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A B S T R A C T

Background

Multiple sclerosis (MS) is the most common neurological cause of disability in young adults. OF-label rituximab for MS is used in most
countries surveyed by the International Federation of MS, including high-income countries where on-label disease-modifying treatments
(DMTs) are available.

Objectives

To assess beneficial and adverse eFects of rituximab as 'first choice' and as 'switching' for adults with MS.

Search methods

We searched CENTRAL, MEDLINE, Embase, CINAHL, and trial registers for completed and ongoing studies on 31 January 2021.

Selection criteria

We included randomised controlled trials (RCTs) and controlled non-randomised studies of interventions (NRSIs) comparing rituximab
with placebo or another DMT for adults with MS.

Data collection and analysis

We followed standard Cochrane methodology. We used the Cochrane Collaboration’s tool for assessing risk of bias. We rated the certainty
of evidence using GRADE for: disability worsening, relapse, serious adverse events (SAEs), health-related quality of life (HRQoL), common
infections, cancer, and mortality. We conducted separate analyses for rituximab as 'first choice' or as 'switching', relapsing or progressive
MS, comparison versus placebo or another DMT, and RCTs or NRSIs.

Main results

We included 15 studies (5 RCTs, 10 NRSIs) with 16,429 participants of whom 13,143 were relapsing MS and 3286 progressive MS. The studies
were one to two years long and compared rituximab as 'first choice' with placebo (1 RCT) or other DMTs (1 NRSI), rituximab as 'switching'
against placebo (2 RCTs) or other DMTs (2 RCTs, 9 NRSIs). The studies were conducted worldwide; most originated from high-income
countries, six from the Swedish MS register. Pharmaceutical companies funded two studies. We identified 14 ongoing studies.

Rituximab as 'first choice' for relapsing MS

Rituximab versus placebo: no studies met eligibility criteria for this comparison.
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Rituximab versus other DMTs: one NRSI compared rituximab with interferon beta or glatiramer acetate, dimethyl fumarate, natalizumab, or
fingolimod in active relapsing MS at 24 months' follow-up. Rituximab likely results in a large reduction in relapses compared with interferon
beta or glatiramer acetate (hazard ratio (HR) 0.14, 95% confidence interval (CI) 0.05 to 0.39; 335 participants; moderate-certainty evidence).
Rituximab may reduce relapses compared with dimethyl fumarate (HR 0.29, 95% CI 0.08 to 1.00; 206 participants; low-certainty evidence)
and natalizumab (HR 0.24, 95% CI 0.06 to 1.00; 170 participants; low-certainty evidence). It may make little or no diFerence on relapse
compared with fingolimod (HR 0.26, 95% CI 0.04 to 1.69; 137 participants; very low-certainty evidence). The study reported no deaths over
24 months. The study did not measure disability worsening, SAEs, HRQoL, and common infections.

Rituximab as 'first choice' for progressive MS

One RCT compared rituximab with placebo in primary progressive MS at 24 months' follow-up. Rituximab likely results in little to no
diFerence in the number of participants who have disability worsening compared with placebo (odds ratio (OR) 0.71, 95% CI 0.45 to 1.11;
439 participants; moderate-certainty evidence). Rituximab may result in little to no diFerence in recurrence of relapses (OR 0.60, 95% CI 0.18
to 1.99; 439 participants; low-certainty evidence), SAEs (OR 1.25, 95% CI 0.71 to 2.20; 439 participants; low-certainty evidence), common
infections (OR 1.14, 95% CI 0.75 to 1.73; 439 participants; low-certainty evidence), cancer (OR 0.50, 95% CI 0.07 to 3.59; 439 participants;
low-certainty evidence), and mortality (OR 0.25, 95% CI 0.02 to 2.77; 439 participants; low-certainty evidence). The study did not measure
HRQoL.

Rituximab versus other DMTs: no studies met eligibility criteria for this comparison.

Rituximab as 'switching' for relapsing MS

One RCT compared rituximab with placebo in relapsing MS at 12 months' follow-up. Rituximab may decrease recurrence of relapses
compared with placebo (OR 0.38, 95% CI 0.16 to 0.93; 104 participants; low-certainty evidence). The data did not confirm or exclude a
beneficial or detrimental eFect of rituximab relative to placebo on SAEs (OR 0.90, 95% CI 0.28 to 2.92; 104 participants; very low-certainty
evidence), common infections (OR 0.91, 95% CI 0.37 to 2.24; 104 participants; very low-certainty evidence), cancer (OR 1.55, 95% CI 0.06
to 39.15; 104 participants; very low-certainty evidence), and mortality (OR 1.55, 95% CI 0.06 to 39.15; 104 participants; very low-certainty
evidence). The study did not measure disability worsening and HRQoL.

Five NRSIs compared rituximab with other DMTs in relapsing MS at 24 months' follow-up. The data did not confirm or exclude a beneficial
or detrimental eFect of rituximab relative to interferon beta or glatiramer acetate on disability worsening (HR 0.86, 95% CI 0.52 to 1.42;
1 NRSI, 853 participants; very low-certainty evidence). Rituximab likely results in a large reduction in relapses compared with interferon
beta or glatiramer acetate (HR 0.18, 95% CI 0.07 to 0.49; 1 NRSI, 1383 participants; moderate-certainty evidence); and fingolimod (HR 0.08,
95% CI 0.02 to 0.32; 1 NRSI, 256 participants; moderate-certainty evidence). The data did not confirm or exclude a beneficial or detrimental
eFect of rituximab relative to natalizumab on relapses (HR 1.0, 95% CI 0.2 to 5.0; 1 NRSI, 153 participants; very low-certainty evidence).
Rituximab likely increases slightly common infections compared with interferon beta or glatiramer acetate (OR 1.71, 95% CI 1.11 to 2.62;
1 NRSI, 5477 participants; moderate-certainty evidence); and compared with natalizumab (OR 1.58, 95% CI 1.08 to 2.32; 2 NRSIs, 5001
participants; moderate-certainty evidence). Rituximab may increase slightly common infections compared with fingolimod (OR 1.26, 95%
CI 0.90 to 1.77; 3 NRSIs, 5187 participants; low-certainty evidence). It may make little or no diFerence compared with ocrelizumab (OR 0.02,
95% CI 0.00 to 0.40; 1 NRSI, 472 participants; very low-certainty evidence). The data did not confirm or exclude a beneficial or detrimental
eFect of rituximab on mortality compared with fingolimod (OR 5.59, 95% CI 0.22 to 139.89; 1 NRSI, 136 participants; very low-certainty
evidence) and natalizumab (OR 6.66, 95% CI 0.27 to 166.58; 1 NRSI, 153 participants; very low-certainty evidence). The included studies
did not measure SAEs, HRQoL, and cancer.

Authors' conclusions

For preventing relapses in relapsing MS, rituximab as 'first choice' and as 'switching' may compare favourably with a wide range of approved
DMTs. A protective eFect of rituximab against disability worsening is uncertain. There is limited information to determine the eFect of
rituximab for progressive MS.

The evidence is uncertain about the eFect of rituximab on SAEs. They are relatively rare in people with MS, thus diFicult to study, and they
were not well reported in studies. There is an increased risk of common infections with rituximab, but absolute risk is small.

Rituximab is widely used as oF-label treatment in people with MS; however, randomised evidence is weak. In the absence of randomised
evidence, remaining uncertainties on beneficial and adverse eFects of rituximab for MS might be clarified by making real-world data
available.

P L A I N   L A N G U A G E   S U M M A R Y

Rituximab for people with multiple sclerosis

Key messages

– Rituximab may oFer moderate-to-large benefit against a range of other medicines in preventing relapses in relapsing multiple sclerosis
(MS). Compared with no medicines, the desirable eFects would be greater.
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– There is limited information to determine the eFect of rituximab for preventing disability worsening in all forms of MS.

– Serious harmful eFects are relatively rare in people with MS making them diFicult to study, and they were also not well reported in studies.

What is the issue?

Rituximab is a medicine administered by intravenous (by a vein) infusion that can suppress certain immune cells. The immune system
fights infections and consists of many immune cells; it is aFected in MS.

Rituximab is currently used in many low- to middle-income countries that have major barriers for accessing approved medicines for MS.
However, rituximab is not always reimbursed by health systems because it is not licensed for MS by marketing authorities.

Rituximab is considered a feasible treatment option as it is considered a highly eFective treatment (similar to other approved medicines
used to treat MS) but has considerably lower cost and less frequent dosing. Treatment with rituximab requires specialist care and infusion
facilities, but other approved medicines do too.

What did we want to find out?

We aimed to investigate the beneficial and unwanted eFects of rituximab for people with MS, when is used as a 'first choice' or as
'switching' (in other words, used when other medicines do not work well or become contraindicated).

We wanted to find out if rituximab was better than other medicines to prevent disability worsening and recurrence of relapse, and to
improve well-being.

We also wanted to find out if rituximab was associated with any unwanted or harmful eFects, for example, serious harmful eFects, common
infections, cancer, and mortality (death).

What did we do?

We searched for studies that investigated rituximab compared with all other approved medicines for MS. We searched the literature up to
January 2021. We compared and summarised the results of the studies and rated our confidence in the evidence, based on factors such
as study methods and quality.

What did we find?

We found 15 studies that involved about 16,000 people with MS and lasted one or two years. The biggest study was of 6421 people and
the smallest study was of 27 people. The studies were conducted worldwide; most originated from high-income countries, six from the
Swedish MS register. Pharmaceutical companies funded two included studies.

Main results

Rituximab as a first choice treatment in relapsing MS:

– likely results in a large reduction in the number of people who have relapses compared with interferon beta or glatiramer acetate
(evidence from one study in 335 people);

– may reduce the number of people who have relapses compared with dimethyl fumarate and natalizumab, but the evidence is uncertain
(evidence from one study).

There was no usable information on disability worsening, well-being, and serious harmful eFects.

Rituximab as a first choice treatment in progressive MS:

– likely results in little to no diFerence in the number of participants who have disability worsening over 24 months compared with pretend
treatment (evidence from one study of 439 people);

– the evidence is very uncertain about the eFect of rituximab on well-being and serious harmful eFects.

Rituximab as 'switching' for relapsing MS:

– likely results in a large reduction in the number of people who have relapses  compared with interferon beta or glatiramer acetate
(evidence from one study of 1383 people), and fingolimod (evidence from one study of 256 people). The evidence is very uncertain on the
comparison of rituximab with natalizumab;

– the evidence is very uncertain on disability worsening;
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– likely increases slightly the number of people who have common infections compared with interferon beta or glatiramer acetate (evidence
from one study of 5477 people), and natalizumab (evidence from two studies of 5001 people). The evidence is uncertain for the comparisons
of rituximab with fingolimod and ocrelizumab.

There was no usable information on well-being and serious harmful eFects.

Rituximab as 'switching' for progressive MS

Only three small studies investigated rituximab in secondary progressive MS. The evidence is uncertain about the eFect of rituximab on
disability worsening, well-being, and serious harmful eFects.

What are the limitations of the evidence?

– Limited confidence about the eFect of rituximab on disability worsening in all forms of MS.

– Limited information to determine the eFect of rituximab for progressive forms of MS.

– Studies were short with a median duration of 24 months.

How up to date is the evidence?

This review is up to day to 31 January 2021.
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Summary of findings 1.   Rituximab as 'first choice' versus other disease-modifying treatments for relapsing multiple sclerosis – results from non-
randomised studies of intervention

Patient or population: relapsing multiple sclerosis
Settings: inpatient or outpatient
Intervention: rituximab as first choice treatment
Comparison: other disease-modifying treatments as first choice treatment

Anticipated absolute effects*Intervention Comparison

intervention Assumed risk
with com-
parator

Correspond-
ing risk with
rituximab

(95% CI)

Relative ef-
fect
(95% CI)

No of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Disability
worsening

— — — — — — The studya did not measure the outcome.

Chance of experiencing ≥ 1 relapses: visits over 24 months. Data collected from the Swedish MS registry and medical records.

Rituximab Interferon
beta or glati-
ramer ac-
etate

270 per 1000 43 per 1000
(16 to 116)

HR 0.14

(0.05 to 0.39)

335
(1 retrospec-
tive cohort

study)a

⊕⊕⊕⊝

Moderate b
Downgraded 1 level for serious risk of bias. Ritux-
imab likely results in a large reduction in relaps-
es when compared with interferon beta or glati-
ramer acetate.

Rituximab Dimethyl fu-
marate

120 per 1000 36 per 1000
(10 to 120)

HR 0.29

(0.08 to 1.00)

206
(1 retrospec-
tive cohort

study)a

⊕⊕⊝⊝

Low b,c

Downgraded 1 level for serious risk of bias and 1
level for imprecision. Rituximab may reduce re-
lapses when compared with dimethyl fumarate.

Rituximab Natalizumab 200 per 1000 52 per 1000

(13 to 200)

HR 0.24

(0.06 to 1.00)

170
(1 retrospec-
tive cohort

study)a

⊕⊕⊝⊝

Low b,c

Downgraded 1 level for serious risk of bias and 1
level for imprecision. Rituximab may reduce re-
lapses when compared with natalizumab.

Rituximab Fingolimod 180 per 1000 50 per 1000

(8 to 285)

HR 0.26 

(0.04 to 1.69)

137
(1 retrospec-
tive cohort

study)a

⊕⊝⊝⊝

Very low b,d

Downgraded 1 level for serious risk of bias and
2 levels for serious imprecision. The evidence is
very uncertain about the effect of rituximab on
relapses when compared with fingolimod.
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Serious ad-
verse events

— — — — — — The studya did not measure the outcome.

Quality of life — — — — — — The studya did not measure the outcome.

Common in-
fections

— — — — — — The studya did not measure the outcome.

Cancer — — — — — — The studya did not measure the outcome.

Mortality No reported deaths in any comparison group over 24 months' follow-up. Death related to adverse events defined as CTCAE grade 5. Data collected from
the Swedish MS registry and medical records.

*The assumed risk was calculated in GRADEpro based on the number of participants with the event over the total sample size in the control group, for binary and time-to-
event outcomes. The risk in the rituximab group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect (odds ratio or HR) of the in-
tervention (and its 95% CI).
CI: confidence interval; CTCAE: National Cancer Institute Common Terminology Criteria for Adverse Events version 4.0; HR: hazard ratio.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate quality: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

Explanations: event rates in comparator based on the number of events in the included study.

a Granqvist 2018.
bBias due to confounding by indication expected in the retrospective cohort study.
cThe optimal information size criterion was not met (very few events).
dResults included both no eFect and appreciable benefit or harm.
 
 

Summary of findings 2.   Rituximab as 'first choice' versus placebo for progressive multiple sclerosis – results from randomised controlled trials

Patient or population: primary progressive multiple sclerosis

Settings: inpatient or outpatient

Intervention: rituximab as first choice treatment

Comparison: placebo
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Anticipated absolute effects*Outcomes

Assumed risk
with placebo

Corresponding
risk with ritux-
imab

(95% CI)

Relative effect
(95% CI)

No of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Disability worsen-
ing measured by
EDSS over 24 months

361 per 1000 286 per 1000
(202 to 385)

OR 0.71 

(0.45 to 1.11)

439

(1 RCT)a
⊕⊕⊕⊝

Moderate b,c

Downgraded 1 level for some imprecision. Ritux-
imab likely resulted in little to no difference in the
number of participants who had disability worsen-
ing over 24 months when compared with placebo.

Relapse measured
by clinical assess-
ment over 24 months

34 per 1000 21 per 1000

(6 to 65)

OR 0.60

(0.18 to 1.99)

439

(1 RCT)a
⊕⊕⊝⊝

Low c,d

Downgraded 2 levels for very serious imprecision.
Rituximab may have resulted in little to no differ-
ence in recurrence of relapses when compared
with placebo.

Serious adverse
events measured by
clinical assessment
over 28 months

136 per 1000 164 per 1000

(101 to 257)

OR 1.25

(0.71 to 2.20)

439

(1 RCTs)a
⊕⊕⊝⊝

Low c,e

Downgraded 2 levels for very serious imprecision.
Rituximab may slightly increase the number of par-
ticipants who have serious adverse events com-
pared with placebo.

Quality of life — — — — — The studya did not measure the outcome

Common infections
measured by clinical
assessment over 28
months

653 per 1000 682 per 1000

(585 to 765)

OR 1.14 

(0.75 to 1.73)

439

(1 RCTs)a
⊕⊕⊝⊝

Low e
Downgraded 2 levels for very serious imprecision.
Rituximab may increase common infections com-
pared with placebo.

Cancer measured by
clinical assessment
over 28 months

14 per 1000 7 per 1000

(1 to 47)

OR 0.50 

(0.07 to 3.59)

439

(1 RCT)a
⊕⊕⊝⊝

Low e
Downgraded 2 levels for very serious imprecision.
Quote: "Rituximab group: 1 patient had breast can-
cer and 1 had adenocarcinoma. Placebo group: 1
patient had parathyroid tumour, 1 had prostate
cancer".

Mortality measured
by clinical assess-
ment over 28 months

14 per 1000 3 per 1000

(0 to 37)

OR 0.25

(0.02 to 2.77)

439

(1 RCT)a
⊕⊕⊝⊝

Low e
Downgraded 2 levels for very serious imprecision.
Rituximab may result in little to no difference in
mortality compared with placebo.

*The assumed risk was calculated based on the number of participants with the event over the total sample size in the placebo group, for binary outcomes. The risk in the
rituximab group (and its 95% confidence interval) is based on the assumed risk in the placebo group and the relative effect (OR) of the intervention (and its 95% CI).
CI: confidence interval; EDSS: Expanded Disability Status Scale; OR: odds ratio; RCT: randomised controlled trial.

GRADE Working Group grades of evidence
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High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate quality: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

a Hawker 2009.
bResults included both appreciable benefit and no eFect.
cWe did not downgrade for risk of bias, even though the included study has some concerns.
dResults included both no eFect and appreciable benefit or harm.
eResults included both no harm and appreciable harm.
 
 

Summary of findings 3.   Rituximab as 'switching' versus placebo for relapsing multiple sclerosis – results from randomised controlled trials

Patient or population: relapsing multiple sclerosis
Settings: inpatient or outpatient
Intervention: rituximab as 'switching' treatment
Comparison: placebo

Anticipated absolute effects*Outcomes

 

 

Assumed risk
with placebo

Corresponding
risk with ritux-
imab

(95% CI)

Relative effect
(95% CI)

No of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Disability worsen-
ing

— — — — — The studya did not measure the outcome.

Relapse measured
by clinical assess-
ment over 12 months

400 per 1000 202 per 1000
(96 to 383)

OR 0.38 

(0.16 to 0.93)

104

(1 RCT)a
⊕⊕⊝⊝

Low b,c

Downgraded 1 level for serious risk of bias and 1
level for serious imprecision. Rituximab may result
in a large reduction in recurrence of relapse over
12 months' follow-up when compared with place-
bo.

Serious adverse
events measured by
clinical assessment
over 12 months

143 per 1000 130 per 1000
(45 to 327)

OR 0.90

(0.28 to 2.92)

104

(1 RCT)a
⊕⊝⊝⊝

Very low b,d

Downgraded 1 level for serious risk of bias and 2
levels for very serious imprecision. The evidence is
very uncertain about the effect of rituximab on se-
rious adverse events, when compared with place-
bo.
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Quality of life — — — — — The studya did not measure the outcome.

Common infections
measured by clinical
assessment over 12
months

714 per 1000 695 per 1000
(481 to 848)

OR 0.91

(0.37 to 2.24)

104 

(1 RCT)a

⊕⊝⊝⊝

Very low b,d

Downgraded 1 level for serious risk of bias and 2
levels for very serious imprecision. The evidence is
very uncertain about the effect of rituximab on in-
fections, when compared with placebo.

Cancer measured by
clinical assessment
over 12 months

0 per 1000 0 per 1000
(0 to 0)

OR 1.55

(0.06 to 39.15)

104

(1 RCT)a
⊕⊝⊝⊝

Very low b,d

Downgraded 1 level for serious risk of bias and 2
levels for very serious imprecision. The evidence
is very uncertain about the effect of rituximab on
the number of participants who have cancer, when
compared with placebo.

Mortality measured
by clinical assess-
ment over 12 months

0 per 1000 0 per 1000
(0 to 0)

OR 1.55

(0.06 to 39.15)

104

(1 RCT)a
⊕⊝⊝⊝

Very low b,d

Downgraded 1 level for serious risk of bias and 2
levels for very serious imprecision. The evidence
is very uncertain about the effect of rituximab on
mortality compared with placebo.

*The assumed risk was calculated based on the number of participants with the event over the total sample size in the placebo group for binary outcomes. The risk in the
rituximab group (and its 95% CI) is based on the assumed risk in the placebo group and the relative effect (OR) of the intervention (and its 95% CI).
CI: confidence interval; OR: odds ratio; RCT: randomised controlled trial.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate quality: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

a Hauser 2008.
bHigh risk of bias for unblinding of personnel and incomplete outcome data. Unclear risk of bias for allocation concealment and blinding of participants.
cThe optimal information size criterion was not met (few events).
dThe optimal information size criterion was not met (very few events). Results included both no harm and appreciable harm.
 
 

Summary of findings 4.   Rituximab as 'switching' versus other disease-modifying treatments for relapsing multiple sclerosis – results from non-
randomised studies of intervention

Patient or population: relapsing multiple sclerosis
Settings: inpatient or outpatient
Intervention: rituximab as 'switching' treatment
Comparison: other disease-modifying treatments as 'switching'
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Anticipated absolute effects*Intervention Comparison

intervention Assumed risk
with com-
parator

Correspond-
ing risk with
rituximab

(95% CI)

Relative ef-
fect
(95% CI)

No of partici-
pants
(studies)

Certainty of
the evidence

(GRADE)

Comments

Disability worsening measured by EDSS over 24 months: data collected from the Swedish MS registry and medical records

Rituximab Interferons
or glatiramer
acetate

90 per 1000 78 per 1000
(48 to 125)

HR 0.86

(0.52 to 1.42)

853
(1 retrospective

cohort study)a

⊕⊝⊝⊝

Very low b,c

Downgraded 2 levels for very serious risk of
bias and 2 levels for very serious impreci-
sion. The evidence is very uncertain about the
effect of rituximab on disability worsening
when compared with interferon beta or glati-
ramer acetate 

Relapse measured by clinical assessment over 24 months: data collected from the Swedish MS registry and medical records

Rituximab Interferons
or glatiramer
acetate

270 per 1000 55 per 1000
(22 to 143)

HR 0.18 

(0.07 to 0.49)

1383
(1 retrospective

cohort study)a

⊕⊕⊕⊝

Moderate d

Downgraded 1 level due to serious risk of
bias. Rituximab likely results in a large reduc-
tion in recurrence of relapses when compared
with interferons or glatiramer. The NNTB is 11
(95% CI 10 to 18).

Rituximab Fingolimod 176 per 1000 15 per 1000
(4 to 60)

HR 0.08 

(0.02 to 0.32)

256
(1 retrospective

cohort study)e

⊕⊕⊕⊝

Moderate d

Downgraded 1 level due to serious risk of
bias. Rituximab likely results in a large reduc-
tion in recurrence of relapses when compared
with fingolimod. The NNTB is 6 (95% CI 6 to
9).

Rituximab Natalizumab 60 per 1000 60 per 1000
(12 to 266)

HR 1.00 

(0.20 to 5.00)

153
(1 retrospective

cohort study)f

⊕⊝⊝⊝

Very low c,d

Downgraded 1 level for serious risk of bias
and 2 levels for very serious imprecision. The
evidence is very uncertain about the effect
of rituximab on recurrence of relapses when
compared with natalizumab.

Quality of life — — — — — — None of the studies measured the outcome.

Serious ad-
verse events

— — — — — — None of the studies measured the outcome.

Long-term adverse events: common infections over 24 months: data collected from MS registries and medical records.
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1

Rituximab Interferon
beta or glati-
ramer ac-
etate

36 per 1000 60 per 1000
(40 to 89)

OR 1.71

(1.11 to 2.62)

5477
(1 retrospective
cohort study-
the national
Swedish MS Reg-
ister linked to na-
tional healthcare
and census reg-

istries)g

⊕⊕⊕⊝

Moderate h

Downgraded 1 level for serious risk of bias
in measurement of the outcome. Rituximab
likely increases infections when compared
with interferons or glatiramer acetate.

Rituximab Fingolimod 56 per 1000 70 per 1000
(51 to 95)

OR 1.26

(0.90 to 1.77)

5187

(3 retrospective
multicentre co-

hort studies)e,f,g

⊕⊕⊝⊝

Low i,j
Downgraded 1 level for serious risk of bias
and 1 level for imprecision. Heterogeneity: P =
0.24, I2 = 30%. Rituximab may increase slight-
ly common infections when compared with
fingolimod.

Rituximab Natalizumab 50 per 1000 77 per 1000
(51 to 95)

OR 1.58

(1.08 to 2.32)

5001

(2 retrospective
multicentre co-

hort studies)f,g

⊕⊕⊕⊝

Moderate j

Downgraded 1 level for serious risk of bias.
Heterogeneity: P = 0.39, I2 = 0%. Rituximab
likely increases the number of participants
who have common infections when com-
pared with natalizumab.

Rituximab Ocrelizumab 62 per 1000 1 per 1000
(0 to 26)

OR 0.02

(0.00 to 0.40)

472

(1 retrospective
multicentre co-
hort study). The
Swedish MS reg-
ister and med-
ical records at the
Rocky Mountain
MS Clinic, Utah,

USk

⊕⊝⊝⊝

Very low j,l
Downgraded 2 levels for very serious risk of
bias and 1 level for imprecision. The evidence
is very uncertain about the effect of rituximab
on the number of participants who have com-
mon infections when compared with ocre-
lizumab.

Cancer — — — — — — None of the studies measured the outcome.

Mortality over 24 months: defined as CTCAE grade 5. Data collected from the Swedish MS registry and medical records.

Rituximab Fingolimod 0 per 1000 0 per 1000
(0 to 0)

OR 5.59

(0.22 to
139.89)

136
(1 retrospective
multicentre co-

hort study)f

⊕⊝⊝⊝

Very low d,i,m

Downgraded 1 level for serious risk of bias, 1
level for indirectness, and 2 levels for very se-
rious imprecision. The evidence is very uncer-
tain about the effect of rituximab on mortality
compared with fingolimod.
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2

Rituximab Natalizumab 0 per 1000 0 per 1000
(0 to 0)

OR 6.66

(0.27 to
166.58)

153
(1 retrospective
multicentre co-

hort study)f

⊕⊝⊝⊝

Very low d,i,m

Downgraded 1 level for serious risk of bias, 1
level for indirectness, and 2 levels for very se-
rious imprecision. The evidence is very uncer-
tain about the effect of rituximab on mortality
compared with natalizumab.

*The assumed risk was calculated in GRADEpro based on the number of participants with the event over the total sample size in the control group, for binary and time-to-
event outcomes. The risk in the rituximab group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect (OR or HR) of the interven-
tion (and its 95% CI).

CI: confidence interval; CTCAE: National Cancer Institute. Common Terminology Criteria for Adverse Events version 4.0; HR: hazard ratio; NNTB: number needed to treat for
an additional beneficial effect; OR: odds ratio.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate quality: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

Explanations

Event rates in comparator based on the number of events in the included studies.

a Spelman 2018.
bBias due to missing data since time to disability worsening was limited to participants with a minimum of three EDSS scores reported, i.e. 321/461 (70%) participants in the
rituximab group and 532/922 (58%) participants in the interferon or glatiramer acetate group.
cThe optimal information size criterion was not met (few events). Results included both no eFect and appreciable benefit or harm.
dBias due to residual confounding is expected in a retrospective cohort study.
e Alping 2016.
f Boremalm 2019.
g Luna 2020.
hQuote: "Data are not available on the validity of the registries to measure infections and on diFerent reporting of infections between interventions" (Luna 2020).
iThe optimal information size criterion was not met (very few events). Results included both no harm and appreciable harm.
jAll retrospective cohort studies at serious risk of bias.
k Evertsson 2020.
lThe optimal information size criterion was not met (few events).
mIndirectness of outcome, one suicide in the rituximab group.
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Description of the condition

Multiple sclerosis (MS) is a chronic immune-mediated disease of the
central nervous system. The global prevalence of MS is estimated
at 36 per 100,000 people, which means there are 2.8 million adults
living with MS worldwide. MS is present in all regions of the world,
but prevalence is noticeably higher in Europe and the Americas.
There are at least twice as many females (69%) with MS as there are
males (31%). MS can occur at any age, but the mean age at which
MS is diagnosed is from 30 to 33 years. MS is the most common
neurological cause of disability for young adults (MSIF 2020).

MS is pathologically characterised by inflammation,
demyelination, and axonal and neuronal loss. Clinically, it is
characterised by recurrent relapses and disability worsening. The
clinical course is classified as relapsing MS, secondary progressive
MS, and primary progressive MS (Lublin 1996). These forms of MS
were used to design trials of interventions over two decades. An
updated classification of MS forms was produced in 2013 (Lublin
2014). The concept of disease activity was added, based on the
presence of clinical relapse or new magnetic resonance imaging
(MRI) lesions in the brain. The new classification included: 1. active
or inactive relapsing MS, with or without worsening; and 2. active or
inactive primary or secondary progressive disease, with or without
progression (Lublin 2014). Worldwide, 85% of people with MS are
initially diagnosed with  relapsing MS and 12% with progressive
MS.  The remaining 3%  are given an unknown disease type on
diagnosis (MSIF 2020).

Description of the intervention

Rituximab is a monoclonal antibody approved for the treatment of
adults with B-cell non-Hodgkin's lymphoma, chronic lymphocytic
leukaemia, rheumatoid arthritis, granulomatosis with polyangiitis,
microscopic polyarteritis,  and pemphigus  vulgaris (FDA
2020a). Neurologists have used rituximab oF-label to
treat neuromyelitis  optica  (Damato  2016), myasthenia
gravis  (Banerjee  2018), autoimmune encephalitis (Nepal 2020),
autoimmune neuropathies and myopathies (Fasano  2017), and
MS  (European Commission 2017; Sarsour  2020). This drug is
marketed by Genentech-Biogen in the US under the brand name
Rituxan, and by Roche in Europe under the brand name MabThera.

Rituximab is administered by intravenous infusion at single doses
of 500 mg or 1000 mg, two weeks apart.  The maintenance dose
is 500 mg or 1000 mg every six to 12 months. The alternative
induction dose,  or in cases of  disease breakthrough, is  375 mg/

m2 every week for four weeks. However, a  treatment protocol
has not yet been established;  induction and maintenance doses
may change based on  the type of MS, MRI lesion load, clinical
response, and CD19-positive or CD20-positive cell counts. The
summary of product characteristics states that rituximab should
be administered under the close supervision of an experienced
physician. Serum rituximab's half-life is reported to be 76.3 hours
(Maloney 1997).

The most frequently observed short-term adverse events in people
receiving rituximab are infusion-related reactions (FDA 2020a). The
majority of these reactions occur during the first infusion or within
24 hours of the infusion. The final report of the Rheumatoid Arthritis
Global Clinical Trial Program, based on over 11 years' follow-

up,  reported that  rituximab  remained  well tolerated over time
and for multiple courses (van Vollenhoven 2015). Under long-term
therapy with rituximab or other B-cell-depleting drugs, and with
alternative immunomodulatory  agents for MS, immunoglobulin
deficiency syndromes can occur that may be associated with
severe infections  (Hallberg 2019; Luna 2020; Tsao 2019; van
Vollenhoven 2015). Hepatitis B virus (HBV) reactivation following
chemotherapy that includes rituximab has been reported  in
people who have either had hepatitis B or are a  carrier
of HBV (Evens 2011; Pourcher  2020). Progressive multifocal
leukoencephalopathy (PML), a rare but serious brain infection
caused by a virus, can occur in rituximab-treated people with
haematological malignancies or other autoimmune diseases. Most
people with haematological  malignancies diagnosed with PML
received rituximab in combination with chemotherapy or as part
of  a haematopoietic stem cell transplant (FDA 2020a).  People
with autoimmune diseases diagnosed with PML had prior or
concurrent immunosuppressive therapy (Berger 2018; FDA 2020a).
Most cases of PML were diagnosed within 12 months of their
last  infusion of rituximab (FDA 2020a).  Rituximab is listed as
having "no or very low risk for PML" by  Yukitake 2018.  Cardiac
and vascular events (hypotension, hypertension, arrhythmias, and
angina) have been reported with rituximab (FDA 2020a).  Two
registry studies in Sweden showed no evidence of an increased
risk of cancer with rituximab use in 3585 people with rheumatic
disease (Wadstrom  2017), and in 4187 people with MS (Alping
2020). However, the results of one observational study showed an
association between malignant melanoma and breast cancer with
rituximab use (Caldito 2021).

Several disease-modifying treatments  (DMTs) have been
discovered and approved for people with relapsing MS.
Infused approved DMTs include: alemtuzumab, mitoxantrone,
natalizumab, and ocrelizumab. Injectable approved DMTs include:
interferon betas, glatiramer acetate, peginterferon beta-1a, and
ofatumumab. Oral approved DMTs include: cladribine, dimethyl
fumarate, diroximel fumarate, fingolimod, monomethyl fumarate,
ozanimod, siponimod, and teriflunomide.  Recently the US Food
and Drug Administration (FDA) approved siponimod (FDA 2019a),
ozanimod (FDA 2020b), and cladribine (FDA 2019b) for active
secondary progressive MS.

Several national and international guidelines on the use of DMTs for
MS are available (Table 1). Common to all guidelines is a moderate
or low level of evidence available to assign strength to treatment
recommendations, because there are few randomised studies that
directly compared diFerent DMTs as 'first choice' treatment or
as 'switching'. Recommendations on the use of rituximab vary
among guidelines, reflecting – among other things – the diFerences
in regulatory agencies' recommendations and diFerent regional
or local health policies. For example, the use of rituximab has
increased rapidly within Sweden for treating relapsing MS, since,
under existing Swedish free right to prescription provisions, the
treating hospital assumes responsibility and liabilities associated
with oF-label use of rituximab (Spelman 2018). The data from the
national Swedish MS Registry showed an increasing prescription
rate of rituximab  in relation to other DMTs during the years
2011 to 2016. In June 2017, the proportion of people with MS
starting rituximab as 'first choice' treatment  was more than
50% (Berntsson 2018). Rituximab is  recommended by the Middle
East and North Africa Committee (MENACTRIMS) Consensus as
an oF-label treatment for highly active MS and as an escalation
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therapy for all levels of MS activity in special populations, such as
refugees, or in countries where other appropriate options are not
available (Yamout 2020). The European guideline does not include
recommendations on the use of rituximab, as regulations on
this treatment vary broadly between diFerent European countries
(Montalban 2018).

How the intervention might work

The inflammation in the central nervous system in MS stems from
complex interactions between T cells and antigen-presenting cells,
such as B cells and myeloid cells (macrophages, dendritic cells, and
microglia) (Comi 2021; Zhong 2020). The pro-inflammatory role of
B cells in MS involves antigen presentation to activate pathogenic T
cells and macrophages, production of pro-inflammatory cytokines,
and formation and maintenance of ectopic lymphoid organs
in the central nervous system (Greenfield 2018; Hauser 2015;
Sabatino  2019).  B cells are highly selective for antigens bound
to their cell receptor (BCR) (Greenfield 2018).  The antigen–BCR
complex is internalised and processed, its constituent peptides are
then complexed with the major histocompatibility complex (MHC)
class II molecules, and the antigen–MHC complex is transported to
the cell surface where it can activate T cells (Th1 and Th17) by
involvement of the T cell receptor and  costimulatory molecules
(Batista 2009). In MS, priming of T cells is caused by autoreactive B
cells that demonstrate higher levels of antigen-presenting activity
compared to B cells of healthy  controls or individuals with
other  neuroinflammatory diseases (Jelcic  2018; Mathias 2017).
The binding of autoantigen to BCR also causes aberrant B  cells
to produce pro-inflammatory and regulatory cytokines. B cells of
people with MS cultured in vitro have been found to secrete higher
levels of pro-inflammatory cytokines and lower levels of regulatory
cytokines  (Bar-Or 2010; Duddy  2007). In the  milieu of pro-
inflammatory cytokines, chemokines, and lymphotoxin signalling,
B cells support the development  of ectopic B-cell follicles that
have been detected  in the meninges of people with secondary
progressive MS (Serafini 2004).

Rituximab  binds selectively to the CD20 antigen expressed on
the surface of  pre-B cells, mature and memory B cells, and
some plasmablasts, but not B-cell progenitors (pro-B cells)
and  diFerentiated plasma cells (i.e. B cells that do not express
CD20) (Greenfield 2018; St Clair  2010). Therefore, administration
of rituximab causes selective loss of  circulating and tissue-
based B cells that are responsible for antigen presentation
and cytokine production,  without aFecting B-cell reconstitution
or pre-existing  humoral immunity.  Mechanisms of B-cell lysis
include primarily complement-dependent cytotoxicity (CDC)  but
also antibody-dependent cellular cytotoxicity (ADCC) (Greenfield
2018). Other modes of action of rituximab have been proposed (e.g.
depletion of CD20 cells or Epstein-Barr herpesvirus (EBV) reservoir
depletion) (Ineichen 2020).

Rituximab was detectable in the serum of people three to six
months aVer completion of treatment (FDA 2020a). Following
intravenous administration of rituximab, B lymphocytes typically
remain depleted in peripheral blood for six to nine months
(Greenfield 2018; Roll 2006). In non-blood tissues, including the
central nervous system, the extent and duration of depletion is not
fully known but is likely to be partial, to depend on the dose, and
to be modulated by individual factors such as genetic background
(Greenfield 2018).

Why it is important to do this review

The oF-label use of rituximab to treat MS has been reported in most
countries (70 of the 102 countries reported in the Multiple Sclerosis
International Federation's (MSIF) Atlas of MS) (Laurson-Doube
2021). Several published observational data have strengthened
the evidence for eFectiveness and safety of rituximab in MS,
and reported a discontinuation rate that was lower than that of
other DMTs (Granqvist 2018; Salzer 2016).  The identification of
beneficial and adverse eFects of rituximab for both relapsing MS
and progressive forms of MS, including switching drug regimens,
increases the importance of this review mainly for low- and
medium-income countries.

Given that the period of patent protection has expired, it is
extremely unlikely that a registration trial of rituximab for MS
will ever been undertaken. Therefore, evidence on beneficial and
adverse eFects of rituximab for MS will not be provided by
randomised trials. Considering that rituximab is widely used as
oF-label treatment in people with MS, we have a duty to people
with MS, practitioners, and policymakers to provide these groups
with a summary of available evidence that includes controlled non-
randomised studies (Reeves 2019).

Ocrelizumab and ofatumumab, which are anti-CD20 monoclonal
antibodies similar to rituximab, have been approved as treatments
for relapsing and active progressive forms of MS, but these
medicines are not available in low-income countries due to
prohibitive costs. Rituximab is a relatively inexpensive treatment,
cheaper than any other approved DMTs for MS, and it is a feasible
option in resource-limited settings (Mathew 2020). With increasing
incidence and prevalence of MS globally, especially in low- and
middle-income countries, it is essential to ensure that people with
MS have timely access to safe and eFective treatments (Lancet
Neurology 2019).

We considered that a new review was more appropriate,
rather than updating the previous Cochrane Review (He 2013),
because  changes to the review methods were substantive.  We
decided to add non-randomised studies to the review that was
previously restricted to randomised controlled trials (RCTs), to
widen the evidence base, making use of the Risk Of Bias in Non-
randomised Studies – of Interventions tool (ROBINS-I) in  critical
evaluation of the validity of non-randomised studies. We now
added progressive forms of MS to the review that was previously
restricted to relapsing MS. New  DMTs have been approved since
the early 2010s to treat relapsing and progressive MS, therefore,
we added new comparisons including all DMTs that were used
at  31 January 2021. We included important new outcomes (e.g.
mortality, common infections, cancer) that were not addressed in
the original review.

O B J E C T I V E S

To assess beneficial and adverse eFects of rituximab as 'first choice'
and as 'switching' for adults with MS.

Specific comparisons included:

• rituximab as 'first choice' treatment compared with placebo or
other DMTs for relapsing forms of MS;

• rituximab as 'first choice' treatment compared with placebo or
other DMTs for progressive forms of MS;
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• rituximab as 'switching' from another DMT compared with
placebo or other DMTs for relapsing forms of MS;

• rituximab as 'switching' from another DMT compared with
placebo or other DMTs for progressive forms of MS.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included parallel RCTs and controlled non-randomised studies
of interventions (NRSIs) of between-group design (i.e. open-label
extension (OLE) studies, controlled clinical trials, controlled cohort
studies, regression discontinuity designs, case-control studies, and
registries). We had two main justifications for including NRSIs in
the review. First, to provide evidence of the eFects of rituximab
for which only few RCTs were available. Second, to address long-
term outcomes and diFerent populations that are typical of real-
world practice. We excluded studies of within-group design (e.g.
before-aVer (pre–post) studies with no control group, interrupted
time series, and case reports).

We excluded studies that did not record any relevant outcomes.

We applied no limitations with respect to the length of follow-up
or methods of analysis. We included full-text publications, results
published in non-commercial trial registries (e.g. ClinicalTrials.gov
record), and abstracts if suFicient information was available on
study design, characteristics of participants, interventions, and
outcomes.

Types of participants

We included adults (aged 18 years or older), of either sex, who
were treatment-naive or non-responsive to their current DMT. We
accepted any definition of non-response that the included studies
used because the criteria for treatment failure, either using clinical
or imaging criteria, were still not agreed upon and diFerent criteria
were used in clinical routine practice. Diagnostic criteria for MS
were the Poser criteria (Poser 1983), and the McDonald criteria
and its revisions (McDonald 2001; Polman 2005; Polman 2011;
Thompson 2018). We included all forms of MS (i.e. relapsing MS,
secondary progressive MS, and primary progressive MS), regardless
of disease duration and disability degree according to the Expanded
Disability Status Scale (EDSS) (Kurtzke 1983).

Types of interventions

Rituximab as 'first choice' and as 'switching' treatment, as
monotherapy or in combination treatments, irrespective of doses,
timing, and frequency of treatment.  We included combination
treatments only if they were used in all the comparison groups.

We included studies comparing rituximab with placebo or with
approved DMTs, interferons, peg interferon, glatiramer acetate,
natalizumab, mitoxantrone, fingolimod, teriflunomide, dimethyl
fumarate, cladribine, alemtuzumab, daclizumab, or ocrelizumab.
We included studies that assessed switching to rituximab
from another DMT compared to placebo or any other DMT,
independently of the reason for switching, method, or time when
the switch was made.

Types of outcome measures

We included short-term (12 to 24 months) and long-term (> 24
months) outcomes reported in the included studies.

Primary outcomes

Critical outcomes

• Disability worsening: number of participants with sustained
disability worsening based on clinical follow-up visits.
Worsening was defined as at least a 1-point increase on the EDSS
(Kurtzke 1983), or a 0.5-point increase if the baseline EDSS score
was more than 5.5, confirmed during two consecutive clinical
examinations separated by an interval of at least six months
free of attacks and carried out by the same physician. EDSS is
an ordinal scale, where a score of 0 is no disability, 3 indicates
mild disability, 6 walking stick requirement, 7 wheelchair use,
and 10 is death from MS. An advantage of the EDSS over other
disability measures is its international acceptance (e.g. by the
European Medicines Agency (EMA)) as a primary endpoint in
clinical trials (EMA 2015), and its broad use in trials that enables
cross-study comparisons (Meyer-Moock 2014). We also assessed
time-to-disability worsening.

• Recurrence of relapse: number of participants with clinical
relapse, based on clinical follow-up visits. 'Relapse' was defined
as the appearance of one or more new symptoms due to MS,
or the deterioration of pre-existing symptoms, persisting more
than 24 hours in the absence of fever, and preceded by a period
of stability of at least one month (McDonald 2001). We also
assessed time-to-relapse.

• Serious adverse events (SAEs):  number of participants with
SAEs, as defined by the authors of the study. If an insuFicient
number of studies reported the total number of SAEs and
person-years, we used the number of participants with at least
one SAE as defined in the study.

Secondary outcomes

Important prioritised outcomes

The following four outcomes, together with the critical outcomes,
were prioritised to form the basis of the GRADE assessment and
were summarised in the review's abstract and in the summary of
findings tables.

• Quality of life: number of participants reporting quality of life
impairment, assessed according to validated measures (e.g. the
Multiple Sclerosis Quality of Life-54 tool (MSQOL-54), which is a
multidimensional health-related quality of life measure (Vickrey
1995)). MSQOL-54 includes the generic 36-item Short-Form
quality of life instrument, supplemented with 18 MS-specific
items that were based on expert opinion and literature review.
There is no single overall score for MSQOL-54. Two summary
scores, physical health and mental health, can be derived from
a weighted combination of scale scores (scale scores range from
0 to 100 and a higher scale score indicates improved quality of
life).

• Number of participants with common infections.

• Number of participants with cancer.

• Mortality.

Rituximab for people with multiple sclerosis (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

15



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Additional important outcomes 

• Annualised relapse rate (ARR): mean number of new relapses per
participant, adjusted for the duration of follow-up to annualise
it. ARR is a frequently reported clinical outcome in trials on
relapsing MS.

• Cognitive decline:  number of participants with cognitive
worsening, assessed according to validated neurocognitive
batteries for MS (e.g. the Brief International Cognitive
Assessment for Multiple Sclerosis (BICAMS) (Benedict 2020;
Langdon 2012).

• Number of participants with new or enlarging T2-weighted MRI
lesions*.  A T2-weighted MRI sequence provides information
about the total number of lesions. T2 lesions appear as bright
spots on the scan and could correlate to a panel of diFerent MS
pathological hallmarks. However, new T2 lesions are used as a
measure of disease activity.

• Number of participants with new gadolinium-enhancing
positive T1-weighted MRI lesions*.  T1-weighted  MRI  lesions,
mostly black holes, are believed to represent permanent tissue
damage. Gadolinium-enhancing T1 lesions are a surrogate for
blood–brain barrier breakdown.

• Number of participants who discontinued treatment due to
adverse events. We also assessed time-to-discontinuation.

• Number of participants with grade 3 and grade 4 adverse events
(US Department of Health and Human Services 2017).

• Number of participants with long-term adverse
events: opportunistic infections, hypogammaglobulinaemia,
cardiovascular events (hypotension, hypertension, arrhythmias,
and angina), and HBV reactivation.

• Number of participants with  short-term adverse events:
infusion-related reactions.

*We judged MRI lesions as surrogate outcomes, but included them
in the review  in the presumption that changes in the surrogate
reflect changes in relapse and disability that are important to
patients.

Search methods for identification of studies

We applied no time, language, or publication status restrictions to
the search for primary studies.

Electronic searches

We designed search strategies for electronic databases according
to methods suggested in the Cochrane Handbook for Systematic
Reviews of Interventions (Lefebvre 2019). The Cochrane Multiple
Sclerosis and Rare Diseases of the Central Nervous System
Group's Information Specialist designed and executed the search
strategies. We searched the following databases and trials registries
for primary studies, updated on 31 January 2021. The search
strategies are documented in  Appendix 1. For studies that are
listed in trials registries  and not yet published in full elsewhere,
we included them as ongoing studies for the current review,
and will add or update data in updates of the review once they
are available as full-text reports.

Databases of medical literature

• Cochrane Central Register of Controlled Trials (CENTRAL, the
Cochrane Library) (2021, Issue 1).

• MEDLINE (PubMed) (1966 to 31 January 2021).

• Embase (Embase.com) (1974 to 31 January 2021).

• CINAHL (via EBSCO) (1981 to 31 January 2021).

Trials registries and registry platforms to identify ongoing
studies and results of completed studies

• World Health Organization (WHO) International Clinical Trials
Registry Platform (ICTRP) (trialsearch.who.int).

• US National Institutes of Health clinical trial register
(www.clinicaltrials.gov).

• European Union Clinical Trials Register
(www.clinicaltrialsregister.eu).

Searching other resources

We reviewed the reference lists of relevant articles, review articles,
and textbooks. We contacted study investigators to request missing
data.

Data collection and analysis

Selection of studies

We used the search strategy described in the Search methods for
identification of studies  section to obtain titles and abstracts of
studies. Two review authors (GF and JK) independently screened
the titles and abstracts and discarded studies that were not
applicable; however, they initially retained studies and reviews
that might have included relevant data or information on eligible
studies. Two review authors (GF and JK) independently assessed
the retrieved abstracts and, when necessary, the full-text articles
to determine which studies satisfied the inclusion criteria. The
two review authors compared multiple reports of the same study
and used the most comprehensive report. They linked multiple
publications as companion reports, but excluded true duplicates.
GF and JK resolved discrepancies in judgement by discussion,
and reported excluded studies and their reasons for exclusion in
the Characteristics of excluded studies table. We reported included
studies in the Characteristics of included studies table. We created
a PRISMA flow chart reporting the selection process (Moher 2009).

Data extraction and management

Two review authors (GF and JK) independently extracted data
using a predefined data extraction form in an Excel spreadsheet.
They resolved any disagreements by discussion. We requested
additional data through correspondence with four study authors
(Filippini  2021a; Filippini 2021b; Filippini 2021c; Filippini  2021d).
Authors of two included studies provided us with additional
outcome data.

Outcome data

We extracted the following data from each included study:

• number of participants who had disability worsening based on
clinical follow-up visits;

• number of participants who had clinical relapses based on
clinical follow-up visits;

• number who withdrew due to any adverse event;

• measures and results of critical and important outcomes that
were reported in the included studies (e.g. hazard ratio (HR) for
time-to-event outcomes).
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We extracted the authors' definition and measure used in the study
to assess each reported outcome. For continuous outcomes, we
extracted mean and standard deviation of the comparison groups,
where possible. We extracted arm-level data when possible,
otherwise we extracted eFect sizes. For NRSIs, we extracted
unadjusted and adjusted  eFect sizes. We extracted data at the
authors' defined time points.

Other data

From each included study, we extracted data on the following:

• study: first author or acronym, number of centres and location,
study setting, year of publication, years that the study was
conducted (recruitment and follow-up), publication status (full-
text publication, abstract publication, unpublished data);

• study design (RCT or NRSI), inclusion and exclusion criteria,
number of randomised participants, withdrawals, early
termination of trial;

• participants: age, sex, diagnostic criteria, type and duration
of MS, important baseline data (EDSS score, percentage of
participants with previous use of DMTs, MRI lesions);

• interventions: first choice or switching intervention,
comparison, concomitant medications, duration of follow-up;

• conflict of interests of study authors;

• funding of the study.

One review author (GF) transferred data into Review Manager Web
soVware (Review Manager Web).

Assessment of risk of bias in included studies

For the scope of this review, we assessed the eFect of assignment to
the intervention (intention-to-treat eFect) for disability worsening,
relapses, treatment discontinuation due to adverse events, and
T1 and T2 MRI lesions. We also assessed the eFect of adhering to
the intervention (per-protocol eFect) for all the other outcomes
(numbers of participants with SAEs and further adverse events).

Randomised controlled trials

Two reviews authors (JK and GF) independently assessed the risk
of bias for each study using the Cochrane Collaboration’s tool for
assessing risk of bias that  include: random sequence generation,
allocation concealment, blinding of participants, blinding of
outcome assessor, incomplete outcome data, selective outcome
reporting, and other bias, as recommended in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2017).
We judged the risk of bias of each study and classified it as low, high,
or unclear risk of bias. We judged incomplete outcome data at low
risk of bias when numbers and causes of dropouts were balanced
between arms (i.e. in the absence of a significant diFerence)
and appeared to be unrelated to the  outcome.  We resolved any
disagreements between the review authors by discussion.

Controlled non-randomised studies of interventions

Two reviews authors (JK, GF) independently assessed  the risk of
bias using the ROBINS-I (version August 2016) (Sterne 2016). Based
on the inclusion and exclusion criteria for this review, we defined
our generic target trial as rituximab versus placebo or versus other
DMTs for the treatment of people with MS. Therefore, we used
the ROBINS-I analogue of starting experimental intervention versus
starting control intervention to evaluate risk of bias.

The ROBINS-I tool includes the following bias domains:
confounding, selection of participants into the study, classification
of interventions, deviations from intended interventions, missing
data, measurement of outcomes, and selection of reported result.

We applied the ROBINS-I tool to groups of outcomes according to
'eFect of assignment' (including disability worsening, recurrence
of relapse, treatment discontinuation due to adverse events,
new or enlarging T2-weighted MRI lesions; new gadolinium-
enhancing positive T1-weighted MRI lesions) and 'eFect of
adherence' (including all other outcomes). We assigned an overall
risk of bias to each group based on the worst assessment across
all bias domains using the recommended levels (low, moderate,
serious, or critical risk of bias, or no information) (Sterne 2016).
We resolved any disagreements between the review authors by
discussion.

Baseline confounding by indication is likely to be the most
frequent confounder in NRSIs that meet the inclusion criteria.
For example, participants with high pretreatment MS activity are
likely to be treated with a highly eFicacious drug (e.g. fingolimod,
natalizumab), whereas participants with low pretreatment MS
activity are likely to be treated with a less powerful drug (e.g.
interferon beta or glatiramer acetate). A cohort study comparing
two or more DMTs for MS should control for baseline  age, sex,
MS duration, relapse within the previous year, EDSS score, MRI
activity,  and proportion of participants previously treated with
DMTs. All these variables are prognostic for the outcomes included
in the review and are also likely to influence choice of treatment.
In some NRSIs, particularly those based on registries (i.e. routinely
collected data), participants might have been observed for diFerent
follow-up periods due to diFerences in drug licensing and
availability across diFerent geographical and historical cohorts
(Trojano 2017). This diFerent follow-up period could confound the
results, particularly regarding long-term outcomes. For each NRSI,
we recorded whether the study controlled for these important
confounding domains and used an analysis method to reduce
confounding.

Adverse events

We extracted data on the prespecified adverse events and the total
number of withdrawals due to adverse events.

Assessment of bias in conducting the systematic review

We conducted the review according to the published protocol
(Filippini 2021), and reported any deviations from it in
the DiFerences between protocol and review section.

Measures of treatment e>ect

Randomised controlled trials

We extracted and report HRs with 95% confidence intervals (CIs)
for time-to-event outcomes (time to disability worsening, time to
relapse, and time to treatment discontinuation).  For continuous
outcomes (ARR, cognitive decline, and quality of life), we calculated
the mean diFerence (MD) if studies used the same metric, or
the standardised mean diFerence (SMD) if studies used diFerent
metrics, with 95% CIs. For dichotomous outcomes, we reported the
odds ratio (OR) with 95% CI.
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Controlled non-randomised studies of interventions

For dichotomous outcomes, we reported OR with 95% CIs.  For
continuous outcomes (ARR, cognitive decline, and quality of
life), we calculated the MD if studies used the same metric, or the
SMD if studies used diFerent metrics, with 95% CI. For time-to-
event outcomes (time to disability worsening, time to relapse, and
time to treatment discontinuation), we reported HRs with 95% CI.

Unit of analysis issues

Cluster-randomised trials and cross-over trials are not relevant to
DMTs for MS.

Studies with multiple treatment groups

For multiple arm trials, the intervention groups of relevance were
all those that could be included in a pairwise comparison of
intervention groups which, if investigated alone, would have met
the criteria for including studies in the review. For example, if we
identified a study comparing rituximab versus glatiramer acetate
versus rituximab plus glatiramer acetate, we used one comparison
(rituximab versus glatiramer acetate), since it addressed the
review's objective. Thus, data from the rituximab plus glatiramer
treatment group were not relevant to the review. However, if the
study compared rituximab versus glatiramer versus fingolimod,
the two pairwise comparisons of rituximab versus glatiramer and
rituximab versus fingolimod,  were relevant to the review. In this
case, we treated multiple arm studies as multiple independent two-
arm studies.

We listed all treatment arms in the  Characteristics of included
studies table, even if they are not used in the review.

For multiple arm trials involving the same agent at diFerent doses
compared to a control treatment, we had planned to convert the
treatment arms into a single arm by merging the diFerent doses. We
did not include studies involving the same agent at diFerent doses
without a comparison group.

Dealing with missing data

We used data that reflected the intention-to-treat analysis (the
eFect of assignment) for each included outcome except for adverse
events,  for which we assessed the risk of bias in relation to the
eFect of adherence (per protocol eFect). We attempted to retrieve
missing data from study authors. In order to assess the eFect of
missing outcome data where not reported or provided, we assumed
that treated and control group participants who were missing both
had an unfavourable outcome. If standard deviations were missing
for continuous outcomes, we calculated them according to the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2019).

Assessment of heterogeneity

We quantified statistical heterogeneity using the I2 statistic
(Higgins  2003). We interpreted it using the following guide:

I2 statistic > 30% signifies moderate heterogeneity, I2 > 75% signifies
considerable heterogeneity (Deeks 2019).

Assessment of reporting biases

Reporting bias

As specified in the  Types of studies  section, we included results
that were published in non-commercial trial registries. This was
to ensure that we captured completed studies that had not
been published elsewhere, in order to minimise publication bias.
We included studies irrespective of their publication status, as
recommended in the Cochrane Handbook for Systematic Reviews
of Interventions (McKenzie 2019).  We had planned to evaluate
potential publication bias using a funnel plot; however, there were
fewer than 10 studies were available for meta-analysis (Page 2019).

Selective non-reporting bias

We expected that most of the included NRSIs did not have
an available protocol, and that even protocols for RCTs might
lack a detailed analysis plan. Therefore, we decided that if a
study appeared to be carried out appropriately, we checked for
consistencies between the outcome measurements and analyses
described in the methods and those reported in the results of the
included studies.

Data synthesis

We conducted an initial qualitative comparison of all the included
studies to examine whether pooling of results was reasonable.
This considered diFerences in study populations, inclusion and
exclusion criteria, interventions, and outcome assessment. If the
clinical and methodological characteristics of individual studies
were suFiciently homogeneous, we pooled the data in meta-
analyses.

We conducted separate analyses for RCTs and NRSIs, relapsing and
progressive forms of MS, for rituximab as 'first choice' treatment
(treatment naive) and rituximab as 'switching' from another DMT.
When articles reported on a cohort (same database, e.g. the
Swedish MS register) that overlapped with a cohort in another
paper, we did not pool the comparators since participants in the
rituximab group were the same across comparisons.

For RCTs, when meta-analysis was feasible, we used the random-
eFects model for pooling the data. For binary outcomes, we
based the estimation of the between-study variance using the
Mantel-Haenszel method. We used the inverse variance method
for continuous outcomes, outcomes where HRs were available, or
outcomes where only one study was included (fixed-eFect model).

If a meta-analysis was feasible for controlled NRSIs, we analysed
outcomes with adjusted eFect estimates if these were adjusted
for the same factors using the inverse-variance method, as
recommended in Chapter 24 of the Cochrane Handbook for
Systematic Reviews of Interventions (Reeves 2019). We used Review
Manager Web soVware for analyses (Review Manager Web).

We excluded from all meta-analyses results from NRSI judged to be
at 'critical' risk of bias using ROBINS-I.

Subgroup analysis and investigation of heterogeneity

We had planned subgroup analyses for active or inactive MS. These
analyses were not performed because only two RCTs and three
NRSIs provided the information.  We did subgroup analyses for
treatment comparisons: placebo or each individual DMT.
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Sensitivity analysis

We had planned a sensitivity analysis to remove from analyses
those data at critical or high risk of bias. This was not performed
because we judged four of five included RCTs at high risk of bias.

Summary of findings and assessment of the certainty of the
evidence

We presented the main results of the review in summary of
findings tables, according to recommendations described in
Chapter 14 of the Cochrane Handbook for Systematic Reviews of
Interventions (Schünemann 2020). For  the included NRSIs,  we
followed  GRADE guidance 18 (Schünemann 2019).  For time-to-
event outcomes, we calculated  absolute eFects at specific time
points, as recommended in GRADE guidance 27 (Skoetz 2020). We
expressed the findings and certainty of the evidence as suggested
in the informative statement guidance (Santesso 2020).

In the protocol, we had planned to present four  summary
of findings tables and additional tables for comparison versus
placebo. In the review phase, due to the large number of treatment
comparisons, we decided to restrict the results showed in the
summary of findings to the eFect estimates of rituximab as
'first choice' treatment and as 'switching' versus other DMTs
for relapsing MS, critical and prioritised important outcomes
(Summary of findings 1; Summary of findings 4). We decided to
keep all possible treatment comparisons for which evidence were
available because we believe that this information is important
for clinicians and patients who use diFerent treatments in the
clinical practice. We reported completed tables, including results
from RCTs, NRSIs, and for progressive MS, in Table 2.

We reported the following outcomes in the summary of findings
tables:

• number of participants with disability worsening;

• number of participants with recurrence of relapses;

• number of participants with SAEs;

• number of participant reporting impairment in quality of life;

• number of participants with common infections;

• number of participants with cancer;

• number of deaths.

In the summary of findings tables, we prioritised long-term
outcomes if they were available, otherwise we included short-
term outcomes. We assessed the certainty of evidence for each
outcome considering the risk of bias, indirectness, inconsistency,
imprecision of eFect estimates, and risk of publication bias. Using
GRADEpro GDT soVware (GRADEpro GDT), we assigned one of four
levels of certainty of evidence: high, moderate, low, or very low.

R E S U L T S

Description of studies

For a full description of studies, see the Characteristics of included
studies; Characteristics of excluded studies; Characteristics of
studies awaiting classification; and  Characteristics of ongoing
studies tables.

Results of the search

We identified 3574 records (MEDLINE 1380, Embase 1655, CINAHL
413, CENTRAL 70, clinical trials registries 56). AVer removing
duplicates, we screened 3247 records based on their titles and
abstracts, and we excluded 3152 records that we considered not
pertinent. We evaluated the remaining 95 records and screened the
full texts, or, if these were not available, abstract publications or
trials registry entries.

We identified 32 eligible studies (50 records): 15  included studies
(25 records) (Alcalá 2019; Alping 2016; Alping 2020; Boremalm 2019;
Cheshmavar 2021; Etemadifar 2019; Evertsson 2020; Granqvist
2018; Hauser 2008; Hawker 2009; Komori 2016; Luna 2020;
Naegelin 2019; Spelman 2018; Vollmer 2020a), 14 ongoing studies
(22  records), and three studies awaiting classification (Berrios
Morales 2016; Frisell 2019; Kalincik 2019). We excluded 63 studies
(74 records) with reasons. See Figure 1 for the study flow diagram
(Moher 2009).
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Figure 1.   PRISMA flow diagram. Search updated to 31 January 2021. DMT: disease-modifying treatment.
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Figure 1.   (Continued)

 
Included studies

We included 15  studies describing 16,429 participants of whom
approximately 6000 received rituximab (Alcalá 2019; Alping 2016;
Alping 2020; Boremalm 2019; Cheshmavar 2021; Etemadifar 2019;
Evertsson 2020; Granqvist 2018; Hauser 2008; Hawker 2009;
Komori 2016; Luna 2020; Naegelin 2019; Spelman 2018; Vollmer
2020a). These included studies were published between 2008 and
2020.  Upon request, authors  of one NRSI provided additional
outcome data (Alping 2020):  they provided us with  the number
of any invasive cancer outcome  stratified by therapy and MS
type. The Characteristics of included studies table provides details
of included studies.

Design 

We included five RCTs (Cheshmavar 2021; Etemadifar 2019; Hauser
2008; Hawker 2009; Komori 2016), and 10 controlled NRSIs (Alcalá
2019; Alping 2016; Alping 2020; Boremalm 2019; Evertsson 2020;
Granqvist 2018; Luna 2020; Naegelin 2019; Spelman 2018; Vollmer
2020a).

Setting

One RCT (Komori 2016) and one controlled NRSI (Vollmer 2020a)
originated from the USA, two RCTs originated from the USA and
Canada (Hauser 2008; Hawker 2009), two RCTs originated from
Iran (Cheshmavar 2021; Etemadifar 2019),  six NRSIs originated
from Sweden (Alping 2016; Alping 2020; Boremalm 2019; Granqvist
2018; Luna 2020; Spelman 2018), one NRSI  originated from
Sweden and the USA (Evertsson 2020), one NRSI originated from
Spain (Alcalá 2019), and one NRSI originated from Switzerland and
the Netherlands (Naegelin 2019).

Participants

One RCT (Hauser 2008) and seven NRSIs  (Alcalá 2019;   Alping
2016; Boremalm 2019; Evertsson 2020; Granqvist 2018; Luna 2020;
Spelman 2018) included participants with relapsing MS. Three
of these studies included participants meeting the  definition of
active relapsing MS (Alcalá 2019; Boremalm 2019; Granqvist 2018).
Four RCTs (Cheshmavar 2021; Etemadifar 2019; Hawker 2009;
Komori 2016) and one NRSI (Naegelin 2019) evaluated participants

with progressive MS.  Two of these studies included participants
meeting the definition of active progressive MS (Cheshmavar 2021;
Etemadifar 2019). Two NRSIs included participants as grouped
relapsing and progressive MS (Alping 2020; Vollmer 2020a).

Interventions

One RCT evaluated rituximab as a 'first choice' treatment compared
with placebo (Hawker 2009) and one NRSI evaluated rituximab as
a 'first choice' compared with other DMTs (Granqvist 2018). Two
RCTs evaluated rituximab compared with placebo in participants
who had previously been treated with other DMTs (Hauser 2008;
Komori 2016). Two RCTs (Cheshmavar 2021; Etemadifar 2019)
and nine NRSIs (Alcalá 2019; Alping 2016; Alping 2020; Boremalm
2019; Evertsson 2020; Luna 2020; Naegelin 2019; Spelman 2018;
Vollmer 2020a) evaluated rituximab compared with other DMTs in
participants who had previously been treated with other DMTs. The
majority of the  included studies  administered similar doses of
rituximab.

Outcomes

For a detailed description of outcome measures reported in each
included study, see Characteristics of included studies table.

Three RCTs provided critical and important beneficial outcomes
(Cheshmavar 2021; Hauser 2008; Hawker 2009). We could not
include outcome data from two RCTs. One did not report  any of
our prioritised outcomes (Etemadifar 2019). The other study was
terminated early because an interim analysis on cerebrospinal
fluid showed a  lower-than-expected depletion of intrathecal
B cells and 27 included participants were not followed up
to measure outcomes (Komori 2016). Seven controlled NRSIs
provided outcome data (Alcalá 2019; Alping 2016; Boremalm 2019;
Granqvist 2018; Naegelin 2019; Spelman 2018; Vollmer 2020a).
Three NRSIs did not measure beneficial outcomes (Alping 2020;
Evertsson 2020; Luna 2020). We did not include outcomes from
one NRSI that included 55 participants, 27 of whom received
rituximab because of the critical risk of bias assessed with ROBINS-
I (Alcalá 2019).
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We evaluated  harm outcomes from all included  RCTs. Eight
included NRSIs reported harm outcomes (Alcalá 2019; Alping 2016;
Alping 2020; Boremalm 2019; Evertsson 2020; Granqvist 2018; Luna
2020; Vollmer 2020a).  One study  compared the risk of cancer in
a large population of people with MS treated with diFerent DMTs
(Alping 2020), and one examined the risk of serious infections
associated with DMTs in one large population of people with MS
(Luna 2020). One study did not measure harm outcomes (Spelman
2018), and one study reported the number of participants with
adverse events in the rituximab group only (Naegelin 2019).

Outcome timing

Median outcome timing was 24 months (12 months  from five
studies, 18 months from one study, 24 months from eight studies,
and 36 months from two studies).

Randomised controlled trials

Cheshmavar 2021  randomised 84 participants  with active
secondary progressive MS  into two groups. The rituximab group
received three courses of intravenous infusion of rituximab 1000
mg every six months, and the control group received glatiramer
acetate 40 mg three times per week through subcutaneous
injection. Timing of outcome assessments was 12 months.

Etemadifar 2019  randomised 80 participants with active
secondary progressive MS  into two groups.  The rituximab group
received intravenous infusion of rituximab 1000 mg repeated aVer
two weeks, and then every six months with the same dosage if
there was an increase in CD19 and CD20 levels, and the control
group received intravenous pulse of cyclophosphamide 1000 mg
every month until two years. Timing of outcome assessments was
24 months.

Hauser 2008  randomised 104 participants with relapsing MS into
two groups.  The rituximab group received  a single course of
intravenous infusion of rituximab 1000 mg on days one and 15,
and the control group received  a single course of intravenous
infusion of placebo 1000 mg on days one and 15. Timing of outcome
assessments were 24 and 48 weeks.

Hawker 2009  randomised 439 participants with primary
progressive MS into two groups. The rituximab group received four
courses of two intravenous infusion of  rituximab 1000 mg each,
two weeks apart, and the control group received  four courses of
two intravenous infusion of placebo 1000 mg each, two weeks
apart. Sixty-five percent of participants had no prior treatment with
DMTs.  Timing of beneficial outcome assessments was 96 weeks.
Adverse events were monitored until 122 weeks.

Komori 2016  randomised 27 participants with secondary
progressive MS  into two groups.  The rituximab group received
intrathecal injection of rituximab 25 mg (1:1 dilution in normal
saline) followed by intravenous infusion of rituximab 200 mg at day
0 and 15, and 25 mg of intrathecal rituximab at months 1.5 and 12.
The control group received intrathecal and intravenous placebo at
month zero, followed by additional intravenous placebo at month
0.5 and another dose of intrathecal placebo at months 1.5 and
12. Timing of outcome assessments was 24 months.

Controlled non-randomised studies of interventions

Alcalá 2019  (the Grup d'Investigació i Tractament de l'Esclerosi
Múltiple (GITEM) register)  conducted a multicentre cohort

study  that retrospectively compared 28 participants with active
relapsing MS, who switched  from fingolimod to alemtuzumab,
administered daily intravenously on five consecutive days at
month zero, and on three consecutive days at month 12,  with
27 participants with active relapsing MS, who switched  from
fingolimod to intravenous infusion of rituximab 1000 mg on day one
and day 15. For maintenance, an isolated dose of rituximab 1000
mg was administrated when the percentage of total CD19 cells was
2% or more. Timing of outcome assessments was 12 months.

Alping 2016  conducted a multicentre cohort study, based
on  the Swedish MS register, that retrospectively compared 114
participants with relapsing MS  who switched from natalizumab,
due to John Cunningham (JC) virus antibody positivity, to
rituximab or fingolimod. Participants who received intravenous
infusions of rituximab 500 mg or 1000 mg every six months were
compared to participants who received oral administration of
fingolimod 0.5 mg once daily. Authors adjusted for confounding
factors, including sex, age, time receiving natalizumab, washout
time, baseline EDSS, follow-up time, and study centre. Timing of
outcome assessments was 18 months.

Alping 2020  conducted a nationwide register-based cohort
study, linking  data from the Swedish MS register to the
Swedish Cancer register and other national healthcare and census
registers. Primary outcome was time to first invasive cancer. The
study included 4187 first-ever initiations of  rituximab, 1620 of
fingolimod, and 1670 of natalizumab in 6136 people with MS
matched for age, sex, and location to 37,801 people from a general
population without MS.

Boremalm 2019  conducted a multicentre cohort study, based
on  the Swedish MS register, that retrospectively compared  241
participants with active relapsing MS who switched from interferon
beta or glatiramer acetate, due to treatment failure, to rituximab or
natalizumab or fingolimod. Participants who received intravenous
infusions of rituximab 500 mg or 1000 mg every six months were
compared to participants who received  intravenous infusions  of
natalizumab  300 mg every four weeks and to participants
who received oral administration of fingolimod 0.5 mg once
daily.  Authors adjusted for confounding factors, including sex,
age at inclusion,  duration of MS since debut, time receiving last
DMT before switch,  time from disease activity to switch,  EDSS
at baseline,  and centre.  Timing of outcome assessments was 24
months.

Evertsson 2020  conducted a multicentre cohort study, based
on  the Swedish MS register and the Rocky Mountain MS Clinic
database, that retrospectively compared 472 people with relapsing
MS.  Participants who received a single intravenous infusion of
rituximab 500 mg or 1000 mg followed by a single infusion of 500
mg every five to seven months were compared to participants who
received two intravenous infusions of ocrelizumab  300 mg  two
weeks apart followed by a single infusion of 600 mg every five to
seven months. Timing of outcome assessments was 12 months.

Granqvist 2018  conducted a propensity score-matched cohort
study,  based on  the Swedish MS register, that  retrospectively
compared 488 participants with active relapsing MS who received
a 'first choice' treatment of rituximab, interferon beta or glatiramer
acetate, dimethyl fumarate, fingolimod, or natalizumab. The
rituximab group received intravenous infusions of 500 or 1000 mg
every six months. The interferon beta or glatiramer acetate group
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received  subcutaneous injection of interferon beta 1b 0.25 mg
every other day, intramuscular injection of interferon beta 1a 0.03
mg once per week,  subcutaneous injection of interferon  beta 1a
0.022 mg or 0.044 mg once per week, or subcutaneous injection
of glatiramer acetate 20 mg daily. The  dimethyl fumarate group
received  oral administration of dimethyl fumarate 120 mg once
daily for seven days tapered upwards to 240 mg twice a day.
The  fingolimod group received oral administration of  fingolimod
0.5 mg once daily. The natalizumab group received  intravenous
infusions of natalizumab 300 mg every 4 weeks. Matching criteria
included  age, sex, baseline EDSS score, MS duration aVer debut
and diagnosis, relapse in the year before treatment initiation,
region, and follow-up time. Timing of outcome assessments was 24
months.

Luna 2020  conducted a  nationwide register-based cohort study
linking  the Swedish MS register to  national healthcare and
census registries using the national personal identity number.
Primary outcome was serious infections that were defined as all
infections resulting in  hospitalisations.  The study included  6421
participants with relapsing MS who initiated treatment with
rituximab (3260 participants),  interferon beta or glatiramer
acetate (2217 participants),  fingolimod (1535 participants),
and  natalizumab (1588 participants).  HRs were adjusted for age,
sex, educational level, country of birth, sick leave, disability
pension, hospitalisations in the previous five years, history of
infections, cancer, antidepressant use, antipsychotic use, major
adverse cardiovascular events, arrhythmia, year of treatment start,
region of treating clinic, relapses last year, MS duration, EDSS,
MS Impact Scale-29, EuroQol 5-Dimension scale, and Symbol Digit
Modalities test.

Naegelin 2019  conducted a multicentre case-control study  that
retrospectively compared 44 participants with secondary
progressive MS who were treated with rituximab at two MS centres
in Basel and Lugano, Switzerland, to 44 participants with secondary
progressive MS, who were never treated with rituximab and were
recruited from two cohorts, one at the MS centre in Basel and one at
the MS centre in Amsterdam, the Netherlands. Timing of outcome
assessments was 36 months. Doses of rituximab were not reported
and the control group had never been treated with rituximab.

Spelman 2018  conducted  a propensity score-matched
cohort nationwide study based on the Swedish MS register between
April 2005 and November 2015. Authors retrospectively compared
461 participants with relapsing MS, who switched from previous
DMTs to rituximab, with 922 participants with relapsing MS who
switched from previous DMTs to interferon-beta or glatiramer
acetate. The rituximab group received intravenous infusions of 500
mg or 1000 mg every six months. The interferon beta or glatiramer
acetate group received subcutaneous injection of interferon beta
1b 0.25 mg every other day, intramuscular injection of interferon
beta 1a 0.03 mg once per week, subcutaneous injection of
interferon  beta 1a 0.022 mg or 0.044 mg once per week, or
subcutaneous injection of glatiramer acetate 20 mg daily. Matching
criteria included sex, age, EDSS and disease duration at baseline,
number of prebaseline DMT starts, proportion of disease duration
on treatment, the number of DMT starts as a proportion of disease
duration, relapse activity in the 12- and 24-months prebaseline, the
index year of the DMT start, and the number of assessments per year
of follow-up. Timing of outcome assessments was 24 months.

Vollmer 2020a  conducted a single-centre  cohort study  that
retrospectively compared 1246 participants with all types of
MS who received rituximab, fingolimod, dimethyl fumarate, or
natalizumab. The rituximab group (182 participants) received
an induction dose of intravenous infusions of 1000 mg at day
one and day 14, and 500 mg every six months. Doses  and
frequency of fingolimod (271 participants), dimethyl fumarate (342
participants), natalizumab (451 participants) were not reported.
The study controlled for confounding through statistical analyses
for the primary outcome, a composite measure consisting of
clinical relapse, gadolinium-positive lesions, or new T2 lesions on
follow-up MRI. However, authors reported only unadjusted data
for relapse and MRI lesions that were our predefined outcomes of
interest. Timing of outcome assessments was 24 months.

Excluded studies

We excluded 63 studies that did not match our inclusion criteria.
The Characteristics of excluded studies  table provides details on
these studies.

• FiVy-one studies  were of ineligible design:  39  were  before-
aVer (pre–post) studies, cross-sectional studies, or case series
with no control group (Airas 2020; Alcalá 2018; Alldredge
2018; Alvarez 2015; Bar-Or 2008; Bellinvia 2020; Bergman 2018;
Bhargava 2019; Boremalm 2021; Cross  2012; D'Amico 2019;
Das 2018; de Flon 2016; Disanto 2021; Dunn 2018; Durozard
2019; Ellrichmann 2019; EUCTR2013-002378-26; Hellgren 2020;
Kuempfel 2019; Leonidou 2019; Maarouf 2020; Malucchi 2016;
Mathew 2020; Mazdeh 2020; Midaglia 2020; Naismith 2010;
Naser Moghadasi 2019; Nielsen 2012; Sahraian 2020; Salzer
2016; Schwake 2020; Shima 2020; Topping 2016; Tsao 2019; Wolf
2019; Yamout 2018; Zecca 2020; Zhovtis Ryerson 2018); 11 were
retrospective cohort studies with no control group (Barmettler
2018; Barra 2016; Berntsson 2018; Boström 2016; Brown 2011;
Ciplea 2020; Juto 2020; Persson 2020; Smith 2020; Torgauten
2021; Vollmer 2020b); and one study investigated the adverse
events of rituximab reported to the FDA Adverse Event Reporting
Database (Caldito 2021).

• Nine studies were of ineligible intervention:  five  studies did
not compare rituximab with other DMTs (Hallberg 2019;
He 2020; Langer-Gould 2018; Langer-Gould 2020; Wijnands
2018);  one study investigated rituximab as an induction
treatment followed by glatiramer acetate in all participants
(Honce 2019); one study investigated switching from rituximab
to ocrelizumab (NCT02980042);  one study evaluated diFerent
doses of rituximab with no control group (NCT03979456); and
one study investigated women who suspended rituximab and
natalizumab before conception (Razaz 2020).

• Two studies  reported  outcomes that were not relevant.  One
reported only the JC antibody titres (Gottesman  2017), and
the other study reported only "evidence of disease activity
(EDA)" (Scotti 2018).

• One study was in abstract form only (Langer-Gould 2019). We
wrote to the authors asking for additional data, but received
no reply (Filippini 2021d). This was a retrospective multicentre
cohort study conducted in the USA (Kaiser Permanent Southern
California, KPSC) and Sweden.  The KPSC cohort included
1175 people with MS treated with rituximab compared with
glatiramer acetate. The Swedish cohort included 3165 people
with MS treated with rituximab compared with fingolimod.
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Studies awaiting assessment

We kept three eligible studies  under 'awaiting classification'
because their data were only available in abstract form (Berrios
Morales 2016; Frisell  2019; Kalincik  2019).  SuFicient information
was not available on study design, characteristics of participants,
interventions, and outcomes.  We will include the studies  in the
update of this review.

Ongoing studies

We identified 14 ongoing studies. Eleven are RCTs
(EUCTR2017-000426-35-AT; EUCTR2020-002981-15-DK;
IRCT20130812014333N125; NCT02545959; NCT02746744;
NCT03315923; NCT03500328; NCT03535298; NCT04047628;
NCT04121403; NCT04578639). One study is expected to be
completed in August 2021, and plans to evaluate 200 participants
(NCT02746744). Three large RCTs are planned for completion in
2023: NCT03500328 with 900 participants; NCT03535298 with 800
participants; and NCT04121403 with 264 participants. One RCT is

planned for completion in 2025 (NCT04578639), and two RCTs in
2028 (EUCTR2020-002981-15-DK; NCT04047628). Another three
RCTs are reported as completed in the study registries, but results
are not published yet (IRCT20130812014333N125; NCT02545959;
NCT03315923). The prospective completion date was not
available for one RCT (EUCTR2017-000426-35-AT). Two ongoing
NRSIs are planned for completion in 2022: NCT03193866 with 3526
participants from the Swedish registry, and NCT04283747 with 170
participants. One NRSI did not report the prospective completion
date. The Characteristics of ongoing studies table provides
details on these studies.

Risk of bias in included studies

Risk of bias in randomised controlled trials

We assessed risk of bias of the included RCTs using the Cochrane
Collaboration’s tool for assessing risk of bias (Higgins 2017). We
rated the overall risk of bias to be unclear for  Hawker 2009  and
high for the other four included RCTs (Cheshmavar 2021; Etemadifar
2019; Hauser 2008; Komori 2016) (see Figure 2; Figure 3).

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included randomised controlled trials.

 
 

Rituximab for people with multiple sclerosis (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

24



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included
randomised controlled trial.

 
Allocation

We assessed this domain on a study level. All included studies
were judged to be at low risk of selection bias for the domain
of random sequence generation. We judged the risk of bias
coming from the randomisation process to be of some concern
for Hauser 2008 and Hawker 2009 because the authors provided no
information on whether the allocation was concealed. Allocation
was not concealed in the other three RCTs (Cheshmavar 2021;
Etemadifar 2019; Komori 2016). Therefore, we judged risk of bias for
this domain and these studies to be high.

Blinding

Participants were aware of the assigned intervention
in  Cheshmavar 2021  and  Etemadifar 2019.  Therefore, we judged
risk for performance bias for these  studies  to be high. The other
three RCTs provided no information on whether placebo infusion
was indistinguishable from rituximab infusion in terms of taste,
appearance, and duration of infusion (Hauser 2008; Hawker 2009;
Komori 2016). Therefore, we judged risk for performance bias and
these studies to be of some concern.

We judged risk for detection bias for all outcomes  to be low
for  Cheshmavar 2021,  Hauser 2008,  and  Hawker 2009,  because
assessment of outcomes was performed by an investigator
who was blinded to the study group;  to be  of some concern
for  Komori 2016,  because  the authors provided no information
on whether the assessment of outcomes was blinded; and to
be high for Etemadifar 2019, because the comparison treatments

(rituximab and cyclophosphamide) diFered in the frequencies of
administration and clinical examinations, every six months for the
rituximab group and monthly for the cyclophosphamide group.

Incomplete outcome data

We judged risk of bias for missing outcome data to be low for all the
outcomes in Cheshmavar 2021 and Hawker 2009, because outcome
data were available for all participants. We judged attrition bias to
be high in Etemadifar 2019, Hauser 2008, and Komori 2016, because
numbers and causes of dropouts are not balanced between
comparison groups (i.e. presence of a significant diFerence) and
appeared to be related to the outcomes.

Selective reporting

We judged the risk of reporting bias to be low for all the outcomes
in Cheshmavar 2021, Hauser 2008, Hawker 2009, and Komori 2016,
because all these studies reported results in accordance with their
published protocols (NCT03315923; NCT00097188; NCT00087529;
NCT01212094). We judged reporting bias to be of some concern
for Etemadifar 2019, because its study protocol was not available.

Other potential sources of bias

We judged the included RCTs to be at low risk of other bias
except  Komori 2016. We  judged this study at high risk of other
bias because the authors terminated the study prematurely based
on an interim analysis on cerebrospinal fluid biomarkers and
participants were not followed up to measure clinical outcomes.
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Risk of bias in controlled non-randomised studies of
interventions

We assessed the risk of bias for the NRSIs using the ROBINS-I
tool (Sterne 2016). We present the full judgement per study and

outcomes, including the support for judgement in Appendix 2; and
the risk of bias summaries in Figure 4 and Figure 5.

 

Figure 4.   ROBINS-I summary: review authors' judgements about each risk of bias item for each included non-
randomised study and for outcomes assessed to estimate the "e>ect of assignment to the intervention" (including
disability worsening, relapses, treatment discontinuation due to adverse events, T1 and T2 magnetic resonance
imaging lesions). Note: two studies did not report the outcomes and were not included in the figure (Alping 2020;
Luna 2020).
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Figure 5.   ROBINS-I summary: review authors' judgments about each risk of bias item for each included non-
randomised study and for outcomes assessed to estimate the "e>ect of adherence to the intervention" (including
serious adverse events and further adverse events). Note: two studies did not report the outcomes and were not
included in the figure (Naegelin 2019; Spelman 2018).

 
Overall bias

Overall, we rated the risk of bias for outcomes assessed to estimate
the 'eFect of assignment to the intervention' (including disability
worsening, recurrence of relapse, treatment discontinuation due
to adverse events, new or enlarging T2-weighted MRI lesions;
and new gadolinium-enhancing positive T1-weighted MRI lesions)
to be critical in one study (Alcalá 2019), serious in four studies
(Evertsson 2020; Naegelin 2019; Spelman 2018; Vollmer 2020a), and
moderate in three studies (Alping 2016; Boremalm 2019; Granqvist
2018). Alping 2020 assessed the risk of cancer in a large population
of people with MS treated with rituximab or other DMTs and did
not report those outcomes. Luna 2020 examined the risk of serious
infections associated with rituximab or other DMTs and did not
report those outcomes.

We  rated the risk of bias for outcomes assessed to estimate the
'eFect of adherence to the intervention' (including SAEs and further

adverse events) to be critical in one study (Alcalá 2019); serious
in one study (Evertsson 2020); and moderate in six studies (Alping
2016; Alping 2020; Boremalm 2019; Granqvist 2018; Luna 2020;
Vollmer 2020a). Assessment of risk of bias for SAEs and further
adverse events was not applicable in two studies (Naegelin 2019;
Spelman 2018).  Naegelin 2019  reported common infections for
the rituximab group only and did not report any other adverse
events; Spelman 2018 did not report adverse events.

Bias due to confounding

We judged the risk of bias to be moderate in five studies for
outcomes assessed to estimate the 'eFect of assignment to the
intervention' because the authors adjusted for most important
confounding factors.  Alping 2016  adjusted for the continuous
variables age at inclusion, time receiving previous natalizumab
treatment, and washout time, and the categorical variables sex,
baseline EDSS, and study centre. MRI outcome was adjusted also
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for  follow-up time.  Boremalm 2019  adjusted for the continuous
variables age at inclusion, MS duration since debut, EDSS at
baseline, time receiving last DMT before switch, and time from
disease activity to switch, and the categorical variables sex and
centre (except for discontinuation of therapy because treatment
allocation correlated to centre and too few had interrupted RTX
treatment).  Granqvist 2018  adjusted for  age at inclusion,  sex,
baseline EDSS score, MS duration aVer debut and diagnosis, relapse
in the year before treatment initiation, region, and follow-up
time.  Propensity scores were estimated for each DMT group in
comparison with rituximab. Naegelin 2019 matched their groups by
propensity scores based on sex, age, EDSS score, and MS duration
at baseline.  Spelman 2018  matched their groups by propensity
scores based on sex, age, EDSS and disease duration at baseline,
number of prebaseline DMTs start, the proportion of disease
duration on treatment, the number of DMT starts as a proportion
of disease duration, relapse activity in the 12- and 24-months
prebaseline, the index year of the DMT start, and the number of
assessments per year of follow-up. We judged the risk of bias due
to confounding to be serious in three studies. Alcalá 2019 did not
adjust for any confounding factors; Evertsson 2020 did not adjust
for important confounding factors, including  baseline EDSS,  MS
duration,  and study centre;  Vollmer 2020a  reported  unadjusted
outcomes (relapse and MRI lesions).

We judged the risk of bias to estimate the 'eFect of adherence
to the intervention' to be moderate in six studies for SAEs and
further adverse events (Alping 2016; Alping 2020; Boremalm 2019;
Granqvist 2018; Luna 2020; Vollmer 2020a). We judged two studies
at serious risk of bias (Alcalá 2019; Evertsson 2020).

Bias in selection of participants into the study

We judged the risk of bias to be low for  Alping 2016,  Boremalm
2019,  and  Granqvist 2018  for outcomes assessed to estimate
the 'eFect of assignment to the intervention'.  In these studies,
participants were identified through the web-based national
Swedish MS registry and the number of participants excluded due
to insuFicient follow-up or compliance was low (1.7% in  Alping
2016,  2.8% in  Boremalm 2019, and 0.5% in  Granqvist 2018). We
judged two studies at moderate risk of bias. In Spelman 2018, the
selection of participants into the study may have been related to
intervention and outcome, but the study authors used appropriate
methods to adjust for the selection bias. In  Vollmer 2020a,  the
source population was all participants with MS who initiated
intervention in a single centre. We judged three studies at serious
risk of bias. In Alcalá 2019, an immortal time bias occurred and the
authors did not adjust for the selection bias. In Evertsson 2020, the
selection of participants into the study was based on characteristic
of participants aVer the start of interventions and the authors did
not adjust for the selection bias. In Naegelin 2019, selection of the
participants into the study was likely related to interventions and
outcome.

We judged the risk of bias to estimate the 'eFect of adherence to the
intervention' to be low in four studies for SAEs and further adverse
events (Alping 2016; Alping 2020; Boremalm 2019; Granqvist 2018),
moderate in two studies (Luna 2020; Vollmer 2020a), and serious in
two studies (Alcalá 2019; Evertsson 2020).

Bias in classification of interventions

We judged the risk of bias to be moderate in seven studies
for outcomes assessed to estimate the 'eFect of assignment

to the intervention' (Alping 2016; Boremalm 2019; Evertsson
2020; Granqvist 2018; Naegelin 2019; Spelman 2018; Vollmer
2020a); despite  these studies collecting retrospective clinical
data, the intervention and comparison groups were defined. We
judged  Alcalá 2019  at serious risk of bias because authors did
not report dose, frequency, or intensity of the intervention in the
comparison group.

We judged the risk of bias to estimate the 'eFect of adherence to
the intervention' to be moderate in seven studies for SAEs and
further adverse events (Alping 2016; Alping 2020; Boremalm 2019;
Evertsson 2020; Granqvist 2018; Luna 2020; Vollmer 2020a), and
serious for Alcalá 2019.

Bias due to deviations from intended interventions

We judged the risk of bias for outcomes assessed to estimate the
'eFect of assignment to the intervention' to be low in all included
studies because deviations from intended intervention were part of
usual practice.

We judged the risk of bias to estimate the 'eFect of adherence to
the intervention' to be unclear in seven studies for SAEs and further
adverse events (Alcalá 2019; Alping 2016; Alping 2020; Boremalm
2019; Evertsson 2020; Granqvist 2018; Vollmer 2020a).  These
studies did not report any information on whether there was
deviation from the intended intervention.

Bias due to missing data

We judged the risk of bias to be low in seven studies for
outcomes assessed to estimate the 'eFect of assignment to the
intervention',  because results  were  reasonably  complete (Alcalá
2019; Alping 2016; Boremalm 2019; Evertsson 2020; Granqvist
2018; Naegelin 2019; Vollmer 2020a). We judged Spelman 2018 at
serious risk of bias because the authors reported  disability
worsening for 70% of participants in the rituximab group and 58%
of participants in the comparison group.

We judged the risk of bias to estimate the 'eFect of adherence to the
intervention' to be low in seven studies for SAEs and further adverse
events (Alcalá 2019; Alping 2016; Alping 2020; Boremalm 2019;
Evertsson 2020; Granqvist 2018; Vollmer 2020a), and moderate
for Luna 2020 because the authors applied multiple imputation to
account for missing data.

Bias in measurement of outcomes

We judged the risk of bias to be moderate in  seven studies
for  outcomes assessed to estimate the 'eFect of assignment to
the intervention' because outcome assessors were not blinded to
the intervention and geographical imbalances in the recording of
outcomes may have been, given the lack of formal study visits
(Alping 2016;   Boremalm 2019; Evertsson 2020; Granqvist 2018;
Naegelin 2019; Spelman 2018; Vollmer 2020a). We judged  Alcalá
2019  at serious risk of bias  because outcome assessors were
aware of the intervention assigned, and the methods of outcome
assessment were not comparable across the intervention groups.

We judged the risk of bias to estimate the 'eFect of adherence
to the intervention' to be low in one study for  SAEs and further
adverse events because outcomes were identified in the Swedish
national cancer register  and cancers occurring at any time aVer
treatment were considered events (Alping 2020). We judged the risk
of bias to be moderate in six studies for SAEs and further adverse
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events (Alping 2016; Boremalm 2019; Evertsson 2020; Luna 2020;
Granqvist 2018; Vollmer 2020a), and serious in Alcalá 2019 because
outcome assessors were aware of the intervention assigned, and
the methods of outcome assessment were not comparable across
the intervention groups.

Bias in selection of the reported results

We judged the risk of bias to be low in seven studies for outcomes
assessed to estimate the 'eFect of assignment to the
intervention' because the authors reported outcome measures
that corresponded to all intended outcomes reported in the
methods section of their articles  (Alping 2016;   Boremalm 2019;
Evertsson 2020; Granqvist 2018; Naegelin 2019; Spelman 2018;
Vollmer 2020a). We judged the risk of bias to be serious for Alcalá
2019, because outcomes were reported in diFerent ways in the
methods and results sections of the article.

We judged the risk of bias to estimate the 'eFect of adherence to the
intervention' to be low in seven studies for SAEs and further adverse
events (Alping 2016; Alping 2020;  Boremalm 2019; Evertsson 2020;
Granqvist 2018; Luna 2020; Vollmer 2020a), and serious for Alcalá
2019.

E>ects of interventions

See: Summary of findings 1 Rituximab as 'first choice' versus
other disease-modifying treatments for relapsing multiple sclerosis
– results from non-randomised studies of intervention; Summary
of findings 2 Rituximab as 'first choice'  versus placebo for
progressive multiple sclerosis – results from randomised controlled
trials; Summary of findings 3 Rituximab as 'switching' versus
placebo for relapsing multiple sclerosis – results from randomised
controlled trials; Summary of findings 4 Rituximab as 'switching'
versus other disease-modifying treatments for relapsing multiple
sclerosis – results from non-randomised studies of intervention

We reported here the results of critical outcomes and important
outcomes that we prioritised for presentation in the  Summary
of findings 1  and  the  Summary of findings 4. We also reported
additional important outcomes. We presented the results for
rituximab as 'first choice' and as 'switching', and ordered them by
type of MS (relapsing or progressive), comparison (placebo or other
DMT), and then by study design (RCT or NRSI).

In Table 2, we reported the other results that we have not presented
in the summary of findings tables. In Table 3, we included a simple
PICOS (Population, Intervention, Comparison, Outcomes, Study)
table to briefly 'map' out the current evidence identified by our
review.

Rituximab as 'first choice' versus placebo for relapsing
multiple sclerosis

None of the included studies assessed rituximab as 'first choice'
versus placebo for relapsing MS.

Rituximab as 'first choice' versus other disease-modifying
treatments for relapsing multiple sclerosis

In  Summary of findings 1,  we provided a summary of the eFect
estimates of rituximab as 'first choice' treatment versus other DMTs
for relapsing MS for critical and prioritised important outcomes, the
certainty of NRSI evidence for each comparison, and reasons for
downgrading it.

Randomised controlled trials

None of the included RCTs assessed rituximab as 'first choice'
versus other DMTs for relapsing MS.

Controlled non-randomised studies of interventions 

One retrospective multicentre  cohort study compared 488
participants with newly diagnosed active relapsing MS who started
their first treatment with rituximab (120 participants), interferon
beta or glatiramer acetate (215 participants), dimethyl fumarate
(86 participants), fingolimod (17 participants), or natalizumab (50
participants) (Granqvist 2018; the Swedish MS Register).

Critical outcomes

Disability worsening: the study did not measure the outcome.

Recurrence of relapses over 24 months: rituximab reduced the
number of participants who had relapses when compared with the
following agents (Analysis 1.1):

• moderate-certainty evidence for comparison with  interferon
beta or glatiramer acetate (HR 0.14, 95% CI 0.05 to 0.39; 1 NRSI,
335 participants); the absolute eFect was 227 fewer people (95%
CI 254 fewer to 154 fewer) per 1000 people having relapses with
rituximab;

• low-certainty evidence for comparison with dimethyl fumarate
(HR 0.29, 95% CI 0.08 to 1.00; 1 NRSI, 206 participants); the
absolute eFect was 84 fewer people (95% CI 110 fewer to 0 fewer)
per 1000 people having relapses with rituximab;

• low-certainty evidence for comparison with natalizumab (HR
0.24, 95% CI 0.06 to 1.00; 1 NRSI, 170 participants); the absolute
eFect was 148 fewer people (95% CI 187 fewer to 0 fewer) per
1000 people having relapses with rituximab;

• very low-certainty evidence for comparison with fingolimod (HR
0.26, 95% CI 0.04 to 1.69; 1 NRSI, 137 participants).

SAEs: the study did not measure the outcome.

Important prioritised outcomes 

Quality of life, common infections, cancer: the study did not measure
these outcomes.

Mortality over 24 months:  the study  reported no deaths in any
comparison group over 24 months' follow-up. Death related to
adverse events was defined as grade 5 adverse events in the
Common Terminology Criteria for Adverse Events (CTCAE).

Additional important outcomes

New gadolinium-positive  MRI lesions over 24 months: rituximab
probably resulted in a reduction in the number of participants who
had new gadolinium-positive MRI lesions when compared with the
following agents (Analysis 1.2):

• moderate-certainty evidence for comparison with  interferon
beta or glatiramer acetate (OR 0.10, 95% CI 0.02 to 0.43; 1 NRSI,
263 participants); the absolute eFect was 150 fewer people
(95% CI 166 fewer to 89 fewer) per 1000 people having new
gadolinium-positive MRI lesions with rituximab;

• moderate-certainty evidence for comparison with dimethyl
fumarate (OR 0.12, 95% CI 0.02 to 0.59; 1 NRSI, 177 participants);
the absolute eFect was 130 fewer people (95% CI 147 fewer to
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56 fewer) per 1000 people having new gadolinium-positive MRI
lesions with rituximab;

• the evidence was very uncertain for comparison with
natalizumab (OR 0.12, 95% CI  0.01 to 1.11; 1 NRSI, 147
participants) and with fingolimod (OR 0.33, 95% CI 0.01 to 10.00;
1 NRSI, 119 participants).

Treatment discontinuation due to adverse events over 24 months:
the number of participants who discontinued initial treatment with
rituximab was lower than that observed in participants treated with
the following agents (Analysis 1.3):

• moderate-certainty evidence for comparison with  interferon
beta or glatiramer acetate (OR 0.02, 95% CI 0.00 to 0.16; 1 NRSI,
335 participants); the absolute eFect was 271 fewer people (95%
CI 275 fewer to 221 fewer) per 1000 people who discontinued
rituximab;

• moderate-certainty evidence for comparison with dimethyl
fumarate (OR 0.05, 95% CI 0.01 to 0.41; 1 NRSI, 206 participants);
the absolute eFect was 131 fewer people (95% CI 138 fewer to 77
fewer) per 1000 people who discontinued rituximab;

• low-certainty evidence for comparison with natalizumab (OR
0.20, 95% CI 0.02 to 2.28; 1 NRSI, 170 participants) and
with fingolimod (OR  0.04, 95% CI 0.00  to  0.40; 1 NRSI, 137
participants).

Grade 3 and grade 4 adverse events over 24 months: the events
were few and the evidence was uncertain about the number of
participants who had grade 3 and grade 4 adverse events with
rituximab when compared with the following agents:

• very low-certainty evidence for comparison with interferon beta
or glatiramer acetate (OR 0.89, 95% CI 0.26 to 3.03; 1 NRSI, 335
participants), dimethyl fumarate (OR 2.93, 95% CI 0.32 to 26.69;
1 NRSI, 206 participants), natalizumab (OR 0.40, 95% CI 0.10 to
1.65; 1 NRSI, 170 participants), or fingolimod (OR 1.35, 0.07 to
26.21; 1 NRSI, 137 participants) (Analysis 1.4).

Rituximab as 'first choice' versus placebo for progressive
multiple sclerosis

In  Summary of findings 2,  we provided a summary of the eFect
estimates of rituximab as 'first choice' treatment versus placebo
for primary progressive MS for critical and prioritised important
outcomes, the certainty of evidence, and reasons for downgrading
it.

Randomised controlled trials

One RCT compared rituximab with placebo in 439 participants
(65% treatment-naive) with primary progressive MS (Hawker 2009).
None of the included RCTs assessed rituximab as 'first choice' in
secondary progressive MS.

Critical outcomes

Disability worsening over 24 months: rituximab likely resulted in
little to no diFerence in the number of participants who had
disability worsening over 24 months compared with placebo (OR
0.71, 95% CI 0.45 to 1.11; 1 RCT, 439 participants; moderate-
certainty evidence); the absolute eFect was 75 fewer people
(95% CI 158 fewer to 24 more) per 1000 people having disability
worsening with rituximab (Analysis 2.1).  Hawker 2009  reported
that time to disability worsening was delayed in rituximab-treated

progressive MS with gadolinium-positive MRI lesions (HR 0.41; P =
0.007), and people aged less than 51 years with gadolinium-positive
MRI lesions (HR 0.33; P = 0.009) compared with placebo.

Recurrence of relapses over 24 months: rituximab may have resulted
in little to no diFerence in recurrence of relapses when compared
with placebo (OR 0.60, 95% CI 0.18 to 1.99; 1 RCT, 439 participants;
low-certainty evidence; Analysis 2.2).

SAEs over 24 months: rituximab may have resulted in little to
no diFerence in the number of participants who had SAEs (OR
1.25, 95% CI 0.71 to 2.20; 1 RCT, 439 participants; low-certainty
evidence; Analysis 2.3).

Important prioritised outcomes 

Quality of life: the study did not report the outcome.

Common infections over 24 months: rituximab may have resulted
in little to no diFerence in the number of participants who had
common infections compared with placebo (OR 1.14, 95% CI 0.75
to 1.73; 1 RCT, 438 participants; low-certainty evidence;  Analysis
2.4). Infections reported in more than 10% of either group
included upper respiratory infections, urinary tract infections, and
nasopharyngitis (Hawker 2009).

Cancer over 24 months: the evidence was uncertain (OR 0.50,
95% CI 0.07 to 3.59; 1 RCT, 438 participants; low-certainty
evidence; Analysis 2.5). Hawker 2009 reported that one participant
had breast cancer and one had adenocarcinoma in the rituximab
group, and one participant had parathyroid tumour and one had
prostate cancer in the placebo group.

Mortality over 24 months: the evidence was uncertain (OR 0.25,
95% CI 0.02 to 2.77; 1 RCT, 438 participants; low-certainty
evidence;  Analysis 2.6).  Hawker 2009  reported that three deaths
occurred. One participant with a history of  brainstem lesions
and aspiration received two infusions of rituximab and withdrew
early from the study aVer contracting  pneumonia; he was
subsequently hospitalised multiple times for recurrent aspiration
and died approximately 10 weeks aVer the initial event. Two
participants  receiving placebo died; one had cardiopulmonary
failure during the study, and the other contracted pneumonia and
died aVer withdrawing from the trial.

Additional important outcomes

Treatment discontinuation due to adverse events over 24 months:
the number of participants who discontinued initial treatment with
rituximab was higher than that observed in participants assigned
to placebo, but the 95% CIs were large,  so our confidence in the
estimate was very limited (OR 4.64, 95% CI 0.58 to 37.00; 1 RCT, 439
participants; Analysis 2.7).

Grade 3 and grade 4 adverse events over 24 months: there was
no eFect of rituximab compared with placebo; however, the
evidence was uncertain (OR 1.10, 95% CI 0.73 to 1.66; 1 RCT, 439
participants; Analysis 2.8).

Infusion-related reactions: rituximab increased the number of
participants who had infusion reactions within 24 hours aVer the
first infusion (OR 6.79, 95% CI 4.31 to 10.69; 1 RCT, participants
439;  Analysis 2.9), and aVer the second infusion (OR 1.66, 95%
CI 0.98 to 2.82; 1 RCT, 439 participants;  Analysis 2.10) compared
with placebo. Infusion reactions decreased to rates comparable to
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placebo on successive courses. At week 74, reactions were lower in
the rituximab group (4.9%) compared to placebo (7.2%). Infusion-
associated adverse events were primarily mild to moderate in
severity. Seventeen (3.9%) participants reported grade 3 infusion-
associated events.  There were no grade 4 infusion-associated
events (Hawker 2009).

Controlled non-randomised studies of interventions 

None of the included NRSIs assessed rituximab as 'first choice'
versus placebo for progressive MS.

Rituximab as 'first choice' versus other DMTs for progressive
multiple sclerosis

None of the included studies assessed rituximab as 'first choice'
versus other DMTs for progressive MS.

Rituximab as 'switching' versus placebo for relapsing multiple
sclerosis

In  Summary of findings 3, we provided a summary of the eFect
estimates of rituximab as 'switching' versus placebo for relapsing
MS for our prioritised critical and important outcomes, the certainty
of evidence, and reasons for downgrading it.

Randomised controlled trials

One RCT included 104 participants with relapsing MS and compared
rituximab as 'switching' with placebo (Hauser 2008).

Critical outcomes

Disability worsening: the study did not report the outcome.

Recurrence of relapses over 12 months: rituximab may have
decreased the number of participants who had relapses compared
with placebo (OR 0.38, 95% CI 0.16 to 0.93; 1 RCT, 104 participants;
low-certainty evidence); the absolute eFect was 198 fewer people
(95% CI 304 fewer to 17 fewer) per 1000 people having relapses with
rituximab (Analysis 3.1).

SAEs over 12 months: the evidence was very uncertain (OR
0.90, 95% CI 0.28 to 2.92; 1 RCT, 104 participants; very low-certainty
evidence; Analysis 3.2).

Important prioritised outcomes 

Quality of life: the study did not report the outcome.

Common infections over 12 months: the evidence was very uncertain
(OR 0.91,  95% CI 0.37 to 2.24; 1 RCT, 104 participants; very low-
certainty evidence; Analysis 3.3).

Cancer over 12 months: the evidence was very uncertain (OR
1.55,  95% CI 0.06 to 39.15; 1 RCT, 104 participants; very low-
certainty evidence; Analysis 3.4). Hauser 2008 reported one person
with a malignant thyroid neoplasm in the rituximab group and no
cancer in the placebo group.

Mortality over 24 months:  the evidence was very uncertain (OR
1.55,  95% CI 0.06 to 39.15; 1 RCT, 104 participants; very low-
certainty evidence; Analysis 3.5). Hauser 2008 reported one death
due to homicide in the rituximab group and no deaths in the
placebo group.

Additional important outcomes

ARR, new gadolinium-positive MRI lesions, treatment
discontinuation due to adverse events, grade 3 and grade 4 adverse
events, and cardiovascular events: the evidence was very uncertain
for the eFect of rituximab on all these outcomes (Analysis 3.6;
Analysis 3.7; Analysis 3.8; Analysis 3.9; Analysis 3.10).

Opportunistic infections:   Hauser 2008   reported no opportunistic
infections in participants treated with rituximab or placebo over 12
months.

Infusion-related reactions: the number of participants who had
infusion reactions within 24 hours aVer the first infusion
of rituximab was higher than that observed in participants
randomised to placebo (OR 5.40, 95% CI 2.23 to 13.09; 1 RCT, 104
participants; high-certainty evidence); the absolute eFect was 383
more people (95% CI 198 more to 497 more) per 1000 people who
had infusion reactions (Analysis 3.11). Infusion-associated adverse
events were mild to moderate (grade 1 or 2) in severity.  Four
(7.4%) participants  reported grade 3  events associated with
infusion; these included  headache, back pain, depression, limb
pain, general  pain, heat sensations, pruritus, and rash. There
were no  grade 4 events associated with infusion (Hauser 2008).
Within 24 hours aVer the second infusion, fewer participants in the
rituximab group than in the placebo group had adverse events (OR
0.38, 95% CI 0.16 to 0.93; 1 RCT, 104 participants;  high-certainty
evidence; Analysis 3.12).

Controlled non-randomised studies of interventions 

None of the included NRSIs assessed rituximab as 'switching'
versus placebo for relapsing MS.

Rituximab as 'switching' versus other DMTs for relapsing
multiple sclerosis

In  Summary of findings 4,  we provided a summary of the eFect
estimates of rituximab as 'switching' versus other DMTs for
relapsing MS for our prioritised critical and important outcomes,
the certainty of NRSI evidence for each comparison, and reasons for
downgrading it.

Randomised controlled trials

None of the included RCTs assessed rituximab as 'switching' versus
other DMTs for relapsing MS.

Controlled non-randomised studies of interventions 

Five retrospective multicentre cohort studies compared rituximab
as 'switching' versus other DMTs in relapsing MS (Alping 2016;
Boremalm 2019; Evertsson 2020; Luna 2020; Spelman 2018). We did
not evaluate outcome data from one controlled NRSI because of the
critical risk of bias (Alcalá 2019).

Critical outcomes

Disability worsening over 24 months: data for this outcome
were available from one retrospective cohort nationwide study
(Spelman 2018; the Swedish MS Register). There was very low-
certainty evidence for comparison of rituximab with interferon beta
or glatiramer acetate (HR 0.86, 95% CI  0.52 to  1.42; 1 NRSI, 853
participants; Analysis 4.1).
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Recurrence of relapses over 18 to 24 months: three studies from the
Swedish MS Register reported relapse outcome (time to event) in
participants who switched to rituximab from another DMT (Alping
2016; Boremalm 2019; Spelman 2018). Rituximab likely resulted in a
large reduction in the number of participants who had relapses over
18 to 24 months when compared with the following agents (Analysis
4.2):

• moderate-certainty evidence for comparison with interferons
or glatiramer (HR 0.18, 95% CI  0.07  to 0.49; 1 NRSI, 1383
participants); the absolute eFect was 215 fewer people (95%
CI 248 fewer to 127 fewer) per 1000 people having relapses
with rituximab. The number needed to treat for an additional
beneficial eFect (NNTB) was 11 (95% CI 10 to 18);

• moderate-certainty evidence for comparison with fingolimod
(HR 0.08, 95% CI  0.02  to 0.32; 1 NRSI, 256 participants);  the
absolute eFect was 161 fewer people (95% CI 172 fewer to 116
fewer) per 1000 people having relapses with rituximab. The
NNTB was 6 (95% CI 6 to 9).

The evidence was very uncertain about the eFect of rituximab
compared with natalizumab (HR 1.00, 95% CI 0.20 to 5.00; 1 NRSI,
153 participants; very low-certainty evidence).

SAEs: none of the identified studies reported the outcome.

Important prioritised outcomes

Quality of life: none of the identified studies reported the outcome.

Common infections over 24 months: four studies reported this
outcome (Alping 2016; Boremalm 2019; Evertsson 2020; Luna 2020).
Rituximab increased the number of participants who had common
infections when compared with the following agents (Analysis 4.3):

• moderate-certainty evidence for comparison with interferon
beta or glatiramer acetate (OR 1.71, 95% CI 1.11 to 2.62; 1 NRSI,
5477 participants); the absolute eFect was 24 more people (95%
CI 4 more to 53 more) per 1000 people having common infections
with rituximab;

• moderate-certainty evidence for comparison with natalizumab
(OR 1.58, 95% CI 1.08  to 2.32; 2 NRSIs, 5001 participants); the
absolute eFect was 27 more people (95% CI 4 more to 59 more)
per 1000 people having common infections with rituximab.

There was low-certainty evidence for comparison of rituximab with
fingolimod (OR 1.26, 95% CI 0.90 to 1.77; 3 NRSIs, 5287 participants)
and very low-certainty evidence for comparison with ocrelizumab
(OR 0.02, 95% CI 0.00 to 0.40; 1 NRSI, 472 participants). Ten/161
(6%) participants in the ocrelizumab group reported infections.
There were no infections in 311 participants who received rituximab
(Evertsson 2020).

Cancer: none of the identified studies reported the outcome.

Mortality over 24 months:  Boremalm 2019 reported one suicide due
to overdosing of sedative drugs in one participant with a severe
concomitant psychiatric illness in the rituximab group. There were
no deaths in the fingolimod group (OR 5.59, 95% CI 0.22 to 139.89;
1 NRSI, 136 participants; very low-certainty evidence), and no
deaths in the natalizumab group (OR 6.66, 95% CI 0.27 to 166.58;
1 NRSI, 153 participants; very low-certainty evidence), over 24
months' follow-up (Analysis 4.4). Death related to adverse events
was defined as grade 5 in the CTCAE.

Additional important outcomes

ARR over 24 months: one retrospective multicentre cohort study
reported the ARR (Spelman 2018; the Swedish MS Register).
Rituximab likely reduced ARR when compared with interferons or
glatiramer acetate (MD −0.02, 95% CI −0.03 to −0.01; 1 NRSI, 1383
participants; moderate-certainty evidence; Analysis 4.5).

New or enlarging T2-weighted MRI lesions  over 18 months: one
retrospective multicentre cohort study provided data (Alping 2016;
the Swedish MS Register). Rituximab may have reduced the number
of participants who had  new or enlarging T2 MRI lesions when
compared with fingolimod (OR 0.01, 95% CI 0.00 to 0.06; 1 NRSI, 182
participants; low-certainty evidence; Analysis 4.6).

New gadolinium-positive MRI lesions over 24 months:  two
retrospective multicentre cohort studies provided outcome data for
comparison of rituximab with fingolimod (Alping 2016; Boremalm
2019). Rituximab probably reduced the number of participants who
had new gadolinium-positive MRI lesions (OR 0.09, 95% CI 0.03 to
0.30; P = 0.71, I2 = 0%; 2 NRSI, 288 participants; moderate-certainty
evidence); the absolute eFect was 172 fewer people (95% CI 186
fewer to 126 fewer) per 1000 people who had new gadolinium-
positive MRI lesions with rituximab (Analysis 4.7). The evidence
was very uncertain about the eFect of rituximab compared with
natalizumab (OR 1.00, 95% CI 0.20 to 5.00; 1 NRSI, 138 participants;
very low-certainty evidence; Analysis 4.7).

Treatment discontinuation due to adverse events over 24
months:  Boremalm 2019  reported outcome data. There was
very low-certainty evidence for the comparison of rituximab
with fingolimod (OR  0.13, 95% CI 0.01  to  2.37; 1 NRSI, 136
participants), and with natalizumab (OR 0.30, 95% CI 0.02 to 5.96;
1 NRSI, 153 participants).  Evertsson 2020  compared treatment
discontinuation over the first 12 months in 311 participants treated
with rituximab and 161 participants treated with ocrelizumab
in one retrospective multicentre cohort study. The number of
participants who discontinued treatment with rituximab was
lower than that observed in participants treated with ocrelizumab
(OR 0.26, 95% CI 0.11 to 0.62; 1 NRSI, 482 participants; moderate-
certainty evidence); the absolute eFect was 67 fewer people (95% CI
82 fewer to 33 fewer) per 1000 people who discontinued rituximab
(Analysis 4.8).

Grade 3 and grade 4 adverse events over 24 months: two controlled
NRSIs provided data for comparison of rituximab with fingolimod
(Alping 2016; Boremalm 2019). Boremalm 2019 also reported data
for comparison with natalizumab. The evidence was very uncertain
about the eFect of rituximab on the number of participants
who had grade 3 and grade 4  adverse events when compared
with  fingolimod (OR  0.34, 95% CI 0.06 to  2.09; P = 0.80,  I2 =
0%; 2 NRSIs, 392 participants; very low-certainty evidence) and
natalizumab (OR 0.23, 95% CI 0.01 to 4.41; 1 NRSI, 153 participants;
very low-certainty evidence) (Analysis 4.9).

Cardiovascular events: two  NRSIs reported outcome data for the
comparison of rituximab with fingolimod (Alping 2016; Boremalm
2019). The evidence was very uncertain about the eFect of
rituximab on the number of participants who had cardiovascular
events when compared with fingolimod (OR 0.31, 95% CI 0.05  to
1.85; P = 0.65, I2 = 0%; 2 NRSIs, 392 participants; very low-certainty
evidence;  Analysis 4.10).  There were no cardiovascular events
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in the comparison of rituximab with natalizumab (Analysis 4.10)
(Boremalm 2019).

Infusion-related reactions: there were grade 1 adverse events
related to the first infusion of rituximab in 26% of participants
in the rituximab group, compared with a 7% incidence of
adverse events at first dosing of fingolimod (OR 4.71, 95%
CI  2.19 to 10.14; 1 NRSI, 256 participants;  Analysis 4.11) (Alping
2016). Evertsson 2020 reported infusion-related adverse events in
0.6% of participants in the rituximab group compared with 1.2% in
the ocrelizumab group. The events were few and the evidence was
very low due to large imprecision (OR 0.51, 95% CI 0.07 to 3.69; 1
NRSI, 472 participants; Analysis 4.11).

Rituximab as 'switching' versus placebo for secondary
progressive multiple sclerosis

  A summary of the eFect estimates of rituximab as 'switching'
compared with placebo for secondary progressive MS (SPMS) is
shown in Table 2.

Randomised controlled trials

One small RCT included 27 participants with secondary progressive
MS (Komori 2016).

Critical outcomes

Disability worsening and relapses: the study did not report the
number of participants who had these outcomes.

SAEs over 24 months: the evidence was very uncertain about the
eFect of rituximab on SAEs  when compared with placebo (OR
0.36, 95% CI 0.06 to 2.00; 1 RCT, 27 participants; very low-certainty
evidence; Analysis 5.1).

Important prioritised outcomes 

Quality of life: the study did not report the outcome.

Common infections: the study did not report the outcome.

Cancer over 24 months: the evidence was very uncertain  about
the eFect of rituximab on cancer when compared with  placebo
(OR 0.47,  95% CI 0.03 to 8.52; 1 RCT, 27 participants; very
low-certainty evidence;  Analysis 5.2).  Komori 2016  reported one
participant in each group coded as "Neoplasms benign, malignant
and unspecified"(ClinicalTrials.gov Identifier: NCT0121209).

Mortality: the study did not report the outcome.

Additional important outcomes

Cardiovascular events over 24 months: the evidence was very
uncertain about the eFect of rituximab on cardiovascular events
when compared with placebo (OR 0.47, 95% CI 0.03 to 8.52; 1 RCT,
27 participants; very low-certainty evidence; Analysis 5.3).

Controlled non-randomised studies of interventions 

None of the included NRSIs assessed rituximab as 'switching'
versus placebo for progressive MS.

Rituximab as 'switching' versus other DMTs for secondary
progressive multiple sclerosis

  A summary of the eFect estimates of rituximab as 'switching'
compared with other DMTs for secondary progressive MS is shown
in Table 2.

Randomised controlled trials

Two RCTs included participants with secondary progressive
MS.  Cheshmavar 2021  compared rituximab with glatiramer
acetate in 84 participants with active secondary progressive MS,
and Etemadifar 2019 compared rituximab with cyclophosphamide
in 80 participants with active secondary progressive MS.

Critical outcomes

Disability worsening and relapses: the included studies did not
report the number of participants who had these outcomes.

SAEs: there were no SAEs over 12 months' follow-up in
the comparison of rituximab with glatiramer acetate (Analysis
6.1). Etemadifar 2019 did not report the outcome.

Important prioritised outcomes 

Quality of life: the included studies did not report the outcome.

Common infections over 12 to 24 months: the evidence was
very uncertain  about the eFect of rituximab  compared with
glatiramer acetate over 12 months (OR 3.00, 95% CI 0.30 to 30.08;
1 RCT, 84 participants; very low-certainty evidence) and with
cyclophosphamide over 24 months (OR 0.39, 95% CI 0.14 to 1.11; 1
RCT, 69 participants; very low-certainty evidence) (Analysis 6.2).

Cancer and mortality: the  included studies did not report these
outcomes.

Additional important outcomes

ARR, new gadolinium-positive MRI lesions, and treatment
discontinuation due to adverse events over 12 months: the evidence
was very uncertain about the eFect of rituximab on all these
outcomes when compared with glatiramer acetate (Analysis 6.3;
Analysis 6.4; Analysis 6.5).

Opportunistic infections: there were no opportunistic infections in
participants treated with rituximab or glatiramer acetate over 12
months (Analysis 6.6).

Controlled non-randomised studies of interventions 

One small case-control study included 44 participants with
secondary progressive MS who were treated with rituximab
compared with 44 matched controls never treated with rituximab
(Naegelin 2019).

Critical outcomes

Disability worsening over 36 months: we had very little confidence
in the eFect estimate (OR 0.49, 95% CI 0.26 to 0.93; 1 NRSI, 88
participants; very low-certainty evidence; Analysis 7.1).

Relapses and SAEs: the study did not report the number of
participants who had these outcomes.
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Important prioritised outcomes

Quality of life, common infections, cancer, and mortality: the study
did not report the outcomes.

Additional important outcomes

The study did not report the outcomes.

Rituximab as 'switching' versus other DMTs for grouped data
as relapsing and progressive multiple sclerosis

A summary of the eFect estimates of rituximab as 'switching'
compared with other DMTs for grouped forms of MS is reported
in Table 2.

Randomised controlled trials

None of the included RCTs assessed rituximab as 'switching' versus
other DMTs for relapsing and progressive MS.

Controlled non-randomised studies of interventions

Two NRSIs reported grouped data as relapsing and progressive
MS.   Vollmer 2020a  was a retrospective cohort study conducted
in a single MS centre in the USA. The study compared rituximab
with  fingolimod, dimethyl fumarate, and  natalizumab over 24
months' follow-up. In one nationwide register-based cohort
study,  Alping 2020  linked data from the Swedish MS register
(www.neuroreg.se/) to the Swedish Cancer Register and other
national healthcare and census registers. In this study, first-
ever initiations of rituximab, fingolimod, and natalizumab were
compared and the reported outcome was time to first invasive
cancer over 36 months.

Critical outcomes

Disability worsening: the included studies did not report the
outcome.

Recurrence of relapses over 24 months: the evidence from one NRSI
was very uncertain because we judged the eFect estimates at very
serious risk of bias (only unadjusted data were available) and there
was indirectness related to populations (Vollmer 2020a):

• very low-certainty evidence for  comparison of rituximab with
fingolimod (OR 0.35, 95% CI 0.14 to 0.88; 1 NRSI, 453
participants), dimethyl fumarate (OR 0.23, 95% CI 0.10 to 0.55; 1
NRSI, 524 participants), and natalizumab (OR 0.54, 95% CI 0.22
to 1.32; 1 NRSI, 633 participants) (Analysis 8.1).

SAEs: the included studies did not report the outcome.

Important prioritised outcomes 

Quality of life: the included studies did not report the outcome.

Common infections over 24 months: the evidence was very uncertain
in the comparison of rituximab with the following agents:

• very low-certainty evidence for comparison with fingolimod (OR
1.06, 95% CI  0.34 to 3.30; 1 NRSI, 453 participants), dimethyl
fumarate (OR 2.39, 95% CI 0.63 to 9.00; 1 NRSI, 524 participants),
and natalizumab (OR 4.22, 95% CI  1.00 to 17.84; 1 NRSI, 633
participants) (Analysis 8.2).

Cancer over 36 months: rituximab may have reduced the number
of participants who had  cancer compared with fingolimod (OR

0.60, 95% CI 0.35 to 1.03; 1 NRSI, 5807 participants; low-certainty
evidence). The evidence was very uncertain in the comparison
of rituximab with  natalizumab (OR 0.74, 95% CI 0.42 to 1.31;
1 NRSI, 5857 participants; very low-certainty evidence;  Analysis
8.3).  Alping 2020  reported six breast cancers in the rituximab
cohort, corresponding to an incidence rate of 8.9 per 10,000 person-
years (95% CI 3.3 to 19.4), which was similar to the rate in the
general population.

Mortality: the included studies did not report the outcome.

Additional important outcomes

New or enlarging T2-weighted MRI lesions  over 24 months: the
evidence is very uncertain about the eFect of rituximab when
compared with the following DMTs:

• very low-certainty evidence for comparison with fingolimod
(OR  0.40, 95% CI  0.25 to 0.62; 1 NRSI, 453 participants),
dimethyl fumarate (OR  0.46, 95% CI  0.30 to 0.72; 1 NRSI, 524
participants), natalizumab (OR 0.63, 95% CI 0.41 to 0.98; 1 NRSI,
633 participants) (Analysis 8.4).

New gadolinium-positive MRI lesions over 24 months: there was
very low-certainty evidence in the comparison of rituximab
with  fingolimod (OR 0.04, 95% CI  0.00 to 0.27; 1 NRSI, 453
participants), dimethyl fumarate (OR 0.05, 95% CI 0.01 to 0.37; 1
NRSI, 524 participants), natalizumab (OR 0.09, 95% CI 0.01 to 0.67;
1 NRSI, 633 participants) (Analysis 8.5).

Treatment discontinuation due to adverse events over 24
months: there was low-certainty evidence for comparison with
fingolimod (OR 0.28, 95% CI 0.13 to 0.60; 1 NRSI, 453 participants),
and dimethyl fumarate (OR 0.30, 95% CI 0.15 to 0.60; 1 NRSI, 524
participants), and very low-certainty evidence for comparison with
natalizumab (OR 1.10, 95% CI 0.48 to 2.52; 1 NRSI, 633 participants)
(Analysis 8.6).

Cardiovascular events over 24 months:  the evidence was very
uncertain in the comparison with  fingolimod (OR 0.16, 95% CI
0.01  to 3.04; 1 NRSI, 441 participants) and natalizumab (OR 0.82,
95% CI 0.03 to 20.29; 1 NRSI, 633 participants; Analysis 8.7). There
were no cardiovascular events in the comparison with dimethyl
fumarate (Analysis 8.7).

D I S C U S S I O N

This review summarised the evidence on beneficial and adverse
outcomes of rituximab as 'first choice' treatment or as 'switching'
from another DMT for people with MS. Our priority outcomes of
interest included disability worsening, recurrence of relapses, SAEs,
quality of life, common infections, cancer, and mortality. We also
assessed the eFect of rituximab on additional important outcomes
(cerebral MRI findings, treatment discontinuation, adverse events
of grade 3 or grade 4 severity), which are reported in the EFects of
interventions section.

The review included five RCTs (734 participants), and 10
controlled NRSIs (15,695 participants). Three RCTs compared
rituximab with placebo, one with glatiramer acetate, and one
with cyclophosphamide. The NRSIs compared rituximab with other
active DMTs. Most studies were of short duration, with the median
follow-up being 24 months,  therefore the eFects of rituximab
beyond two years remain uncertain.
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Summary of main results

Rituximab as 'first choice' treatment in relapsing multiple
sclerosis

One controlled NRSI (488 participants) assessed rituximab versus
other DMTs. The results are as follows (Summary of findings 1):

• rituximab likely results in a large reduction in the number
of participants who have relapses compared with interferon
beta or glatiramer acetate, and may reduce the number of
people who had relapses compared with dimethyl fumarate and
natalizumab;

• the evidence is very uncertain about the eFect of rituximab on
relapses when compared with fingolimod;

• there were no deaths in the comparison of rituximab with the
other DMTs;

• the study did not provide data regarding disability worsening,
SAEs, quality of life, common infections, or cancer.

Rituximab as 'first choice' treatment in progressive multiple
sclerosis

One RCT (439 participants) compared rituximab with placebo in
primary progressive MS. The results are as follows (Table 2):

• rituximab likely results in little to no diFerence in the number of
participants who have disability worsening over 24 months;

• the evidence is uncertain about the eFect of rituximab on the
other outcomes of interest.

Rituximab as 'switching' treatment in relapsing multiple
sclerosis

Five controlled NRSIs compared rituximab as 'switching' versus
other DMTs in relapsing MS. The results are as follows (Summary of
findings 4):

• the evidence is very uncertain about the eFect of rituximab on
disability worsening when compared with interferon beta or
glatiramer acetate (1 NRSI, 853 participants);

• rituximab likely results in a large reduction in the number
of participants who have relapses  compared with interferon
beta or glatiramer acetate (1 NRSI, 1383 participants), and with
fingolimod (1 NRSI, 256 participants);

• the evidence is very uncertain about the eFect of rituximab on
relapses when compared with natalizumab;

• rituximab likely increases slightly the number of participants
who have common infections compared with interferon beta or
glatiramer acetate (1 NRSI, 477 participants), with natalizumab
(2 NRSIs, 5001 participants). The evidence is uncertain for the
comparisons with fingolimod and ocrelizumab;

• the evidence is very uncertain about the eFect of rituximab on
mortality when compared with fingolimod and natalizumab;

• none of the identified studies measured SAEs, quality of life, or
cancer.

Rituximab as switching treatment in progressive multiple
sclerosis

Only three small studies investigated rituximab in secondary
progressive MS. The evidence is uncertain about the eFect of
rituximab on disability worsening, SAEs, and quality of life. The

studies did not provide usable information on relapses, common
infections, cancer, or mortality (Table 2).

Overall completeness and applicability of evidence

All eligible RCTs and controlled NRSIs (up to 31 January 2021) of
rituximab for treatment of MS were included in the review. Six out
of 10 included NRSIs were retrospective multicentre cohort studies
based on the nationwide Swedish Multiple Sclerosis Register
linked to national healthcare registers. The Swedish MS register
captures data on several aspects of MS care (Hillert 2020), and has
especially high validity for therapy data (Alping 2019). Participation
is voluntary, but coverage has been estimated to be greater than
80% (Hillert 2015).

With respect to the scope of our review, data and findings relevant
to rituximab when switching from another DMT were available
in 13 (87%) of the 15 included studies, and rituximab as a 'first
choice' treatment in two studies. Most studies included people with
relapsing MS who represented 80% of those included in the review.

We identified 14 ongoing studies, 11 are RCTs. The publication of
the results of these studies will necessitate an update of this review.

Our review was intended to be a comprehensive review of eFects
of rituximab, but short duration of included studies and no or poor
reporting of some outcomes were major limitations in determining
the overall completeness and the balance between beneficial and
adverse eFects of rituximab. For example, there were no data on
quality of life and cognitive decline that are important outcomes for
patients and clinicians.

We focused on treatment discontinuation due to AEs to indirectly
assess acceptability of rituximab compared with other DMTs;
however, the true compliance rate is not known, as it was not a topic
of our investigation.

With respect to applicability, findings in this review originated
mostly from retrospective cohort studies conducted in Sweden
and only five small RCTs. This is one of controversies about
treatment with rituximab in MS concerning uncertainty on benefits
and harms since randomised evidence is insuFicient, and other
approved DMTs are available. Rituximab is an oF-label treatment
for MS, and since its patent has expired, there is no interest
of the pharmaceutical industry in promoting randomised trials
(Greenfield 2018). However, rituximab is used in many countries
globally (Delate 2020; Sarsour  2020; Wongseelashote 2018), and
is considered a feasible option in low- and middle-income
countries because it has considerably lower cost and less frequent
administration (Lancet Neurology 2019; Mathew 2020). Treatment
with rituximab requires specialist care and infusion facilities, but
other approved DMTs also have these requirements.

Evidence on harms of treatment with rituximab in people with MS
during the COVID-19 pandemic was not included in this review since
it was published aVer the review search was conducted.

Quality of the evidence

The majority of the evidence was low or very-low certainty for the
critical and important outcomes included in the review.

Our assessment of the risk of bias in five included RCTs is
summarised in  Figure 2  and  Figure 3. Four (80%) RCTs were at
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a high risk of bias due to having two or more domains at high
risk of bias. The certainty of the evidence in reported outcomes
was further reduced because of the small information size and
imprecise estimates.

  We included 10 controlled NRSIs and assessed risk of bias with
the ROBINS-I tool (Figure 4; Figure 5; Appendix 2). We did not
include data from one NRSI in data synthesis because of critical
risk of bias. We judged four (40%) NRSIs at serious risk of bias.
The other included NRSIs were at moderate risk of bias. The
evidence we have obtained from NRSIs was limited mainly due
to the risk of confounding, selection bias, and retrospective data
collection. Moreover, numbers of people and number of events in
each comparison group were small, with imprecise estimates, for
several outcomes in the included NRSIs. The outcome measures
were also heterogeneous with wide variation in reporting across
the included studies.

Potential biases in the review process

To avoid a possible risk of publication bias, we searched a range
of databases and trials registries to identify ongoing studies and
results of unpublished completed studies, and applied no time or
language restriction to the search. However, it is possible that we
have not identified other sources of unpublished observational
eligible studies.

Two review authors independently identified eligible studies and
assessed risk of bias. We requested additional data through
correspondence with four  study authors and obtained missing
information from two of them.

Much of the non-randomised data in the review came from the
Swedish MS Register. We wished to use most of the available
information on the comparison of rituximab with other DMTs
in the absence of direct randomised evidence. Six retrospective
cohort studies based on the Swedish MS Register compared
rituximab separately against each other DMT. We did not pool
the comparators,  and performed separate analyses of each
comparison; however, there was likely double counting of the
rituximab participants from one comparison to another.

We cannot exclude the possible presence of reporting bias.

Agreements and disagreements with other studies or
reviews

In one previous Cochrane Review including only RCTs of rituximab
for relapsing MS, authors concluded, based on low-certainty
evidence, that there was insuFicient evidence to support the use of
rituximab for relapsing MS because there was only one small RCT
versus placebo (He 2013). We widened the evidence base adding
NRSIs to the review and used of ROBINS-I in  critical evaluation
of the validity of NRSIs. By using new criteria for considering
studies for our review, we can suggest the following. People
with relapsing MS receiving rituximab as 'first choice' treatment
likely have significantly lower risks of experiencing new relapses
over 24 months compared to interferons or glatiramer acetate,
and may have lower risk of relapses  compared with dimethyl
fumarate and natalizumab. Moreover, rituximab used to escalate
participants with relapsing MS from other DMTs or when other
DMTs become contraindicated (switching), likely results in a large
reduction in recurrence of relapses over 24 months, compared
with  interferons or glatiramer acetate and fingolimod. We now

added progressive forms of MS to the review, which was previously
restricted to relapsing MS (He 2013), and found that there is limited
information to determine the eFect of rituximab for progressive
forms of MS.

Comparing other reviews with ours points out some challenges
inherent in evidence synthesis in the context of reviews including
randomised and non-randomised studies. Important issues we
need to consider are diFerences in study selection and inclusion,
assessment of study quality, methods for data synthesis, and
interpretations and inferences made by the review authors. In
fact, most of our findings cannot be compared to the results
reported by other reviews (Castillo-Trivino 2013; Ghajarzadeh
2020; Hu 2019; Siddiqui 2020; Tian 2020), since the authors
included mostly uncontrolled observational studies, the quality
of evidence for the results arising from their reviews was oVen
not assessed and methods for data synthesis diFered from ours.
For example, one narrative review  examined 38 studies, five of
which were RCTs and 33 were uncontrolled observational studies,
of rituximab for relapsing MS and highly active relapsing MS
(Siddiqui 2020). The authors reported that their results needed to
be interpreted with caution because the quality of the included
studies was poor, but they suggested that rituximab was beneficial
for people with relapsing MS compared with placebo as well as
with glatiramer acetate, interferons, fingolimod, and natalizumab
without indicating the certainty of evidence for each comparison.
Moreover, the review was sponsored by EMD Serono Inc., two of the
co-authors were employees of the pharmaceutical company, and
this might have influenced authors' conclusions or interpretations
of their findings.  Hu 2019  reported a significant reduction of
disability worsening in 946 participants with relapsing MS treated
with rituximab, but the result was based on a meta-analysis of
data from 15 uncontrolled observational studies.  Ghajarzadeh
2020  reported a meta-analysis of seven uncontrolled pre–post
studies (399 participants with MS) and concluded that rituximab
treatment was eFective in controlling relapses and disability
worsening in all forms of MS, but the authors did not assess the
quality of evidence for the outcomes.

Our confidence in the eFect estimate of rituximab on SAEs was
limited since they were relatively rare in people with MS and
observed over a short time period. There is extensive experience
of long-term use of rituximab in people with rheumatoid arthritis
with a good acceptance profile and adherence to the treatment
(van Vollenhoven  2015); however, indirect comparison with MS
is diFicult owing to diFerences in patient populations, dose,
administration regimens, and co-interventions.

In our review, we used treatment discontinuation due to adverse
events as an indirect outcome to assess acceptability. Results from
the included studies suggested that rituximab was superior to all
other investigated DMTs in terms of treatment discontinuation over
a median follow-up of two years. Some reviews on adherence
to approved DMTs are available in the literature. One systematic
review, including 151 studies, reported poor adherence to the
traditional 'first choice' treatments for MS (e.g. interferon beta and
glatiramer acetate) (Giovannoni 2012). The mean discontinuation
rates aVer two years' treatment ranged from 22% to 43%, and
the reasons most frequently mentioned for discontinuation were
occurrence of adverse events or perceived lack of eFicacy. Another
systematic review of studies published between January 2010 and
April 2018 showed that approximately one in five people with
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MS did not adhere to once- or twice-daily oral maintenance DMT
regimens, and one in four people discontinued oral treatments
before one year (Nicholas 2020). The authors reported a high
heterogeneity among the included studies. Pust 2020  conducted
semi-structured interviews with 23 people with MS: 11 receiving
first-line treatment and 12 receiving second-line treatment. One
key reason for non-adherence reported by people receiving first-
line treatment was undesirable adverse eFects, and for adherence
was belief in medication eFectiveness. In people with MS receiving
second-line treatment, lack of perceived medication eFectiveness
was a key category related to discontinuation of treatment.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

• A policy of provision of rituximab to people with multiple
sclerosis (MS) in countries that have major barriers for accessing
approved disease-modifying treatments (DMTs) for MS likely
reduces the number of people who have relapses.

• Rituximab may reduce relapses when early highly eFective
therapy or escalation treatment from other DMTs are needed.

• A protective eFect of rituximab against disability worsening is
uncertain.

• There is limited information to determine the eFect of rituximab
for progressive forms of MS.

• The evidence is uncertain about the eFect of rituximab on
serious adverse events that are relatively rare in people with MS,
and are thus diFicult to study.

• There is an increased risk of common infections with rituximab,
but the absolute risk is small.

• There is less risk of treatment discontinuation due to adverse
events with rituximab compared with other DMTs. However,
the true compliance rate with rituximab and other DMTs is not
known.

Implications for research

Rituximab is widely used as oF-label treatment in people with MS,
but randomised evidence is weak, and likely it will remain so in the
future as well.

• Better understanding is needed of comparative benefits and
harms of rituximab and other highly eFective DMTs over the long
term.

• Future studies are needed to assess comparative eFectiveness
of acceptance and adherence to highly eFective DMTs.

• In the absence of randomised evidence, data from registries
and large observational studies should be publicly available.
These may be relevant sources for providing complementary
data regarding the long-term benefits of DMTs for MS.

• More thorough investigations are needed to assess reasons for
treatment discontinuation and comparison for adverse events
applicable to each DMT.
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Study characteristics

Methods Retrospective multicentre cohort study

Location: Spain

Study period: ? to April 2018

Aim of study: to analyse the effectiveness and safety of alemtuzumab compared with rituximab in re-
lapsing MS participants who switched from fingolimod therapy due to treatment failure.

Data collection: data collected from the GITEM Register. Follow-up information obtained from the med-
ical records at 2 University hospital MS Units in Valencia: the Hospital Universitari i Politècnic La Fe and
the Hospital Clínic Universitari. No further details provided.

Setting: outpatient facilities

Analysis: Kaplan–Meier survival analysis for the median time to a relapse and to disability worsening

Participants Active relapsing MS

Switching from fingolimod to alemtuzumab vs rituximab

Inclusion criteria

• MS diagnosis according to the 2010 revisions to the McDonald criteria (Polman 2011).

• Reasons for switching: failure to fingolimod treatment or having adverse effects with previously ag-
gressive disease. Failure defined as the presence of 2 relapses in 1 year, or 1 no-disabling relapse and
presence of ≥ 1 GEL in an MRI acquired ≥ 3 months after the beginning of the clinical relapse, or 1 dis-
abling relapse.

• Minimum follow-up from fingolimod discontinuation of 6 months.

In most of the participants, natalizumab had been previously withdrawn due to progressive multifocal
leukoencephalopathy risk.

Intervention group (alemtuzumab): n = 28; % women: 75.0; age: mean 34.1 (SD 7.2) years; baseline
EDSS score: mean 2.8 (SD 1.0); disease duration from the first relapse to alemtuzumab: mean 7.8 (SD
5.5) years; ARR the year before: mean 1.25 (SD 0.9); % of participants with GEL at baseline: 77.8; pre-
vious treatments before fingolimod: median 2 (IQR 1–3); washout period: median 42 (IQR 21.3–59.5)
days; follow-up time: median 18.1 (IQR 11.8–31.4) months.

Comparator (rituximab): n = 27; % women: 77.8; age: mean 34.6 (SD 8.3) years; baseline EDSS score:
mean 3.1 (SD 1.3); disease duration from the first relapse to rituximab: mean 11.4 (SD 6.2) years; ARR
the year before: mean 1.15 (SD 0.8); % of participants with GEL at baseline: 66.7; previous treatments
before fingolimod: median 3 (IQR 1–4); washout period: median 34 (IQR 17.3–61.3) days; follow-up
time: median 32.0 (IQR 10.6–48.6) months.

Interventions Alemtuzumab: dose not reported. Administered daily intravenously on 5 consecutive days at month 0,
and on 3 consecutive days at month 12. Premedication with intravenous methylprednisolone 1 g/day,
paracetamol 1 g, and dexchlorpheniramine 5 mg throughout all 5 days of alemtuzumab treatment. Pro-
phylactic acyclovir (200 mg/12 hours) during the 1st month of treatment.

Rituximab: 1000 mg intravenous on day 1 and day 15. For maintenance, an isolated dose of 1000
mg was administrated when the percentage of total CD19+ cells was ≥ 2%. Premedication with pred-
nisolone 100 mg, paracetamol 1 g. and dexchlorpheniramine 5 mg.

Outcomes Outcome timing: 12 months

• ARR. Data: baseline mean and post-treatment mean at 1 year with the P value in each group. SD not
reported.

• Disability measured by the EDSS. Data: baseline median (IGR) and post-treatment median (IQR) at 1
year with the P value in each group.
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• Number of participants free from disability worsening.

• Number of participants free from relapses.

• Number of participants free from radiological activity defined as the presence of new T2 or gadolini-
um-enhancing lesions, or both on a brain MRI scan.

• Number of participants with no evidence of disease activity defined as the absence of relapses or
sustained progression of disability or both and the absence of radiological activity.

• Number of participants withdrawn from treatment.

• Number of participants with AEs.

• Number of participants with SAEs.

Notes • After alemtuzumab administration, scheduled clinical visits were planned every month for the first 3
months and every 3 months later. A blood and urine test was done every month, with thyroid function
and lymphocyte subpopulations counts every 3 months. An MRI scan was performed 6 and 12 months
from the first administration of alemtuzumab and then annually.

• After rituximab, scheduled clinical visits and complete blood test, including lymphocyte subpopula-
tions counts, were planned every 3 months and an MRI scan annually.

Authors' conclusions: quote: "Treating relapsing MS patients with alemtuzumab or rituximab after fin-
golimod withdrawal is effective and safe, without significant differences between both groups in our
series".

Funding not reported.
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Study characteristics

Methods Retrospective multicentre cohort study

Location: Sweden

Study period: 2009–2015

Aim of study: to compare the effectiveness, tolerability, and safety of rituximab and fingolimod in re-
lapsing MS participants who switched from natalizumab due to JC virus antibody positivity.

Data collection: data collected from the Swedish MS Register and from the medical records at 3 Uni-
versity hospitals: Karolinska (Stockholm, 1 January to 24 February 2015), Sahlgrenska (Gothenburg, 1
January 2010 to 18 April 2015), and Norland's (Umeå, 1 January 2009 to 12 April 2015). Medical records
were examined regarding detailed descriptions of MRI results, clinical relapse symptoms, and AEs
(scored according to CTCAE). Data collection done manually at the respective centres using a common
data collection form.

Setting: inpatient facilities

Analysis: for the MRI outcomes, the number of participants with positive scans per participant with
valid scans was calculated, and the differences in these proportions were tested in logistic regression
models. For the outcomes clinical relapses, AEs, and drug survival, person-years and yearly incidence
were calculated, and Kaplan–Meier curves and Cox proportional hazards models were used, with time
from the first administration of rituximab or fingolimod as timescale. To explore potential confounding
factors, sex, age, time receiving natalizumab, washout time, baseline EDSS, follow-up time (only in lo-
gistic models), and study centre were included in sequential regression models. HRs and ORs were first
calculated with none of the factors, with age and sex, and by sequentially adding baseline EDSS, time
receiving natalizumab, washout time, follow-up time (for OR only), and study centre. This was done us-
ing a complete-case strategy, discarding participants with incomplete data for any of these parame-
ters.

Participants Relapsing MS
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Switching from natalizumab, due to JC virus antibody positivity to rituximab or fingolimod

Inclusion criteria: participants ending treatment with natalizumab due to JC virus antibody positivity
and switching to either rituximab or fingolimod.

Exclusion criteria: natalizumab treatment for < 6 months, switch for reasons other than only JC virus
status, a washout period > 6 months, and participants who had registered a wish not to be included in
studies.

Treatment group (rituximab): n = 114; % women: 64.0; age: median 40.17 (IQR 33.74–50.44) years;
baseline EDSS score: median 2.00 (IQR 1.00–3.50); duration of MS since diagnosis: median 8.00 (IQR
4.53–11.84) years; time receiving natalizumab before switch: median 3.49 (IQR 2.07–5.37) years;
washout period: median 1.45 (IQR 1.13–2.03) months; follow-up time: median 1.24 (IQR 0.75–2.02)
years.

Treatment group (fingolimod): n = 142; % women: 61.0; age: median 40.79 (IQR 33.73–47.73) years;
baseline EDSS score: median 2.50 (IQR 1.50–3.50); duration of MS since diagnosis: median 7.88 (IQR
5.20–11.22) years; time receiving natalizumab before switch: median 3.16 (IQR 1.79–4.58) years;
washout period: median 2.12 (IQR 1.88–3.01) months; follow-up time: median 1.82 (IQR 1.40–2.36)
years.

Interventions Rituximab: intravenous infusions of 500 mg or 1000 mg every 6 months; however, in some cases the
first infusion was repeated after 2 weeks.
Fingolimod: oral administration once daily of 0.5 mg.
Co-interventions not reported.

Outcomes Outcome timing: 18 months

• Clinical relapse. Data: incidence of participants with clinical relapse per year.

• Time to first relapse. Data: crude and adjusted HR with 95% CI. Variables used to adjust HR: age, sex,
EDSS, time receiving natalizumab, washout time, and study centre.

• Number of participants with new gadolinium-enhancing positive T1-weighted lesions on brain MRI.
Data: crude and adjusted OR with 95% CI. Variables used to adjust OR: age, sex, EDSS, time receiving
natalizumab, washout time, follow-up time, and study centre.

• Number of participants with new gadolinium-enhancing positive T1-weighted lesions or new T2-
weighted lesions or both on brain MRI. Data: crude and adjusted OR with 95% CI. Variables used to ad-
just OR: age, sex, EDSS, time receiving natalizumab, washout time, follow-up time, and study centre.

• AEs. Severity grade 1–5 according to CTCAE (National Cancer Institute 2010). Data: incidence of par-
ticipants with AEs per year.

• Time to AEs. Data: crude and adjusted HR with 95% CI. Variables used to adjust HR: age, sex, EDSS,
time receiving natalizumab, washout time, and study centre.

• Treatment discontinuation. Data: incidence of participants with discontinuation per year.

• Time to treatment discontinuation. Data: crude and adjusted HR with 95% CI. Variables used to adjust
HR: age, sex, EDSS, time receiving natalizumab, washout time, and study centre.

Notes Authors' conclusions: quote: "Our findings suggest an improved effectiveness and tolerability of ritux-
imab compared with fingolimod in stable relapsing MS patients who switch from natalizumab due to
JC virus antibody positivity. Although residual confounding factors cannot be ruled out, the shared rea-
son for switching from natalizumab and the preferential use of either rituximab or fingolimod in two of
the centres mitigates these concerns".

Funding: the Swedish Medical Research Council (grant 2014-3077) and Stockholm County. The fund-
ing sources had no role in the study design; in the collection, analysis, and interpretation of data; in the
writing of the report; or in the decision to submit the paper for publication.
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Study characteristics

Methods Retrospective nationwide cohort study

Location: Sweden

Study period: 1 January 2011 to 31 December 2017

Aim of study: to compare the risk of cancer in a large population of people with MS treated with ritux-
imab, fingolimod, or natalizumab.

Data collection: data were collected from the Swedish MS Register (www.neuroreg.se/) linked to the
Swedish Cancer Register and the national patient register with data on all inpatient and outpatient vis-
its and the associated diagnosis codes. Other databases used for the study included the national pre-
scribed drug register with complete data on all medications collected from pharmacies, national de-
mographic registers with data on age, sex, education, and birth region for all residents, and national
registers with data on sick leave and disability pension.

Analysis: investigators performed Poisson and Cox regression based on propensity scores. Propensi-
ty scores were calculated using multinomial logistic regression as the inverse of the model-predicted
probability of receiving the treatment that the participant had in fact received and stabilised by mul-
tiplication with the marginal population proportion receiving the same therapy. Clinically important
terms were included in the model that generated the probability that a participant would receive each
treatment. The investigators used stabilised inverse probability of treatment weighting in the Poisson
and Cox regressions to adjust for any imbalances.

Participants All types of MS

Switching from other DMTs to rituximab, fingolimod, or natalizumab

Inclusion criteria: diagnosis of MS; who first initiated rituximab, fingolimod, or natalizumab between 1
January 2011, and 31 December 2017; matched for age, sex, and location to 37,801 people from a gen-
eral population without MS. Participants included in > 1 treatment group as they progressed in treat-
ment over time.

Exclusion criteria: therapy episodes started > 60 days prior to inclusion in the Swedish MS register to
avoid potential immortal-time bias.

Rituximab group: n = 4187 therapy initiation; % women: 71.0; mean age: 40.6 (SD 11.2) years; mean
EDSS: 2.6 (SD 1.8); mean duration of MS: 9.2 (SD 8.0) years; % MS type: relapsing-remitting MS 84.1; sec-
ondary progressive MS 12.2; primary progressive MS 2.4; progressive-relapsing MS 1.3; % participants
who used DMTs before rituximab: 76.4%; % participants with any invasive cancer < 5 years: 1.0; mean
follow-up 2.30 years.

Fingolimod group: n = 1620 therapy initiation; % women: 72.5; mean age: 40.7 (SD 11.1) years; mean
EDSS: 2.6 (SD 1.8); mean duration of MS: 9.4 (SD 7.9) years; % MS type: relapsing-remitting MS 83.1; sec-
ondary progressive MS 13.7; primary progressive MS 1.9; progressive-relapsing MS 1.3; % participants
who used DMTs before fingolimod: 79.2%; % participants with any invasive cancer < 5 years: 1.2; mean
follow-up 3.96 years.

Natalizumab group: n = 1670 therapy initiation; % women: 71.9; mean age: 40.5 (SD 11.4) years; mean
EDSS: 2.5 (SD 1.8); mean duration of MS: 9.1 (SD 8.0) years; % MS type: relapsing-remitting MS 83.8;
secondary progressive MS 13.8; primary progressive MS 1.3; progressive-relapsing MS 1.0; % partici-
pants who used DMTs before natalizumab: 77.2%; % participants with any invasive cancer < 5 years:
1.1; mean follow-up = 3.94 years.

MS participants matched to 37,801 people without MS from general population (mean follow-up 3.03
years).

Interventions 7477 treatment initiations were included from 6136 participants.

Rituximab: 4187 initiations (mean follow-up 2.30 years).
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Fingolimod: 1620 initiations (mean follow-up 3.96 years).

Natalizumab: 1670 initiations (mean follow-up 3.94 years).

Outcomes • Time to first invasive cancer, basal-cell carcinoma, cervical intraepithelial neoplasia grade 3, breast
cancer, prostate cancer, melanoma, non-melanoma skin cancer (not including basal-cell carcinoma),
and lymphoma. Data: HR with 95% CI.

Notes Potential confounders included in the multiple imputation and propensity score models were: age; sex;
birth region (Nordic/non-Nordic); highest achieved education level; use of antidepressants, antipsy-
chotics, antidiabetics, glucocorticoids, immunosuppressive agents, and systemic hormonal contra-
ceptives (women only) in the previous 5 years; arrhythmia and major acute cardiovascular event diag-
noses in the previous 5 years; parity (women only); history of any invasive cancer and the specified out-
come cancer (if applicable) during and before the previous 5 years; number of hospital days in the pre-
vious 5 years; presence of sick leave and disability pension the previous year; and MS type, disease du-
ration, number of previous therapies, previous interferon, previous glatiramer acetate, EDSS, SDMT,
and MSIS-29 for people in the MS register (all times relative to start of therapy).

Authors' conclusions: quoted: "In this first large comparative study of three highly effective MS dis-
ease-modifying therapies, no increased risk of invasive cancer was seen with rituximab and natalizum-
ab, compared to the general population. However, there was a borderline-significant increased risk
with fingolimod, compared to both the general population and rituximab. It was not possible to at-
tribute this increased risk to any specific type of cancer, and further studies are warranted to validate
these findings".

This study was funded through a Patient-Centered Outcomes Research Institute Award (MS-1511–
33196) and supported by the Swedish Foundation for MS Research.
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Study characteristics

Methods Retrospective multicentre cohort study

Location: Sweden

Study period: 1 January 2011 to 31 December 2015

Aim of study: to compare the efficacy, safety, and medication persistence of natalizumab, rituximab,
and fingolimod as escalation therapy in relapsing MS.

Data collection: data were collected from the Swedish MS register (Hillert 2015; www.neuroreg.se/) and
from the medical records at 4 centres: Umeå University Hospital; Karolinska University Hospital and
Danderyd Hospital, Stockholm (10 January 2017); Sahlgrenska University Hospital, Gothenburg (24
March 2017).

Setting: inpatient facilities

Analysis: multivariate Cox proportional hazard models were used to adjust for several potential con-
founding factors in baseline characteristics, i.e. sex, age at inclusion, duration since debut, EDSS score
at baseline, time receiving last DMT before switch and time from disease activity to switch, and centre.

Participants Active relapsing MS

Switching from interferon beta or glatiramer acetate to rituximab or natalizumab or fingolimod

Inclusion criteria: diagnosis according to Polman 2011. Participants ending treatment with interferons
or glatiramer acetate due to treatment failure (defined as relapse or GEL on MRI or both) and switching
to natalizumab, rituximab, or fingolimod between 1 January 2011 and 31 December 2015.

Boremalm 2019 

Rituximab for people with multiple sclerosis (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

53

http://www.neuroreg.se/


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Exclusion criteria: reason for switch not relapse or CEL; missing or incomplete patient data on in-
clusion criteria; uncertainty regarding compliance to treatment; participation in clinical trial with un-
known treatment allocation; untreated before switch deduced from baseline high titres of neutralising
antibodies.

Rituximab group: n = 48; % women: 72.9; age: median 39.1 (IQR 31.7–46.7) years; baseline EDSS score:
median 2.0 (IQR 1.0–3.0); duration of MS: median 6.7 (IQR 3.6–13.0) years; time receiving interferon or
glatiramer acetate before switch: median 2.4 (IQR 1.0–4.9) years; % of participants with CEL on base-
line MRI within 6 months before switch: 39.0; washout period: median 107 (IQR 55–162) days; follow-up
time: median 33.6 (IQR 25.2–43.2) months.

Natalizumab group: n = 105; % women: 75.2; age: median 34.9 (IQR 28.9–42.0) years; baseline EDSS
score: median 2.5 (IQR 1.5–3.1); duration of MS: median 5.6 (IQR 2.1–10.6) years; time receiving interfer-
on or glatiramer acetate before switch: median 1.4 (IQR 0.8–5.0) years; % of participants with CEL on
baseline MRI within 6 months before switch: 56.8; washout period: median 77 (IQR 43–129) days; fol-
low-up time: median 33.6 (IQR 22.8–54.0) months.

Fingolimod group: n = 88; % women: 65.9; age: median 37.1 (IQR 30.9–44.7) years; baseline EDSS
score: median 2.0 (IQR 1.0–3.0); duration of MS: median 6.6 (IQR 2.9–13.5) years; time receiving interfer-
on or glatiramer acetate before switch: median 2.9 (IQR 1.3–6.1) years; % of participants with CEL on
baseline MRI within 6 months before switch: 64.9; washout period: median 117 (IQR 77–171) days; fol-
low-up time: median 31.2 (IQR 20.4–45.6) months.

Interventions Escalation therapy after interferons or glatiramer acetate failure

Natalizumab: intravenous infusions of 300 mg every 4 weeks.

Rituximab: intravenous infusions of 500 or 1000 mg every 6 months.

Fingolimod: oral administration of 0.5 mg once daily.

Co-interventions not reported.

Outcomes Outcome timing: 24 months

• Clinical relapse. Data: incidence of participants with clinical relapse per year.

• Time to first relapse. Data: crude and adjusted HR with 95% CI. Variables used to adjust HR: sex, age
at inclusion, duration since debut, EDSS at baseline, time receiving last DMT before switch, time from
disease activity to switch and centre.

• Number of participants with new gadolinium-enhancing positive T1-weighted lesions on brain MRI.

• AEs grade 1–5 according to CTCAE (National Cancer Institute 2010). Data: incidence of participants
with AEs per year.

• Time to AEs. Data: crude and adjusted HR with 95% CI. Variables used to adjust HR: sex, age at inclu-
sion, MS duration since debut, EDSS score at baseline, time receiving last DMT before switch, time
from disease activity to switch and centre.

• Treatment discontinuation. Data: incidence of participants with discontinuation per year.

• Time to treatment discontinuation. Data: crude and adjusted HR with 95% CI. Variables used to adjust
HR: sex, age at inclusion, MS duration since debut, EDSS score at baseline, time receiving last DMT
before switch, time from disease activity to switch.

Notes Authors' conclusions: quote: "In patients with relapsing MS on interferon or glatiramer acetate with
breakthrough disease, switching to natalizumab or rituximab was associated with less disease activity
compared with fingolimod. Rituximab displayed superior medication persistence compared with both
natalizumab and fingolimod".

Funding: the Foundation of Swedish MS Research, Neuro Sweden and the Research Fund for Clinical
Neuroscience at Umeå University Hospital.
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Study characteristics

Methods Parallel RCT. Single centre

Location: Iran; MS Clinic of Kashani Hospital, Isfahan

Recruitment period: December 2017 to March 2019

Aim of study: to assess the efficacy of rituximab compared to glatiramer acetate regarding deceleration
of disease progression in people with secondary progressive MS with active relapses.

Analyses were described as intention-to-treat and per-protocol.

Participants Active secondary progressive MS

Switching from another DMT

Inclusion criteria: diagnosis according to Polman 2011; diagnosis of secondary progressive MS for ≥ 1
year; aged 18–55 years; baseline EDSS 0–5 points; ARR ≥ 1; 1 month drug-free washout period prior to
starting the study treatment.

Exclusion criteria: history of other demyelinating diseases of the CNS, autoimmune diseases, cardiac
diseases (e.g. arrhythmia, angina pectoris), immunodeficiency syndromes, uncontrolled respiratory,
renal, hepatic, endocrine, or gastrointestinal diseases, encephalopathy (infectious or metabolic), bone
marrow transplant, whole body radiotherapy, or other treatments leading to reduction of lymphocytes,
and brain and spinal cord malignancies; relapse within 30 days prior to intervention; systemic corti-
costeroid therapy, plasmapheresis or intravenous Ig during the last 30 days; active, chronic, or recur-
rent infections; pregnancy or lactation; receiving live attenuated viral vaccines during the last 4 weeks;
history of severe allergic reactions or anaphylaxis to monoclonal antibodies; history of alcohol or drug
abuse during the last 2 years; unable to undergo MRI; white blood cell count < 2500 cells/μL or lympho-
cyte count < 400 cells/μL, creatinine > 1.4 mg/dL in women and >1.6 mg/dL in men, aspartate transam-
inase and alanine transaminase > 2.5 the normal amount, platelet count < 100,000 cells/μL, or haemo-
globin < 8.5 g/dL.

Treatment group (rituximab): n = 43; % women: 79.1; mean age: 40.95 (SD 8.30) years; mean ARR 1.30
(SD 0.52); mean EDSS: 3.09 (SD 0.95); disease duration: 12.0 (SD 6.62) years; % participants with active
lesions on brain MRI: 18.6; % participants with active lesions on cervical spinal MRI: 11.6.
Treatment group (glatiramer): n = 41; % women: 63.4; mean age: 44.85 (SD 7.95) years; mean ARR
1.17 (SD 0.38); mean EDSS: 3.27 (SD 1.27); disease duration: 15.51 (SD 8.71) years; % participants with
active lesions on brain MRI: 34.1; % participants with active lesions on cervical spinal MRI: 14.6.

Interventions Rituximab: 3 courses of intravenous infusion of 1000 mg each, 6 months apart.

Glatiramer: 40 mg 3 times per week through subcutaneous injection.

Co-interventions: methylprednisolone 100 mg, chlorpheniramine 10 mg, and paracetamol 500 mg in-
travenously during each cycle of rituximab.

Outcomes Outcome timing: 12 months

Primary

• Disability measured by 12-month mean EDSS score and compared between the 2 groups using 1-way
analysis of covariance adjusting for age, disease duration, and baseline EDSS.

Secondary

• ARR measured by 12-month mean ARR and compared between the 2 groups using 1-way analysis of
covariance adjusting for age, disease duration, and baseline ARR.

• Number of participants with total and active lesions in the brain MRI and in the cervical spine, presence
of longitudinal extensive transverse myelitis and multiple patchy lesions.
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Number of participants with SAEs or AEs.

Notes Authors' conclusions: quote: "Neither rituximab nor glatiramer affects EDSS in secondary progressive
MS patients. They are equally effective in the relapse control of these patients".

Clinicaltrials.gov ID: NCT03315923. This study was funded by vice-chancellor for research and technolo-
gy of Isfahan University of Medical Sciences (grant number: 396514).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "We assigned a random number to each participant using Microsoft Ex-
cel function to generate random numbers".

Allocation concealment
(selection bias)

High risk Quote: "We allocated even and odd numbers to rituximab and glatiramer
group, respectively".

Blinding of participants
(performance bias)
All outcomes

High risk Open-label study.

Blinding of personnel (per-
formance bias) All out-
comes

High risk Open-label study.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "A neurologist who was blinded to treatment assignment, evaluated
patients for disease clinical course, ARR, and EDSS at the baseline and at the
end of the study and interpreted neuroimaging findings" (appendix File S1).

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Rituximab: completed n = 37 (86%); not completed n = 6 (14%). Reason not
completed: lost to follow-up n = 6 (2 participants excluded due to AEs and 4
decided to withdraw). 

Glatiramer: completed n = 36 (88%); not completed n = 5 (12%). Reason not
completed: lost to follow-up n = 5 (2 participants excluded due to adverse
events, 1 moved to another city, and 2 decided to withdraw). 

Quote: "For ITT analysis, we assumed that EDSS, ARR and MRI lesions have re-
mained unchanged throughout the study".

The numbers of participants with SAEs and further AEs were available for
39 (91%) participants in the rituximab group and 38 (93%) in the glatiramer
group.

Selective reporting (re-
porting bias)

Low risk Outcomes are those reported in the protocol (ClinicalTrials.gov:
NCT03315923).

Other bias Low risk The outcome data were skewed and the study was small. Previous therapy for
MS before study entry not reported. 

Quote: "Patients in the glatiramer group had longer disease duration and were
older compared to the rituximab group". 

Comment: this result may have occurred by chance (small sample size).
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Study characteristics

Methods Pragmatic multicentre parallel RCT

Location: Iran. MS clinics affiliated to Isfahan MS Society

Recruitment period: October 2015 to April 2017

Aim of study: to compare the efficacy of rituximab and cyclophosphamide on active secondary progres-
sive MS.

Analysis is described as per protocol.

Participants Active secondary progressive MS

Switching from another DMT

Inclusion criteria: MS diagnosis according to Polman 2011 and active secondary progressive MS de-
fined according to Lublin 2014; aged < 60 years; ≥ 2 attacks during the last year; > 3 GELs in brain MRI or
> 1 score progression in EDSS within the last year; EDSS < 6 points.

Exclusion criteria: any other types of MS; neuromyelitis optica; history of myelopathy or neurodegen-
erative disorders; history of other autoimmune disorders; recent or recurrent infections and presence
of any haematological, immunological, or metabolic laboratory abnormalities.

Rituximab group: n = 40 (baseline data reported for 39 participants). % women: 89.7; age: mean 31.9
(SD 7.7) years; EDSS score: not reported; follow-up time: not reported.

Cyclophosphamide group: n = 40 (baseline data reported for 30 participants). % women: 73.3; age:
mean 37.9 (SD 7.5) years; EDSS score: not reported; follow-up time: not reported.

Interventions Rituximab: 1000 mg intravenous infusion repeated after 2 weeks, and then every 6 months with the
same dosage if there was an increase in CD19 and CD20 levels.

Cyclophosphamide: 1000 mg intravenous pulse plus intravenous methylprednisolone 1 g every month
until 2 years.

Treatments with DMTs before rituximab or cyclophosphamide not reported.

Outcomes Outcome timing: 24 months

• Disability measured by the EDSS. Data: baseline mean (SD) and post-treatment mean (SD) at 6, 12, 18,
and 24 months with the P value of the trend in each group and the P value between the 2 groups in
each time.

• Relapse. Data: baseline mean (SD) and post-treatment mean (SD) at 6, 12, 18, and 24 months with the
P value of the trend in each group and the P value between the 2 groups in each time.

• New T2 lesion in MRI. Data: baseline mean (SD) and post-treatment mean (SD) at 6, 12, 18, and 24
months with the P value of the trend in each group and the P value between the 2 groups in each time.

• GELs. Data: baseline mean (SD) and post-treatment mean (SD) at 6, 12, 18, and 24 months with the P
value of the trend in each group and the P value between the 2 groups in each time.

• Number of participants with AEs. Severity grades not reported.

Notes Authors' conclusions: quote: "Rituximab and cyclophosphamide were well-tolerated by patients with
active secondary progressive MS. The EDSS was increased in the rituximab group but the disability
score did not worsen in the cyclophosphamide group. Both therapies were associated with a reduction
in disease attacks and improvement in radiologic findings in a two-year period of follow-up".

Funding: not reported

Risk of bias
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Randomization was performed using random allocation software, and
each patient was given a number in a concealed envelope".

Allocation concealment
(selection bias)

High risk The enrolling investigator likely had knowledge of the forthcoming allocation. 

Quote: "Odds and even numbers were considered to receive rituximab and cy-
clophosphamide, respectively. The envelope was opened by the neurologist
who was not blind about the drug, prescribed the medication and provided
educational supports regarding the medication and appropriate dosage".

Blinding of participants
(performance bias)
All outcomes

High risk Rituximab or cyclophosphamide were administered at different times.

Quote: "Rituximab was administered every 6 months. Cyclophosphamide was
administered every month". 

Comment: participants knew the adverse effects of each treatment.

Blinding of personnel (per-
formance bias) All out-
comes

High risk Quote: "A non-blinded neurologist prescribed the medication and educated
possible side effects and alarm signs about the specific administered drug".

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Quote: "The second neurologist was the same for all patients and checked
possible medication side effects during each session regardless of the con-
sumed drug".

Comment: rituximab and cyclophosphamide groups differed in the frequen-
cies of administration and clinical examinations, every 6 months for rituximab
and monthly for cyclophosphamide.

Incomplete outcome data
(attrition bias)
All outcomes

High risk Rituximab: 39/40 (97.5%) participants completed and included in analysis. Cy-
clophosphamide 30/40 (75.0%) participants completed and included in analy-
sis. Reasons for withdrawals not reported.

Quote: "Adverse effects were reported in 20 of patients in both groups (33.3%
in the rituximab group versus 23.3% in cyclophosphamide group)".

Selective reporting (re-
porting bias)

Unclear risk Study protocol not available.

Other bias Low risk Study appeared free of other sources of bias.

Etemadifar 2019  (Continued)

 
 

Study characteristics

Methods Retrospective multicentre cohort study. The Swedish MS Register and the database at the Rocky Moun-
tain MS Clinic, Utah, US

Location: Sweden and US

Aims of study: to compare a real-world cohort of people initiating treatment with rituximab or ocre-
lizumab to determine effects on Ig levels, B cell depletion measured in blood, and treatment outcomes
over the first year.
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Data collection: data were collected from the Swedish MS Register for the Karolinska University Hospi-
tal (2010 to 28 May 2018) and from a database search of electronic medical records at the Rocky Moun-
tain Multiple Sclerosis Clinic, Utah, US (1 May 2017 to 30 November 2018).

Setting: inpatients and outpatient facilities

Analysis: a linear mixed effect model and Generalised Estimating Equations were used.

Participants Relapsing MS

Switching from another DMT

Inclusion criteria: MS diagnosis according to Thompson 2018, relapsing MS defined according to L-
ublin 2014; treatment initiated due to MS and infusions given in intervals of 5–7 months.

Exclusion criteria: not reported.

Intervention group (rituximab): n = 311; % women: 71.3; age: mean 44.0 (SD 11.7) years; % relaps-
ing-remitting MS: 72; % secondary progressive MS: 28; baseline EDSS score: median 2.5 (IQR 2.125;
range 0 to 8.5); disease duration: mean 11.3 (SD 8.87) years; % naive: 25.7; initiating intervention be-
tween 2010 and 28 May 2018; follow-up time: not reported.

Intervention group (ocrelizumab): n = 161; % women: 59.0; age: mean 49.8 (SD 11.9) years; % relaps-
ing-remitting MS: 100; baseline EDSS score: not reported; disease duration: mean 12.5 (SD 8.32) years;
% naive: 4.34; initiating intervention between 1 May 2017 and 30 November 2018; follow-up time: not
reported.

Interventions Rituximab: 1 infusion 500 mg or 1000 mg followed by a single infusion of 500 mg every 5–7 months.

Ocrelizumab: 2 × 300 mg infusions 2 weeks apart followed by a single infusion of 600 mg every 5–7
months.

Co-interventions not reported.

Outcomes Outcome timing: 12 months

• IgG, IgM, and Ig A levels.

• Total lymphocyte numbers and number of CD3+ CD4+ or CD3+ CD8+ in blood.

• Number of B cells CD19+ CD3- in blood.

• Treatment discontinuation with reasons.

• AEs.

Notes Authors' conclusions: quoted: "Differences between rituximab and ocrelizumab were small. Although
the study design precludes robust conclusions regarding the risk–benefit with the studied therapies,
our findings indicate that the tolerability and safety with rituximab is not inferior to ocrelizumab".

Funding: no financial support.
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Study characteristics

Methods Retrospective multicentre cohort study. The Swedish MS Register

Location: Sweden

Study period: 1 January 2012 to 31 October 2015

Aim of study: to compare outcomes for people with relapsing MS receiving their first DMT in a region us-
ing a traditional escalating strategy (Stockholm) with a region using a sustained induction strategy, ini-
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tiating, and maintaining treatment with highly efficient therapies (Västerbotten, where rituximab was
predominately used). Furthermore, the investigators compared outcomes for rituximab with all other
frequent DMTs in the combined cohort.

Data collection: data were collected from the Swedish MS Register (www.neuroreg.se) with manu-
al cross-referring and additional data retrieval from medical records at 3 centres. Stockholm Coun-
ty: Karolinska University Hospital (11 April 2016), Danderyds Hospital (3 May 2016), and Västerbotten
County: University Hospital of Umeå (18 October 2015).

Analysis: sequential regression models were used to calculate a propensity score for each treatment
group in comparison with rituximab based on age, sex, baseline EDSS score, MS duration after debut
and diagnosis, relapse in the year before treatment initiation, region, and follow-up time (OR only).
Propensity scores were separately adjusted for as stratified quintiles in the regression models. Mul-
tivariate logistic regression was used to assess the relative odds of experiencing new gadolinium-en-
hancing positive lesions on brain MRI. Cox proportional hazards regression was used to compare drug
survival and relapse rates using time from first day of drug administration to outcome of interest used
as timescale.

Participants Active relapsing MS

First choice treatment

Inclusion criteria: participants with newly diagnosed MS according to the McDonald criteria (Polman
2011) and first treatment with a DMD from 1 January 2012 to 31 October 2015. Participants who had
a diagnosis of clinically isolated syndrome or radiologically isolated syndrome were included if their
symptoms instead fulfilled the diagnostic criteria of relapsing MS within the follow-up period and oth-
erwise fulfilled inclusion and exclusion criteria.

Participants receiving their first DMT in a region using a traditional escalating strategy (i.e. Karolinska
and Danderyds hospitals) with a region using a sustained induction strategy, initiating, and maintain-
ing treatment with highly efficient therapies (i.e. Umeå hospital where rituximab was predominately
used).

Exclusion criteria: people who received a diagnosis before study period, or who received diagnosis or
treatment initiation outside of Stockholm or Västerbotten Counties; participation in randomised clini-
cal trials with unknown treatment allocation; lack of follow-up data; and migration to another county
or country.

Treatment group (rituximab): n = 120; % women: 65.8; age: median 37.8 (IQR 28.7–48.8) years; EDSS
score: median 2.0 (IQR 1.0–2.5); duration of MS since diagnosis: median 1.0 (IQR 0.3–1.9) months; par-
ticipants with relapse 12 months before treatment: 93 (77.5%); follow-up time: median 18.8 (IQR 12.3–
28.0) months.

Treatment group (interferon beta + glatiramer acetate): n = 215; % women: 67.0; age: median 35.1
(IQR 28.6–43.5) years; EDSS score: median 1.5 (IQR 1.0–2.0); duration of MS since diagnosis: median 1.2
(IQR 0.5–2.8) months; participants with relapse 12 months before treatment: 161 (74.9%); follow-up
time: median 15.3 (IQR 8.6–26.3) months.

Treatment group (dimethyl fumarate): n = 86; % women: 72.1; age: median 33.1 (IQR 28.2–39.1)
years; EDSS score: median 1.5 (IQR 1.0–2.0); duration of MS since diagnosis: median 0.9 (IQR 0.5–1.5)
months; participants with relapse 12 months before treatment: 64 (74.4%); follow-up time: median
14.2 (IQR 8.6–18.9) months.

Treatment group (fingolimod): n = 17; % women: 64.7; age: median 31.7 (IQR 23.6–39.6) years; EDSS
score: median 1.8 (IQR 1.0–2.5); duration of MS since diagnosis: median 1.2 (IQR 0.6–2.5) months; par-
ticipants with relapse 12 months before treatment: 16 (94.0%); follow-up time: median 12.1 (IQR 7.9–
22.3) months.

Treatment group (natalizumab): n = 50; % women: 68.0; age: median 29.4 (IQR 22.6–35.6) years; EDSS
score: median 1.5 (IQR 1.0–2.5); duration of MS since diagnosis: median 1.0 (IQR 0.5–1.9) months; par-
ticipants with relapse 12 months before treatment: 47 (94.0%); follow-up time: median 19.0 (IQR 11.4–
27.5) months.
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Interventions Rituximab: intravenous infusions of 500 mg or 1000 mg every 6 months; however, in some cases the
first infusion had been repeated after 2 weeks.

Interferon beta or glatiramer acetate: interferon beta 1b subcutaneous injection of 0.25 mg every
other day; interferon beta 1a intramuscular injection of 0.03 mg once per week; interferon beta 1a sub-
cutaneous injection of 0.022 mg or 0.044 mg once per week; glatiramer acetate subcutaneous injection
of 20 mg daily.

Dimethyl fumarate: oral administration of 120 mg once daily for 7 days tapered upwards to 240 mg
twice a day.

Fingolimod: oral administration of 0.5 mg once daily.

Natalizumab: intravenous infusions of 300 mg every 4 weeks.

Previously treated with DMT: 0 in all the comparison groups.

Co-interventions not reported.

Outcomes Outcome timing: 24 months

Primary

• Treatment discontinuation. Data: incidence of participants with discontinuation per year.

• Time to treatment discontinuation due to any reason. Data: crude and adjusted HR propensity score
with 95% CI. Variables used to adjust HR: age, sex, baseline EDSS score, MS duration after debut and
diagnosis, relapse in the year before treatment initiation, and region.

Secondary

• Clinical relapse. Data: incidence of participants with clinical relapse per year.

• Time to first relapse. Data: crude and adjusted HR propensity score with 95% CI. Variables used to
adjust HR: age, sex, baseline EDSS score, MS duration after debut and diagnosis, relapse in the year
before treatment initiation, and region.

• New gadolinium-enhancing positive T1-weighted lesions on brain MRI. Data: number of participants
with positive scan. Crude and adjusted OR propensity score with 95% CI. Variables used to adjust OR:
age, sex, baseline EDSS score, MS duration after debut and diagnosis, relapse in the year before treat-
ment initiation, region, and follow-up time.

• AEs grade 1–5 according to CTCAE (National Cancer Institute 2010). Data: incidence of participants
with AEs per year.

Notes Propensity scores were estimated for each treatment group in comparison with rituximab and were
separately adjusted for as stratified quintiles in the regression models.

Authors' conclusions: quote: "Rituximab was superior to all other DMT in terms of drug discontinuation
and displayed better clinical efficacy compared with injectable DMTs and dimethyl fumarate with bor-
derline significance compared with natalizumab and fingolimod. The county where rituximab consti-
tuted the main initial treatment choice displayed better outcomes in most measured variables. Collec-
tively, our findings suggest that rituximab performs better than other commonly used DMTs in patients
with newly diagnosed relapsing MS".

This study was funded by grant 2014-3077 from the Swedish Medical Research Council, and by the
Stockholm County, Karolinska Institutet, the Foundation for Clinical Neuroscience at Umeå University
Hospital, and Neuroförbundet.
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Methods Parallel multicentre RCT

Location: 32 centres in the US and Canada

Recruitment period: December 2004 to December 2006

Aim of study: to assess the efficacy of rituximab compared to placebo in patients with relapsing MS.

Analysis is described as intention-to-treat

Participants Relapsing MS

Switching from other DMTs to rituximab vs placebo

Inclusion criteria: diagnosis according to McDonald 2001; aged 18–55 years; ≥ 1 relapse during the pre-
ceding year; baseline EDSS 0–5 points.

Exclusion criteria: secondary progressive, primary progressive, or progressive relapsing MS; re-
lapse within 30 days; cyclophosphamide or mitoxantrone treatment within 12 months; systemic cor-
ticosteroid therapy within 30 days; treatment with interferon beta, glatiramer acetate, natalizumab,
plasmapheresis, or intravenous Ig within 60 days; non-lymphocyte-depleting immunosuppressive ther-
apies within 90 days.

Rituximab group: n = 69; % women: 75.4; mean age: 39.6 (SD 8.7) years; median EDSS: 2.5 (range 0–5);
mean duration of MS since diagnosis: 6.2 (SD 5.2) years; median relapse in past year: 1.0 (range 0–4); %
participants with baseline gadolinium-enhancing lesions: 36.2; % participants with any therapy for MS
before study entry: 78.3.

Placebo group: n = 35; % women: 82.9; mean age: 41.5 (SD 8.5) years; median EDSS: 2.5 (range 0–5);
mean duration of MS since diagnosis: 6.9 (SD 6.2) years; median relapse in past year: 1.0 (range 0–5); %
participants with baseline gadolinium-enhancing lesions: 14.3; % participants with any therapy for MS
before study entry: 77.1.

Interventions Rituximab: a single course of intravenous rituximab 1000 mg on days 1 and 15.
Placebo: a single course of intravenous infusion 1000 mg on days 1 and 15. Placebo not described.

Co-interventions: on days 1 and 15, paracetamol 1 g and diphenhydramine hydrochloride 50 mg were
administered orally 30–60 minutes before each infusion. Infusion-related reactions were to be treated
with paracetamol plus intramuscular or slow intravenous administration of an antihistamine (diphen-
hydramine hydrochloride), or both, if indicated. If a severe infusion-related reaction occurred, the infu-
sion was to be immediately interrupted, and symptomatic treatment initiated.

Proportion of participants receiving rituximab after previous DMT for MS was 78% and placebo was
77%.

Outcomes Timing: relapse outcome 24 and 48 weeks; MRI outcome 12 weeks, 24 weeks, 36 weeks; AE outcomes
48 weeks.

Primary

• Total number of GELs on serial T1-weighted MRI brain scans at weeks 12, 16, 20, and 24. Lesions that
persisted for > 4 weeks were counted more than once. Data: number of participants with lesions (0, >
0–1, > 1–2, > 2–3, > 3). Mean (SD) number of lesions. Median (range) number of lesions.

Secondary

• Clinical relapse. Data: number of participants with relapse at weeks 24 and 48 with relative risk (90%
CI). Mean (SD, range) number of relapses.

• ARR from week 0 to weeks 24 and 48. ARR defined as the number of relapses for each participant
divided by the total number of years of follow-up. Data: unadjusted and adjusted rates (90% CI), mean
(SD) and median.

• New GELs observed on serial T1-weighted MRI brain scans at weeks 12, 16, 20, and 24. Lesions persist-
ing for > 4 weeks were counted only once. Because a reference scan was needed to determine whether
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a lesion was new, there was no count of new GELs for the baseline scan. Data: number of participants
with new lesions (0, > 0–1, > 1–2, > 2–3, > 3). Mean number (SD) of new lesions. Median number (range)
of new lesions.

• Changes in volume of lesions on T2-weighted MRI from baseline to week 24 and from baseline to week
36. Data: mean (SD) and median.

• Treatment discontinuation. Data: number of participants who discontinued treatment with reasons
within 48 weeks.

• Number of participants with SAEs defined as life-threatening, resulting in death, requiring prolonged
inpatient hospitalisation, disabling, resulting in a congenital anomaly or malignant condition, or re-
quiring surgical intervention to prevent one of these outcomes.

• Number of participants with AEs. Severity grade 1–5 according to CTCAE (version 3.0).

Notes The study was originally designed to enrol 280 participants but before the primary endpoint at week
24, the sample-size target was reduced to 99 participants while the investigators were still unaware of
the data.

Authors' conclusions: quote: "A single course of rituximab reduced inflammatory brain lesions and clin-
ical relapses for 48 weeks. This trial was not designed to assess long-term safety or to detect uncom-
mon adverse events. The data provide evidence of B-cell involvement in the pathophysiology of relaps-
ing MS".

Funding: the study was supported by Genentech, Inc. and Biogen Idec, Inc. Data were collected by
the investigators and held and analysed by Genentech. Dr Waubant received a fellowship grant from
Genentech; Dr Langer-Gould was an employee of Genentech while the study was being carried out, and
received consulting fees from and holding stock options in Genentech. Drs Smith, Sarkar, and Agarwal
were stockholders and employees of Genentech.

ClinicalTrials.gov Identifier: NCT00097188.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Not reported but likely computer generated. 

Quote: "Patients were randomly assigned in a 2:1 ratio to receive rituximab or
placebo, and they were hierarchically stratified according to study site, status
with respect to previous treatment with interferon beta or glatiramer acetate
and baseline disease severity according to the EDSS score ≤2.5 versus >2.5".

Allocation concealment
(selection bias)

Unclear risk No information provided.

Blinding of participants
(performance bias)
All outcomes

Unclear risk Participants received rituximab or placebo infusions at 0 and 2 weeks. How-
ever, there was no information to determine if placebo infusion was indistin-
guishable from rituximab infusion in terms of taste, appearance, and duration
of infusion.

Blinding of personnel (per-
formance bias) All out-
comes

High risk Quote: "The treating investigator was the safety assessor and made all treat-
ment decisions based on the patient's clinical response and laboratory find-
ings".

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "The outcome assessor (distinct from the treating investigator) admin-
istered the EDSS with access only to those data. StaF members from a central
MRI reading centre (NeuroRx, Montreal), who were unaware of the data, evalu-
ated all scans".

Incomplete outcome data
(attrition bias)
All outcomes

High risk Completed 24 weeks: rituximab: 66 (95.7%); placebo: 30 (85.7%). Completed
48 weeks: rituximab: 58 (84.1%); placebo: 21 (60.0%). Discontinued before 48
weeks: rituximab: 11 (15.9%); placebo: 14 (40%).
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Quote: "Patients who discontinued treatment early without having a relapse
were considered to be relapse-free". "Missing values for MRI gadolinium-en-
hancing lesions were replaced by the average number of lesions detected on
available scans obtained during the first 24 weeks. Similar analyses were per-
formed for other lesion-count end points". 

Comment: a risk of attrition bias could have resulted for relapse due to the im-
putation method including 15.9% of the participants in the rituximab group
and 40% in the placebo group.

Completed safety follow-up at week 48. Rituximab: 7 (10%); placebo: 5 (14%).

Selective reporting (re-
porting bias)

Low risk Outcomes were those reported in the protocol (ClinicalTrials.gov:
NCT00097188).

Other bias Low risk Study appeared free of other sources of bias.

Hauser 2008  (Continued)

 
 

Study characteristics

Methods Parallel multicentre RCT

Location: 60 centres in the US and Canada

Recruitment period: start not reported, end October 2007

Aim of study: to assess the efficacy of rituximab relative to placebo over a 96-week treatment period,
and to evaluate the safety and tolerability of rituximab in people with primary progressive MS.

Analysis described as intention-to-treat.

Participants Primary progressive MS

First choice treatment (65% of participants having no prior MS therapies)

Inclusion criteria: diagnosis according to McDonald 2001; aged 18–65 years; disease duration ≥ 1 year;
baseline EDSS 2.0–6.5 points; presence of IgG oligoclonal bands or elevated CSF IgG index, or both.

Exclusion criteria: history of MS exacerbation, neuromyelitis optica, myelopathy or neurodegener-
ative CNS conditions; systemic autoimmune disorders; recurrent or chronic infections; recent treat-
ment with immunomodulating or immunosuppressant therapies; and metabolic, haematological, or
immunological laboratory abnormalities.

Treatment group (rituximab): n = 292; % women: 47.9; mean age: 50.1 (SD 9.0) years; mean EDSS: 4.8
(SD 1.4); mean duration of MS since diagnosis: 4.1 (SD 4.2) years; % no prior interferon beta or glati-
ramer acetate therapies: 64.7.

Placebo group: n = 147; % women: 55.1; mean age: 49.6 (SD 8.7) years; mean EDSS: 4.7 (SD 1.4); mean
duration of MS since diagnosis: 3.8 (SD 4.2) years; % no prior interferon beta or glatiramer acetate ther-
apies: 65.3.

Interventions Rituximab: 4 courses of 2 intravenous infusion of 1000 mg each, 2 weeks apart.

Placebo: 4 courses of 2 intravenous infusion of 1000 mg each, 2 weeks apart. Placebo not described.

Co-interventions not reported.

Proportion of participants receiving rituximab or placebo after previous DMT for MS were 35% in both
groups.
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Outcomes Outcome timing: 96 weeks. SAEs and AEs: 122 weeks.

Primary

• Time to confirmed disability progression and sustained ≥ 12 weeks after initial progression. Progres-
sion defined as a sustained EDSS increase of 1.0 point from baseline EDSS if the baseline EDSS was 2.0–
5.5 points (inclusive), or an EDSS increase of 0.5 point if the baseline EDSS was 5.5 points, for which
change was not attributable to another aetiology. Data: HR (95% CI).

• Number of participants with confirmed disease progression at week 96.

Secondary

• Total volume of MRI T2-weighted lesions. Data: mean (SD) and median change from baseline to week
96.

• Brain volume. Data: mean (SD) and median change from baseline to week 96.

• Number of participants with SAEs measured through 122 weeks.

• Number of participants with AEs measured through 122 weeks. AEs graded according to the National
Cancer Institute CTCAE, Version 3.0.

Notes Authors' conclusions: quote: "Although time to confirmed disease progression between groups was not
significant, overall subgroup analyses suggest selective B-cell depletion may affect disease progression
in younger patients, particularly those with inflammatory lesions".

The study was designed jointly by Genentech and the investigators and supported by Genentech, Inc.
and Biogen Idec, Inc. Data collected by the investigators was held and analysed by Genentech. Mem-
bers of the publication committee had full access to data, and all authors vouch for the veracity and
completeness of the data and data analysis.

ClinicalTrials.gov Identifier: NCT00087529.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Not reported but likely computer generated. 

Quote: "Patients were randomly assigned in a 2:1 ratio and hierarchically strat-
ified according to study site, previous MS therapies with interferon-beta or
glatiramer acetate and baseline disease severity according to the EDSS score
(≤4.0 vs >4.0)".

Allocation concealment
(selection bias)

Unclear risk No information provided.

Blinding of participants
(performance bias)
All outcomes

Unclear risk Participants received 4 courses of rituximab or placebo infusions. However,
there was no information to determine if placebo infusion was indistinguish-
able from rituximab infusion in terms of taste, appearance, and duration of in-
fusion.

Blinding of personnel (per-
formance bias) All out-
comes

Unclear risk No information provided.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Disability was assessed by EDSS scores at least quarterly by a neurologist
blinded to treatment and other patient data including imaging and laborato-
ry results. MRI scans were blindly evaluated at the University of Colorado Brain
Imaging Research Laboratory, an independent MRI reading facility.

Incomplete outcome data
(attrition bias)

Low risk NCT00087529. Rituximab: completed: 224 (77%); not completed: 68 (23%).
Reason not completed: lost to follow-up: 3 (1%); withdraw treatment: 65
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All outcomes (22%). Placebo: completed: 116 (79%); not completed: 31 (21%). Reason not
completed: lost to follow-up: 2 (1%); withdraw treatment: 29 (20%).

Quote: "Time to CDP was the time from randomisation to initial disability pro-
gression, estimated using Kaplan-Meier analysis. Patients with an initial dis-
ease progression who subsequently discontinued the study treatment before
a subsequent confirmatory assessment could be obtained were considered
to have disease progression. Data from patients who discontinued the study
early or were lost to follow-up and had not shown an initial disease progres-
sion were censored at time of their last visit. Patients who demonstrated an
initial disease progression at the end of the treatment period (week 96) were
censored at that time and were not considered to have progression. For MRI
measures related to change from baseline, the last-observed value before the
treatment period discontinuation was used to impute the missing values".

Quote: "Completed safety follow-up at week 122. Rituximab: n. 224 (93%)
of 241 participants who completed 96 weeks of treatment. Placebo: n. 116
(93.5%) of 124 participants who completed 96 weeks of treatment".

Selective reporting (re-
porting bias)

Low risk Outcomes were those reported in the protocol (ClinicalTrials.gov:
NCT00087529).

Other bias Low risk Study appeared free of other sources of bias.

Hawker 2009  (Continued)

 
 

Study characteristics

Methods Single centre, parallel RCT

Location: US. National Institutes of Health

Recruitment period: September 2010 to December 2015

Aim of study: to investigate whether intrathecal and intravenous administration of rituximab can effec-
tively deplete B cells and inhibit activation of T cells in the CNS compartment of secondary progressive
MS.

Analysis described in the interim analysis as per protocol and descriptive statistics.

Participants Secondary progressive MS

Switching from another DMT

Inclusion criteria: diagnosis according to the McDonald's criteria (Polman 2005); aged 18–65 years;
disease duration ≥ 1 year; baseline EDSS 3.0–7.0 points; no relapse in the preceding 1 year and sus-
tained progression of disability over 3 months; no DMTs for ≥ 1 month prior to enrolment; informed
consent; commitment to the use of an accepted method of contraception.

Exclusion criteria: primary progressive MS; history or signs of immunodeficiency or chronic infections;
any serious medical disorder; clinically relevant abnormal blood tests (including IgM and IgG abnormal-
ities); positive pregnancy test; positive CSF or serum JC virus.

Treatment group (rituximab): n = 18; % women: 50.0; median age: 55.2 (range 42.0–66.0) years; medi-
an EDSS: 6.5 (range 2.5–7.0); median duration of MS: 24.4 (range 16.5–38.5) years; % participants with
GELs (month −12/month 0): 14.3/0; duration of follow-up: median 24.0 (range 13.5–36.0) months.
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Placebo group: n = 9; % women: 77.8; median age: 60.1 (range 39.3–64.8) years; median EDSS: 6.5
(range 5.0–6.5); median duration of MS: 26.0 (range 10.4–43.6) years; % participants with GELs (month
−12/month 0): 25.0/11.1; duration of follow-up: median 30.0 (range 18.0–36.0) months.

Interventions Rituximab: 25 mg (1:1 dilution in normal saline) intrathecal injection followed by 200 mg intravenous
infusion at day 0 and 15, and 25 mg of intrathecal rituximab at months 1.5 and 12.

Placebo: intrathecal and intravenous normal saline at month 0, followed by additional normal saline
intravenously at month 0.5 and another dose of intrathecal normal saline at months 1.5 and 12.

Premedication with intravenous methylprednisolone 100 mg, diphenhydramine 50 mg, paracetamol
650 mg, and lorazepam 1 mg.

Co-interventions: not reported.

Treatments with DMTs before rituximab or placebo not reported.

Outcomes Outcome timing: 24 months.

Primary

• Changes from baseline in CSF of chemokine CXCL13. This outcome was for interim analysis of the ef-
ficacy of B-cell depletion from the CSF 3 months after rituximab or placebo into the CSF. The proto-
col-stipulated threshold for trial continuation was at least 25% decrease in CSF CXCL13 induced by
active treatment with significance level P=0.025 (NCT01212094).

• Changes from baseline in CSF of B-cell activating factor. This outcome was for interim analysis of the
efficacy of B-cell depletion from the CSF 3 months after rituximab or placebo into the CSF. The pro-
tocol-stipulated threshold for trial continuation was ≥ 50% increase in CSF B-cell activating factor in-
duced by active treatment with significance level P = 0.025 (NCT01212094).

Secondary

• Changes from baseline in CSF B-cell numbers between rituximab and placebo. This outcome was for
interim analysis of the efficacy of B-cell depletion from the CSF 3 months after giving rituximab or
placebo into the CSF.

• EDSS, Scripps Neurological Rating Scale, and MS Functional Composite Scale. Data available: median
(range) values at 6, 12, 18, and 24 months.

• Mean cumulative CEL counts on brain MRI.

• Number of participants with SAEs at 24 months.

• Number of participants with AEs at 24 months.

Notes 5 participants per group terminated 24 months' follow-up. The study was stopped early, because the
treatment efficacy on CSF biomarkers failed to reach criteria for continuation of the trial.

Authors' conclusions: quote: "Biomarker studies reliably quantified complementary pharmacodynamic
effects of rituximab in the CNS, exposed causes for poor efficacy and determined that RIVITALISE trial-
 would be underpowered to measure efficacy on clinical outcomes. Identified mechanisms for poor effi-
cacy are applicable to all CNS-inflammation targeting monoclonal antibodies".

Funding: Intramural Research program of the National Institute of Neurological Disorders and Stroke of
the National Institutes of Health.

ClinicalTrials.gov Identifier: NCT01212094.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Randomization was done by the pharmacy of the National Institutes
of Health using a table of random numbers".
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Comment: stratified by age.

Allocation concealment
(selection bias)

High risk Likely predictable sequence due to deducing last allocation in fixed small size
blocks.

Quote: "Using a block size of 3: within a block of three the highest two num-
bers were assigned to rituximab and the lowest number to placebo".

Blinding of participants
(performance bias)
All outcomes

Unclear risk Quote: "double-blind" only.

Blinding of personnel (per-
formance bias) All out-
comes

Unclear risk No information available.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk No information available.

Incomplete outcome data
(attrition bias)
All outcomes

High risk Completed all study visits: rituximab: 5/18 (28%) participants; placebo: 5/9
(55%) participants.

Selective reporting (re-
porting bias)

Low risk Outcomes were those reported in the protocol (ClinicalTrials.gov:
NCT01212094).

Other bias High risk The investigators terminated the study prematurely based on an interim
analysis on CSF biomarkers. Participants were not followed up to measure
clinical outcomes.

Komori 2016  (Continued)

 
 

Study characteristics

Methods Retrospective nationwide cohort study

Location: Sweden

Study period: 1 January 2011 to 31 December 2017

Aim of study: to estimate and compare the infection risks among contemporary Swedish people with
MS who were treated with rituximab, natalizumab, fingolimod, and interferon beta and glatiramer ac-
etate.

Data collection: data were collected from the Swedish MS Register (www.neuroreg.se/) linked to na-
tional healthcare and census registries using the national personal identity number.

Analysis: 5 comparator participants were matched for each person with MS from the general popula-
tion by age, sex, and region. Used Cox proportional hazard models. As participants could contribute da-
ta to multiple treatment cohorts, robust 95% CIs were calculated. Potential confounding variables ad-
justed for in the models were age, sex, country of birth, educational level, number of days hospitalised
during the last 5 years, and other general health variables, year of treatment start, disease duration,
EDSS score, MSIS-29 score, SDMT score, and EQ-5D scale score. Multiple imputation was applied to ac-
count for missing data. The comparison between high-efficacy DMTs was adjusted for number of previ-
ous DMTs.

Participants Relapsing MS
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Switching from another DMT

Inclusion criteria: participants whose data were recorded in the Swedish MS Register and who start-
ed treatment with interferon beta and glatiramer acetate, fingolimod, natalizumab, or rituximab be-
tween 1 January 2011 and 31 December 2017, matched for age, sex, and location to 42,645 people with-
out MS from general population. Participants with MS contributed to multiple treatment cohorts, en-
tering each at their first start of each drug.

Treatment episodes (rituximab): n = 3260; start year: median 2016 (IQR 2014–2017); % women:72.3;
age: mean 40.4 (SD 10.6) years; EDSS score: mean 2.1 (SD 1.5); duration of MS: mean 8.7 (SD 7.6) years;
time receiving interferon or glatiramer acetate before switch: median 2.4 (IQR 1.0–4.9) years; treatment
duration: mean 2.0 years; % of participants with no previous use of DMTs: 23.7; % of participants with
any relapse last year: 27.9.

Treatment episodes (interferon beta or glatiramer acetate): n = 2217; start year: median 2013 (IQR
2012–2014); % women: 73.6; age: mean 40.1 (SD 11.3) years; EDSS score: mean 1.6 (SD 1.3); duration of
MS: mean 6.2 (SD 7.4) years; treatment duration: mean 2.1 years; % of participants with no previous use
of DMTs: 94.3; % of participants with any relapse last year: 35.6.

Treatment episodes (fingolimod): n = 1535; start year: median 2013 (IQR 2012–2015); % women: 68.1;
age: mean 38.8 (SD 9.6) years; EDSS score: mean 2.1 (SD 1.5); duration of MS: mean 8.8 (SD 6.6) years;
time receiving interferon or glatiramer acetate before switch: median 2.9 (IQR 1.3–6.1) years; treatment
duration: mean 2.7 years; % of participants with no previous use of DMTs: 12.6; % of participants with
any relapse last year: 27.9.

Treatment episodes (natalizumab): n = 1588; start year: median 2014 (IQR 2012–2015); % women:
72.5; age: mean 35.0 (SD 10.1) years; EDSS score: mean 2.3 (SD 1.5); duration of MS: mean 5.8 (SD 6.2)
years; time receiving interferon or glatiramer acetate before switch: median 1.4 (IQR 0.8–5.0) years;
treatment duration: mean 2.5 years; % of participants with no previous use of DMTs: 31.5; % of partici-
pants with any relapse last year: 49.0.

General population: n = 42,645; start year: median 2014 (IQR 2012–2016); % women: 72.0; age: mean
39.0 (SD 10.7) years.

Interventions Included 8600 treatment initiations from 6421 participants.

Interferon beta and glatiramer acetate: 2217 initiations. Mean total treatment duration: 2.1 years.

Rituximab: 3260 initiations. Mean total treatment duration: 2.0 years.

Fingolimod: 1535 initiations. Mean total treatment duration: 2.7 years.

Natalizumab: 1588 initiations. Mean total treatment duration: 2.5 years.

Outcomes Outcome timing: 72 months.

• Time until the first serious infection, defined as any infection recorded as the main reason for a hos-
pitalisation. Participants could contribute data to multiple treatment cohorts. Data: HR (95% CI).

• Less serious infections identified through the Prescribed Drug register according to filled prescriptions
of any systemic antibiotic and antiviral medication for herpetic infections.

Notes Authors' conclusions: quote: "Patients with MS are at a generally increased risk of infections, and this
differs by treatment. The rate of infections was lowest with interferon beta and glatiramer acetate; a-
mong newer treatments, oF-label use of rituximab was associated with the highest rate of serious in-
fections. The different risk profiles should inform the risk-benefit assessments of these treatments".

Funding: a Patient-Centered Outcomes Research Institute Award (grant MS-1511–33196) and funds
from the Swedish Foundation for MS Research.
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Study characteristics

Methods Case-control study

Location: the MS centres in Basel and Lugano, Switzerland and the MS centre in Amsterdam (University
medical centre Amsterdam, the Netherlands)

Study period: 2004–2017

Aim of study: to compare disease progression between people treated with rituximab and people who
had never been treated with rituximab.

Data collection: data of participants treated with rituximab were collected from the 2 MS centres in
Switzerland. Participants never treated with rituximab (control group) were recruited from 2 cohorts, 1
at the MS centre in Basel and 1 at the MS centre in Amsterdam.

Follow-up time: up to 10 years

Analysis: the rituximab-treated and the control groups were matched 1:1 using propensity scores. The
matching variables were sex, age, EDSS score, and disease duration at baseline. To estimate effect sizes
for disability worsening, the investigators used a linear mixed-effects model that included propensi-
ty score-based matching and covariate adjustment. Covariates included age, sex, disease duration,
baseline EDSS score, treatment (rituximab vs control), time after baseline, and the interaction between
treatment and time after baseline.

Participants Secondary progressive MS

Switching from another DMT

Inclusion criteria: diagnosis according to the criteria of Lublin 1996; ≥ 1 dose of rituximab and 1 clini-
cal follow-up visit; informed consent.

Exclusion criteria: not reported.

Baseline characteristics after propensity score matching.

Rituximab group: n = 44; % women: 59; age: mean 49.7 (SD 10.0) years; baseline EDSS score: mean 5.93
(SD 1.40); duration of MS: mean 18.2 (SD 9.4) years; % of participants with previous use of DMTs in the
year before baseline: 59.0; follow-up: mean 41.8 (SD 32.2) months.

Never treated with rituximab: n = 44; % women: 61; age: mean 51.3 (SD 7.4) years; baseline EDSS
score: mean 5.70 (SD 1.29); duration of MS: mean 19.4 (SD 8.7) years; % of participants with previous
use of DMTs in the year before baseline: 52.0; follow-up: mean 457.7 (26.5) months.

Interventions Rituximab: doses, timing, and frequency not reported.

Control: never treated: 23 (52%) participants; interferon beta 1b: 12 (27%) participants; other DMTs: 9
(21%) participants. Doses, timing, and frequency of control treatments not reported.

7 (16%) participants in the control group and 0 in the rituximab group switched during follow-up to an-
other treatment.

Co-interventions: not reported.

Treatment with DMTs 1 year before baseline: rituximab: 26 (59%); control: 23 (52%).

Outcomes Outcome timing: 36 months

Primary

• Change from baseline in disability measured by yearly EDSS score. Mean difference (95% CI).

Secondary

Naegelin 2019 
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• Time to confirmed disability worsening defined as an increase in the EDSS score ≥ 12 months after
baseline and confirmed by a second examination 12 months later. Data: HR (95% CI).

• Number of participants with AEs reported only in the rituximab group.

Notes Before matching, participants from the rituximab group were significantly younger and had a higher
grade of disability. A higher proportion (59%) of the rituximab-treated participants had been treated
with DMTs in the year before baseline compared with the control participants (48%). Propensity score-
based matching in combination with covariate adjustment was used in the statistical models.

Authors' conclusions: quote: "In this study, patients with secondary progressive MS treated with ritux-
imab had a significantly lower EDSS score for up to 10 years of follow-up and a significantly delayed-
 confirmed progression compared with matched controls, suggesting that B-cell depletion by rituximab
may be therapeutically beneficial in these patients. A prospective randomized clinical trial with a better
level of evidence is needed to confirm the efficacy of rituximab in such patients".

Funding: not reported.

Naegelin 2019  (Continued)

 
 

Study characteristics

Methods Retrospective cohort nationwide study. The Swedish MS register

The dataset included all patients from the SMSreg with baseline dates from April 2005 to November
2015

Aim of study: to compare benefit and treatment persistence in people with relapsing MS who initiated
rituximab relative to a contemporaneous, propensity-matched cohort of people treated with interferon
beta or glatiramer acetate.

Participants Relapsing MS

Switching from another DMT

Inclusion criteria: aged ≥ 18 years at baseline defined as the start date of interventions. A minimum of
3-month persistence on the index intervention required.

Baseline characteristics after propensity score matching

Rituximab: n = 461; % women: 74.4; age: median 41.5 (IQR 34.5–48.5) years; EDSS score: median 2 (IQR
1.5–3); duration of MS: median 10.6 (IQR 7.4–15.0) years; proportion of disease duration on treatment:
median 0.6 (IQR 0.3–0.7); number of DMT starts: median 2 (IQR 1–3); number of DMT starts/disease du-
ration: median 0.2 (IQR 0.1–0.3); relapse last 12 months: mean 0.07 (SD 0.29); relapse last 24 months:
mean 0.10 (SD 0.39); on-treatment follow-up: mean 2.14 (SD 1.42) years.

Interferon or glatiramer acetate: n = 922; % women: 75.8; age: median 40.0 (IQR 33.1–45.7) years;
EDSS score: median 2 (IQR 1.5–3); duration of MS: median 9.9 (IQR 6.4–12.8) years; proportion of dis-
ease duration on treatment: median 0.6 (IQR 0.2–0.7); number of DMT starts: median 2 (IQR 1–3); num-
ber of DMT starts/disease duration: median 0.2 (IQR 0.1–0.3); relapse last 12 months: mean 0.15 (SD
0.47); relapse last 24 months: mean 0.10 (SD 0.38); on-treatment follow-up: mean 2.80 (SD 2.05) years.

Interventions Rituximab: intravenous infusions of 500 or 1000 mg every 6 months.

Interferon or glatiramer acetate: interferon beta 1b subcutaneous injection0.25 mg every other day;
interferon beta 1a intramuscular injection 0.03 mg once per week; interferon beta 1a subcutaneous in-
jection of 0.022 or 0.044 mg once per week; glatiramer acetate subcutaneous injection 20 mg daily.

Co-interventions not reported.

Outcomes Outcome timing: 24 months.

Spelman 2018 
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Primary

• ARR.

• Time to first relapse on therapy.

• Time to treatment discontinuation.

Secondary

• Time to confirmed disability progression. 3-month confirmed disability progression was defined as ≥
3-month confirmed increases of ≥ 0.5 points for participants with a baseline EDSS score > 5.5, ≥ 1.0
point for those with a baseline EDSS score 1.0–5.5, inclusive, and ≥ 1.5 points for those with a baseline
EDSS score of 0. EDSS scores recorded within 30 days after the onset of a relapse were excluded. A
minimum of 3 visits(including baseline) at which an EDSS was formally recorded were, by definition,
required to first observe and then confirm the disability progression event.

• EDSS change from baseline at 1–4 years of treatment.

AEs not reported.

Notes Quote: "The Swedish MS register is currently used in all neurology departments across Sweden, captur-
ing approximately 80% of the prevalent Swedish MS population".

Authors' conclusions: quote: "Rituximab appears to be superior to first-generation DMTs with respect to
relapse control and tolerability, whereas superiority on disability outcomes is less clear".

Study supported by the Swedish Research Council, the Swedish Brain Foundation, and the Karolinska
University Hospital.

Spelman 2018  (Continued)

 
 

Study characteristics

Methods Single centre, retrospective cohort study

Setting: the Rocky Mountain MS Center at the University of Colorado, US

Recruitment: January 2010 to October 2013

Aim of study: to investigate the comparative effectiveness and discontinuation patterns of people
treated with rituximab compared to those treated with natalizumab, fingolimod, or dimethyl fumarate.

Follow-up time: 2 years

Participants All types of MS

Shifting to rituximab vs other DMTs

Inclusion criteria: participants who initiated rituximab, natalizumab, fingolimod, or dimethyl fu-
marate between January 2010 and October 2013; negative JC virus serology test at baseline for partici-
pants treated with natalizumab.

Rituximab: n = 182; % women: 65.9; age: mean 43.9 (SD 11.8) years; % relapsing MS 62.1; % progressive
MS 37.9; EDSS: not reported; duration of MS: mean 12.7 (SD 8.4) years; % no DMT within 6 months pre-
baseline: 28.0; % with baseline MRI CELs: 28.4.

Fingolimod: n = 271; % women: 72.0; age: mean 42.5 (SD 11.4) years; % relapsing MS 90.0; % progres-
sive MS 10.0; EDSS: not reported; duration of MS: mean 11.5 (SD 7.5) years; % no DMT within 6 months
prebaseline: 24.4; % with baseline MRI CELs: 24.6.

Vollmer 2020a 
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Dimethyl fumarate: n = 342; % women: 69.6; age: mean 45.8 (SD 12.2) years; % relapsing MS 77.5; %
progressive MS 22.5; EDSS: not reported; duration of MS: mean 11.1 (SD 7.4) years; % no DMT within 6
months prebaseline: 24.6; % with baseline MRI CELs: 14.6.

Natalizumab: n = 451; % women: 76.7; age: mean 39.8 (SD 12.1) years; % relapsing MS 84.7; % progres-
sive MS 15.3; EDSS: not reported; duration of MS: mean 11.4 (SD 7.5) years; % no DMT within 6 months
prebaseline: 37.7; % with baseline MRI CEL: 33.1.

Interventions Rituximab: induction dose 2000 mg (1000 mg at day 1 and day 14) and 500 mg every 6 months there-
after in most (77.4%) participants.

Natalizumab, fingolimod, and dimethyl fumarate: doses, timing, and frequency not reported.

Co-interventions not reported.

Outcomes Outcome timing: 24 months.

Primary

• Disease activity: a composite outcome defined as the participant experiencing a clinical relapse, CELs
or new T2 lesion on follow-up MRI.

Secondary

• Relapse defined as clinician-reported per participant chart notes as new or worsening neurological
symptoms lasting > 24 hours in the absence of fever or infection.

• CELs and new T2 lesion on MRI data obtained from neuroradiology reports and clinical reports.

• Discontinuation of therapy, defined as no longer on drug at 24 months after start date, or initiation of
any other MS DMT during the 24-month follow-up period.

• Primary reason for discontinuation of therapy.

• Number of participants with AEs.

SAEs not reported.

Notes Quote: "Propensity scores generated through logistic regression on sample group 1:2 nearest neigh-
bour matched by propensity scores with replacement. Preselected covariates: age, sex, disease dura-
tion, diagnosis, and contrast-enhancing lesions on baseline MRI".

Authors' conclusions: quote: "Rituximab demonstrated superior effectiveness and discontinuation out-
comes compared to fingolimod and dimethyl fumarate. Although rituximab demonstrated similar ef-
fectiveness and discontinuation compared to natalizumab, rituximab had superior effectiveness during
months 6–24 and fewer discontinuations when excluding discontinuations due to insurance issues. Re-
sults suggest superiority of rituximab in reducing disease activity and maintaining long-term treatment
in a real-world MS cohort".

Study received no funding.

Vollmer 2020a  (Continued)

AE: adverse event; ARR: annualised relapse rate; CEL: contrast-enhancing lesion; CI: confidence interval; CNS: central nervous system;
CSF: cerebrospinal fluid; CTCAE: Common Terminology Criteria for Adverse Events; DMT: disease-modifying treatment; EDSS: Expanded
Disability Status Scale; GEL: gadolinium-enhancing lesion; GITEM: Grup d'Investigació i Tractament de l'Esclerosi Múltiple; HR: hazard ratio;
IG: immunoglobulin; IQR: interquartile range; JC: John Cunningham; MRI: magnetic resonance imaging; MS: multiple sclerosis; n: number
of participants; MSIS-29: MS Impact Scale-29; OR: odds ratio; RCT: randomised controlled trial; SAE: serious adverse event; SD: standard
deviation; SDMT: Symbol Digit Modalities Test.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Airas 2020 Before-after (pre–post) study with no control group.
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Study Reason for exclusion

Alcalá 2018 Before-after (pre–post) study with no control group.

Alldredge 2018 Before-after (pre–post) study with no control group.

Alvarez 2015 Case series with no control group.

Barmettler 2018 Retrospective cohort study with no control group.

Bar-Or 2008 Before-after (pre–post) study with no control group.

Barra 2016 Retrospective cohort study with no control group.

Bellinvia 2020 Before-after (pre–post) study with no control group.

Bergman 2018 Before-after (pre–post) study with no control group.

Berntsson 2018 Retrospective cohort study with no control group.

Bhargava 2019 Before-after (pre–post) study with no control group.

Boremalm 2021 Before-after (pre–post) study with no control group.

Boström 2016 Retrospective cohort study with no control group.

Brown 2011 Retrospective cohort study with no control group.

Caldito 2021 Ineligible design. The study investigated the adverse event profile of rituximab and ocrelizumab re-
ported to the Food and Drug Administration Adverse Event Reporting System (FAERS) database.

Ciplea 2020 Retrospective cohort study. Data source: the German Multiple Sclerosis and Pregnancy Registry.
The study aimed to assess possible adverse effects on breastfed infants of mothers receiving mon-
oclonal antibodies during pregnancy or lactation, or both. Of 23 women who breastfed under mon-
oclonal antibodies, only 3 women were treated with rituximab.

Cross 2012 Before-after (pre–post) study with no control group.

D'Amico 2019 Before-after (pre–post) study with no control group.

Das 2018 Case series in MS and neuromyelitis optica spectrum disorders.

de Flon 2016 Before-after (pre–post) study with no control group.

Disanto 2021 Before-after (pre–post) study with no control group.

Dunn 2018 Cross-sectional study to evaluate antibodies to rituximab with no control group.

Durozard 2019 Before-after (pre–post) study with no control group.

Ellrichmann 2019 Before-after (pre–post) study with no control group.

EUCTR2013-002378-26 A before-after (pre–post) study with no control group.

Gottesman 2017 Study recorded no relevant outcomes. Only recorded the John Cunningham antibody titres.

Hallberg 2019 Abstract. No comparison of rituximab with other disease-modifying treatments.
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Study Reason for exclusion

He 2020 Retrospective international observational study comparing long-term disability outcomes between
people who started high-efficacy therapies within 2 years of disease onset with those who started
4–6 years after disease onset. No comparison of rituximab with other included treatments (ocre-
lizumab, mitoxantrone, alemtuzumab, natalizumab).

Hellgren 2020 Before-after (pre–post) study with no control group.

Honce 2019 The comparison of rituximab vs placebo was confounded by treatment with glatiramer acetate. 55
participants with clinically isolated syndrome or relapsing MS were included. The rituximab group
received a single course of intravenous infusion of rituximab 1000 mg on days 1 and 15, and the
control group received a single course of intravenous infusion of placebo 1000 mg on days 1 and
15. On study day 28, all participants received glatiramer acetate 20 mg injected subcutaneously
daily up to a maximum of 33 months. Outcome assessed at a median 24 months' follow-up.

Juto 2020 Retrospective cohort study to evaluate possible rebound activity after rituximab discontinuation,
with no control group.

Kuempfel 2019 Case series.

Langer-Gould 2018 Abstract. No comparison of rituximab with other disease-modifying treatments.

Langer-Gould 2019 Abstract only available. We wrote to authors asking for the total number of participants in the
comparison groups (fingolimod and glatiramer), but received no reply (Filippini 2021d). This was
a retrospective multicentre cohort study conducted in the USA (Kaiser Permanent Southern Cal-
ifornia) and Sweden. 1175 people with MS treated with rituximab with 2467 person-years of fol-
low-up in the Kaiser Permanent Southern California cohort, and 3165 people treated with ritux-
imab with 6003 person-years of follow-up in the Swedish cohort. Rituximab compared to glati-
ramer acetate in the Kaiser Permanent Southern California cohort. Rituximab compared to fin-
golimod in the Swedish cohort. Only hazard ratios (95% confidence intervals) were available for
cancer risk.

Langer-Gould 2020 Retrospective cohort study that aimed to assess whether risk of postpartum relapses is modified by
breastfeeding or MS disease-modifying treatments. Comparison among disease-modifying treat-
ments was not drawn.

Leonidou 2019 Before-after (pre–post) study with no control group.

Maarouf 2020 Before-after (pre–post) study with no control group.

Malucchi 2016 Case series.

Mathew 2020 Before-after (pre–post) study with no control group.

Mazdeh 2020 Before-after (pre–post) study with no control group.

Midaglia 2020 Before-after (pre–post) study comparing 2 doses of rituximab with no control group.

Naismith 2010 Before-after (pre–post) study with no control group.

Naser Moghadasi 2019 Before-after (pre–post) study with no control group.

NCT02980042 Type of intervention outside inclusion criteria (switching from rituximab to ocrelizumab).

NCT03979456 Randomised controlled trial comparing rituximab 500 mg every 6 months with rituximab 500 mg
every 12 months with no control group.
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Study Reason for exclusion

Nielsen 2012 A before-after (pre–post) study with no control group.

Persson 2020 Retrospective cohort study based on 2 databases, the United States Department of Defense health-
care system and the United Kingdom’s Clinical Practice Research Datalink GOLD. This study was
unable to give data on the risk of infection with individual disease-modifying treatments due to
lack of available data.

Razaz 2020 Type of intervention outside inclusion criteria (women with MS who suspended rituximab and
natalizumab within 6 months before conception and women who were not treated with any dis-
ease-modifying treatment within 1 year of conception).

Sahraian 2020 Case series.

Salzer 2016 Before-after (pre–post) study with no control group.

Schwake 2020 Case report.

Scotti 2018 No relevant outcomes were recorded in the study. Only recorded the outcome 'evidence of disease
activity'.

Shima 2020 Case report.

Smith 2020 Retrospective cohort study that aimed to describe the safety and efficacy of rituximab in MS and
pregnancy. Comparison among disease-modifying treatments was not drawn.

Topping 2016 Before-after (pre–post) study with no control group.

Torgauten 2021 Retrospective cohort study with no control group.

Tsao 2019 Case series.

Vollmer 2020b Retrospective cohort study with no control group.

Wijnands 2018 Study included interferon beta, glatiramer acetate, natalizumab, fingolimod, and dimethyl fu-
marate. No participants received rituximab.

Wolf 2019 Case series.

Yamout 2018 Before-after (pre–post) study with no control group.

Zecca 2020 Before-after (pre–post) study with no control group.

Zhovtis Ryerson 2018 Case series.

MS: multiple sclerosis.
 

Characteristics of studies awaiting classification [ordered by study ID]

 

Methods Observational open-label, controlled study involving 1 centre in the US comparing people with sec-
ondary progressive MS treated with rituximab vs controls (people with secondary progressive MS
treated with other DMTs) regarding safety, tolerability, and progression of disease. Safety and tol-
erability were assessed by monitoring the adverse effects to rituximab. Efficacy in delaying pro-
gression of disease was measured by a multivariate survival modelling.

Berrios Morales 2016 
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Participants People with secondary progressive MS

Interventions • Rituximab group: n = 40

• Control group: n = 20

Outcomes • Disability worsening measured by EDSS

• Adverse events

Notes Study characteristics extracted from the study abstract. Sufficient information not available on
study design, characteristics of participants, interventions, and outcomes. We contacted study in-
vestigators to request missing data.

Berrios Morales 2016  (Continued)

 
 

Methods Retrospective cohort study including people with MS initiating treatment with rituximab, dimethyl
fumarate, natalizumab, or fingolimod in Sweden 2011–2017. Treatment episodes and clinical data
were extracted from the Swedish MS register; linkage to national healthcare and census registers
provided data on potential confounders and diagnosed cardiovascular disease (in hospital or non-
primary outpatient care). Individuals were followed
from treatment start until recorded outcome, drug discontinuation, death, emigration, or 31 De-
cember 2017. Baseline differences were adjusted for with inverse probability of treatment weight-
s, and group difference in incidence rate tested with Cox regression.

Participants People with MS

Interventions • Rituximab: n = 3260

• Dimethyl fumarate: n = 2046

• Natalizumab: n = 1588

• Fingolimod: n =1535

Outcomes • Major adverse cardiovascular events

• Conduction disorders

• Cerebrovascular events

• Thrombotic events

• Fatal cardiac events

Mean 2.1 years of follow-up

Notes Study characteristics extracted from the abstract. Sufficient information not available on study de-
sign, characteristics of participants, interventions, and outcomes. We contacted study investiga-
tors to request missing data.

Frisell 2019 

 
 

Methods Retrospective cohort study based on MSBase registry

Participants People with relapsing MS followed for > 3 months after commencing rituximab, natalizumab, or
alemtuzumab and with a minimum data set.

Interventions • Rituximab

• Natalizumab

• Alemtuzumab

Kalincik 2019 
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Outcomes • Annualised relapse rate

• Cumulative hazard of relapses

• 3-month confirmed disability worsening or improvement

Notes Study characteristics extracted from the abstract. Sufficient information not available on study de-
sign, characteristics of participants, interventions, and outcomes. We contacted study investiga-
tors to request missing data.

Kalincik 2019  (Continued)

DMT: disease-modifying treatment; EDSS: Expanded Disability Status Scale; MS: multiple sclerosis; n: number of participants.
 

Characteristics of ongoing studies [ordered by study ID]

 

Study name Efficacy of rituximab at low doses in multiple sclerosis – a prospective, randomized, double-blind,
active controlled, pilot trial

Methods Randomised controlled trial

Sample size: 70

Country: Austria

Number of centres: 2

Participants Relapsing MS

Interventions • Rituximab 100 mg every 10–12 weeks

• Other, currently used dosing regimens

Outcomes • Primary: annualised relapse rate at 48 weeks

Starting date 2018

Contact information Medical University of Vienna, Department of Neurology (neurologie-sekretariat@meduni-
wien.ac.at)

Notes Recruitment status: recruiting

Prospective completion date: not reported

Sponsor/funding: Medical University of Vienna, Department of Neurology

EUCTR2017-000426-35-AT 

 
 

Study name MultipleMS – Multiple-omics approach to accelerate personalised medicine in a prospective cohort
of newly diagnosed MS and CIS patients

Methods Prospective controlled cohort study

Sample size: 150

Country: Sweden

Number of centres: 1

EUCTR2017-002634-24-SE 
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Participants Newly diagnosed people with CIS and MS – both relapsing remitting and primary progressive

Interventions Number of treatment arms in the trial: 8

• Rituximab

• Natalizumab

• Dimethyl fumarate

• Fingolimod

• Glatiramer acetate

• Interferon beta

• Alemtuzumab

• Teriflunomide

Outcomes • Primary: new and enlarging MRI T2 lesions in brain and spinal cord at baseline and after 24 months
of treatment

Starting date 29 September 2017

Contact information Neurology Clinic Karolinska University Hospital (fredrik.piehl@ki.se)

Notes Recruitment status: recruiting

Prospective completion date: not reported

Sponsor/funding: Karolinska Institutet Sweden

EUCTR2017-002634-24-SE  (Continued)

 
 

Study name Danish non-inferiority study of ocrelizumab and rituximab in MS (DanNORMS): a randomized study
comparing the efficacy of ocrelizumab and rituximab in active multiple sclerosis

Methods Randomised controlled non-inferiority trial

Sample size: 594

Country: Denmark

Number of centres: 12

Participants All active forms of MS according to the diagnostic criteria of Thompson 2018

Interventions • Rituximab

• Ocrelizumab

Outcomes • Percentage of participants with no new or enlarging MRI T2 white matter lesions from month 6
to month 24

Starting date 15 December 2020

Contact information Danish Multiple Sclerosis Center, Rigshospitalet (telephone number 45 3863 3045)

Notes Recruitment status: recruiting

Prospective completion date: 30 January 2028

Sponsor/funding: Danish Multiple Sclerosis Center, Rigshospitalet, Denmark

EUCTR2020-002981-15-DK 
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Study name One year comparison of effectiveness and complication of rituximab and fingolimod in multiple
sclerosis (MS) patients

Methods Randomised controlled trial

Sample size: 36

Country: Iran

Number of centres: 1; Imam Reza hospital Kermanshah, Iran

Participants Active MS defined as ≥ 1 relapse in the past year or 2 relapses in the past 2 years. A new T2 or
gadolinium-enhancing lesion lesions on brain MRI in the past year despite treatment with di-
methyltryptamine

Interventions • Rituximab 1000 mg at week 0, week 2, and every 6 months for 1 year

• Fingolimod 0.5 mg oral daily for 1 year

Outcomes • Disability motion

• Relapse

• Medicine complications

Starting date 10 May 2018

Contact information Nazanin Razazian (nrazazian@gmail.com)

Notes Recruitment status: complete

Sponsor/funding: Kermanshah University of Medical Sciences

IRCT20130812014333N125 

 
 

Study name Intrathecal rituximab in progressive multiple sclerosis (EFFRITE)

Methods Randomised control parallel trial

Sample size: 12

Country: France

Number of centres: 1

Participants Secondary or primary progressive MS, in progressive phase for > 2 years

Interventions • Single intrathecal infusion of rituximab 20 mg (with intravenous methylprednisolone 120 mg to

avoid adverse effects) and rituximab intravenous 375 mg/m2 the same day

• Single blood infusion of methylprednisolone intravenous 120 mg

Outcomes Primary

• Change in osteopontin level in cerebrospinal fluid at day 4, day 21, day 180

Secondary measured at day 4, day 21, day 180

• Change in tumour necrosis factor alpha level in cerebrospinal fluid

NCT02545959 
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• Change in immunoglobulin G synthesis in cerebrospinal fluid

• Change in neurofilament level in cerebrospinal fluid

Other outcome measures

• Change in clinical parameters at day 4, day 21, day 180, day 365. Subjective appreciation and mul-
tiple clinical scales (walking time, 9 hole peg test, Expanded Disability Status Scale Symbol Digit
Modalities Test, SDMT, Fatigue Intensity Scale)

• Brain volume atrophy at day 180, day 365. Percent change in total brain volume

Starting date 30 November 2015

Contact information Mickael Bonnan, Centre Hospitalier de PAU University Hospital, Bordeaux France

Notes Recruitment status: completed (2 September 2019)

Sponsor/funding: Centre Hospitalier de PAU Bordeaux France

NCT02545959  (Continued)

 
 

Study name RItuximab versus FUmarate in Newly Diagnosed Multiple Sclerosis (RIFUND-MS)

Methods Parallel randomised clinical trial

Sample size: 200

Country: Sweden

Number of centres: 17

Participants Relapsing remitting MS according to the 2017 revised McDonald criteria or 1 demyelinating episode
in conjunction with ≥ 1 asymptomatic high-intensity T2 lesion with size and location compatible
with MS

Interventions • Rituximab every 6 months

• Dimethyl fumarate daily according to clinical practice

Outcomes • Primary: freedom of relapse within 2 years

Starting date May 2016

Contact information Anders Svenningsson, Karolinska Institutet, Stockholm, Sweden (anders.svenningsson@ki.se)

Notes Recruitment status: active, not recruiting

Prospective completion date: August 2021

Sponsor: Anders Svenningsson

NCT02746744 

 
 

Study name COMparison Between All immunoTherapies for Multiple Sclerosis (COMBAT-MS)

Methods Observational prospective cohort study

Sample size: 3526

NCT03193866 
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Country: Sweden

Number of centres: 2 (Karolinska Institutet, Stockholm, Sweden; Kaiser Permanent Southern Cali-
fornia, Los Angeles, USA)

Participants Participants with CIS or relapsing remitting MS who initiate a first MS DMT, or initiate a second-ever
DMT, of a different drug class than the first, regardless of time between drugs or reason for discon-
tinuation from 1 January 2011 to 30 June 2018.

Interventions • Rituximab

• Natalizumab, fingolimod, alemtuzumab, interferon beta, glatiramer acetate, or dimethyl fu-
marate

Outcomes Primary

• Confirmed disease progression in participants with EDSS ≤ 2.5 at baseline over 3 years of follow-up

• Confirmed disease progression in participants with EDSS ≥ 2.5 at baseline over 3 years of follow-up

• Disease-related impact on daily life over 3 years of follow-up

Starting date 1 February 2017

Contact information Fredrik Piehl, Karolinska Institutet, Stockholm, Sweden

Notes Recruitment status: active, not recruiting

Prospective completion date: 31 December 2022

Sponsor/funding: Karolinska Institute Sweden

NCT03193866  (Continued)

 
 

Study name Comparison of clinical effects of rituximab and glatiramer acetate in secondary progressive multi-
ple sclerosis patients

Methods Parallel randomised controlled trial

Sample size: 84

Country: Iran

Number of centres: 1

Participants People with secondary progressive MS

Interventions • Rituximab 1000 mg intravenous infusion repeated every 6 months. In addition, participants will
receive methylprednisolone 100 mg, chlorpheniramine 10 mg, and paracetamol 500 mg

• Glatiramer acetate 40 mg 3 times per week through subcutaneous injection

Outcomes Primary

• Disability measured by EDSS at 1 year

Secondary

• Adverse drug reactions at 1 year

• Number of gadolinium-enhanced brain lesions and neuroimaging findings at 1 year

• Annualised relapse rate at 1 year

NCT03315923 
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Starting date 1 December 2017

Contact information Vahid Shaygannejad, Isfahan University of Medical Sciences, Isfahan, Iran

Notes Recruitment status: completed

Completion date: 1 March 2019

Sponsor/funding: Isfahan University of Medical Sciences, Iran

NCT03315923  (Continued)

 
 

Study name TRaditional versus Early Aggressive Therapy for multiple sclerosis trial (TREAT-MS)

Methods Randomised pragmatic controlled multicentre trial

Sample size: 900

Country: USA

Number of centres: 49

Participants Relapsing-remitting MS according to 2017 McDonald criteria. Excluded people with CIS.

Interventions Experimental: higher-efficacy DMT

• Natalizumab 300 mg intravenously every 4 weeks

• Alemtuzumab 12 mg intravenously daily for 5 days; 1 year later: 12 mg intravenously daily for 3
days

• Ocrelizumab 300 mg intravenously every 2 weeks (for 2 doses) at initiation; subsequently, 600 mg
intravenously every 6 months

• Rituximab 1000 mg intravenously every 2 weeks (for 2 doses); may repeat every 16–24 weeks

Comparator: traditional, first-line DMT

• Glatiramer acetate 20 mg subcutaneously daily, or 40 mg subcutaneously 3 times a week

• Interferon (Avonex) 30 μg intramuscularly weekly

• Interferon 0.25 mg subcutaneously every other day (Betaseron, Extavia); 44 μg subcutaneously 3
times per week (Rebif)

• Pegylated interferon 125 μg subcutaneously every 14 days

• Teriflunomide 14 mg orally daily

• Dimethyl fumarate 240 mg orally twice per day

• Fingolimod 0.5 mg orally daily

Outcomes • Primary: time to sustained disability progression up to 48 months

Starting date 2 May 2018

Contact information Sandra Cassard (scassar1@jhmi.edu); Susan Emrich (semrich1@jhmi.edu)

Notes Recruitment status: recruiting

Prospective completion date: 1 August 2023

Sponsor/funding: Johns Hopkins University

NCT03500328 
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Study name Determining the Effectiveness of earLy Intensive Versus Escalation Approaches for RRMS (DELIVER-
MS)

Methods Randomised controlled multicentre trial

Sample size: 800

Country: USA and UK

Number of centres: 23

Participants Active relapsing remitting MS defined as ≥ 1 relapses within the last 18 months prior to screen-
ing visit or radiological evidence of MS activity (≥ 2 new T2 lesions within the last 12 months from
screening, compared to a previous recent MRI within 18 months of screening, or ≥ 1 gadolinium-en-
hancing lesion demonstrated on brain or spinal cord MRI performed within the last 12 months of
screening)

Interventions Experimental: highly effective MS therapy as initial treatment

• Alemtuzumab

• Ocrelizumab

• Natalizumab

• Rituximab

Comparator: escalation with any other approved MS therapy as initial treatment

• Interferon beta

• Glatiramer acetate

• Teriflunomide

• Fingolimod

• Dimethyl fumarate

Outcomes • Primary: brain volume loss measured using MRI at month 36

Starting date 3 January 2019

Contact information Sarah Planchon Pope (planchs@ccf.org)

Notes Recruitment status: recruiting

Prospective completion date: September 2023

Sponsor/funding: the Cleveland Clinic, USA

NCT03535298 

 
 

Study name Best Available Therapy Versus Autologous Hematopoetic Stem Cell Transplant for Multiple Sclero-
sis (BEAT-MS)

Methods Randomised controlled parallel multicentre trial

Sample size: 156

Country: USA and UK

NCT04047628 
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Number of centres: 21

Participants Highly active treatment-resistant relapsing MS, defined as ≥ 2 episodes of treatment failure in the
24 months prior to the screening visit

Interventions • Myeloablative and immunoablative therapy followed by autologous haematopoietic stem cell
transplantation

• Best available therapy selected by the site investigator from: natalizumab, alemtuzumab, ocre-
lizumab, or rituximab

Outcomes • Primary: relapse-free survival up to 36 months

Starting date  19 December 2019

Contact information Jeffrey A Cohen (Mellen Center for MS Treatment and Research, Cleveland Clinic); George E Georges
(Fred Hutchinson Cancer Research Center); Paolo A Muraro (Department of Medicine, Imperial Col-
lege London)

Notes Recruitment status: recruiting

Prospective completion date: October 2028

Sponsor/funding: National Institute of Allergy and Infectious Diseases

NCT04047628  (Continued)

 
 

Study name Norwegian Study of Oral Cladribine and rituximab in Multiple Sclerosis (NOR-MS)

Methods Randomised clinical trial, parallel, multicentre non-inferiority study

Sample size: 264

Country: Norway

Number of centres: 10

Participants Active relapsing remitting MS

Interventions • Rituximab intravenous infusion

• Cladribine oral

Outcomes • Primary: the number of new or enlarging cerebral MRI T2 lesions per participant from week 12 to
week 96

Starting date October 2019

Contact information Gro Owren Nygaard (uxgryg@ous-hf.no)

Notes Recruitment status: recruiting

Prospective completion date: December 2023

Sponsor/funding: Oslo University Hospital, Norway

NCT04121403 
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Study name Hypogammaglobulinemia and immunization responses to measles in rituximab-treated multiple
sclerosis

Methods Non-randomised prospective study

Sample size: 170

Country: Iran

Single centre, MS clinic of Bu Ali Sina Hospital, Sari, Iran

Participants Diagnosis of MS compatible with 2017 McDonald criteria

Interventions • Rituximab for ≥ 18 months

Outcomes • Primary: rate of hypogammaglobulinaemia

Starting date 28 February 2020

Contact information Athena Sharifi Razavi (athena.sharifi@yahoo.com)

Notes Recruitment status: recruiting

Prospective completion date: December 2022

Sponsor/funding: Mazandaran University of Medical Sciences, Iran

NCT04283747 

 
 

Study name Ocrelizumab VErsus Rituximab OF-Label at the Onset of Relapsing MS Disease (OVERLORD-MS)

Methods Prospective, parallel, randomised, double-blind, multicentre, non-inferiority study

Sample size: 211

Country: Norway

Number of centres: 6

Participants Active relapsing MS

Interventions • Ocrelizumab

• Rituximab

Outcomes • Primary: proportion of participants with no new or enlarging T2-weighted brain MRI lesions from
month 6 (re-baseline) to month 24

Starting date 2 November 2020

Contact information Øivind Torkildsen (oivind.fredvik.grytten.torkildsen@helse-bergen.no)

Kjell-Morten Myhr (kjell-morten.myhr@helse-bergen.no)

Notes Recruitment status: recruiting

Prospective completion date: 14 February 2025

NCT04578639 
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Sponsor/funding: Haukeland University Hospital, Norway
NCT04578639  (Continued)

CIS: clinically isolated syndrome; DMT: disease-modifying treatment; EDSS: Expanded Disability Status Scale; MRI: magnetic resonance
imaging; MS: multiple sclerosis.
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Comparison: rituximab as 'first choice' versus other disease-modifying treatments (DMT) for
relapsing multiple sclerosis – results from non-randomised studies of interventions (NRSIs)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Time to relapse over 24 months  1   Hazard Ratio (IV, Fixed, 95%
CI)

Subtotals only

1.1.1 Rituximab vs interferons beta or
glatiramer acetate

1 335 Hazard Ratio (IV, Fixed, 95%
CI)

0.14 [0.05, 0.39]

1.1.2 Rituximab vs dimethyl fumarate 1 206 Hazard Ratio (IV, Fixed, 95%
CI)

0.29 [0.08, 1.00]

1.1.3 Rituximab vs natalizumab 1 170 Hazard Ratio (IV, Fixed, 95%
CI)

0.24 [0.06, 1.00]

1.1.4 Rituximab vs fingolimod 1 137 Hazard Ratio (IV, Fixed, 95%
CI)

0.26 [0.04, 1.69]

1.2 Gadolinium magnetic resonance
imaging (MRI) lesions 

1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

1.2.1 Rituximab vs interferons beta or
glatiramer acetate

1 263 Odds Ratio (IV, Fixed, 95% CI) 0.10 [0.02, 0.43]

1.2.2 Rituximab vs dimethyl fumarate 1 177 Odds Ratio (IV, Fixed, 95% CI) 0.12 [0.02, 0.59]

1.2.3 Rituximab vs natalizumab 1 147 Odds Ratio (IV, Fixed, 95% CI) 0.12 [0.01, 1.11]

1.2.4 Rituximab vs fingolimod 1 119 Odds Ratio (IV, Fixed, 95% CI) 0.33 [0.01, 10.00]

1.3 Treatment discontinuation due to
adverse events

1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

1.3.1 Rituximab vs interferon beta or
glatiramer acetate

1 335 Odds Ratio (IV, Fixed, 95% CI) 0.02 [0.00, 0.16]

1.3.2 Rituximab vs dimethyl fumarate 1 206 Odds Ratio (IV, Fixed, 95% CI) 0.05 [0.01, 0.41]

1.3.3 Rituximab vs natalizumab 1 170 Odds Ratio (IV, Fixed, 95% CI) 0.20 [0.02, 2.28]

1.3.4 Rituximab vs fingolimod 1 137 Odds Ratio (IV, Fixed, 95% CI) 0.04 [0.00, 0.40]

1.4 Grade 3–4 adverse events over 24
months 

1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.4.1 Rituximab vs interferon beta or
glatiramer acetate

1 335 Odds Ratio (IV, Fixed, 95% CI) 0.89 [0.26, 3.03]

1.4.2 Rituximab vs dimethyl fumarate 1 206 Odds Ratio (IV, Fixed, 95% CI) 2.93 [0.32, 26.69]

1.4.3 Rituximab vs fingolimod 1 137 Odds Ratio (IV, Fixed, 95% CI) 1.35 [0.07, 26.21]

1.4.4 Rituximab vs natalizumab 1 170 Odds Ratio (IV, Fixed, 95% CI) 0.40 [0.10, 1.65]

 
 

Analysis 1.1.   Comparison 1: Comparison: rituximab as 'first choice' versus other
disease-modifying treatments (DMT) for relapsing multiple sclerosis – results from non-
randomised studies of interventions (NRSIs), Outcome 1: Time to relapse over 24 months 

Study or Subgroup

1.1.1 Rituximab vs interferons beta or glatiramer acetate
Granqvist 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 3.74 (P = 0.0002)

1.1.2 Rituximab vs dimethyl fumarate
Granqvist 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.96 (P = 0.05)

1.1.3 Rituximab vs natalizumab
Granqvist 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.96 (P = 0.05)

1.1.4 Rituximab vs fingolimod
Granqvist 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.41 (P = 0.16)

Test for subgroup differences: Chi² = 0.94, df = 3 (P = 0.82), I² = 0%

log[Hazard Ratio]
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0.29 [0.08 , 1.00]

0.24 [0.06 , 1.00]
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0.26 [0.04 , 1.69]
0.26 [0.04 , 1.69]
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Analysis 1.2.   Comparison 1: Comparison: rituximab as 'first choice' versus other disease-
modifying treatments (DMT) for relapsing multiple sclerosis – results from non-randomised studies

of interventions (NRSIs), Outcome 2: Gadolinium magnetic resonance imaging (MRI) lesions 

Study or Subgroup

1.2.1 Rituximab vs interferons beta or glatiramer acetate
Granqvist 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 3.09 (P = 0.002)

1.2.2 Rituximab vs dimethyl fumarate
Granqvist 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.61 (P = 0.009)

1.2.3 Rituximab vs natalizumab
Granqvist 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.87 (P = 0.06)

1.2.4 Rituximab vs fingolimod
Granqvist 2018
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.64 (P = 0.52)

Test for subgroup differences: Chi² = 0.40, df = 3 (P = 0.94), I² = 0%

log[OR]
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0.10 [0.02 , 0.43]
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Analysis 1.3.   Comparison 1: Comparison: rituximab as 'first choice' versus other disease-
modifying treatments (DMT) for relapsing multiple sclerosis – results from non-randomised

studies of interventions (NRSIs), Outcome 3: Treatment discontinuation due to adverse events

Study or Subgroup

1.3.1 Rituximab vs interferon beta or glatiramer acetate
Granqvist 2018
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 3.77 (P = 0.0002)

1.3.2 Rituximab vs dimethyl fumarate
Granqvist 2018
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.82 (P = 0.005)

1.3.3 Rituximab vs natalizumab
Granqvist 2018
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.29 (P = 0.20)

1.3.4 Rituximab vs fingolimod
Granqvist 2018
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.72 (P = 0.006)

Test for subgroup differences: Chi² = 1.99, df = 3 (P = 0.57), I² = 0%
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Analysis 1.4.   Comparison 1: Comparison: rituximab as 'first choice' versus other disease-
modifying treatments (DMT) for relapsing multiple sclerosis – results from non-randomised
studies of interventions (NRSIs), Outcome 4: Grade 3–4 adverse events over 24 months 

Study or Subgroup

1.4.1 Rituximab vs interferon beta or glatiramer acetate
Granqvist 2018
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.18 (P = 0.85)

1.4.2 Rituximab vs dimethyl fumarate
Granqvist 2018
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.95 (P = 0.34)

1.4.3 Rituximab vs fingolimod
Granqvist 2018
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.20 (P = 0.84)

1.4.4 Rituximab vs natalizumab
Granqvist 2018
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.27 (P = 0.20)

Test for subgroup differences: Chi² = 2.40, df = 3 (P = 0.49), I² = 0%
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Odds Ratio
IV, Fixed, 95% CI
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Comparison 2.   Comparison: rituximab as 'first choice' versus placebo for primary progressive multiple sclerosis –
results from randomised controlled trials (RCTs) 

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1 Disability worsening over 24
months 

1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

2.2 Relapse over 24 months  1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

2.3 Serious adverse events over 24
months 

1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

2.4 Common infections over 24
months 

1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

2.5 Cancer over 24 months  1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.6 Mortality over 24 months  1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

2.7 Treatment discontinuation due
to adverse events

1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

2.8 Grade 3 or 4 adverse events 1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

2.9 First infusion reactions 1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

2.10 Second infusion reactions 1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

 
 

Analysis 2.1.   Comparison 2: Comparison: rituximab as 'first choice' versus placebo for primary progressive multiple
sclerosis – results from randomised controlled trials (RCTs) , Outcome 1: Disability worsening over 24 months 

Study or Subgroup
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Analysis 2.2.   Comparison 2: Comparison: rituximab as 'first choice' versus placebo for primary progressive
multiple sclerosis – results from randomised controlled trials (RCTs) , Outcome 2: Relapse over 24 months 
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Analysis 2.3.   Comparison 2: Comparison: rituximab as 'first choice' versus placebo for primary progressive multiple
sclerosis – results from randomised controlled trials (RCTs) , Outcome 3: Serious adverse events over 24 months 

Study or Subgroup
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Analysis 2.4.   Comparison 2: Comparison: rituximab as 'first choice' versus placebo for primary progressive multiple
sclerosis – results from randomised controlled trials (RCTs) , Outcome 4: Common infections over 24 months 

Study or Subgroup

Hawker 2009

log[OR]

0.1282

SE

0.214

Rituximab
Total

292

Placebo
Total

147

Odds Ratio
IV, Fixed, 95% CI

1.14 [0.75 , 1.73]

Odds Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours rituximab Favours placebo

Risk of Bias
A

+

B

?

C

?

D

?

E

+

F

+

G

+

H

+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants (performance bias)
(D) Blinding of personnel (performance bias) All outcomes
(E) Blinding of outcome assessment (detection bias)
(F) Incomplete outcome data (attrition bias)
(G) Selective reporting (reporting bias)
(H) Other bias

 
 

Analysis 2.5.   Comparison 2: Comparison: rituximab as 'first choice' versus placebo for primary progressive
multiple sclerosis – results from randomised controlled trials (RCTs) , Outcome 5: Cancer over 24 months 
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Analysis 2.6.   Comparison 2: Comparison: rituximab as 'first choice' versus placebo for primary progressive
multiple sclerosis – results from randomised controlled trials (RCTs) , Outcome 6: Mortality over 24 months 
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Analysis 2.7.   Comparison 2: Comparison: rituximab as 'first choice' versus placebo
for primary progressive multiple sclerosis – results from randomised controlled
trials (RCTs) , Outcome 7: Treatment discontinuation due to adverse events
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Analysis 2.8.   Comparison 2: Comparison: rituximab as 'first choice' versus placebo for primary progressive
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Analysis 2.9.   Comparison 2: Comparison: rituximab as 'first choice' versus placebo for primary progressive
multiple sclerosis – results from randomised controlled trials (RCTs) , Outcome 9: First infusion reactions

Study or Subgroup

Hawker 2009 (1)
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Events
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(1) Follow-up time point: 24 months

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants (performance bias)
(D) Blinding of personnel (performance bias) All outcomes
(E) Blinding of outcome assessment (detection bias)
(F) Incomplete outcome data (attrition bias)
(G) Selective reporting (reporting bias)
(H) Other bias

 
 

Analysis 2.10.   Comparison 2: Comparison: rituximab as 'first choice' versus placebo for primary progressive
multiple sclerosis – results from randomised controlled trials (RCTs) , Outcome 10: Second infusion reactions

Study or Subgroup

Hawker 2009 (1)
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Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants (performance bias)
(D) Blinding of personnel (performance bias) All outcomes
(E) Blinding of outcome assessment (detection bias)
(F) Incomplete outcome data (attrition bias)
(G) Selective reporting (reporting bias)
(H) Other bias

 
 

Comparison 3.   Comparison: rituximab as 'switching' versus placebo for relapsing multiple sclerosis (MS) – results
from RCTs

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.1 Relapse over 12 months in relaps-
ing MS

1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

3.2 Serious adverse events (SAEs) 1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

3.2.1 SAEs over 12 months in relapsing
MS

1 104 Odds Ratio (IV, Fixed, 95% CI) 0.90 [0.28, 2.92]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.3 Common infections 2   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

3.3.1 Common infections over 12
months in relapsing MS

1 104 Odds Ratio (IV, Fixed, 95% CI) 0.91 [0.37, 2.24]

3.3.2 Common infections over 24
months in secondary progressive MS

1 27 Odds Ratio (IV, Fixed, 95% CI) 0.40 [0.08, 2.12]

3.4 Cancer 1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

3.4.1 Relapsing MS over 12 months 1 104 Odds Ratio (IV, Fixed, 95% CI) 1.55 [0.06, 39.15]

3.5 Mortality 1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

3.6 Annualised relapse rate  1   Mean Difference (IV, Fixed,
95% CI)

Subtotals only

3.7 Gadolinium MRI lesions over 12
months

1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

3.8 Treatment discontinuation due to
adverse events

2   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

3.8.1 Rituximab when switching from
another DMT in relapsing MS

1 104 Odds Ratio (IV, Fixed, 95% CI) 0.75 [0.12, 4.71]

3.8.2 Rituximab when switching from
another DMT in secondary progressive
MS

1 27 Odds Ratio (IV, Fixed, 95% CI) 1.63 [0.06, 44.01]

3.9 Grade 3–4 adverse events 1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

3.10 Cardiovascular events 1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

3.10.1 Rituximab when switching from
another DMT in relapsing MS

1 104 Odds Ratio (IV, Fixed, 95% CI) 1.55 [0.06, 39.15]

3.11 First infusion reactions 1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

3.12 Second infusion reactions 1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only
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Analysis 3.1.   Comparison 3: Comparison: rituximab as 'switching' versus placebo for relapsing
multiple sclerosis (MS) – results from RCTs, Outcome 1: Relapse over 12 months in relapsing MS

Study or Subgroup

Hauser 2008

Test for subgroup differences: Not applicable

log[OR]
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SE
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(B) Allocation concealment (selection bias)
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(D) Blinding of personnel (performance bias) All outcomes
(E) Blinding of outcome assessment (detection bias)
(F) Incomplete outcome data (attrition bias)
(G) Selective reporting (reporting bias)
(H) Other bias

 
 

Analysis 3.2.   Comparison 3: Comparison: rituximab as 'switching' versus placebo for relapsing
multiple sclerosis (MS) – results from RCTs, Outcome 2: Serious adverse events (SAEs)

Study or Subgroup

3.2.1 SAEs over 12 months in relapsing MS
Hauser 2008
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.18 (P = 0.86)

Test for subgroup differences: Not applicable
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(E) Blinding of outcome assessment (detection bias)
(F) Incomplete outcome data (attrition bias)
(G) Selective reporting (reporting bias)
(H) Other bias
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Analysis 3.3.   Comparison 3: Comparison: rituximab as 'switching' versus placebo for
relapsing multiple sclerosis (MS) – results from RCTs, Outcome 3: Common infections

Study or Subgroup

3.3.1 Common infections over 12 months in relapsing MS
Hauser 2008
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.20 (P = 0.84)

3.3.2 Common infections over 24 months in secondary progressive MS
Komori 2016
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.08 (P = 0.28)

Test for subgroup differences: Chi² = 0.73, df = 1 (P = 0.39), I² = 0%
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(F) Incomplete outcome data (attrition bias)
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Analysis 3.4.   Comparison 3: Comparison: rituximab as 'switching' versus placebo
for relapsing multiple sclerosis (MS) – results from RCTs, Outcome 4: Cancer

Study or Subgroup

3.4.1 Relapsing MS over 12 months
Hauser 2008
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.27 (P = 0.79)

Test for subgroup differences: Not applicable
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Analysis 3.5.   Comparison 3: Comparison: rituximab as 'switching' versus placebo
for relapsing multiple sclerosis (MS) – results from RCTs, Outcome 5: Mortality

Study or Subgroup
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(D) Blinding of personnel (performance bias) All outcomes
(E) Blinding of outcome assessment (detection bias)
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Analysis 3.6.   Comparison 3: Comparison: rituximab as 'switching' versus placebo for
relapsing multiple sclerosis (MS) – results from RCTs, Outcome 6: Annualised relapse rate 
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(C) Blinding of participants (performance bias)
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(F) Incomplete outcome data (attrition bias)
(G) Selective reporting (reporting bias)
(H) Other bias

 
 

Analysis 3.7.   Comparison 3: Comparison: rituximab as 'switching' versus placebo for relapsing
multiple sclerosis (MS) – results from RCTs, Outcome 7: Gadolinium MRI lesions over 12 months

Study or Subgroup

Hauser 2008
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Analysis 3.8.   Comparison 3: Comparison: rituximab as 'switching' versus placebo for relapsing multiple
sclerosis (MS) – results from RCTs, Outcome 8: Treatment discontinuation due to adverse events

Study or Subgroup

3.8.1 Rituximab when switching from another DMT in relapsing MS
Hauser 2008 (1)
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.31 (P = 0.76)

3.8.2 Rituximab when switching from another DMT in secondary progressive MS
Komori 2016 (1)
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.29 (P = 0.77)

Test for subgroup differences: Chi² = 0.16, df = 1 (P = 0.69), I² = 0%
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(1) 12 months' follow-up.
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(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants (performance bias)
(D) Blinding of personnel (performance bias) All outcomes
(E) Blinding of outcome assessment (detection bias)
(F) Incomplete outcome data (attrition bias)
(G) Selective reporting (reporting bias)
(H) Other bias

 
 

Analysis 3.9.   Comparison 3: Comparison: rituximab as 'switching' versus placebo for
relapsing multiple sclerosis (MS) – results from RCTs, Outcome 9: Grade 3–4 adverse events

Study or Subgroup

Hauser 2008
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(F) Incomplete outcome data (attrition bias)
(G) Selective reporting (reporting bias)
(H) Other bias
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Analysis 3.10.   Comparison 3: Comparison: rituximab as 'switching' versus placebo for
relapsing multiple sclerosis (MS) – results from RCTs, Outcome 10: Cardiovascular events

Study or Subgroup

3.10.1 Rituximab when switching from another DMT in relapsing MS
Hauser 2008 (1)
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.27 (P = 0.79)

Test for subgroup differences: Not applicable
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Footnotes
(1) Follow-up timepoint: over 12 months.

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants (performance bias)
(D) Blinding of personnel (performance bias) All outcomes
(E) Blinding of outcome assessment (detection bias)
(F) Incomplete outcome data (attrition bias)
(G) Selective reporting (reporting bias)
(H) Other bias

 
 

Analysis 3.11.   Comparison 3: Comparison: rituximab as 'switching' versus placebo for
relapsing multiple sclerosis (MS) – results from RCTs, Outcome 11: First infusion reactions

Study or Subgroup

Hauser 2008 (1)
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(1) Follow-up timepoint: 12 months.

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants (performance bias)
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(E) Blinding of outcome assessment (detection bias)
(F) Incomplete outcome data (attrition bias)
(G) Selective reporting (reporting bias)
(H) Other bias
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Analysis 3.12.   Comparison 3: Comparison: rituximab as 'switching' versus placebo for
relapsing multiple sclerosis (MS) – results from RCTs, Outcome 12: Second infusion reactions

Study or Subgroup

Hauser 2008 (1)
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Events
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(1) Follow-up timepoint: 12 months.

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants (performance bias)
(D) Blinding of personnel (performance bias) All outcomes
(E) Blinding of outcome assessment (detection bias)
(F) Incomplete outcome data (attrition bias)
(G) Selective reporting (reporting bias)
(H) Other bias

 
 

Comparison 4.   Comparison: rituximab as 'switching' versus other DMTs for relapsing MS  – results from NRSI

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4.1 Time to disability worsening
over 24 months 

1   Hazard Ratio (IV, Fixed, 95% CI) Subtotals only

4.1.1 Rituximab vs interferons or
glatiramer

1 853 Hazard Ratio (IV, Fixed, 95% CI) 0.86 [0.52, 1.42]

4.2 Time to relapse over 24
months 

3   Hazard Ratio (IV, Fixed, 95% CI) Subtotals only

4.2.1 Rituximab vs interferons beta
or glatiramer acetate

1 1383 Hazard Ratio (IV, Fixed, 95% CI) 0.18 [0.07, 0.49]

4.2.2 Rituximab vs fingolimod 1 164 Hazard Ratio (IV, Fixed, 95% CI) 0.08 [0.02, 0.32]

4.2.3 Rituximab vs natalizumab 1 153 Hazard Ratio (IV, Fixed, 95% CI) 1.00 [0.20, 5.00]

4.3 Common infections  4   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

4.3.1 Rituximab vs interferons beta
or glatiramer acetate

1 5477 Odds Ratio (IV, Fixed, 95% CI) 1.71 [1.11, 2.62]

4.3.2 Rituximab vs fingolimod 3 5187 Odds Ratio (IV, Fixed, 95% CI) 1.26 [0.90, 1.77]

4.3.3 Rituximab vs natalizumab 2 5001 Odds Ratio (IV, Fixed, 95% CI) 1.58 [1.08, 2.32]

4.3.4 Rituximab vs ocrelizumab 1 472 Odds Ratio (IV, Fixed, 95% CI) 0.02 [0.00, 0.40]

4.4 Mortality  1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

4.4.1 Rituximab vs fingolimod 1 136 Odds Ratio (IV, Fixed, 95% CI) 5.59 [0.22, 139.89]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4.4.2 Rituximab vs natalizumab 1 153 Odds Ratio (IV, Fixed, 95% CI) 6.66 [0.27, 166.58]

4.5 Annualised relapse rate
(change from baseline) – by type of
DMT

1   Mean Difference (IV, Fixed, 95%
CI)

Subtotals only

4.5.1 Rituximab vs interferons beta
or glatiramer acetate

1 1383 Mean Difference (IV, Fixed, 95%
CI)

-0.02 [-0.03, -0.01]

4.6 T2 MRI lesions  1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

4.6.1 Rituximab vs fingolimod 1 182 Odds Ratio (IV, Fixed, 95% CI) 0.01 [0.00, 0.06]

4.7 Gadolinium MRI lesions  2   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

4.7.1 Rituximab vs fingolimod 2 288 Odds Ratio (IV, Fixed, 95% CI) 0.09 [0.03, 0.30]

4.7.2 Rituximab vs natalizumab 1 138 Odds Ratio (IV, Fixed, 95% CI) 1.00 [0.20, 5.00]

4.8 Treatment discontinuation due
to adverse events – by type of DMT

2   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

4.8.1 Rituximab vs fingolimod 1 136 Odds Ratio (IV, Fixed, 95% CI) 0.13 [0.01, 2.37]

4.8.2 Rituximab vs natalizumab 1 153 Odds Ratio (IV, Fixed, 95% CI) 0.30 [0.02, 5.96]

4.8.3 Rituximab vs ocrelizumab 1 472 Odds Ratio (IV, Fixed, 95% CI) 0.26 [0.11, 0.62]

4.9 Grade 3–4 adverse events over
24 months 

2   Odds Ratio (M-H, Random,
95% CI)

Subtotals only

4.9.1 Rituximab vs fingolimod 2 392 Odds Ratio (M-H, Random,
95% CI)

0.34 [0.06, 2.09]

4.9.2 Rituximab vs natalizumab 1 153 Odds Ratio (M-H, Random,
95% CI)

0.23 [0.01, 4.41]

4.10 Cardiovascular events – by
type of DMT

2   Odds Ratio (M-H, Fixed, 95%
CI)

Subtotals only

4.10.1 Rituximab vs fingolimod 2 392 Odds Ratio (M-H, Fixed, 95%
CI)

0.31 [0.05, 1.85]

4.10.2 Rituximab vs natalizumab 1 153 Odds Ratio (M-H, Fixed, 95%
CI)

Not estimable

4.11 First infusion reactions 2   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

4.11.1 Rituximab vs fingolimod 1 256 Odds Ratio (IV, Fixed, 95% CI) 4.71 [2.19, 10.14]

4.11.2 Rituximab vs ocrelizumab 1 472 Odds Ratio (IV, Fixed, 95% CI) 0.51 [0.07, 3.69]
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Analysis 4.1.   Comparison 4: Comparison: rituximab as 'switching' versus other DMTs for
relapsing MS  – results from NRSI, Outcome 1: Time to disability worsening over 24 months 

Study or Subgroup

4.1.1 Rituximab vs interferons or glatiramer
Spelman 2018 (1)
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.59 (P = 0.56)

log[Hazard Ratio]

-0.1508

SE

0.2567

Rituximab
Total

321
321

Other DMTs
Total

532
532

Weight

100.0%
100.0%

Hazard Ratio
IV, Fixed, 95% CI

0.86 [0.52 , 1.42]
0.86 [0.52 , 1.42]

Hazard Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours rituximab Favours interferons or glatiramerFootnotes

(1) Follow-up timepoint: over 24 months.

 
 

Analysis 4.2.   Comparison 4: Comparison: rituximab as 'switching' versus other
DMTs for relapsing MS  – results from NRSI, Outcome 2: Time to relapse over 24 months 

Study or Subgroup

4.2.1 Rituximab vs interferons beta or glatiramer acetate
Spelman 2018 (1)
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 3.36 (P = 0.0008)

4.2.2 Rituximab vs fingolimod
Alping 2016 (2)
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 3.57 (P = 0.0004)

4.2.3 Rituximab vs natalizumab
Boremalm 2019 (1)
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)

Test for subgroup differences: Chi² = 5.56, df = 2 (P = 0.06), I² = 64.0%

log[Hazard Ratio]

-1.7148

-2.5257

0

SE

0.511

0.7073

0.8212

Rituximab
Total

461
461

69
69

48
48

Other DMTs
Total

922
922

95
95

105
105

Weight

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

Hazard Ratio
IV, Fixed, 95% CI

0.18 [0.07 , 0.49]
0.18 [0.07 , 0.49]

0.08 [0.02 , 0.32]
0.08 [0.02 , 0.32]

1.00 [0.20 , 5.00]
1.00 [0.20 , 5.00]

Hazard Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours rituximab Favours other DMTs

Footnotes
(1) Over 24 months, results from propensity score model.
(2) Over 18 months, results from propensity score model.
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Analysis 4.3.   Comparison 4: Comparison: rituximab as 'switching' versus other
DMTs for relapsing MS  – results from NRSI, Outcome 3: Common infections 

Study or Subgroup

4.3.1 Rituximab vs interferons beta or glatiramer acetate
Luna 2020
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.45 (P = 0.01)

4.3.2 Rituximab vs fingolimod
Alping 2016
Boremalm 2019
Luna 2020
Subtotal (95% CI)
Heterogeneity: Chi² = 2.86, df = 2 (P = 0.24); I² = 30%
Test for overall effect: Z = 1.34 (P = 0.18)

4.3.3 Rituximab vs natalizumab
Boremalm 2019
Luna 2020
Subtotal (95% CI)
Heterogeneity: Chi² = 0.73, df = 1 (P = 0.39); I² = 0%
Test for overall effect: Z = 2.35 (P = 0.02)

4.3.4 Rituximab vs ocrelizumab
Evertsson 2020
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.60 (P = 0.009)

log[OR]

0.5342

-1.066
0.636
0.279

1.2335
0.4233

-3.7653

SE

0.218

0.8119
0.8371
0.1818

0.9302
0.2

1.4509

Rituximab
Total

3260
3260

114
48

3260
3422

48
3260
3308

311
311

Other DMT
Total

2217
2217

142
88

1535
1765

105
1588
1693

161
161

Weight

100.0%
100.0%

4.6%
4.3%

91.1%
100.0%

4.4%
95.6%

100.0%

100.0%
100.0%

Odds Ratio
IV, Fixed, 95% CI

1.71 [1.11 , 2.62]
1.71 [1.11 , 2.62]

0.34 [0.07 , 1.69]
1.89 [0.37 , 9.74]
1.32 [0.93 , 1.89]
1.26 [0.90 , 1.77]

3.43 [0.55 , 21.26]
1.53 [1.03 , 2.26]
1.58 [1.08 , 2.32]

0.02 [0.00 , 0.40]
0.02 [0.00 , 0.40]

Odds Ratio
IV, Fixed, 95% CI

0.002 0.1 1 10 500
Favours rituximab Favours other DMT
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Analysis 4.4.   Comparison 4: Comparison: rituximab as 'switching' versus
other DMTs for relapsing MS  – results from NRSI, Outcome 4: Mortality 

Study or Subgroup

4.4.1 Rituximab vs fingolimod
Boremalm 2019 (1)
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.05 (P = 0.29)

4.4.2 Rituximab vs natalizumab
Boremalm 2019 (2)
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.15 (P = 0.25)

Test for subgroup differences: Chi² = 0.01, df = 1 (P = 0.94), I² = 0%

Rituximab
Events

1

1

1

1

Total

48
48

48
48

Other DMTs
Events

0

0

0

0

Total

88
88

105
105

Weight

100.0%
100.0%

100.0%
100.0%

Odds Ratio
IV, Fixed, 95% CI

5.59 [0.22 , 139.89]
5.59 [0.22 , 139.89]

6.66 [0.27 , 166.58]
6.66 [0.27 , 166.58]

Odds Ratio
IV, Fixed, 95% CI

0.005 0.1 1 10 200
Favours rituximab Favours other DMT

Footnotes
(1) Rituximab group: one suicide due to overdosing of sedative drugs in a person with a severe concomitant psychiatric illness.
(2) Rituximab group: one suicide due to overdosing of sedative drugs in a patient with a severe concomitant psychiatric illness

 
 

Analysis 4.5.   Comparison 4: Comparison: rituximab as 'switching' versus other DMTs for relapsing
MS  – results from NRSI, Outcome 5: Annualised relapse rate (change from baseline) – by type of DMT

Study or Subgroup

4.5.1 Rituximab vs interferons beta or glatiramer acetate
Spelman 2018 (1)
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 4.52 (P < 0.00001)

RItuximab
Mean

0.004

SD

0.0656

Total

461
461

Other DMTs
Mean

0.022

SD

0.0774

Total

922
922

Weight

100.0%
100.0%

Mean Difference
IV, Fixed, 95% CI

-0.02 [-0.03 , -0.01]
-0.02 [-0.03 , -0.01]

Mean Difference
IV, Fixed, 95% CI

-0.5 -0.25 0 0.25 0.5
Favours rituximab Favours interferons or glatiramerFootnotes

(1)  Over 24 months, results from propensity score model.

 
 

Analysis 4.6.   Comparison 4: Comparison: rituximab as 'switching' versus
other DMTs for relapsing MS  – results from NRSI, Outcome 6: T2 MRI lesions 

Study or Subgroup

4.6.1 Rituximab vs fingolimod
Alping 2016 (1)
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 5.04 (P < 0.00001)

log[OR]

-4.6052

SE

0.9142

Rituximab
Total

75
75

Other DMTs
Total

107
107

Weight

100.0%
100.0%

Odds Ratio
IV, Fixed, 95% CI

0.01 [0.00 , 0.06]
0.01 [0.00 , 0.06]

Odds Ratio
IV, Fixed, 95% CI

0.002 0.1 1 10 500
Favours rituximab Favours fingolimodFootnotes

(1) Over 18 months.
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Analysis 4.7.   Comparison 4: Comparison: rituximab as 'switching' versus other
DMTs for relapsing MS  – results from NRSI, Outcome 7: Gadolinium MRI lesions 

Study or Subgroup

4.7.1 Rituximab vs fingolimod
Alping 2016 (1)
Boremalm 2019
Subtotal (95% CI)
Heterogeneity: Chi² = 0.14, df = 1 (P = 0.71); I² = 0%
Test for overall effect: Z = 3.98 (P < 0.0001)

4.7.2 Rituximab vs natalizumab
Boremalm 2019 (2)
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)

Test for subgroup differences: Chi² = 5.50, df = 1 (P = 0.02), I² = 81.8%

log[OR]

-2.5257
-2.0225

0

SE

0.7073
1.1272

0.8212

Rituximab
Total

69
43

112

43
43

Other DMTs
Total

95
81

176

95
95

Weight

71.7%
28.3%

100.0%

100.0%
100.0%

Odds Ratio
IV, Fixed, 95% CI

0.08 [0.02 , 0.32]
0.13 [0.01 , 1.21]
0.09 [0.03 , 0.30]

1.00 [0.20 , 5.00]
1.00 [0.20 , 5.00]

Odds Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours rituximab Favours other DMTs

Footnotes
(1) Over 18 months; results from propensity score model.
(2) Results from propensity score model.

 
 

Analysis 4.8.   Comparison 4: Comparison: rituximab as 'switching' versus other DMTs for relapsing MS
  – results from NRSI, Outcome 8: Treatment discontinuation due to adverse events – by type of DMT

Study or Subgroup

4.8.1 Rituximab vs fingolimod
Boremalm 2019
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.38 (P = 0.17)

4.8.2 Rituximab vs natalizumab
Boremalm 2019
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.79 (P = 0.43)

4.8.3 Rituximab vs ocrelizumab
Evertsson 2020
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 3.02 (P = 0.002)

Test for subgroup differences: Chi² = 0.21, df = 2 (P = 0.90), I² = 0%

Rituximab
Events

0

0

0

0

8

8

Total

48
48

48
48

311
311

Other DMTs
Events

6

6

3

3

15

15

Total

88
88

105
105

161
161

Weight

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

Odds Ratio
IV, Fixed, 95% CI

0.13 [0.01 , 2.37]
0.13 [0.01 , 2.37]

0.30 [0.02 , 5.96]
0.30 [0.02 , 5.96]

0.26 [0.11 , 0.62]
0.26 [0.11 , 0.62]

Odds Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours rituximab Favours other DMT
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Analysis 4.9.   Comparison 4: Comparison: rituximab as 'switching' versus other DMTs for
relapsing MS  – results from NRSI, Outcome 9: Grade 3–4 adverse events over 24 months 

Study or Subgroup

4.9.1 Rituximab vs fingolimod
Alping 2016
Boremalm 2019
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.07, df = 1 (P = 0.80); I² = 0%
Test for overall effect: Z = 1.16 (P = 0.25)

4.9.2 Rituximab vs natalizumab
Boremalm 2019
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.97 (P = 0.33)

Test for subgroup differences: Chi² = 0.05, df = 1 (P = 0.83), I² = 0%

Rituximab
Events

1
0

1

0

0

Total

114
48

162

48
48

Other DMTs
Events

3
3

6

4

4

Total

142
88

230

105
105

Weight

63.2%
36.8%

100.0%

100.0%
100.0%

Odds Ratio
M-H, Random, 95% CI

0.41 [0.04 , 4.00]
0.25 [0.01 , 4.98]
0.34 [0.06 , 2.09]

0.23 [0.01 , 4.41]
0.23 [0.01 , 4.41]

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours rituximab Favours other DMTs

 
 

Analysis 4.10.   Comparison 4: Comparison: rituximab as 'switching' versus other DMTs for
relapsing MS  – results from NRSI, Outcome 10: Cardiovascular events – by type of DMT

Study or Subgroup

4.10.1 Rituximab vs fingolimod
Alping 2016
Boremalm 2019
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 0.21, df = 1 (P = 0.65); I² = 0%
Test for overall effect: Z = 1.28 (P = 0.20)

4.10.2 Rituximab vs natalizumab
Boremalm 2019
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Not applicable

Rituximab
Events

1
0

1

0

0

Total

114
48

162

48
48

Other DMTs
Events

5
1

6

0

0

Total

142
88

230

105
105

Weight

80.7%
19.3%

100.0%

Odds Ratio
M-H, Fixed, 95% CI

0.24 [0.03 , 2.11]
0.60 [0.02 , 15.05]
0.31 [0.05 , 1.85]

Not estimable
Not estimable

Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours rituximab Favours other DMT
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Analysis 4.11.   Comparison 4: Comparison: rituximab as 'switching' versus other
DMTs for relapsing MS  – results from NRSI, Outcome 11: First infusion reactions

Study or Subgroup

4.11.1 Rituximab vs fingolimod
Alping 2016
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 3.97 (P < 0.0001)

4.11.2 Rituximab vs ocrelizumab
Evertsson 2020
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.66 (P = 0.51)

Rituximab
Events

30

30

2

2

Total

114
114

311
311

Other DMTs
Events

10

10

2

2

Total

142
142

161
161

Weight

100.0%
100.0%

100.0%
100.0%

Odds Ratio
IV, Fixed, 95% CI

4.71 [2.19 , 10.14]
4.71 [2.19 , 10.14]

0.51 [0.07 , 3.69]
0.51 [0.07 , 3.69]

Odds Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours rituximab Favours other DMTs

 
 

Comparison 5.   Comparison: rituximab as 'switching' versus placebo for secondary progressive MS – results from
RCTs

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

5.1 Serious adverse events 1   Odds Ratio (M-H, Fixed, 95% CI) Subtotals only

5.2 Cancer 1   Odds Ratio (M-H, Fixed, 95% CI) Subtotals only

5.3 Cardiovascular events 1   Odds Ratio (M-H, Fixed, 95% CI) Subtotals only

 
 

Analysis 5.1.   Comparison 5: Comparison: rituximab as 'switching' versus placebo
for secondary progressive MS – results from RCTs, Outcome 1: Serious adverse events

Study or Subgroup

Komori 2016

Rituximab
Events

4

Total

18

Placebo
Events

4

Total

9

Odds Ratio
M-H, Fixed, 95% CI

0.36 [0.06 , 2.00]

Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours rituximab Favours placebo

Risk of Bias
A

+

B

-

C

?

D

?

E

?

F

-

G

+

H

-

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants (performance bias)
(D) Blinding of personnel (performance bias) All outcomes
(E) Blinding of outcome assessment (detection bias)
(F) Incomplete outcome data (attrition bias)
(G) Selective reporting (reporting bias)
(H) Other bias
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Analysis 5.2.   Comparison 5: Comparison: rituximab as 'switching' versus
placebo for secondary progressive MS – results from RCTs, Outcome 2: Cancer

Study or Subgroup

Komori 2016

Rituximab
Events

1

Total

18

Placebo
Events

1

Total

9

Odds Ratio
M-H, Fixed, 95% CI

0.47 [0.03 , 8.52]

Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours rituximab Favours placebo

 
 

Analysis 5.3.   Comparison 5: Comparison: rituximab as 'switching' versus placebo
for secondary progressive MS – results from RCTs, Outcome 3: Cardiovascular events

Study or Subgroup

Komori 2016

Rituximab
Events

1

Total

18

Placebo
Events

1

Total

9

Odds Ratio
M-H, Fixed, 95% CI

0.47 [0.03 , 8.52]

Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours rituximab Favours placebo

Risk of Bias
A

+

B

-

C

?

D

?

E

?

F

-

G

+

H

-

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants (performance bias)
(D) Blinding of personnel (performance bias) All outcomes
(E) Blinding of outcome assessment (detection bias)
(F) Incomplete outcome data (attrition bias)
(G) Selective reporting (reporting bias)
(H) Other bias

 
 

Comparison 6.   Comparison: rituximab as 'switching' versus other DMTs for secondary progressive MS – results from
RCTs 

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

6.1 Serious adverse events  1   Odds Ratio (M-H, Fixed, 95%
CI)

Totals not select-
ed

6.1.1 Rituximab vs glatiramer ac-
etate

1   Odds Ratio (M-H, Fixed, 95%
CI)

Totals not select-
ed

6.2 Common infections – by differ-
ent DMTs

2   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

6.2.1 Rituximab vs glatiramer ac-
etate 

1 84 Odds Ratio (IV, Fixed, 95% CI) 3.00 [0.30, 30.08]

6.2.2 Rituximab vs cyclophos-
phamide

1 69 Odds Ratio (IV, Fixed, 95% CI) 0.39 [0.14, 1.11]

6.3 Annualised relapse rate 1   Mean Difference (IV, Fixed, 95%
CI)

Subtotals only

6.3.1 Rituximab vs glatiramer ac-
etate

1 84 Mean Difference (IV, Fixed, 95%
CI)

0.19 [-0.09, 0.47]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

6.4 Gadolinium MRI lesions  1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

6.5 Treatment discontinuation due
to adverse events 

1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

6.5.1 Rituximab vs glatiramer ac-
etate

1 84 Odds Ratio (IV, Fixed, 95% CI) 0.95 [0.13, 7.09]

6.6 Opportunistic infections 1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

6.6.1 Rituximab vs glatiramer ac-
etate

1 84 Odds Ratio (IV, Fixed, 95% CI) Not estimable

 
 

Analysis 6.1.   Comparison 6: Comparison: rituximab as 'switching' versus other DMTs
for secondary progressive MS – results from RCTs , Outcome 1: Serious adverse events 

Study or Subgroup

6.1.1 Rituximab vs glatiramer acetate
Cheshmavar 2021 (1)

Rituximab
Events

0

Total

43

Glatiramer acetate
Events

0

Total

41

Odds Ratio
M-H, Fixed, 95% CI

Not estimable

Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours rituximab Favours glatiramer acetate

Risk of Bias
A

+

B

-

C

-

D

-

E

+

F

+

G

+

H

+

Footnotes
(1) Follow-up timepoint: over 12 months.

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants (performance bias)
(D) Blinding of personnel (performance bias) All outcomes
(E) Blinding of outcome assessment (detection bias)
(F) Incomplete outcome data (attrition bias)
(G) Selective reporting (reporting bias)
(H) Other bias
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Analysis 6.2.   Comparison 6: Comparison: rituximab as 'switching' versus other DMTs for
secondary progressive MS – results from RCTs , Outcome 2: Common infections – by di>erent DMTs

Study or Subgroup

6.2.1 Rituximab vs glatiramer acetate 
Cheshmavar 2021 (1)
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.93 (P = 0.35)

6.2.2 Rituximab vs cyclophosphamide
Etemadifar 2019 (2)
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.77 (P = 0.08)

Rituximab
Events

3

3

9

9

Total

43
43

39
39

Other DMTs
Events

1

1

13

13

Total

41
41

30
30

Weight

100.0%
100.0%

100.0%
100.0%

Odds Ratio
IV, Fixed, 95% CI

3.00 [0.30 , 30.08]
3.00 [0.30 , 30.08]

0.39 [0.14 , 1.11]
0.39 [0.14 , 1.11]

Odds Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours rituximab Favours other DMT

Risk of Bias
A

+

+

B

-

-

C

-

-

D

-

-

E

+

-

F

+

-

G

+

?

H

+

+

Footnotes
(1) Follow-up timepoint: over 12 months.
(2) Follow-up timepoint: over 24 months.

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants (performance bias)
(D) Blinding of personnel (performance bias) All outcomes
(E) Blinding of outcome assessment (detection bias)
(F) Incomplete outcome data (attrition bias)
(G) Selective reporting (reporting bias)
(H) Other bias

 
 

Analysis 6.3.   Comparison 6: Comparison: rituximab as 'switching' versus other DMTs
for secondary progressive MS – results from RCTs , Outcome 3: Annualised relapse rate

Study or Subgroup

6.3.1 Rituximab vs glatiramer acetate
Cheshmavar 2021 (1)
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.32 (P = 0.19)

Rituximab
Mean

0.56

SD

0.73

Total

43
43

Glatiramer acetate
Mean

0.37

SD

0.58

Total

41
41

Weight

100.0%
100.0%

Mean Difference
IV, Fixed, 95% CI

0.19 [-0.09 , 0.47]
0.19 [-0.09 , 0.47]

Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours rituximab Favours glatiramer acetate

Risk of Bias
A

+

B

-

C

-

D

-

E

+

F

+

G

+

H

+

Footnotes
(1) Follow-up timepoint: over 12 months.

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants (performance bias)
(D) Blinding of personnel (performance bias) All outcomes
(E) Blinding of outcome assessment (detection bias)
(F) Incomplete outcome data (attrition bias)
(G) Selective reporting (reporting bias)
(H) Other bias
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Analysis 6.4.   Comparison 6: Comparison: rituximab as 'switching' versus other DMTs
for secondary progressive MS – results from RCTs , Outcome 4: Gadolinium MRI lesions 

Study or Subgroup

Cheshmavar 2021 (1)

Rituximab
Events

3

Total

43

Glatiramer acetate
Events

4

Total

41

Odds Ratio
IV, Fixed, 95% CI

0.69 [0.15 , 3.31]

Odds Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours rituximan Favours glatiramer acetate

Risk of Bias
A

+

B

-

C

-

D

-

E

+

F

+

G

+

H

+

Footnotes
(1) Follow-up timepoint: over 12 months.

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants (performance bias)
(D) Blinding of personnel (performance bias) All outcomes
(E) Blinding of outcome assessment (detection bias)
(F) Incomplete outcome data (attrition bias)
(G) Selective reporting (reporting bias)
(H) Other bias

 
 

Analysis 6.5.   Comparison 6: Comparison: rituximab as 'switching' versus other DMTs for secondary
progressive MS – results from RCTs , Outcome 5: Treatment discontinuation due to adverse events 

Study or Subgroup

6.5.1 Rituximab vs glatiramer acetate
Cheshmavar 2021 (1)
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.05 (P = 0.96)

Rituximab
Events

2

2

Total

43
43

Glatiramer acetate
Events

2

2

Total

41
41

Weight

100.0%
100.0%

Odds Ratio
IV, Fixed, 95% CI

0.95 [0.13 , 7.09]
0.95 [0.13 , 7.09]

Odds Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours rituximab  Favours glatiramer acetate

Risk of Bias
A

+

B

-

C

-

D

-

E

+

F

+

G

+

H

+

Footnotes
(1) Follow-up timepoint: over 12 months.

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants (performance bias)
(D) Blinding of personnel (performance bias) All outcomes
(E) Blinding of outcome assessment (detection bias)
(F) Incomplete outcome data (attrition bias)
(G) Selective reporting (reporting bias)
(H) Other bias
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Analysis 6.6.   Comparison 6: Comparison: rituximab as 'switching' versus other DMTs
for secondary progressive MS – results from RCTs , Outcome 6: Opportunistic infections

Study or Subgroup

6.6.1 Rituximab vs glatiramer acetate
Cheshmavar 2021
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Not applicable

Test for subgroup differences: Not applicable

Rituximab
Events

0

0

Total

43
43

Glatiramer acetate
Events

0

0

Total

41
41

Weight
Odds Ratio

IV, Fixed, 95% CI

Not estimable
Not estimable

Odds Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours rituximab Favours glatiramer acetate

Risk of Bias
A

+

B

-

C

-

D

-

E

+

F

+

G

+

H

+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants (performance bias)
(D) Blinding of personnel (performance bias) All outcomes
(E) Blinding of outcome assessment (detection bias)
(F) Incomplete outcome data (attrition bias)
(G) Selective reporting (reporting bias)
(H) Other bias

 
 

Comparison 7.   Comparison: rituximab as 'switching' versus other DMTs for secondary progressive MS – results from
NRSIs

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

7.1 Time to disability worsening over 36
months in secondary progressive MS

1   Hazard Ratio (IV, Fixed,
95% CI)

Subtotals only

7.1.1 Rituximab vs other DMTs 1 88 Hazard Ratio (IV, Fixed,
95% CI)

0.49 [0.26, 0.93]

 
 

Analysis 7.1.   Comparison 7: Comparison: rituximab as 'switching' versus other DMTs for secondary progressive
MS – results from NRSIs, Outcome 1: Time to disability worsening over 36 months in secondary progressive MS

Study or Subgroup

7.1.1 Rituximab vs other DMTs
Naegelin 2019
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.18 (P = 0.03)

log[Hazard Ratio]

-0.7133

SE

0.3269

Rituximab
Total

44
44

Total

44
44

Weight

100.0%
100.0%

Hazard Ratio
IV, Fixed, 95% CI

0.49 [0.26 , 0.93]
0.49 [0.26 , 0.93]

Hazard Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours rituximab Favours other DMTs
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Comparison 8.   Comparison: rituximab as 'switching' versus other DMTs for grouped data as relapsing or
progressive MS – results from NRSIs

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

8.1 Relapse over 24 months – by
type of DMT (unadjusted data)

1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

8.1.1 Rituximab vs fingolimod 1 453 Odds Ratio (IV, Fixed, 95% CI) 0.35 [0.14, 0.88]

8.1.2 Rituximab vs dimethyl fu-
marate

1 524 Odds Ratio (IV, Fixed, 95% CI) 0.23 [0.10, 0.55]

8.1.3 Rituximab vs natalizumab 1 633 Odds Ratio (IV, Fixed, 95% CI) 0.54 [0.22, 1.32]

8.2 Common infections – by type
of DMT

1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

8.2.1 Rituximab vs fingolimod 1 454 Odds Ratio (IV, Fixed, 95% CI) 1.06 [0.34, 3.30]

8.2.2 Rituximab vs dimethyl fu-
marate

1 524 Odds Ratio (IV, Fixed, 95% CI) 2.39 [0.63, 9.00]

8.2.3 Rituximab vs natalizumab 1 633 Odds Ratio (IV, Fixed, 95% CI) 4.22 [1.00, 17.84]

8.3 Cancer – by type of DMT 1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

8.3.1 Rituximab vs fingolimod 1 5807 Odds Ratio (IV, Fixed, 95% CI) 0.60 [0.35, 1.03]

8.3.2 Rituximab vs natalizumab 1 5857 Odds Ratio (IV, Fixed, 95% CI) 0.74 [0.42, 1.31]

8.4 T2 MRI lesions – by DMT (unad-
justed data)

1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

8.4.1 Rituximab vs fingolimod 1 453 Odds Ratio (IV, Fixed, 95% CI) 0.40 [0.25, 0.62]

8.4.2 Rituximab vs dimethyl fu-
marate

1 524 Odds Ratio (IV, Fixed, 95% CI) 0.46 [0.30, 0.72]

8.4.3 Rituximab vs natalizumab 1 633 Odds Ratio (IV, Fixed, 95% CI) 0.63 [0.41, 0.98]

8.5 Gadolinium MRI lesions (unad-
justed data)

1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

8.5.1 Rituximab vs dimethyl fu-
marate

1 524 Odds Ratio (IV, Fixed, 95% CI) 0.05 [0.01, 0.37]

8.5.2 Rituximab vs fingolimod 1 453 Odds Ratio (IV, Fixed, 95% CI) 0.04 [0.00, 0.27]

8.5.3 Rituximab vs natalizumab 1 633 Odds Ratio (IV, Fixed, 95% CI) 0.09 [0.01, 0.67]

8.6 Discontinuation due to adverse
events – by type of DMT

1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

8.6.1 Rituximab vs fingolimod 1 453 Odds Ratio (IV, Fixed, 95% CI) 0.28 [0.13, 0.60]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

8.6.2 Rituximab vs dimethyl fu-
marate

1 524 Odds Ratio (IV, Fixed, 95% CI) 0.30 [0.15, 0.60]

8.6.3 Rituximab vs natalizumab 1 633 Odds Ratio (IV, Fixed, 95% CI) 1.10 [0.48, 2.52]

8.7 Cardiovascular events – by
DMT

1   Odds Ratio (IV, Fixed, 95% CI) Subtotals only

8.7.1 Rituximab vs fingolimod 1 441 Odds Ratio (IV, Fixed, 95% CI) 0.16 [0.01, 3.04]

8.7.2 Rituximab vs dimethyl fu-
marate

1 523 Odds Ratio (IV, Fixed, 95% CI) Not estimable

8.7.3 Rituximab vs natalizumab 1 633 Odds Ratio (IV, Fixed, 95% CI) 0.82 [0.03, 20.29]

 
 

Analysis 8.1.   Comparison 8: Comparison: rituximab as 'switching' versus other DMTs for grouped data as relapsing
or progressive MS – results from NRSIs, Outcome 1: Relapse over 24 months – by type of DMT (unadjusted data)

Study or Subgroup

8.1.1 Rituximab vs fingolimod
Vollmer 2020a
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.24 (P = 0.02)

8.1.2 Rituximab vs dimethyl fumarate
Vollmer 2020a
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 3.29 (P = 0.0010)

8.1.3 Rituximab vs natalizumab
Vollmer 2020a
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.36 (P = 0.17)

Rituximab
Events

6

6

6

6

6

6

Total

182
182

182
182

182
182

Other DMTs
Events

24

24

44

44

27

27

Total

271
271

342
342

451
451

Weight

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

Odds Ratio
IV, Fixed, 95% CI

0.35 [0.14 , 0.88]
0.35 [0.14 , 0.88]

0.23 [0.10 , 0.55]
0.23 [0.10 , 0.55]

0.54 [0.22 , 1.32]
0.54 [0.22 , 1.32]

Odds Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours rituximab Favours other DMTs

 
 

Rituximab for people with multiple sclerosis (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

116



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 8.2.   Comparison 8: Comparison: rituximab as 'switching' versus other DMTs for grouped data
as relapsing or progressive MS – results from NRSIs, Outcome 2: Common infections – by type of DMT

Study or Subgroup

8.2.1 Rituximab vs fingolimod
Vollmer 2020a
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.11 (P = 0.92)

8.2.2 Rituximab vs dimethyl fumarate
Vollmer 2020a
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.28 (P = 0.20)

8.2.3 Rituximab vs natalizumab
Vollmer 2020a
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.96 (P = 0.05)

log[OR]

0.0616

0.87

1.4395

SE

0.5776

0.6772

0.7357

Experimental
Total

182
182

182
182

182
182

Control
Total

272
272

342
342

451
451

Weight

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

Odds Ratio
IV, Fixed, 95% CI

1.06 [0.34 , 3.30]
1.06 [0.34 , 3.30]

2.39 [0.63 , 9.00]
2.39 [0.63 , 9.00]

4.22 [1.00 , 17.84]
4.22 [1.00 , 17.84]

Odds Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours rituximab Favours other DMT

 
 

Analysis 8.3.   Comparison 8: Comparison: rituximab as 'switching' versus other DMTs for grouped
data as relapsing or progressive MS – results from NRSIs, Outcome 3: Cancer – by type of DMT

Study or Subgroup

8.3.1 Rituximab vs fingolimod
Alping 2020
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.86 (P = 0.06)

8.3.2 Rituximab vs natalizumab
Alping 2020
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.04 (P = 0.30)

log[OR]

-0.5162

-0.304

SE

0.2781

0.2919

Rituximab
Total

4187
4187

4187
4187

Other DMT
Total

1620
1620

1670
1670

Weight

100.0%
100.0%

100.0%
100.0%

Odds Ratio
IV, Fixed, 95% CI

0.60 [0.35 , 1.03]
0.60 [0.35 , 1.03]

0.74 [0.42 , 1.31]
0.74 [0.42 , 1.31]

Odds Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours rituximab Favours other DMTs
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Analysis 8.4.   Comparison 8: Comparison: rituximab as 'switching' versus other DMTs for grouped data as
relapsing or progressive MS – results from NRSIs, Outcome 4: T2 MRI lesions – by DMT (unadjusted data)

Study or Subgroup

8.4.1 Rituximab vs fingolimod
Vollmer 2020a
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 3.99 (P < 0.0001)

8.4.2 Rituximab vs dimethyl fumarate
Vollmer 2020a
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 3.40 (P = 0.0007)

8.4.3 Rituximab vs natalizumab
Vollmer 2020a
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.07 (P = 0.04)

Rituximab
Events

32

32

32

32

32

32

Total

182
182

182
182

182
182

Other DMTs
Events

95

95

108

108

114

114

Total

271
271

342
342

451
451

Weight

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

Odds Ratio
IV, Fixed, 95% CI

0.40 [0.25 , 0.62]
0.40 [0.25 , 0.62]

0.46 [0.30 , 0.72]
0.46 [0.30 , 0.72]

0.63 [0.41 , 0.98]
0.63 [0.41 , 0.98]

Odds Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours rituximab Favours other DMTs
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Analysis 8.5.   Comparison 8: Comparison: rituximab as 'switching' versus other DMTs for grouped data as
relapsing or progressive MS – results from NRSIs, Outcome 5: Gadolinium MRI lesions (unadjusted data)

Study or Subgroup

8.5.1 Rituximab vs dimethyl fumarate
Vollmer 2020a
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.94 (P = 0.003)

8.5.2 Rituximab vs fingolimod
Vollmer 2020a
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 3.26 (P = 0.001)

8.5.3 Rituximab vs natalizumab
Vollmer 2020a
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.35 (P = 0.02)

Rituximab
Events

1

1

1

1

1

1

Total

182
182

182
182

182
182

Other DMTs
Events

34

34

36

36

26

26

Total

342
342

271
271

451
451

Weight

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

Odds Ratio
IV, Fixed, 95% CI

0.05 [0.01 , 0.37]
0.05 [0.01 , 0.37]

0.04 [0.00 , 0.27]
0.04 [0.00 , 0.27]

0.09 [0.01 , 0.67]
0.09 [0.01 , 0.67]

Odds Ratio
IV, Fixed, 95% CI

0.005 0.1 1 10 200
Favours rituximab Favours other DMTs

 
 

Analysis 8.6.   Comparison 8: Comparison: rituximab as 'switching' versus other DMTs for grouped data as relapsing
or progressive MS – results from NRSIs, Outcome 6: Discontinuation due to adverse events – by type of DMT

Study or Subgroup

8.6.1 Rituximab vs fingolimod
Vollmer 2020a
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 3.25 (P = 0.001)

8.6.2 Rituximab vs dimethyl fumarate
Vollmer 2020a
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 3.40 (P = 0.0007)

8.6.3 Rituximab vs natalizumab
Vollmer 2020a
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.23 (P = 0.82)

log[OR]

-1.273

-1.204

0.0953

SE

0.3915

0.3537

0.4231

Rituximab
Total

182
182

182
182

182
182

Other DMTs
Total

271
271

342
342

451
451

Weight

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

Odds Ratio
IV, Fixed, 95% CI

0.28 [0.13 , 0.60]
0.28 [0.13 , 0.60]

0.30 [0.15 , 0.60]
0.30 [0.15 , 0.60]

1.10 [0.48 , 2.52]
1.10 [0.48 , 2.52]

Odds Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours rituximab Favours other DMT
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Analysis 8.7.   Comparison 8: Comparison: rituximab as 'switching' versus other DMTs for grouped
data as relapsing or progressive MS – results from NRSIs, Outcome 7: Cardiovascular events – by DMT

Study or Subgroup

8.7.1 Rituximab vs fingolimod
Vollmer 2020a
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.21 (P = 0.22)

8.7.2 Rituximab vs dimethyl fumarate
Vollmer 2020a
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Not applicable

8.7.3 Rituximab vs natalizumab
Vollmer 2020a
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.12 (P = 0.91)

log[OR]

-1.8149

0

-0.195

SE

1.4938

0

1.6353

Experimental
Total

170
170

181
181

182
182

Control
Total

271
271

342
342

451
451

Weight

100.0%
100.0%

100.0%
100.0%

Odds Ratio
IV, Fixed, 95% CI

0.16 [0.01 , 3.04]
0.16 [0.01 , 3.04]

Not estimable
Not estimable

0.82 [0.03 , 20.29]
0.82 [0.03 , 20.29]

Odds Ratio
IV, Fixed, 95% CI

0.005 0.1 1 10 200
Favours rituximab Favours other DMTs

 

 

A D D I T I O N A L   T A B L E S
 

  European EC-
TRIMS/EAN Guide-
line

(Montalban 2018)

American Academy of Neurology
practice guideline (Rae-Grant 2018)

Brazilian Consensus
(Marques 2018)

The Middle East and
North Africa Commit-
tee Consensus (Yamout
2020)

Question 1

 

In people with CIS,
what is the bene-
fit of starting treat-
ment with a DMT
compared to no
treatment?

In people with CIS, are DMTs superi-
or to placebo in decreasing the risk
of conversion to MS?

 

In people with CIS, are
DMTs efficacious in
preventing conversion
to MS?

 

Should people with CIS
be treated with DMTs?

Recommenda-
tion

 

Offer interferon or
glatiramer acetate
to people with CIS
and an abnormal
MRI with lesions
suggestive of MS
who do not fulfil cri-
teria for MS.

 

1. Clinicians may recommend at
least annual MRI for the first 5 years
and follow-up rather than initiating
DMT in people with CIS who have
not had relapses in the preceding 2
years, and do not have active new
MRI lesions on recent imaging.

2. After discussing the risks and ben-
efits, clinicians should prescribe
DMT to people with CIS and ≥ 2
brain lesions characteristic of MS
who decide they want this therapy.

It seems reasonable to
start DMTs only in peo-

ple with high-risk CISa

as well as to choose
safer drugs. Efficacy in
CIS has been demon-
strated with the inter-
feron betas, cladrib-
ine, glatiramer

acetate, and terifluno-
mide. Since no direct
comparison between
these is available, any
of these drugs are

If the overall clinical
and radiological pic-
ture is suggestive of MS,
people with CIS and
high MRI lesion load (>
9 T2 lesions), or with se-
vere relapses with in-
complete recovery, or
both, should be treated.

Table 1.   Treatment guidelines for multiple sclerosis 
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Cochrane Database of Systematic Reviews

deemed appropriate
for the treatment of

high-risk CISa.

Quality of evi-
dence

Strong

 

1. Level C: "may"

2. Level B: "should"

Not reported Not reported

Question 2

 

In people with
RRMS, what is the
benefit of treating
with a DMT com-
pared to no treat-
ment or another
DMT?

 

In people with RRMS, are DMTs su-
perior to placebo or other DMTs in
preventing relapse at 2 years, reduc-
ing MRI new disease activity, and
preventing disease progression?

In people with relaps-
ing MS, are DMTs effi-
cacious in reducing re-
lapses, MRI disease ac-
tivity, and disability?

 

Should people with
RRMS be treated with
DMTs?

Recommenda-
tion

 

 

1. Offer early treat-
ment with DMTs to
people with active

RRMSb.

2. For active RRMS,
choosing between
the wide range of
available DMTs,
from the modest-
ly effective to the
highly efficacious,
depends on individ-
ual characteristics
and comorbidities,
disease severity or
activity, drug safety
profile, and accessi-
bility of the drug, in
discussion with the
person with active
RRMS.

Clinicians should:

1. offer DMTs to people with RRMS
with recent clinical relapses or MRI
activity;

2. prescribe alemtuzumab, fin-
golimod, or natalizumab for people

with highly active MSb.

Clinicians may:

3. recommend azathioprine or
cladribine for people with RRMS
who do not have access to approved
DMTs.

 

1. It would seem rea-
sonable to start

treatment with inter-
ferons, glatiramer ac-
etate, pegylated inter-
feron beta, dimethyl
fumarate, or terifluno-
mide, (good safety
profile and more eas-
ily available, including
in the Brazilian public
health system).

2. Consider alem-
tuzumab, cladribine,
fingolimod, natalizum-
ab, and ocrelizumab
for people with highly

active relapsing MSc.

 

1. In treatment-naive
people, interferons,
glatiramer acetate,
teriflunomide, and di-
methyl fumarate can be
initiated.

2. In people with high-

ly active diseased fin-
golimod, siponimod,
natalizumab, ocre-
lizumab, or cladribine
may be initiated.

3. In people with rapid-
ly evolving aggressive

diseasee natalizum-
ab, ocrelizumab, or
alemtuzumab are rec-
ommended after care-
ful risk stratification.

4. Rituximab can be
used oF-label for high-
ly active disease and
rapidly evolving aggres-
sive disease in special
populations such as
refugees, or in countries
where other appropri-
ate

options are not avail-
able.

Quality of evi-
dence

 

1. Strong

2. Consensus state-
ment

1. and 2. Level B: "should"

3. Level C: "may"

Not reported Not reported

Question 3

 

In people with ac-
tive SPMS, what
is the benefit of

In people with SPMS, are DMTs effi-
cacious?

In people with non-ac-
tive SPMS, are DMTs
efficacious?

Should people with
SPMS be treated with
DMTs?

Table 1.   Treatment guidelines for multiple sclerosis  (Continued)
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treating with a DMT
compared to no
treatment or anoth-
er DMT?

   

Recommenda-
tion

 

Consider treatment
with interferons,
mitoxantrone, ocre-
lizumab, or cladrib-
ine for people with
active SPMS.

 

 

1. Clinicians should prescribe alem-
tuzumab, fingolimod, or natalizum-
ab for people with highly active

MSb.

2. Clinicians may advise discontin-
uation of DMT in people with SPMS
who do not have ongoing relapses
or MRI activity and have not been
ambulatory (EDSS ≥ 7) for ≥ 2 years.

2. Not prescribing a
DMT is an acceptable
choice in people with
SPMS who no longer
present relapses.

2. In cases of rapidly
progressive disease,
cyclophosphamide,
mitoxantrone, and au-
tologous haematopoi-
etic stem cell trans-
plantation may be
used as oF-label treat-
ments.

1. Consider treatment
with ocrelizumab or
siponimod in people
with active SPMS, aged
≤ 60 years and EDSS ≤
6.5 (i.e. not needing a
wheelchair).

2. In people with rapid-
ly progressive SPMS
not responding to ocre-
lizumab or siponimod
or who have no access
to these medications,
cyclophosphamide,
methotrexate, or my-
cophenolate may be
warranted.

Quality of evi-
dence

Weak 1. Level B: "should"

2. Level C: "may"

Not reported Not reported

Question 4

 

In people with PP-
MS, what is the ben-
efit of treating with
a DMT compared to
no treatment?

In people with PPMS, are DMTs su-
perior to placebo or other DMTs as
measured by relapse rate or disease
progression?

In people with PPMS,
are DMTs efficacious in
delaying the progres-
sion of disability?

Should people with
PPMS be treated with
DMTs?

Recommenda-
tion

 

Consider treatment
with ocrelizumab
for people with PP-
MS.

 

Clinicians should offer ocrelizumab
to people with PPMS.

 

Ocrelizumab should
be the treatment of
choice for people with
PPMS, after considera-
tion

of the expected bene-
fits and potential risks
on a case-by-case ba-
sis.

Consider treatment
with ocrelizumab for
people with PPMS,
aged ≤ 55 years, EDSS
≤ 6.5 (i.e. not needing
a wheelchair), and dis-
ease duration ≤ 10–15
years.

Quality of evi-
dence

Weak Level B: "should"

 

Not reported Not reported

Question 5

 

1. In people with
RRMS treated with
interferon or glati-
ramer acetate and
evidence of disease
activity at 6 or 12
months, what is the
benefit of switching
to more efficacious
drugs?

In people with RRMS who experi-
ence disease activity while on a
DMT, is changing to a different DMT
superior to continuing the present
DMT in terms of relapse and MRI dis-
ease activity?

 

When to consider DMT
switching in people
with RRMS?

When to consider DMT
switching in people
with RRMS?

Table 1.   Treatment guidelines for multiple sclerosis  (Continued)
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2. In people with
relapsing MS who
stop taking a high-
ly efficacious drug,
what is the bene-
fit of further treat-
ment?

Recommenda-
tion

 

1. Offer a more ef-
ficacious drug to
people treated with
interferon or glati-
ramer acetate who
show evidence of
disease activity.

2. Consider start-
ing another high-
ly efficacious drug,
taking into account
disease activity,
half-life and biolog-
ical activity of the
previous drug, and
the potential for re-
bound (particularly
with natalizumab).

1. Clinicians should discuss switch-
ing from 1 DMT to another in people
with MS treated long enough for the
treatment to take full effect when
they experience ≥ 1 relapse, ≥ 2 new
MRI lesions, or increased disability,
over a 1-year period of using a DMT.

2. Clinicians should evaluate the
degree of disease activity, adher-
ence, AE profiles, and mechanism
of action of DMTs when switching
DMTs in people with MS with break-
through disease activity during DMT
use.

 

1. If the management

of highly active MSc

with potent DMTs has
achieved a satisfacto-
ry response and stabil-
ity for several years, it
would be

acceptable (though
not mandatory) to
consider switching to
a lower potency DMT.

2. If a person with re-
lapsing MS fails to
achieve satisfactory
responses, presents
intolerance or safety
concerns with inter-
ferons, dimethyl fu-
marate, glatiramer ac-
etate, pegylated inter-
feron, teriflunomide, a
switch to alemtuzum-
ab, cladribine, fin-
golimod, natalizumab,
ocrelizumab should be
considered.

1. In people with mod-
erately active disease
and suboptimal re-

sponsef to interferons,
dimethyl fumarate,
glatiramer acetate,
teriflunomide, treat-
ment escalation to fin-
golimod, siponimod,
natalizumab, ocre-
lizumab, or cladribine
should be considered.

2. Rituximab can be
used oF-label as an es-
calation therapy for all
levels of MS activity,
in special populations
such as refugees, or in
countries

where other appro-
priate options are not
available.

3. In people with evi-
dence of suboptimal
response to any of
the second-line med-
ications, oF-label cy-
clophosphamide, autol-
ogous haematopoietic
stem cell transplanta-
tion, or mitoxantrone
should be considered.

Quality of evi-
dence

1. Strong

2. Consensus state-
ment

1. and 2. Level B: "should"

 

Not reported Not reported

Question 6

 

— In people with RRMS who experi-
ence AEs while on a DMT, is switch-
ing necessary?

— —

Recommenda-
tion

 

— Clinicians should:

1. discuss a change to non-in-
jectable or less frequently injectable
DMTs in people with MS who report
intolerable discomfort with the in-
jections or in those who report in-
jection fatigue on injectable DMTs;

— —

Table 1.   Treatment guidelines for multiple sclerosis  (Continued)
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2. discuss a medication switch with
people with MS for whom AEs nega-
tively influence adherence;

3. discuss switching DMT or reduc-
ing dosage or frequency when there
are serious infections or persistent
laboratory abnormalities;

4. discuss switching to a DMT with
a lower risk of progressive multifo-
cal leucoencephalopathy with peo-
ple with MS taking natalizumab who
are or become antibody–positive to
John Cunningham (JCV) virus, while
on therapy;

5. discuss switching to an alternate
DMT for people with MS who devel-
op a malignancy while using aza-
thioprine, methotrexate, mycophe-
nolate, cyclophosphamide, fin-
golimod, teriflunomide, alemtuzum-
ab, or dimethyl fumarate;

6. switch DMTs in people with MS
who have persistent natalizumab
antibodies.

Quality of evi-
dence

  1., 2., 3., 4., 5., and 6. Level B:
"should"

   

Table 1.   Treatment guidelines for multiple sclerosis  (Continued)

aHigh-risk CIS defined by one or more typical MRI T2 lesion(s), provided both the clinical presentation and MRI lesion(s) are suggestive of
central nervous system demyelination and not attributable to other diseases.
bActive RRMS or highly active MS defined by clinical relapses or MRI activity (active lesions – contrast-enhancing lesions; new or
unequivocally enlarging T2 lesions assessed at least annually), or both.
cHighly active MS defined as: 1. at least two disabling relapses with incomplete resolution and at least one contrast-enhancing lesion or
significant increase in T2 lesion load in the previous year in treatment-naive people; or 2. breakthrough disease activity in the previous
year, under an adequate course of at least one DMT (in the absence of intolerance or non-adherence), presenting with at least one relapse
in the previous year while on therapy and at least nine MRI T2 lesions or at least one contrast-enhancing lesion.
dHighly active disease defined as: 1. at least two relapses in the previous year; 2. relapse severity; 3. incomplete recovery; 4. at least 10 MRI
T2 lesions; 5. multiple contrast enhancing lesions.
eRapidly evolving aggressive disease defined as the presence of at least two disabling relapses with incomplete recovery in the previous
year and at least 10 MRI T2 lesions.
fSuboptimal response to chronic DMTs should be considered aVer one year of treatment in people with at least one relapse or disability
progression or both, or at least two active MRI lesions (gadolinium or new T2-weighted, or both) aVer one year of adequate treatment and
using as baseline an MRI performed six months aVer treatment initiation.
AE: adverse events; CIS: clinically isolated syndrome; DMT: disease-modifying treatment; ECTRIMS/EAN:  European  Committee of
Treatment of Research in Multiple Sclerosis and European Academy of Neurology; EDSS: Expanded Disability Status Scale; MRI: magnetic
resonance imaging; MS: multiple sclerosis; PPMS: primary progressive multiple sclerosis; RRMS: relapsing-remitting multiple sclerosis;
SPMS: secondary progressive multiple sclerosis.
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Patient or population: relapsing or progressive forms of multiple sclerosis
Settings: inpatient or outpatient
Intervention: rituximab as 'switching' from another DMT
Comparison: placebo or other DMTs as 'switching' treatment

Anticipated absolute effects*Intervention Comparison

intervention Assumed risk
with com-
parator

Correspond-
ing risk with
rituximab

(95% CI)

Relative ef-
fect
(95% CI)

No of partici-
pants
(studies)

Certainty of
the evidence

(GRADE)

Comments

Chance of sustained disability worsening over 24–36 months  

RRMSRituximab Interferons
or glatiramer
acetate 90 per 1000 78 per 1000

(48 to 125)
HR 0.86

(0.52 to 1.42)

853
(1 retrospec-
tive cohort

study)a

⊕⊝⊝⊝

Very low b,c

Our confidence in this result is very low, down-
graded 2 levels for very serious risk of bias and 2
levels for very serious imprecision. The evidence
is very uncertain about the effect of rituximab
on disability worsening at 24 months' follow-up,
when compared with interferon beta or glati-
ramer acetate.

SPMSRituximab Other DMTs

360 per 1000 196 per 1000
(110 to 340)

HR 0.49

(0.26 to 0.93)

88
(1 retrospec-
tive cohort

study)d

⊕⊝⊝⊝

Very low e,f

Our confidence in this result is very low, down-
graded 1 level for serious risk of bias and 2 levels
for very serious imprecision. The evidence is very
uncertain about the effect of rituximab on dis-
ability worsening at 36 months' follow-up, when
compared with other DMTs.

Chance of experiencing ≥ 1 relapses over 12–24 months

RRMS  Rituximab Placebo

400 per 1000 202 per 1000
(96 to 383)

OR 0.38 

(0.16 to 0.93)

104

(1 RCT)g
⊕⊕⊝⊝

Low f,h
Our confidence in this result is low, downgrad-
ed 1 level for serious risk of bias and 1 level for
serious imprecision. Rituximab may result in a
large reduction in recurrence of relapse over 12
months' follow-up when compared with placebo

Table 2.   Rituximab as 'switching' for multiple sclerosis – results from RCTs and non-randomised studies of intervention 
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RRMS  Rituximab Interferons
or glatiramer
acetate 270 per 1000 55 per 1000

(22 to 143)
HR 0.18 

(0.07 to 0.49)

1383
(1 retrospec-
tive cohort

study)a

⊕⊕⊕⊝

Moderate e

Our confidence in this result is moderate, down-
graded 1 level due to serious risk of bias. Ritux-
imab likely results in a very large reduction in re-
currence of relapses over 24 months' follow-up,
when compared with interferons or glatiramer.
The NNTB is 11 (95% CI 10 to 18).

RRMS  Rituximab Fingolimod

176 per 1000 15 per 1000
(4 to 60)

HR 0.08 

(0.02 to 0.32)

256
(1 retrospec-
tive cohort

study)i

⊕⊕⊕⊝

Moderate e

Our confidence in this result is moderate, down-
graded 1 level due to serious risk of bias. Ritux-
imab likely results in a large reduction in recur-
rence of relapses over 24 months' follow-up,
when compared with fingolimod. The NNTB is 6
(95% CI 6 to 9).

RRMS  Rituximab Natalizumab

60 per 1000 60 per 1000
(12 to 266)

HR 1.0 

(0.2 to 5.0)

153
(1 retrospec-
tive cohort

study)j

⊕⊝⊝⊝

Very low c,e

Our confidence in this result is very low, down-
graded 1 level for serious risk of bias and 2 levels
for very serious imprecision. The evidence is very
uncertain about the effect of rituximab on re-
currence of relapses over 24 months' follow-up,
when compared with natalizumab. 

MS of all types  Rituximab Fingolimod

89 per 1000 33 per 1000
(13 to 79)

OR 0.35

(0.14 to 0.88)

453
(1 retrospec-
tive cohort

study)k

⊕⊝⊝⊝

Very low f,l,m

Our confidence in this result is very low, down-
graded 2 levels for very serious risk of bias, 1 lev-
el for indirectness, and 1 level for serious impre-
cision. The evidence is very uncertain about the
effect of rituximab on recurrence of relapses over
24 months' follow-up, when compared with fin-
golimod.

MS of all types  Rituximab Dimethyl fu-
marate

129 per 1000 33 per 1000
(15 to 75)

OR 0.23

(0.10 to 0.55)

524
(1 retrospec-
tive cohort

study)k

⊕⊝⊝⊝

Very low f,l,m

Our confidence in this result is very low, down-
graded 2 levels for very serious risk of bias, 1 lev-
el for indirectness, and 1 level for serious impre-
cision. The evidence is very uncertain about the
effect of rituximab on recurrence of relapses over

Table 2.   Rituximab as 'switching' for multiple sclerosis – results from RCTs and non-randomised studies of intervention  (Continued)
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24 months' follow-up, when compared with di-
methyl fumarate.

MS of all types  Rituximab Natalizumab

60 per 1000 33 per 1000
(14 to 78)

OR 0.54

(0.22 to 1.32)

633
(1 retrospec-
tive cohort

study)k

⊕⊝⊝⊝

Very low f,l,m

Our confidence in this result is very low, down-
graded 2 levels for very serious risk of bias, 1 lev-
el for indirectness, and 1 level for serious impre-
cision. The evidence is very uncertain about the
effect of rituximab on recurrence of relapses over
24 months' follow-up, when compared with na-
talizumab.

SAEs over 12–24 months

RRMS

143 per 1000 130 per 1000
(45 to 327)

OR 0.90

(0.28 to 2.92)

104

(1 RCT)g
⊕⊝⊝⊝

Very low h,n

Our confidence in this result is very low, down-
graded 1 level for serious risk of bias and 2 levels
for very serious imprecision. The evidence is very
uncertain about the effect of rituximab on SAEs,
when compared with placebo.

SPMS  

Rituximab Placebo

444 per 1000 224 per 1000
(46 to 615)

OR 0.36

(0.06 to 2.00)

27

(1 RCT)o
⊕⊝⊝⊝

Very low n,p

Our confidence in this result is very low, down-
graded 2 levels for very serious risk of bias and 2
levels for very serious imprecision. The evidence
is very uncertain about the effect of rituximab on
SAEs, when compared with placebo.

RRMS Rituximab Other DMTs

 No data were available

SPMSRituximab Glatiramer
acetate

0 per 1000 0 per 1000
(0 to 0)

Not estimable 84

(1 RCT)q
— Cheshmavar 2021 reported 0 SAEs over 12

months' follow-up.

Chance of impaired quality of life: none of the studies reported the outcome.

Common infections over 12–24 months

Table 2.   Rituximab as 'switching' for multiple sclerosis – results from RCTs and non-randomised studies of intervention  (Continued)
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RRMS

714 per 1000 695 per 1000
(481 to 848)

OR 0.91

(0.37 to 2.24)

104 

(1 RCT)g

⊕⊝⊝⊝

Very low h,n

Our confidence in this result is very low, down-
graded 1 level for serious risk of bias and 2 levels
for very serious imprecision. The evidence is very
uncertain about the effect of rituximab on infec-
tions, when compared with placebo.

SPMS

Rituximab Placebo

667 per 1000 444 per 1000
(138 to 809)

OR 0.40

(0.08 to 2.12)

27

(1 RCT)o
⊕⊝⊝⊝

Very low n,p

Our confidence in this result is very low, down-
graded 1 level for serious risk of bias and 2 levels
for very serious imprecision. The evidence is very
uncertain about the effect of rituximab on infec-
tions, when compared with placebo.

RRMSRituximab Interferon
beta or glati-
ramer ac-
etate

36 per 1000 60 per 1000
(40 to 89)

OR 1.71

(1.11 to 2.62)

5477
(The nation-
al Swedish
MS Regis-
ter linked
to national
healthcare
and census

registries)r

⊕⊕⊕⊝

Moderate s

Our confidence in this result is moderate, down-
graded 1 level for serious risk of bias in measure-
ment of the outcome. Rituximab likely increas-
es infections when compared with interferons or
glatiramer acetate.

RRMSRituximab Fingolimod

56 per 1000 70 per 1000
(51 to 95)

OR 1.26

(0.90 to 1.77)

5187

(3 retrospec-
tive cohort

studies)i,j,m

⊕⊕⊝⊝

Low n,t

Our confidence in this result is low, downgrad-
ed 1 level for serious risk of bias and 1 level for
imprecision. Heterogeneity: P = 0.24, I2 = 30%.
Rituximab may increase slightly infections when
compared with fingolimod.

RRMSRituximab Natalizumab

50 per 1000 77 per 1000
(51 to 95)

OR 1.58

(1.08 to 2.32)

5001

(2 non-ran-
domised
studies:
the nation-

⊕⊕⊕⊝

Moderate t

Our confidence in this result is moderate, down-
graded 1 level for serious risk of bias. Hetero-
geneity: P = 0.39, I2 = 0%. Rituximab likely in-
creases the number of participants who have
common infections when compared with natal-
izumab.

Table 2.   Rituximab as 'switching' for multiple sclerosis – results from RCTs and non-randomised studies of intervention  (Continued)
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al Swedish
MS Register
linked to na-
tional health-
care and cen-
sus registries,
and 2 retro-
spective co-

hort studies)j,r

RRMSRituximab Ocrelizumab

62 per 1000 1 per 1000
(0 to 26)

OR 0.02

(0.00 to 0.40)

472

(1 retrospec-
tive cohort

study)u

⊕⊝⊝⊝

Very low f,l
Our confidence in this result is very low, down-
graded 2 levels for very serious risk of bias and 1
level for imprecision. The evidence is very uncer-
tain about the effect of rituximab on the number
of participants who have infections when com-
pared with ocrelizumab.

SPMSRituximab Glatiramer
acetate

24 per 1000 70 per 1000
(7 to 429)

OR 3.00

(0.30 to 30.08)

84

(1 RCT)q

⊕⊝⊝⊝

Very low c,v

Our confidence in this result is very low, down-
graded 1 level for serious risk of bias and 2 levels
for very serious imprecision. The evidence is very
uncertain about the effect of rituximab on com-
mon infections, when compared with glatiramer
acetate.

SPMSRituximab Cyclophos-
phamide

433 per 1000 230 per 1000
(97 to 459)

OR 0.39

(0.14 to 1.11)

69

(1 RCT)w

⊕⊝⊝⊝

Very low c,x

Our confidence in this result is very low, down-
graded 2 levels for very serious risk of bias and
1 level for some imprecision. The evidence is
very uncertain about the effect of rituximab on
the number of participants who have infections,
when compared with cyclophosphamide.

MS of all typesRituximab Fingolimod

26 per 1000 27 per 1000
(9 to 80)

OR 1.06

(0.34 to 3.30)

453
(1 retrospec-
tive cohort

study)k

⊕⊝⊝⊝

Very low l,m,n

Our confidence in this result is very low, down-
graded 2 levels for very serious risk of bias, 1 lev-
el for indirectness, and 1 level for serious impre-
cision. The evidence is very uncertain about the

Table 2.   Rituximab as 'switching' for multiple sclerosis – results from RCTs and non-randomised studies of intervention  (Continued)
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effect of rituximab on infections when compared
with fingolimod.

MS of all typesRituximab Dimethyl fu-
marate

12 per 1000 28 per 1000
(7 to 96)

OR 2.39

(0.63 to 9.00)

453
(1 retrospec-
tive cohort

study)k

⊕⊝⊝⊝

Very low l.m.n

Our confidence in this result is very low, down-
graded 2 levels for very serious risk of bias, 1 lev-
el for indirectness, and 1 level for some impreci-
sion. The evidence is very uncertain about the ef-
fect of rituximab on infections when compared
with dimethyl fumarate.

MS of all typesRituximab Natalizumab

7 per 1000 27 per 1000
(7 to 107)

OR 4.22

(1.00 to 17.84)

453
(1 retrospec-
tive cohort

study)k

⊕⊝⊝⊝

Very low f,l,m

Our confidence in this result is very low, down-
graded 2 levels for very serious risk of bias, 1 lev-
el for indirectness, and 1 level for some impreci-
sion. The evidence is very uncertain about the ef-
fect of rituximab on infections when compared
with natalizumab

Cancer over 24–36 months

RRMS

0 per 1000 0 per 1000
(0 to 0)

OR 1.55

(0.06 to 39.15)

104

(1 RCT)g
⊕⊝⊝⊝

Very low h,n

Our confidence in this result is very low, down-
graded 1 level for serious risk of bias and 2 levels
for very serious imprecision. The evidence is very
uncertain about the effect of rituximab on the
number of participants who have cancer, when
compared with placebo.

SPMS

Rituximab Placebo

111 per 1000 55 per 1000
(4 to 516)

OR 0.47

(0.03 to 8.52)

27

(1 RCT)o
⊕⊝⊝⊝

Very low n,p

Our confidence in this result is very low, down-
graded 1 level for serious risk of bias and 2 levels
for very serious imprecision. The evidence is very
uncertain about the effect of rituximab on the
number of participants who have cancer, when
compared with placebo.

Rituximab Fingolimod MS of all types

Table 2.   Rituximab as 'switching' for multiple sclerosis – results from RCTs and non-randomised studies of intervention  (Continued)
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17 per 1000 10 per 1000
(6 to 18)

OR 0.60

(0.35 to 1.03)

5807
 (The Swedish
MS Register
linked to the
Swedish Can-
cer Register
and the na-
tional patient

Register)y

⊕⊕⊝⊝

Low f,z
Our confidence in this result is low downgraded
1 level for serious risk of bias and 1 level for some
imprecision. Rituximab may reduce the number
of participants who have cancer over 36 months,
when compared with fingolimod.

MS of all typesRituximab Natalizumab

10 per 1000 8 per 1000
(4 to 13)

OR 0.74

(0.42 to 1.31)

5857
 (The Swedish
MS Register
linked to the
Swedish Can-
cer Register
and the na-
tional patient

Register)y

⊕⊕⊝⊝

Low f,z
Our confidence in this result is low, downgraded
1 level for serious risk of bias and 1 level for some
imprecision. Rituximab may reduce the number
of participants who have cancer over 36 months,
when compared with natalizumab.

Mortality over 24 months

RRMSRituximab Placebo

0 per 1000 0 per 1000
(0 to 0)

OR 1.55

(0.06 to 39.15)

104

(1 RCT)g
⊕⊝⊝⊝

Very low h,n

Our confidence in this result is very low, down-
graded 1 level for serious risk of bias and 2 levels
for very serious imprecision. The evidence is very
uncertain about the effect of rituximab on mor-
tality compared with placebo.

RRMSRituximab Fingolimod

0 per 1000 0 per 1000
(0 to 0)

OR 5.59

(0.22 to
139.89)

136
(1 retrospec-
tive cohort

study)j

⊕⊝⊝⊝

Very low
e,n,aa

Our confidence in this result is very low, down-
graded 1 level for serious risk of bias, 1 level for
indirectness, and 2 levels for very serious impre-
cision. The evidence is very uncertain about the
effect of rituximab on mortality compared with
fingolimod.

Rituximab Natalizumab RRMS

Table 2.   Rituximab as 'switching' for multiple sclerosis – results from RCTs and non-randomised studies of intervention  (Continued)

C
o
ch
ra
n
e

L
ib
ra
ry

T
ru
ste

d
 e
v
id
e
n
ce
.

In
fo
rm

e
d
 d
e
cisio

n
s.

B
e
tte

r h
e
a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



R
itu

x
im
a
b
 fo
r p
e
o
p
le
 w
ith

 m
u
ltip

le
 scle

ro
sis (R

e
v
ie
w
)

C
o

p
yrig

h
t ©

 2021 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

1
3
2

0 per 1000 0 per 1000
(0 to 0)

OR 6.66

(0.27 to
166.58)

153
(1 retrospec-
tive cohort

study)j

⊕⊝⊝⊝

Very low
e,n,aa

Our confidence in this result is very low, down-
graded 1 level for serious risk of bias, 1 level for
indirectness, and 2 levels for very serious impre-
cision. The evidence is very uncertain about the
effect of rituximab on mortality compared with
natalizumab.

*The basis for the assumed risk (e.g. the median risk of comparator across studies) is provided in footnotes. The risk in the rituximab group (and its 95% confidence inter-
val) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; DMT: disease-modifying treatment; HR: hazard ratio; MS: multiple sclerosis; NNTB: number needed to treat for an additional beneficial effect; OR:
odds ratio; RCT: randomised controlled trial; RRMS: relapsing-remitting multiple sclerosis; SAE: serious adverse event; SPMS: secondary progressive multiple sclerosis.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate quality: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

Explanations

Event rates in comparator based on the number of events in the included studies.

Table 2.   Rituximab as 'switching' for multiple sclerosis – results from RCTs and non-randomised studies of intervention  (Continued)

a Spelman 2018.
bBias due to missing data since time to disability worsening was limited to people with a minimum of three Expanded Disability Status Scale scores reported, i.e. 321/461 (70%)
participants in the rituximab group and 532/922 (58%) participants in the interferon or glatiramer acetate group.
cThe optimal information size criterion was not met (few events). Results included both no eFect and appreciable benefit or harm.
d Naegelin 2019.
eBias due to residual confounding is expected in a retrospective cohort study.
fThe optimal information size criterion was not met (few events).
g Hauser 2008.
hHigh risk of bias for unblinding of personnel and incomplete outcome data. Unclear risk of bias for allocation concealment and blinding of participants.
i Alping 2016.
j Boremalm 2019.
k Vollmer 2020a.
lVery serious risk of bias. All known important confounding domains not appropriately measured and controlled for.
mIndirectness of population.
nThe optimal information size criterion was not met (very few events). Results included both no harm and appreciable harm.
o Komori 2016.
pHigh risk of bias for inadequate allocation concealment, incomplete outcome data, and other bias. Unclear risk of bias for blinding of participants and outcome assessment.
q Cheshmavar 2021.

C
o
ch
ra
n
e

L
ib
ra
ry

T
ru
ste

d
 e
v
id
e
n
ce
.

In
fo
rm

e
d
 d
e
cisio

n
s.

B
e
tte

r h
e
a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



R
itu

x
im
a
b
 fo
r p
e
o
p
le
 w
ith

 m
u
ltip

le
 scle

ro
sis (R

e
v
ie
w
)

C
o

p
yrig

h
t ©

 2021 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

1
3
3

r Luna 2020.
sQuote: "Data are not available on the validity of the registries to measure infections and on diFerent reporting of infections between interventions"(Luna 2020).
tAll the retrospective cohort studies were at serious risk of bias.
u Evertsson 2020.
vHigh risk of bias for inadequate allocation concealment and lack of blinding of participants and personnel.
w Etemadifar 2019.
xHigh risk of bias for inadequate allocation concealment, lack of blinding of participants, personnel and outcome assessment, and incomplete outcome data.
y Alping 2020.
zThe register linkage allowed adjustment for many important confounders; however, residual confounding might still be an issue.
aaIndirectness of outcome, one suicide in the rituximab group.
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Intervention: rituximab as first-choice

Comparator Population Study design
(number of includ-
ed studies)

Outcomes (☑ evidence identified) 

Critical

Disability worsening

Recurrence of relapse

SAEs

Important prioritised

QoL

Common infections

Cancer

Mortality

Placebo Relapsing MS RCT 0

NRSI 0

Important

ARR

Cognitive decline

New or enlarging T2 MRI lesions

New T1 (gadolinium) MRI lesions

Discontinuation due to AEs

Grade 3–4 AEs

Long-term AEs

Short-term AEs

Critical

Disability worsening

Recurrence of relapse ☑

SAEs

Important prioritised

QoL

Common infections

Cancer

Mortality ☑

Other DMTs

 

 

Relapsing MS

Also see:  Summary
of findings 1

RCT 0

NRSI 1

Important

ARR

Table 3.   PICOS table to summarise the current evidence identified in the review 
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Cognitive decline

New or enlarging T2 MRI lesions

New T1 (gadolinium) MRI lesions ☑

Discontinuation due to AEs ☑ 

Grade 3–4 AEs ☑ 

Long-term AEs

Short-term AEs

Critical

Disability worsening ☑

Recurrence of relapse ☑

SAEs ☑

Important prioritised

QoL

Common infections ☑

Cancer ☑

Mortality ☑

Placebo Progressive MS (pri-
mary)

Also see:  Summary
of findings 2

RCT 1

NRSI 0

Important

ARR

Cognitive decline

New or enlarging T2 MRI lesions

New T1 (gadolinium) MRI lesions

Discontinuation due to AEs ☑

Grade 3–4 AEs ☑

Long-term AEs

Short-term AEs ☑ (infusion-related)

Critical

Disability worsening

Recurrence of relapse

SAEs

Other DMTs Progressive MS RCT 0

NRSI 0

Important prioritised

QoL

Common infections

Cancer

Table 3.   PICOS table to summarise the current evidence identified in the review  (Continued)
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Mortality

Important

ARR

Cognitive decline

New or enlarging T2 MRI lesions

New T1 MRI lesions

Discontinuation due to AEs

Grade 3–4 AEs

Long-term AEs

Short-term AEs

Intervention: rituximab as 'switching'

Comparator Population Study design
(number of includ-
ed studies)

Outcomes

Critical

Disability worsening

Recurrence of relapse ☑

SAEs ☑

Important prioritised

QoL

Common infections ☑

Cancer ☑

Mortality ☑

Placebo Relapsing MS

Also see:  Summary
of findings 3

RCT 1

NRSI 0

Important

ARR ☑

Cognitive decline

New or enlarging T2 MRI lesions

New T1 (gadolinium) MRI lesions ☑

Discontinuation due to AEs ☑

Grade 3–4 AEs ☑

Long-term AEs ☑ (CV events; opportunistic infections)

Short-term AEs ☑ (infusion-related)

Other DMTs Relapsing MS RCT 0

NRSI 5

Critical

Disability worsening ☑ (1 NRSI)

Table 3.   PICOS table to summarise the current evidence identified in the review  (Continued)

Rituximab for people with multiple sclerosis (Review)
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Recurrence of relapse ☑ (3 NRSI)

SAEs

Important prioritised

QoL

Common infections ☑ (4 NRSI)

Cancer

Mortality ☑ (1 NRSI)

Also see:  Summary
of findings 4

Important

ARR ☑ (1 study)

Cognitive decline

New or enlarging T2 MRI lesions ☑ (1 NRSI)

New T1 (gadolinium) MRI lesions ☑ (2 NRSI)

Discontinuation due to AEs ☑ (2 NRSI)

Grade 3–4 AEs ☑ (2 NRSI)

Long-term AEs ☑ (CV events (2 NRSI))

Short-term AEs ☑ (infusion-related) (2 NRSI)

Critical

Disability worsening

Recurrence of relapse

SAEs ☑

Important prioritised

QoL

Common infections

Cancer ☑

Mortality 

Placebo Progressive MS
(secondary)

Also see:  Table 2

RCT 1

NRSI 0

Important

ARR

Cognitive decline

New or enlarging T2 MRI lesions

New T1 (gadolinium) MRI lesions

Discontinuation due to AEs

Grade 3–4 AEs

Long-term AEs ☑ (CV events)

Table 3.   PICOS table to summarise the current evidence identified in the review  (Continued)
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Short-term AEs

Critical

Disability worsening ☑ (1 NRSI)

Recurrence of relapse

SAEs ☑ (1 RCT)

Important prioritised

QoL

Common infections ☑ (2 RCTs)

Cancer

Mortality

Other DMTs Progressing MS
(secondary)

Also see:  Table 2

RCT 2

NRSI 1

Important

ARR ☑ (1 RCT)

Cognitive decline

New or enlarging T2 MRI lesions

New T1 (gadolinium) MRI lesions ☑ (1 RCT)

Discontinuation due to AEs ☑ (1 RCT)

Grades 3–4 AEs

Long-term AEs ☑ (opportunistic infections, 1 RCT)

Short-term AEs

Critical

Disability worsening

Recurrence of relapse ☑ (1 NRSI)

SAEs

Important prioritised

QoL

Common infections ☑ (1 NRSI)

Cancer ☑ (1 NRSI)

Mortality

Other DMTs Relapsing + pro-
gressing MS

Also see:  Table 2

RCT 0

NRSI 2

Important

ARR 

Cognitive decline

New or enlarging T2 MRI lesions ☑ (1 NRSI)

New T1 (gadolinium) MRI lesions ☑ (1 NRSI)

Table 3.   PICOS table to summarise the current evidence identified in the review  (Continued)
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Discontinuation due to AEs ☑ (1 NRSI)

Grades 3–4 AEs

Long-term AEs ☑ (CV events, 1 NRSI)

Short-term AEs

Table 3.   PICOS table to summarise the current evidence identified in the review  (Continued)

AE: adverse event; ARR: annualised relapse rate; CV: cardiovascular events; MRI: magnetic resonance imaging; MS: multiple sclerosis; NRSI:
non-randomised study of intervention; QoL: quality of life; RCT: randomised controlled trial; SAE: serious adverse event.
 

 

A P P E N D I C E S

Appendix 1. Database searches for primary studies

1. The Cochrane Central Register of Controlled Trials (CENTRAL)

((mabthera OR rituximab OR rituxan OR (monoclonal NEAR antibod*) OR (MeSH descriptor, Antibodies, Monoclonal, this term only in MeSH
products)) AND ((MeSH descriptor, multiple sclerosis, demyelinating diseases, this term only in MeSH products) OR MS)

2. MEDLINE (PubMed)

1. "Rituximab"[Mesh]

2. "IDEC C2B8"[All Fields]

3. Rituxan[All Fields]

4. rituximab[All Fields]

5. mabthera[All Fields]

6. "anti cd20"[All Fields]

7. immunotherap*

8. monoclonal antibod*[all fields]

9. "Immunotherapy"[Mesh:NoExp]

10."Antibodies,Monoclonal"[Mesh:NoExp]

11.1/10 OR

12."Demyelinating Diseases"[Mesh:NoExp]

13."Demyelinating Autoimmune Diseases, CNS" [Mesh:NoExp]

14.Demyelinating Diseases*[all fields]

15.Demyelinating Disorder*[all fields]

16."Multiple Sclerosis"[Mesh]

17."Multiple Sclerosis, Chronic Progressive"[Mesh]

18."Multiple Sclerosis, Relapsing-Remitting"[Mesh]

19."Multiple sclerosis"[all fields]

20.12/19 OR

21.11 AND 20

3. Embase

1. 'multiple sclerosis'/exp OR 'demyelinating disease'/de

2. ((demyelinating  NEAR/3  disorder*):ti,ab,kw) OR ((demyelinating  NEAR/3  disease*):ti,ab,kw) OR  'first demyelinating':ti,ab,kw
OR cis:ti,ab,kw OR (('clinically isolated' NEAR/2 'syndrome*'):ti,ab,kw)

3. 1 OR 2

4. rituximab:ti,ab,kw OR  'idec c2b8':ti,ab,kw OR  rituxan:ti,ab,kw OR  mabthera:ti,ab,kw OR  'anti cd20':ti,ab,kw
OR immunotherap*:ti,ab,kw OR ((monoclonal NEAR/2 antibod*):ti,ab,kw)

5. 'rituximab'/exp OR 'immunotherapy'/de OR 'monoclonal antibody'/de

6. 4 OR 5

7. 3 AND 6

Rituximab for people with multiple sclerosis (Review)
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4. CINAHL (via EBSCO)

((TI ("multiple sclerosis" OR "multiple sclerosis, chronic progressive" OR "multiple sclerosis, relapsing remitting" OR "demyelinating
diseases" OR "demyelinating autoimmune diseases") OR AB ("multiple sclerosis" OR "multiple sclerosis, chronic progressive" OR "multiple
sclerosis, relapsing remitting" OR "demyelinating diseases" OR "demyelinating autoimmune diseases") OR SU ("multiple sclerosis" OR
"multiple sclerosis, chronic progressive" OR "multiple sclerosis, relapsing remitting" OR "demyelinating diseases" OR "demyelinating
autoimmune diseases")) AND (MH ("rituximab" OR "rituxan" OR "mabthera" OR "anti cd20" OR "immunotherap*" OR "monoclonal
antibod*") OR TI ("rituximab" OR "rituxan" OR "mabthera" OR "anti cd20" OR "immunotherap*" OR "monoclonal antibod*") OR AB
("rituximab" OR "rituxan" OR "mabthera" OR "anti cd20" OR "immunotherap*" OR "monoclonal antibod*"))

5. Search terms for the trials registers

(multiple sclerosis) AND (rituximab OR rituxan OR mabthera)

Appendix 2. ROBINS-I: review authors' judgements about each risk of bias item for each included non-randomised
study

Alcalá 2019

Type of study: retrospective multicentre cohort study – The GITEM Registry (Spain)

Participants: active relapsing MS (n = 55) switching  from fingolimod due to  failure or experiencing adverse eFects with previously
aggressive disease

Treatment group: rituximab (n = 27)

Comparison group: alemtuzumab (n = 28)

Outcome timing: 12 months

Median follow-up: 20.9 months (IQR 11.8–38.7). Median time with alemtuzumab: 18.1 months (IQR 11.8–31.4); median time with rituximab:
32.0 months (IQR 10.6–48.6)

Outcomes assessed

O1. Number of participants with sustained disability worsening defined as increase in 1 point in EDSS (if EDSS < 6) or in 0.5 point (if EDSS
≥ 6) persisting aVer 6 months

O2. Number of participants with clinical relapse defined by the presence of new suggesting neurological symptoms, maintained for more
than 24 hours, in the absence of intercurrent processes and accompanied by objective changes in neurological examination

O3. Number of participants who discontinued treatment due to adverse events

O4. Number of participants with SAEs: no SAEs reported

O5. Number of participants with infusion-related reactions

O6. Number of participants with opportunistic infections: none of the participants developed opportunistic infections

O7. Number of participants with common infections (respiratory and urinary)

O8. Number of participants with cancer

Rituximab for people with multiple sclerosis (Review)
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1
4
1

DomainsOutcome Interven-
tion effect

Bias due
to con-
founding

Bias in selection of par-
ticipants into the study

Bias in classifi-
cation of inter-
ventions

Bias due to devi-
ations from in-
tended interven-
tions

Bias due
to missing
data

Bias in
measure-
ment of
outcomes

Bias in selec-
tion of the re-
ported result

Overall
Risk of
Bias

O1, O2, O3 Assign-
ment

Seriousa Seriousb Seriousc Lowd Lowe Seriousf Seriousg Critical

O4, O5,
O6, O7, O8

Adhering Seriousa Seriousb Seriousc NIh Lowe Seriousf Seriousg Critical

Explanatory footnotes 

aOnly counts available (no adjustment for baseline confounders). Different follow-up periods between the comparison groups (median 18 months in alemtuzumab group
and 32 months in rituximab group).

bSelection bias (immortal time bias). The start of follow-up, defined as the date of the first prescription, was considerably later after first relapse for the rituximab group (11
years) than the alemtuzumab group (8 years) and the rituximab group had been previously treated with a greater number of drugs (i.e. survived previous treatments). No
statistical techniques for correcting selection bias were used.

cRetrospective clinical data were collected. Intervention status is not well-defined: dose, frequency, intensity of alemtuzumab not reported.

dDeviations from intended intervention if had occurred (not reported) were part of usual practice.

eData were reasonably complete at 1 year.

fOutcome assessors aware of the intervention assigned. The methods of outcome assessment were not comparable across the intervention groups: different follow-up peri-
ods (that is different outcome measurement criteria), different frequency of clinical visits and imaging tests.

gOutcomes were analysed in different ways in the methods and results sections of the article. Quote: "Kaplan–Meier survival analysis for the median time to a relapse and to
increase of disability was run". In the results section, only the number of participants with the event was reported.

hNo information reported on whether there was deviation from the intended intervention.

 

 

C
o
ch
ra
n
e

L
ib
ra
ry

T
ru
ste

d
 e
v
id
e
n
ce
.

In
fo
rm

e
d
 d
e
cisio

n
s.

B
e
tte

r h
e
a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Alping 2016

Type of study: retrospective multicentre cohort study – The Swedish MS Register

Participants: relapsing MS (n = 256) switching from natalizumab, due to JC virus antibody positivity

Treatment group: rituximab (n = 114)

Treatment group: fingolimod (n = 142)

Outcome timing: 18 months

Outcomes assessed

O1. Time to new clinical relapse

O2. Number of participants with new MRI T2 lesions

O3. Number of participants with new MRI gadolinium-enhancing positive T1 lesions

O4. Number of participants with SAEs

O5. Number of participants with grade 3–5 adverse events

Rituximab for people with multiple sclerosis (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

142



R
itu

x
im
a
b
 fo
r p
e
o
p
le
 w
ith

 m
u
ltip

le
 scle

ro
sis (R

e
v
ie
w
)

C
o

p
yrig

h
t ©

 2021 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

1
4
3

DomainsOutcome Interven-
tion effect

Bias due to
confound-
ing

Bias in selection
of participants in-
to the study

Bias in classifica-
tion of interven-
tions

Bias due to devia-
tions from intend-
ed interventions

Bias due
to missing
data

Bias in mea-
surement of
outcomes

Bias in selec-
tion of the re-
ported result

Overall
Risk of
Bias

O1, O2, O3 Assign-
ment

Moderatea Lowb Moderatec Lowd Lowe Moderatef Lowg Moderate

O4, O5 Adhering Moderatea Lowb Moderatec NIh Lowe Moderatef Lowg Moderate

Explanatory footnotes

aBias due to confounding by indication expected. Important confounding domains were appropriately measured and controlled for. Data for potential baseline confound-
ing variables were obtained from in-depth medical chart review. Logistic regression analyses for number of participants with MRI lesions within the first 18 months of treat-
ment, and Cox proportional hazards model analyses of time to event for clinical relapses, adverse events, and discontinuation of therapy within the first 18 months of treat-
ment, both comparing rituximab to fingolimod and compensating for the continuous variables age, time receiving natalizumab, wash-out time, and follow-up time (logis-
tic regression only), and the categorical variables sex, baseline EDSS, and study centre. For the Cox proportional hazards models time was counted from the first administra-
tion of rituximab or fingolimod.

bBias to selection unlikely. The source population was people with MS ever recorded in the Swedish MS register, at the Karolinska (Stockholm, to 24 February 2015),
Sahlgrenska (Gothenburg, to 18 April 2015), and Norrland's (Umeå, to 12 April 2015) University Hospitals. The study population was identified through the Swedish MS reg-
ister (www.neuroreg.se) and cross-checked against the local clinical records systems. The number of participants excluded due to insufficient follow-up or compliance was
low (6/344; 1.7%) (Figure 1).

cBias due to classification of interventions since retrospective clinical data were collected. The intervention groups were clearly defined.

dDeviations from intended intervention were part of usual practice.

eData were reasonably complete. Information about missing data for outcomes were described. Missing data for baseline confounders were reported.

fLack of blind outcome assessment. Geographical imbalances in the recording of outcomes may have been, given the lack of formal study visits. Clinical guidelines for fol-
low-up differed to some degree between different interventions.

gReported results correspond to all intended outcomes reported in the methods section of the article.

hNo information is reported on whether there is deviation from the intended intervention.
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Alping 2020

Type of study: retrospective multicentre cohort study – The Swedish MS register linked to the Swedish Cancer register and other national
healthcare and census registers

Participants: all types of MS (n = 6136) switching from other DMTs, matched to people from a general population without MS.

Treatment group: rituximab (n = 4187 therapy initiation)

Treatment group: fingolimod (n = 1620 therapy initiation)

Treatment group: natalizumab (n = 1670 therapy initiation)

General population: n = 37,801

Outcome timing: mean follow-up: rituximab 2.30 years; fingolimod 3.96 years; natalizumab 3.94 years; general population 3.03 years

Outcome assessed

O1. Time to first invasive cancer (reference: rituximab)

Rituximab for people with multiple sclerosis (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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1
4
5

DomainsOutcome Interven-
tion effect

Bias due
to con-
founding

Bias in selection of
participants into
the study

Bias in classifi-
cation of inter-
ventions

Bias due to devia-
tions from intended
interventions

Bias due
to missing
data

Bias in
measure-
ment of
outcomes

Bias in selec-
tion of the re-
ported result

Overall
Risk of
Bias

O1 Adhering Moderatea Lowb Moderatec NId Lowe Lowf Lowg Moderate

Explanatory footnotes

aBias due to confounding expected. The register linkage allowed adjustment for many important confounders. However, residual confounding might still be an issue. No
data were available on diet, alcohol use, workplace exposure to carcinogens, obesity, sunlight exposure, or smoking, all of which are well-known risk factors for cancer. Sev-
eral general health markers and demographic variables were included to limit unmeasured confounding by proxy. Inverse probability of treatment weighting-adjusted Cox
regression model adjusted for age; sex; birth region; education; previous invasive

cancer; arrhythmia; major acute cardiovascular event; and use of antidepressants, antipsychotics, antidiabetics, glucocorticoids, and immunosuppressive agents. Time
since therapy start as the timescale. In the study intervention, switches were unrelated to the outcome that is an unexpected harm.

bBy linking the national registers to the Swedish MS register, the study included almost all people with MS in Sweden's treated with rituximab, fingolimod, or natalizumab,
limiting the risk of selection bias.

cBias due to classification of interventions since retrospective clinical data were collected. The intervention groups were clearly defined.

dNo information is reported on whether there is deviation from the intended intervention.

eThe registers made it possible to follow patients without attrition and were suitable for studying rare safety outcomes in a population-based setting.

fOutcomes were identified in the national cancer register and included time to first invasive cancer. The International Classification of Diseases for Oncology codes was used
for the identification of the specific cancers.

gReported results corresponded to all intended outcomes reported in the methods section of the article.
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Boremalm 2019 

Type of study: retrospective multicentre cohort study – The Swedish MS Register

Participants: active relapsing MS (n = 241) switching from interferon beta or glatiramer acetate due to relapse or MRI contrast-enhancing
lesions or both (escalation therapy)

Treatment group: rituximab (n = 48)

Treatment group: fingolimod (n = 88)

Treatment group: natalizumab (n = 105)

Outcome timing: 24 months

Median follow-up: rituximab: 33.6 (IQR 25.2–43.2) months; fingolimod: 31.2 (IQR 20.4–45.6) months; natalizumab 33.6 (IQR 22.8–54.0)
months

Outcomes assessed

O1. Time to new clinical relapse

O2. Number of participants with new gadolinium-enhancing positive T1 lesions

O3. Number of participants who discontinued treatment due to adverse events

O4. Number of participants with grade 3–5 adverse events

O5. Number of participants with common infections

O6. Number of participants with hypogammaglobulinaemia

O7. Number of participants with cardiovascular events

O8. Number of deaths

Rituximab for people with multiple sclerosis (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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1
4
7

DomainsOutcome Interven-
tion effect

Bias due
to con-
founding

Bias in selection of
participants into
the study

Bias in classifica-
tion of interven-
tions

Bias due to devia-
tions from intend-
ed interventions

Bias due
to missing
data

Bias in mea-
surement of
outcomes

Bias in selec-
tion of the re-
ported result

Overall
Risk of
Bias

O1, O2, O3 Assign-
ment

Moderatea Lowb Moderatec Lowd Lowe Moderatef Lowg Moderate

O4, O5,
O6, O7, O8

Adhering Moderatea Lowb Moderatec NIh Lowe Moderatef Lowg Moderate

Explanatory footnotes

aBias due to confounding by indication expected. Important baseline confounding variables were obtained from participants' medical records at each centre. Cox propor-
tional hazards model analyses of time to event for relapse, adverse events, and discontinuation of therapy comparing natalizumab to rituximab. Analyses adjusted for the
continuous variables age at inclusion, duration since debut, EDSS at baseline, time receiving last DMT before switch, time from disease activity to switch, and the categori-
cal variables sex and centre (except for discontinuation of therapy because treatment allocation correlated to centre and too few had interrupted rituximab treatment). Ra-
diological activity was measured, but it was not included in Cox models due to the limited number of participants in the treatment groups and a high and uneven percent-
age of participants lacking MRI data prior to baseline.
bBias to selection unlikely. The source population was all people with MS from the Swedish MS registry. Participants with relapsing MS who, due to breakthrough disease
activity, switched from interferon or glatiramer acetate to natalizumab, rituximab, or fingolimod between 1 January 2011 and 31 December 2015. The number of partici-
pants excluded, due to missing or incomplete patient data or due to uncertainty regarding compliance to treatment, was low (13/470; 2.8%) (Figure 1).

cBias due to classification of interventions since retrospective clinical data were collected. The intervention groups were not clearly defined.

dDeviations from intended intervention were part of usual practice.

eData were reasonably complete. Information about missing data for outcomes were described. Missing data for baseline confounders were reported.

fLack of blind outcome assessment. Geographical imbalances in the recording of outcomes may have been, given the lack of formal study visits. Clinical guidelines for fol-
low-up differed to some degree between different interventions.

gReported results correspond to all intended outcomes reported in the methods section of the article.

hNo information reported on whether there was deviation from the intended intervention.
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Evertsson 2020

Type of study: retrospective multicentre cohort study – The Swedish MS Register and the Rocky Mountain Multiple Sclerosis Clinic US
database

Participants: relapsing and secondary progressive MS (n = 472)

Treatment group: rituximab (n = 311)

Treatment group: ocrelizumab (n = 161)

Outcome timing: 12 months

Median follow-up: rituximab: 33.6 (IQR 25.2–43.2) months; fingolimod: 31.2 (IQR 20.4–45.6) months; natalizumab 33.6 (IQR 22.8–54.0)
months

Outcomes assessed

O1. Number of participants who discontinued treatment due to adverse events

O2. Number of participants with common infections

Rituximab for people with multiple sclerosis (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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1
4
9

DomainsOutcome Interven-
tion effect

Bias due
to con-
founding

Bias in selection of
participants into the
study

Bias in classifi-
cation of inter-
ventions

Bias due to devi-
ations from in-
tended interven-
tions

Bias due
to missing
data

Bias in mea-
surement of
outcomes

Bias in selec-
tion of the re-
ported result

Overall
Risk of
Bias

O1 Assign-
ment 

Seriousa Seriousb Moderatec Lowd Lowe Moderatef Lowg Serious

O2 Adhering Seriousa Seriousb Moderatec NIh Lowe Moderatef Lowg Serious

Explanatory footnotes

aBias due to confounding by indication expected. Important confounding domains were not appropriately measured and controlled for.

bBias due to selection of participants into the study due to the selection of participants into the study was based on characteristic of participants after the start of interven-
tion. Not adjusted for selection bias.

cBias due to classification of interventions since retrospective clinical data were collected. The intervention groups were defined.

dDeviations from intended intervention were part of usual practice.

eData were reasonably complete. 

fLack of blind outcome assessment. Geographical imbalances in the recording of outcomes may have been, given the lack of formal study visits. Clinical guidelines for fol-
low-up differed to some degree between different interventions.

gReported results correspond to all intended outcomes reported in the methods section of the article.

hNo information is reported on whether there is deviation from the intended intervention.
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Granqvist 2018

Type of study: retrospective multicentre cohort – The national Swedish MS Register and local medical records

Participants: relapsing MS (n = 488) who received diagnoses from 1 January 2012 to 31 October 2015 and started their first DMT

Treatment group: rituximab

Treatment group: interferon beta or glatiramer acetate

Treatment group: dimethyl fumarate

Treatment group: fingolimod

Treatment group: natalizumab

Median follow-up: rituximab: 18.8 (IQR 12.3–28.0) months;  interferon beta or glatiramer acetate 15.3 (IQR 8.6–26.3) months; dimethyl
fumarate 14.2 (IQR 8.6–18.9) months; fingolimod: 12.1 (IQR 7.9–22.3) months; natalizumab 19.0 (IQR 11.4–27.5) months

Outcomes assessed

O1. Time to new clinical relapse

O2. Number of participants with new MRI gadolinium-enhancing positive T1 lesions

O3. Number of participants who discontinued treatment due to adverse events

O4. Number of participants with grade 3–5 adverse events

Rituximab for people with multiple sclerosis (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

150



R
itu

x
im
a
b
 fo
r p
e
o
p
le
 w
ith

 m
u
ltip

le
 scle

ro
sis (R

e
v
ie
w
)

C
o

p
yrig

h
t ©

 2021 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

1
5
1

DomainsOutcome Interven-
tion effect

Bias due to
confound-
ing

Bias in selection
of participants in-
to the study

Bias in classifica-
tion of interven-
tions

Bias due to devia-
tions from intend-
ed interventions

Bias due
to missing
data

Bias in mea-
surement of
outcomes

Bias in selec-
tion of the re-
ported result

Overall
Risk of
Bias

O1, O2, O3 Assign-
ment

Moderatea Lowb Moderatec Lowd Lowe Moderatef Lowg Moderate

O4 Adhering Moderatea Lowb Moderatec NIh Lowe Moderatef Lowg Moderate

Explanatory footnotes

aBias due to confounding by indication expected. Data for potential baseline confounding variables were obtained from medical chart review. The potential confounding
variables age, sex, baseline EDSS score, MS duration after debut and diagnosis, relapse in the year before treatment initiation, region, and follow-up time were examined
through sequential regression models. Propensity scores were estimated for each treatment group in comparison with rituximab and were separately adjusted for as strati-
fied quintiles in the regression models. 

bBias to selection unlikely. The source population comprised all individuals in Stockholm and Västerbotten Counties who received a diagnosis of relapsing MS from 1 Janu-
ary 2012 to 31 October 2015, starting their first DMT (i.e. first-line treatment). Participants were identified through a national Internet-based MS registry (www.neuroreg.se)
from which data were collected along with social security numbers used to access corresponding local medical records. The number of participants excluded due to lacked
follow-up was low (3/593; 0.5%) (Figure 1).

cBias due to classification of interventions since retrospective clinical data were collected. Doses, timing, and frequency of interventions reported.

dDeviations from intended intervention were part of usual practice.

eData were reasonably complete.

fLack of blinded outcome assessment. There may have been geographical imbalances in the recording of outcomes given the lack of formal study visits. Clinical guidelines
for follow-up differed to some degree between different interventions.

gReported results correspond to all intended outcomes reported in the methods section of the article.

hAdherence was not examined or adjusted for in the study. No information on other deviations was reported.
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Luna 2020

Type of study: retrospective multicentre cohort – The national Swedish MS Register linked to national healthcare and census registries

Participants: relapsing MS (n = 6421) who started treatment between 1 January 2011 and 31 December 2017

Treatment episodes: rituximab (n = 3260)

Treatment episodes: interferon beta or glatiramer acetate (n = 2217)

Treatment episodes: fingolimod (n = 1535)

Treatment episodes: natalizumab (n = 1588)

End of follow-up: 31 December 2017

Outcome assessed

O1. Time to serious infections requiring hospitalisation

Rituximab for people with multiple sclerosis (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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1
5
3

DomainsOutcome Interven-
tion effect

Bias due
to con-
founding

Bias in selection
of participants in-
to the study

Bias in classifi-
cation of inter-
ventions

Bias due to deviations
from intended inter-
ventions

Bias due
to missing
data

Bias in mea-
surement of
outcomes

Bias in selec-
tion of the re-
ported result

Overall
risk of
bias

O1 Adhering  Moderatea Moderateb Moderatec Moderated Moderatee Moderatef Lowg Moderate

Explanatory footnotes

aBias due to confounding expected. Important baseline confounding variables were available; however, data were lacking on other potential confounders including body
mass index, smoking status, and varicella vaccination status. Hazard ratios adjusted for age, sex, educational level, country of birth, sick leave, disability pension, hospi-
talisations in the previous 5 years, history of infections, cancer, antidepressant use, antipsychotic use, major adverse cardiovascular events, arrhythmia, year of treatment
start, region of treating clinic, relapses last year, MS duration, EDSS, MS Impact Scale-29, EuroQol 5-Dimension scale, and Symbol Digit Modalities Test.

bThe use of national registries, which enabled inclusion of almost all people with MS in Sweden likely avoided the risk for selection bias.

cBias due to classification of interventions since retrospective clinical data were collected. Dose and frequency of the intervention were not clearly defined.

dUse of antibiotics was much more common than serious infections, but the pattern of rates was similar: highest with rituximab, followed by natalizumab and fingolimod.
The prescription of antibiotics may be sensitive to lack of blinding and surveillance (e.g. association with frequency of visits or over prescription for participants believed to
be at particular risk). The rate of prescribed herpes antivirals was about 70% higher among participants receiving fingolimod and natalizumab than receiving rituximab or
interferon beta and glatiramer acetate. We could not exclude that these different prescription patterns may have influenced treatment outcomes differently.

eMinor infections were likely missed. Multiple imputation was applied to account for missing data, creating 25 imputed data sets using fully conditional specifications. Sen-
sitivity analyses were not performed.

fThe authors of the article reported: "We are limited in what data we can show for the identified serious infections". Data were not available on the validity of the registries
to measure infections and on different reporting of infections between interventions.

gReported results correspond to all intended outcomes reported in the methods section of the article.
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Naegelin 2019

Type of study: retrospective cohort

Participants: secondary progressive MS

Treatment group: rituximab (≥ 1 dose). Cohort recruited at the MS Centres in Basel or Lugano, Switzerland

Treatment group: participants who had never been treated with rituximab. Cohort recruited at the MS Centres in Basel or Amsterdam,
the Netherlands

Follow-up time: mean 3.5 years for the rituximab group; 4.8 years for the control group

Outcome assessed

O1. Time to confirmed disability worsening.

Rituximab for people with multiple sclerosis (Review)
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1
5
5

DomainsOutcome Interven-
tion effect

Bias due
to con-
founding

Bias in selection of
participants into the
study

Bias in classifi-
cation of inter-
ventions

Bias due to devia-
tions from intended
interventions

Bias due
to missing
data

Bias in mea-
surement of
outcomes

Bias in selec-
tion of the re-
ported result

Overall
Risk of
Bias

O1 Assign-
ment

Moderatea Seriousb Moderatec Lowd Lowe Moderatef Lowg Serious

Explanatory footnotes

aBias due to confounding by indication is expected. Participants in the rituximab group tended to be younger, had a higher EDSS score, and showed more MRI lesion activ-
ity than the control group, favouring indication to treatment with rituximab. A higher proportion of the control participants had not been treated with DMTs in the year be-
fore baseline suggesting a bias toward a less aggressive disease course in the control group. Propensity scores were used to match 1:1 the rituximab-treated and the con-
trol groups for sex, age, EDSS score, and disease duration at baseline, in combination with covariate adjustment in the statistical models. Data of baseline confounding vari-
ables were obtained from medical chart review. 

bSelection into the study was likely related to intervention and outcome.

cBias due to classification of interventions since retrospective clinical data were collected. Doses, timing, and frequency of interventions not reported.

dIn the control group, 14/59 (24%) participants switched to other treatments. Deviations from intended intervention were part of usual practice.

eData were reasonably complete.

fLack of blinded outcome assessment. Imbalances between the centres in measuring EDSS and in recording of outcomes may have occurred, given the lack of formal study
visits. Clinical guidelines for follow-up differed between different interventions.

gReported results correspond to all intended outcomes reported in the methods section of the article.
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Spelman 2018 

Type of study: retrospective cohort – The Swedish MS Register

Participants: relapsing MS (n = 1383)

Treatment group: rituximab (n = 461)

Treatment group: interferon beta or glatiramer acetate (n = 922)

Recruitment: April 2005 to November 2015

Follow-up: 24 months

Outcome assessed

O1. Time to disability worsening

O2. Time to first relapse on therapy

O3. Annualised relapse rate

Rituximab for people with multiple sclerosis (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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5
7

DomainsOutcome Interven-
tion effect

Bias due
to con-
founding

Bias in selection of par-
ticipants into the study

Bias in classifi-
cation of inter-
ventions

Bias due to devi-
ations from in-
tended interven-
tions

Bias due
to missing
data

Bias in mea-
surement of
outcomes

Bias in selec-
tion of the re-
ported result

Overall
Risk of
Bias

O1 Assign-
ment

Moderatea Moderateb Moderatec Lowd Seriouse Moderatef Lowg Serious

O2, O3 Assign-
ment

Moderatea Moderateb Moderatec Lowd Lowe Moderatef Lowg Moderate

Explanatory footnotes 

aBias due to confounding is expected. Data for baseline confounding variables were obtained from the nationwide Swedish register. Propensity scores were used to match
2:1 the rituximab-treated and the interferon/glatiramer acetate groups using a 5-to-1 digit matching algorithm with a 0.01 calliper. The independent explanatory variables
used to calculate the propensity score were sex, age, EDSS, disease duration at baseline, number of prebaselines DMT start, the proportion of disease duration on treat-
ment, the number of DMT starts as a proportion of disease duration, relapse activity in the 12- and 24-months prebaseline, the index year of the DMT start, and the number
of assessments per year of follow-up. Lesion number on MRI at baseline was not included in the propensity score due to inadequate data availability. The propensity score
was calculated using a binomial logistic regression model. A sensitivity analysis was used to test statistical models for the influence of unobserved confounding.

bBias due to selection of participants into the study due to the selection of participants who had a minimum of 3-month persistence on the index DMT and who had a full set
of baseline data for all variables used in the derivation of the baseline score. The authors used sensitivity analysis to reject the inference of a treatment effect in favour of se-
lection effects.

cBias due to classification of interventions since retrospective clinical data were collected. The intervention groups were clearly defined.

dDeviations from intended intervention were part of usual practice.

eBias due to missing data since time to disability worsening was limited to patients with a minimum of three EDSS scores (included baseline score), i.e. 321/461 (70%) partic-
ipants in the rituximab group and 532/922 (58%) participants in the interferon or glatiramer acetate group.

fLack of blinded outcome assessment. Geographical imbalances in the recording of outcomes may have been, given the lack of formal study visits. Clinical guidelines for fol-
low-up differed to some degree between rituximab and interferon or glatiramer acetate. Treatment arms were matched on index year meaning that the groups were con-
temporaneous.

gReported results correspond to all intended outcomes reported in the methods section of the article.
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Vollmer 2020a

Type of study: retrospective cohort

Setting: The Rocky Mountain MS Center at the University of Colorado, US

Participants: all types of MS (n = 1246)

Treatment group: rituximab (n = 182)

Treatment group: fingolimod (n = 271)

Treatment group: dimethyl fumarate (n = 342)

Treatment group: natalizumab (n = 451)

Recruitment: January 2010 to October 2013

Follow-up time: 24 months

Outcome assessed

O1. Number of participants with relapse

O2. Number of participants with new MRI T2 lesion

O3. Number of participants with new MRI gadolinium-enhancing positive T1 lesions

O4. Number of participants who discontinued therapy due to adverse events

O5. Number of participants with common infections

O6. Number of participants with cardiovascular events

Rituximab for people with multiple sclerosis (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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1
5
9

DomainsOutcome Interven-
tion effect

Bias due to
confound-
ing

Bias in selection of par-
ticipants into the study

Bias in classifi-
cation of inter-
ventions

Bias due to de-
viations from
intended inter-
ventions

Bias due
to missing
data

Bias in mea-
surement of
outcomes

Bias in se-
lection of
the report-
ed result

Overall
risk of
bias

O1, O2, O3 Assign-
ment

Seriousa Moderateb Moderatec Lowd Lowe Moderatef Lowg Serious

O4 Assign-
ment

Moderateh Moderateb Moderatec NIi Lowe Moderatef Lowg Moderate

O5, O6 Adhering Moderatea Moderateb Moderatec NIi Lowe Moderatef Lowg Moderate

Explanatory footnotes

aBias due to confounding is expected. Baseline characteristics were collected from chart review of electronic medical records at the time of DMT start date. Baseline MRI da-
ta were collected from the closest MRI prior to DMT initiation. They did not match participants with relapsing MS and reported unadjusted beneficial outcomes (relapse and
MRI lesions) and adjusted treatment discontinuation due to adverse events.

bBias to selection unlikely. The source population was all people with MS who initiated rituximab, fingolimod, dimethyl fumarate, or natalizumab at the Rocky Mountain MS
Center between January 2010 and October 2013. 4% of participants were excluded in the natalizumab group since data on the first two years of treatment were not avail-
able. For each participant, start of follow-up and start of intervention coincided.

cBias due to classification of interventions since retrospective clinical data were collected. The rituximab group only was clearly defined.

dDeviations from intended intervention were part of usual practice.

eData were reasonably complete.

fBias due to measurement of included outcomes since the outcome assessors were not blinded to intervention. Imbalances in the recording of outcomes may have oc-
curred, given the lack of formal study visits. Clinical guidelines for follow-up differed to some degree between different interventions. MRIs were not obtained consistently
at routine intervals and differing magnetic strength may were used. This may have affected the likelihood of detecting MRI lesions.

gReported results correspond to all intended outcomes reported in the methods section of the article.

hAdjusted odds ratios for discontinuation due to adverse events at ≤ 24 months were available. 

iAdherence was not examined or adjusted for in the study. No information on other deviations was reported.
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DMT: disease-modifying treatment; EDSS: Expanded Disability Status Scale; IQR: interquartile range; JC: John Cunningham; MRI: magnetic
resonance imaging; MS: multiple sclerosis; n: number of participants; NI: no information; SAE: serious adverse event.

H I S T O R Y

Protocol first published: Issue 2, 2021

 

Date Event Description

18 February 2021 Amended Republishing the protocol, broken links in Appendix 2 fixed

 

C O N T R I B U T I O N S   O F   A U T H O R S

Concept development: GF

Title registration: GF, JK, CDG

DraVing of protocol: GF

Editing of protocol: GF, JK, CDG

Title and abstract review: GF, JK, CDG

Data abstraction: GF, JK

Data entry: GF, CDG

Data analysis: CDG

DraVing the review: GF

Editing and revising the review: GF, JK, CDG

D E C L A R A T I O N S   O F   I N T E R E S T

GF: none.

JK: none.

CDG: none.

S O U R C E S   O F   S U P P O R T

Internal sources

• No sources of support supplied, Other

No sources of support supplied

External sources

• Multiple Sclerosis International Federation (MSIF), Other

Contribution to the review was partly supported by the not-for-profit organisation MSIF to the Editorial Base of the Group hosted by
the IRCCS Istituto delle Scienze Neurologiche di Bologna, Bologna, Italy. MSIF had no role in the design, conduct, or publication of the
review.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

• In the review, we redefined 'Primary outcomes' as 'Critical outcomes' and 'Secondary outcomes' as 'Prioritised important outcomes'
to be included in the summary of findings tables, or as 'Additional important outcomes', which were not included in the summary of
findings tables.

Rituximab for people with multiple sclerosis (Review)
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• In the protocol, we had planned to evaluate methods for monitoring and detecting adverse events in included studies. This was
removed.

• Studies with multiple treatment groups. For multiple arm trials involving the same agent at diFerent doses compared to a control
treatment, we had planned to convert the treatment arms into a single arm by merging the diFerent doses. This was removed because
we found no studies involving the same agent at diFerent doses.

• We had planned to evaluate potential publication bias using funnel plots. This was removed because there were fewer than 10 studies
available for meta-analysis.

• In the protocol section 'Selective non-reporting bias', we reported that: "If a study appeared to be carried out appropriately and
the authors were known and trustworthy, we will see if there is correspondence between the outcome measurements and analyses
described in the Methods section of the published paper and those reported in the Results section". During the review development
process, we did not assess if a study author was "known and trustworthy". The only approach we used was to check for consistencies
between the outcome measurements and analyses described in 'Methods' and those reported in 'Results' of the included study.

• Measures of treatment eFect. We used odds ratios to estimate treatment eFect for included outcomes, and hazard ratios for time to
events. In the few cases in which we combined two or more study results, there were not the conditions to apply the Peto's method,
and we applied the inverse variance method.

• We had planned subgroup analyses for active or inactive multiple sclerosis. These were removed because few studies provided the
information.

• We had planned a sensitivity analysis on the exclusion of studies at high or critical risk of bias. This was removed because we judged
most of the randomised controlled trials at high risk of bias, critical in one non-randomised studies of interventions (NRSI), and serious
in four NRSIs.

• In the protocol, we had planned to present four summary of findings tables and additional tables for comparisons versus placebo. In the
review phase, due to the large number of treatment comparisons, we decided to present two summary of findings, one for 'rituximab
as first choice treatment for MS' and one for 'rituximab when switching from another disease-modifying treatment'. The two summary
of findings tables were based on the critical and important outcomes identified in the review protocol and included comparisons of
rituximab versus placebo or other disease-modifying treatments in relapsing MS, progressive MS, and MS of all types.

• In the protocol, we had planned to apply no limitation with respect to study outcomes for study selection. This was changed. We stated
that we included studies that assessed critical and important outcomes prespecified in the protocol.

Rituximab for people with multiple sclerosis (Review)
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