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ARTICLE INFO ABSTRACT

Keywords: Objective: To evaluate the efficacy and safety of rituximab for relapsing-remitting multiple sclerosis.

Rituximab Results: Fifteen studies that collectively included 946 patients were selected for the meta-analysis. Rituximab
Relapsing-remitting multiple sclerosis therapy was associated with the mean annualized relapse rates decreasing by 0.80 (95% confidence interval,
gﬁ:;cy 0.45-1.15) and the mean Expanded Disability Status Scale score decreasing by 0.46 (95% confidence interval,

0.05-0.87). The likelihood of patients experiencing a relapse after starting rituximab therapy was only 15%
(95% confidence interval, 7%-26%). Although mild-to-moderate adverse events occurred in 29.6% of the pa-
tients, there were no severe adverse events.

Conclusions and relevance: This systematic review and meta-analysis shows that rituximab is associated with
reduced annualized relapse rates and disability levels in patients with relapsing-remitting multiple sclerosis. It is

also well tolerated and is not associated with serious adverse events.

1. Introduction

Multiple sclerosis (MS) is an autoimmune disease of the central
nervous system. It has traditionally been regarded as T cell-mediated
[1], but recent studies have also implicated B cells and antibodies in the
pathogenesis of MS [2,3]. The evidence for the involvement of B cells
and humoral immunity includes the presence of antibodies and com-
plements within active MS lesions, the presence of ectopic lymphoid
follicles and B cell-related chemokines in patients' central nervous
systems, and the detection of intrathecally produced immunoglobulins
in samples from patients [4,5]. Of the various MS phenotypes, the most
common is relapsing-remitting MS (RRMS), which is characterized by a
cycle of exacerbations of neurologic symptoms followed by complete or
incomplete remission [6], and the involved molecular mechanisms are
very complex [7]. > 80% of individuals with MS initially experience
RRMS [8].

Greater disease severities, disease progression, and relapses lead to
high disability [9] and are all associated with substantial treatment
costs, quality-of-life impairments, and functional disabilities [10,11].
Treatments that reduce relapse frequencies and prevent progression
could therefore reduce patients' medical expenses, improve their

quality of life, and reduce the broader social burden of MS [12].

One method for treating RRMS is to develop drugs that target CD20,
a B cell surface antigen that is involved in the cells' activation, differ-
entiation, and growth [13], and one such drug is ocrelizumab, which
has recently been approved by the US Food and Drug Administration as
a treatment for RRMS [14]. However, the availability of this drug is
limited, especially for patients in developing countries, partly because
of its relatively high price and various countries' import controls [15].

An alternative anti-CD20 agent is rituximab, a mouse-human chi-
meric immunoglobulin G1 monoclonal antibody against CD20 that is
approved for certain cancers and autoimmune diseases, including
rheumatoid arthritis. Rituximab is also increasingly used off-label to
treat MS [16]. A recent retrospective cohort study showed that patients
treated with rituximab were less likely to experience relapses and ad-
verse events than patients treated with injectable disease-modifying
therapies were. A rituximab regimen consisting of biannually ad-
ministered single doses of 500-1000 mg is cheaper than even platform
therapies [17].

However, past studies examining the therapeutic efficacy of ritux-
imab for RRMS have been so inconsistent in terms of doses, adminis-
tration routes, follow-up periods, and evaluation methods that
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Fig. 1. PRISMA flow diagram of the preferred reporting items for systematic reviews and meta-analyses.

rituximab's overall therapeutic efficacy is difficult to determine. To
clarify the current state of evidence and identify appropriate future
research directions, we performed a meta-analysis of data from all re-
levant studies that examined the efficacy and safety of rituximab
therapy for RRMS.

2. Methods
2.1. Study selection

Two study authors independently used the search terms multiple
sclerosis and rituximab to query MEDLINE, the Central Register of
Controlled Trials, and ClinicalTrials.gov for English-language studies
that investigated the efficacy and safety of rituximab therapy for RRMS
and that were published between January 1, 2000, and December 18,
2018. The same two study authors read the retrieved articles and ab-
stracts, including secondary references, in their entirety to assess each
study's appropriateness for inclusion in the meta-analysis. We followed
the PRISMA Statement guidelines for conducting a systematic review
and used the Newcastle-Ottawa scale to evaluate the quality of the
studies that we found.

543

2.2. Inclusion and exclusion criteria

Randomized clinical trials were included in the meta-analysis, but
very few of them were identified, so we also included uncontrolled
observational studies. Case reports and studies concerning a single
patient were excluded.

2.3. Data collection

For each study, we collected information about the study design,
including the number of participants and the participant characteristics;
the treatment regimens; the randomization and blinding procedures, if
applicable; the outcome measures; and the follow-up durations. We also
collected outcomes data including Expanded Disability Status Scale
(EDSS) scores, relapse counts, and annualized relapse rates (ARR) re-
corded before and after the initiation of rituximab therapy and any
adverse events noted after the initiation of rituximab therapy.

2.4. Efficacy and safety outcomes

We considered three primary efficacy outcomes: (1) changes in
ARRs when comparing the periods before and after the rituximab
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Table 1 (continued)

Follow Up,

Treatment before RTX

RTX dose

RTX

Age at Start of Diaease

Female,

Number

Region

Year

Study

mean(SD), m

Treatment
Duration,

Duration

RTX, mean
(SD), y

No. (%)

of Cases

No Previous
Treatment

Others/No
Detailed
Data

Second- INS

First-
line

Before Drug,

(MTZ,
CTX,
ASCT)

line DMT

mean(SD), m

mean(SD), y

(NTZ/
FGM)

DMT

(IFN/
GA)

22.6(22.9)

NA NA 1000 mg RTX intravenously twice with NA
2 weeks apart, in a single course.

NA

NA

Italy

2018

D'Amico

500 mg RTX intravenously twice with
2 weeks apart as pediatric dosage

NA

6(NA) (d)

NA

NA NA

NA

NA

2017 The

Hagens

Netherlands

2009 Germany

NA

A cumulative dose of 13,000 mg within NA
204 weeks for one and 9000 mg for the

NA
other.

25(2.83) NA

0(0)

Stiive

exceed 3

NA

1000 or 2000 mg rituximab IV every

7.9(6.2) 22.2(24.8)

NA NA

59

2018 Lebanon

Yamout

6-12 months for a mean duration of

22.2 + 24.8 months.

Abbreviations: NA not available, IFN interferon beta, GA glatiramer acetate, NTZ natalizumab,FGM fingolimod, INS immunosuppressants, MTZ mitoxantrone, CTX cyclophosphamide, ASCT autologous stem cell

transplantation.
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therapy, (2) changes in mean EDSS scores when comparing the periods
before and after the rituximab therapy, and (3) the likelihood of par-
ticipants experiencing relapses after rituximab therapy. The primary
safety outcome was the occurrence of adverse events, including infu-
sion-related adverse events, infections, and hematological disorders.

2.5. Statistical analyses

We used R software (version 3.3.3; R Foundation for Statistical
Computing, Vienna, Austria) to conduct a meta-analysis. We defined
statistical significance as P < 0.05. We converted the outcomes data
into logit-transformed proportions and then pooled the proportions
with a random-effects inverse variance method. We calculated effect
sizes as mean differences between the periods before and after the in-
itiation of rituximab therapy. We used a Der Simonian-Laird random
meta-analysis model and Hedges calculations to comprehensively esti-
mate effect sizes. We also calculated the likelihoods of participants
experiencing a relapse after initiating rituximab therapy. We used the I?
test and sensitivity analysis to assess between-study heterogeneity and
funnel plots to detect publication bias.

3. Results
3.1. Study characteristics

The initial search identified 410 articles through MEDLINE, 60 ar-
ticles through the Central Register of Controlled Trials, and 20 articles
through ClinicalTrials.gov. After reviewing these studies, we identified
15 that were suitable for inclusion in our meta-analysis (Fig. 1, Table 1)
[18-32].

These 15 studies collectively included 946 patients with RRMS who
were treated with rituximab. The patients' baseline ages ranged from
15.1year to 43 years. The disease durations at the initial rituximab
infusions ranged from 1.1 years to 9.5years, and the studies' mean
follow-up durations ranged from 6 days to 40 months. Details of the
rituximab regimens were given for 877 patients and varied between the
studies, with 688 patients receiving single intravenous rituximab infu-
sions, 10 patients receiving weekly 375-mg/m? infusions for 4 weeks,
165 patients receiving two fortnightly 1-g infusions, and 14 patients
receiving different therapeutic regimens.

3.2. Efficacy outcomes: EDSS scores

EDSS score data were reported in six of the studies included in the
meta-analysis, and five of these studies reported EDSS score reductions,
which indicate reduced disability levels, following the initiation of ri-
tuximab therapy. Our meta-analysis showed that the initiation of ri-
tuximab treatment was associated with the mean EDSS score decreasing
by 0.46 (95% confidence interval, 0.05-0.87) (Fig. 2). The between-
study heterogeneity was higher than what would be expected from
sampling error alone and thus cannot be ignored (I = 61%;
7% = 0.1354). The sensitivity analysis revealed that the major between-
study heterogeneity was from a multicenter study with a larger sample
size than the other five studies, which showed stable EDSS scores before
and after rituximab therapy (eFigurel).

3.3. Efficacy outcomes: ARRs

ARRs were reported in two of the studies included in the meta-
analysis, and both of them reported ARR reductions following the ri-
tuximab therapy. Our meta-analysis showed that the rituximab treat-
ment was associated with the mean ARR decreasing by 0.80 (95%
confidence interval, 0.45-1.15) (Fig. 3). The between-study hetero-
geneity was high (I> = 69%; t> = 0.0447) (eFigure2), but because only
two studies were included in the meta-analysis, we could not conduct
meta-regression analyses to explore the reasons for this heterogeneity.
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Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Carmen Alcala 31 27016000 31 3.40 1.3000 t -0.70 [-1.43; 0.03] 159%
Pierre Durozard 50 400 12500 50 450 1.7500 —&—r -0.50 [-1.10; 0.10] 19.0%
Megan E Barra 54 250 18000 54 290 1.6000 — 040 [-1.04, 0.24] 179%
Joanne Topping 4 4.00 0.0001 4 462 12500 062 [-1.85, 060] 82%
Leticia Berenguer-Ruiz 12 221 1.3000 12 375 16720 ——*—+ -1.54 [-274,-034] 85%
Jonatan Salzer 557 2.00 1.4200 557 2.00 1.4200 0.00 [-0.17; 0.17] 30.4%
Random effects model 708 708 <> -0.46 [-0.87; -0.05] 100.0%
Heterogeneity 12 = 61%, 1° = 0.1354, p=0.03 f L T L

2 -1 0 1 2

Favors Rituximab

Does Not Favor Rituximab

Fig. 2. Forest plot showing the mean effect size and 95% confidence interval for the reduction in Expanded Disability Status Scale scores associated with the

rituximab therapy in patients with relapsing-remitting multiple sclerosis.

Study Total Mean SD Total Mean

50 0.00 0.8800
59 0.11 0.2600

Pierre Durozard
Yamout

Random effects model 109 109

Heterogeneity: 1> = 69%, t° = 0.0447, p = 0.07

Favors Rituximab

SD

50 0.60 0.8000
59 1.07 0.8000 —'—“

Mean Difference MD 95%-Cl Weight
——— 060 [-0.93;-0.27) 43.7%
096 [-1.17;,-0.75]) 56.3%

—_—
T | 1

105 0

-0.80 [-1.15; -0.45] 100.0%

0.5 1

Does Not Favor Rituximab

Fig. 3. Forest plot showing the mean effect size and 95% confidence interval for the reduction in annualized relapse rates associated with the rituximab therapy in

patients with relapsing-remitting multiple sclerosis.

3.4. Efficacy outcomes: relapse likelihoods

Relapse likelihoods following the rituximab therapy were reported
in 11 studies. Our meta-analysis showed that relapses following the
rituximab therapy occurred in only 15% of patients (95% confidence
interval, 7%-26%) (Fig. 4). The between-study heterogeneity was high
(12 = 87%; 2 = 0.0338). The sensitivity showed a relatively stable re-
sult (eFigure3).

3.5. Safety outcomes

Adverse events were studied in 253 patients treated with rituximab
and 75 (29.6%) were recorded, with 12 patients experiencing infusion-
related adverse events, 60 developing infections, and 3 developing
hematological disorders.

3.6. Publication bias

The funnel plots of the EDSS score and ARR data were asymmetrical
(eFigure4 and 5), which suggested a prominent publication bias to the
left of the estimate.

4. Discussion

Several reviews focusing on rituximab for MS have been published,
but our study is the first meta-analysis to concentrate specifically on the
efficacy and safety of rituximab as a treatment for RRMS. By conducting
this meta-analysis of 15 studies that collectively included 946 patients
with RRMS, we found that rituximab treatment is associated with re-
duced disability levels, as measured with EDSS scores, and reduced
ARRs. Furthermore, the risk of relapse after starting rituximab treat-
ment was very low. As for safety concerns, we found that adverse events
occurred frequently but were not serious and usually occurred less
frequently following subsequent infusions. We thus conclude that ri-
tuximab is effective and sufficiently safe for treating patients with
RRMS.

Rituximab is a chimeric monoclonal antibody that can deplete
CD20-expressing B cells by targeting plasma cell precursors [33]. B cell
depletion affects antibody production, cytokine networks, and B cell—
mediated antigen presentation and activation of T cells and macro-
phages, which persist in peripheral blood for 12 months after a ritux-
imab infusion [34]. The relapse rate reductions achieved with
monoclonal antibodies exceed those achieved with first-line disease-

Study Events Total Proportion 95%-Cl Weight
Gisa Ellrichmann 28 72 — 0.39 [0.28;051] 10.8%
Emanuele D Amico 2 8 025 [0.03;065] 64%
Carmen Alcala 8 A - . 026 [0.12;045] 96%
Barbara Scofti 0 43— 0.00 [0.00;0.08] 102%
Pierre Durozard 10 50 — - 0.20 [0.10;0.34] 104%
Breft Alldredge 7 23 — 0.30 [0.13;0.53] 91%
Megan E Barra 14 54 I 026 [0.15;0.40] 10.5%
Jonatan Salzer 43 557 == 0.08 [0.06;0.10] 11.8%
Joanne Topping 0 4 0.00 [0.00;060] 45%
Leticia Berenguer-Ruiz 0 12— 0.00 [0.00;026] 75%
Amit Bar-Or 5 26 —@&— 0.19 [0.07;0.39] 93%
Random effects model 880 —_— 0.15 [0.07; 0.26] 100.0%

Heterogeneity: 1% = 87%, ©° = 0.0338,p <0.b1 T |

I I 1

0 0102 03 04 05 06

Fig. 4. Forest plot showing the relapse likelihood following the rituximab therapy in patients with relapsing-remitting multiple sclerosis.
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modifying therapies [35,36]. However, because rituximab does not
affect the levels of autoreactive and polyreactive B cells, it does not
reset the defective early B cell tolerance checkpoints [37].

In our meta-analysis, we found that rituximab was associated with
reduced EDSS scores. Of the six studies that provided EDSS score data,
five showed EDSS score improvements, but one showed no effect.
Furthermore, the study reporting no effect had a larger sample size than
the other five did, and it hence had a greater weight in the meta-ana-
lysis. However, our meta-analysis showed a significant association be-
tween the rituximab and EDSS score reductions even when this study
was included. Our meta-analysis also showed that rituximab was as-
sociated with reduced ARRs, but only two papers provided pre- and
post treatment ARR data. In contrast, 11 studies reported the relapse
likelihoods after the rituximab therapy, so our finding that rituximab is
associated with a low relapse risk has stronger support.

Two published clinical trials have reported the therapeutic efficacy
of rituximab in patients with RRMS. A phase 2, double-blind, 48-week
trial involving 104 patients with RRMS showed that a single rituximab
injection reduced the number of inflammatory brain lesions visible in
enhanced magnetic resonance imaging scans and reduced the number
of clinical relapses occurring within 48 weeks of treatment initiation
[38]. A smaller open-label phase 2 study performed in patients with
RRMS also observed a reduction in the number of relapse occurring
within 52 weeks, but this study was not designed to detect relapse rate
reductions.3 The relapse rate reductions observed in these two studies
were similar to or greater than those observed in the pivotal trials of
natalizumab [39,40].

All the studies in the meta-analysis reported that following their first
infusions, the patient in the rituximab groups experienced greater ad-
verse event rates than the patients in the placebo groups did. There
were no severe infections or infusion-related adverse events, and the
infusion-related adverse events occurred less frequently with sub-
sequent infusions. These results indicate that the use of rituximab in
patients with RRMS is associated with adverse events that are frequent
but not serious and occur less frequently with subsequent infusions. Our
meta-analysis included a 72-week clinical trial that evaluated the safety
of a rituximab regimen involving two doses administered at baseline
and 24 weeks later.'* The study reported no serious adverse events, and
those adverse events that did occur were mostly infusion-related events
known to result from cytokine release during B cell lysis. The infection-
related adverse events were of mild-to-moderate severities.
Furthermore, the study found that B cell depletion was accompanied by
a sustained reduction in relapse frequencies and lesion counts in mag-
netic resonance imaging scans throughout the 72-week duration. Based
on these findings, we conclude that rituximab is sufficiently safe for
patients with RRMS.

Our study has several limitations. Most of the studies included in
our meta-analysis were uncontrolled observational trials with highly
heterogeneous designs that precluded any direct comparisons of study
outcomes. Furthermore, we could not perform meta-regression analyses
because of the limited number of studies. The various studies used in-
consistent definitions of relapse, and only two provided ARR data. As
for the meta-analysis itself, its internal and external validities are ob-
viously confounded by the non-negligible publication bias. Rituximab's
apparent efficacy might have been amplified to some extent by the non-
publication of studies that contained neutral or negative data. Our
findings support continued off-label prescribing of rituximab for pa-
tients with RRMS and highlight the necessity of large randomized
clinical trial to thoroughly characterize the efficacy and safety of ri-
tuximab as a treatment for RRMS.

5. Conclusions

Our systematic review and meta-analysis provides evidence that
rituximab therapy is associated with reduced relapse rates and
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disability levels in patients with RRMS and that rituximab therapy is
well tolerated and associated with no serious adverse events.
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