

56. IFNB Multiple Sclerosis Study Group. Interferon beta-1b is effective in relapsing–remitting multiple sclerosis. I. Clinical results of a
multicenter, randomized, double-blind, placebo-controlled trial. Neurology 43(4), 655–655 (1993).

57. Polman CH, O’Connor PW, Havrdova E et al. A randomized, placebo-controlled trial of natalizumab for relapsing multiple sclerosis. N.
Engl. J. Med. 354(9), 899–910 (2006).

58. O’Connor P, Wolinsky JS, Confavreux C et al. Randomized trial of oral teriflunomide for relapsing multiple sclerosis. N. Engl. J. Med.
365(14), 1293–1303 (2011).

59. Vermersch P, Czlonkowska A, Grimaldi LM et al. Teriflunomide versus subcutaneous interferon beta-1a in patients with relapsing
multiple sclerosis: a randomised, controlled Phase III trial. Multiple Scler. J. 20(6), 705–716 (2014).

60. Confavreux C, O’Connor P, Comi G et al. Oral teriflunomide for patients with relapsing multiple sclerosis (TOWER): a randomised,
double-blind, placebo-controlled, Phase III trial. Lancet Neurol. 13(3), 247–256 (2014).

future science group www.futuremedicine.com 507



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


