
ARTICLES

Jonatan Salzer, MD, PhD
Rasmus Svenningsson
Peter Alping
Lenka Novakova, MD
Anna Björck, MD
Katharina Fink, MD
Protik Islam-Jakobsson,

MD
Clas Malmeström, MD,

PhD
Markus Axelsson, MD,

PhD
Mattias Vågberg, MD
Peter Sundström, MD,

PhD
Jan Lycke, MD, PhD
Fredrik Piehl, MD, PhD
Anders Svenningsson,

MD, PhD

Correspondence to
Dr. Salzer:
jonatan.salzer@umu.se

Editorial, page 2070

Supplemental data
at Neurology.org

Rituximab in multiple sclerosis
A retrospective observational study on safety and efficacy

ABSTRACT

Objective: To investigate the safety and efficacy of rituximab in multiple sclerosis (MS).

Methods: In this retrospective uncontrolled observational multicenter study, off-label rituximab-
treated patients with MS were identified through the Swedish MS register. Outcome data were
collected from the MS register and medical charts. Adverse events (AEs) grades 2–5 according
to the Common Terminology Criteria for Adverse Events were recorded.

Results: A total of 822 rituximab-treated patients with MS were identified: 557 relapsing-
remitting MS (RRMS), 198 secondary progressive MS (SPMS), and 67 primary progressive MS
(PPMS). At baseline, 26.2% had contrast-enhancing lesions (CELs). Patients were treated with
500 or 1,000mg rituximab IV every 6–12months, during a mean 21.8 (SD 14.3) months. During
treatment, the annualized relapse rates were 0.044 (RRMS), 0.038 (SPMS), and 0.015 (PPMS),
and 4.6% of patients displayed CELs. Median Expanded Disability Status Scale remained
unchanged in RRMS (p 5 0.42) and increased by 0.5 and 1.0 in SPMS and PPMS, respectively
(p5 0.10 and 0.25). Infusion-related AEs occurred during 7.8% of infusions and most were mild.
A total of 89 AEs grades $2 (of which 76 infections) were recorded in 72 patients. No case of
progressive multifocal leukoencephalopathy was detected.

Conclusions: This is the largest cohort of patients with MS treated with rituximab reported so far.
The safety, clinical, and MRI findings in this heterogeneous real-world cohort treated with differ-
ent doses of rituximab were similar to those reported in previous randomized controlled trials on
B-cell depletion therapy in MS.

Classification of evidence: This study provides Class IV evidence that for patients with MS,
rituximab is safe and effective. Neurology® 2016;87:2074–2081

GLOSSARY
AE 5 adverse event; ARR 5 annualized relapse rate; BPF 5 brain parenchymal fraction; CEL 5 contrast-enhancing lesion;
CTCAE5 Common Terminology Criteria for Adverse Events; DMD 5 disease modulatory drug; EDSS 5 Expanded Disability
Status Scale; HACA 5 human antichimeric antibody; HERMES 5 Helping to Evaluate Rituxan in Relapsing-Remitting
Multiple Sclerosis; IgG 5 immunoglobulin G; JCV 5 JC virus; MS 5 multiple sclerosis; OLYMPUS 5 A Study to Evaluate
the Safety and Efficacy of Rituximab in Adults With Primary Progressive Multiple Sclerosis; PML 5 progressive multifocal
leukoencephalopathy; PPMS 5 primary progressive multiple sclerosis; RCT 5 randomized controlled trial; RRMS 5 relapsing-
remitting multiple sclerosis.

Rituximab (Mabthera; Roche, Basel, Switzerland), a chimeric monoclonal B-cell-depleting anti-
CD20 antibody, has shown beneficial effects in 2 randomized placebo-controlled phase 2 trials
(RCTs): the Helping to Evaluate Rituxan in Relapsing-Remitting Multiple Sclerosis (HERMES)
trial for relapsing-remitting multiple sclerosis (RRMS) and A Study to Evaluate the Safety and
Efficacy of Rituximab in Adults With Primary Progressive Multiple Sclerosis (OLYMPUS) trial
for primary progressive multiple sclerosis (PPMS).1,2 The notion of a positive effect of anti-
CD20 antibody treatment in RRMS is supported by 2 recent RCTs with 2 new antibodies:
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ocrelizumab (humanized) and ofatumumab
(human).3,4 Three large, unpublished RCTs
with ocrelizumab in RRMS (A Study of Ocre-
lizumab in Comparison with Interferon Beta 1a
[Rebif] in Patients with Relapsing Multiple
Sclerosis [OPERA] I and II) and PPMS (A
Study of Ocrelizumab in Patients with Primary
Progressive Multiple Sclerosis [ORATORIO])
were presented at the European Conference for
Treatment and Research in MS 2015 (EC-
TRIMS).5 In these studies, ocrelizumab
showed significant benefit over interferon-
b-1a for RRMS and over placebo for PPMS.
Furthermore, we recently provided evidence
that rituximab is superior to fingolimod regard-
ing disease reactivation in patients switching
from natalizumab due to positive JC virus
(JCV) serology.6

Available data from rituximab in rheuma-
toid arthritis indicate a high tolerability and
low risks for serious opportunistic infections
or secondary malignancies.7 Progressive mul-
tifocal leukoencephalopathy (PML) has been
reported in rituximab-treated patients, but
usually following other immunosuppressive

treatments in the setting of B-cell lymphoma
and rarely in rheumatic diseases.8,9 To our
knowledge, no case of PML has been reported
among rituximab-treated patients with mul-
tiple sclerosis (MS).

Since the publication of the HERMES1 and
OLYMPUS2 trials, rituximab has been increas-
ingly used off-label to treat MS in Sweden, in
progressive MS with signs of disease activity,
and in JCV-positive RRMS with active disease
course.

METHODS The primary aim of this retrospective study per-

formed at specialized MS centers at 3 university hospitals in

Sweden was to investigate the safety of rituximab in MS (level of

evidence IV). The secondary aim was to report the efficacy of ritux-

imab in MS on clinical and MRI measures (level of evidence IV).

Standard protocol approvals, registrations, and patient
consents. The study was approved by the local ethics committees

in Umeå (2013/445-31) and Stockholm (2009/2107-31/2). For-

mal patient consent was waived by the ethics committees.

Study population. The source population was all patients with

MS ever treated with rituximab recorded in the Swedish MS register

launched in 2001 (neuroreg.se)10 at the Umeå (until April 12, 2015),

Sahlgrenska (Gothenburg, until April 18, 2015), and Karolinska

(Stockholm, until February 24, 2015) University Hospitals. Patients

treated with rituximab for other concomitant conditions or with no

follow-up data available were excluded (figure 1). Medical charts were

reviewed according to a prespecified data collection protocol. Time on

treatment was defined as time from first rituximab infusion until data

censure. For those who discontinued treatment, data collection was

extended until 1 year after the last rituximab infusion or time for data

censure, whichever came first.

Treatment and follow-up monitoring. Patients were usually
treated with single infusions of 500 or 1,000 mg rituximab IV every

6–12 months, in some cases after an initial higher dose treatment

course (1,000–2,000 mg subdivided into 2 infusions given within

1 month). Clinical examinations and cerebral 1.5 or 3T MRI were

performed routinely every 6–12 months or as clinically indicated.

Blood samples for safety and B-cell monitoring were drawn imme-

diately before rituximab infusions. B-cell levels were not used to

guide treatment decisions.

Outcome data collection. Clinical and MRI data were retrieved

from the Swedish MS register and medical charts. The baseline MRI

was defined as the most recent MRI before rituximab treatment ini-

tiation. We recorded the presence and numbers of contrast-

enhancing lesions (CELs) on all MRIs. The brain parenchymal

fraction (BPF) is estimated in clinical routine since 2009 at Umeå

University Hospital, and was recorded when available. The BPF was

calculated using the SyMap method.11 Postprocessing was performed

using SyMRI BrainStudio version 7.0 (SyntheticMRAB, Linköping,

Sweden) with minor manual adjustments to the automated brain

segmentation. Patients who discontinued rituximab were considered

treated until 1 year after discontinuation. The dates of the most

recent relapse before rituximab and all relapses on treatment were

recorded. The Expanded Disability Status Scale (EDSS) scores prior

to rituximab and the latest EDSS on treatment were recorded. The

immunoglobulin G (IgG, g/L) levels and the number of B cells,

expressed as the percentages of CD19-positive cells among the

Figure 1 Flowchart of case ascertainment

This flowchart depicts how the 822 rituximab (RTX)–treated patients with multiple sclerosis
(MS) were identified. The source population was all MS cases registered in the Swedish MS
register at the 3 participating MS centers (Umeå University Hospital, Umeå, until April 12,
2015; Karolinska University Hospital, Stockholm, until February 24, 2015; and Sahlgrenska
University Hospital, Gothenburg, until April 18, 2015). We excluded patients lost to follow-
up and patients treated with RTX for reasons other than MS (e.g., rheumatoid arthritis,
systemic lupus erythematosus, and neuromyelitis optica).
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CD45-positive cell population (lymphocytes) for Umeå and

Gothenburg, and the absolute numbers (106/mL) of CD19-

positive cells for the Stockholm, on flow cytometry, were recorded

when available. The lower normal reference value for IgG levels was

6.2 g/L, and for B-cell levels 6% or 0.09 3 106/mL, respectively.

JCV serostatus and titers at baseline were recorded when available.

Adverse events (AEs) occurring during rituximab treatment

were registered from medical records covering all medical sub-

specialties at the hospitals, and graded according to the Com-

mon Terminology Criteria for Adverse Events (CTCAE)

v 4.03, June 2010. The following AEs were recorded: deaths,

malignancies, autoimmune disorders, and infections. We did

not record grade 1 AEs or uncomplicated lower urinary or upper

respiratory tract infections, since we expected the sensitivity to

be low. For the same reason, unspecific symptomatic diagnoses

were also excluded. Herpes and herpes zoster infections requir-

ing antiviral treatment were recorded as these may indicate

compromised cellular immunity.12 Infusion-related AEs (all

CTCAE grades) were actively interrogated and recorded in

medical charts by the MS nurses at each infusion.

Statistical analyses. SPSS version 23 was used for statistical anal-
yses. Normally distributed variables were presented as mean (SD),

parametric variables as median (range). The independent samples

t test or 1-way analysis of variance were used to compare means,

the Mann-Whitney U test to compare medians. The Pearson x2

test was used to compare proportions and Fisher exact test if one

category had less than 5 observations. The numbers of MRIs with

CELs per years of treatment, the annualized relapse rates (ARRs),

and the proportions of infusions with infusion reactions were

compared using the Upton N-1 x2 in Win-pepi software version

2.72. We calculated the atrophy rate as the change in BPF (DBPF)

divided by years elapsed between each MRI. For patients who had

$2 DBPF estimations, we calculated the mean atrophy rate. The a

was set at ,0.05.

RESULTS A total of 822 patients with MS (557
RRMS, 198 SPMS, 67 PPMS) ever treated with ritux-
imab fulfilling the inclusion criteria were identified (fig-
ure 1). Of the 557 RRMS cases, 1146 and 713 patients,
respectively, were included in 2 other recently published
studies. Baseline characteristics are presented in table 1.
One-fifth had received rituximab as their first disease
modulatory drug (DMD), and the remainder switched
from other DMDs, most commonly natalizumab and
interferon-b (table 1). Median (range) washout periods
for first- and second-line therapies were 0.48 (0–176.9)
and 1.22 (0–65.2) months, respectively. Patients were
treated with rituximab during a total of 1,490 and
followed during 1,580 patient-years. The mean (SD)
treatment duration was 21.8 (14.3) months, median
18.4 (range 0–88), and the mean follow-up time was
23.1 (15.3) months. In total, 313 patients were on
treatment for .24 months. The median rituximab
dose was 1,000 mg (100–1,000) per infusion
(table 1). One-third had received 2,000 mg during
the first treatment course (1,000 1 1,000 mg given
within 1 month, table 1). These patients were more
likely to have had CELs on their baseline MRI (32.5
vs 22.9%, p 5 0.003), making further analyses based
on first treatment course dose difficult.

The mean B-cell levels decreased and remained
low over the observed time period (figure 2). IgG
levels decreased only slightly on the aggregate level,
but 3% (25 cases) had IgG levels below the lower
normal reference value at some point during treat-
ment (n 5 1,107 sampling occasions, figure 2). The
JCV serostatus at baseline was known in 342 pa-
tients, of which 285 (83%) were seropositive. The
mean absolute JCV index, determined in 198 pa-
tients, was 1.96 (1.22).

Clinical efficacy data. A total of 59 relapses occurred on
rituximab treatment, which corresponded to the follow-
ing ARRs: 0.044 for RRMS, 0.038 for SPMS, and
0.015 for PPMS (figure 3). The relapses occurred at
a median of 4.7 (0.16–23.9) months after the most
recent infusion. The ARRs on rituximab treatment in
patients with RRMS differed across previous treatment
categories: 0.016 for treatment-naive patients (n5 119),
0.033 for patients previously on first-line DMDs
(interferons, glatiramer acetate, dimethylfumarate; n 5

180), and 0.067 for patients previously on second-line
DMDs (natalizumab, alemtuzumab; n 5 243) (p 5

0.015) (15 patients not classifiable). The baseline EDSS
(n 5 630) was assessed mean 1.8 (2.75) months
before rituximab initiation, the latest available follow-
up EDSS (n 5 613) 22.2 (14.5) months later. During
the observation time, the median EDSS remained
unchanged in patients with RRMS (p 5 0.42), and
increased 0.5 and 1.0 for patients with SPMS and
PPMS, respectively (p 5 0.10 and 0.25).

MRI efficacy data. Data for 2,208 MRI examinations
were retrieved, including the baseline MRIs. Each
patient had a median of 2 (1–9) MRIs including
baseline. A baseline MRI was performed in 99.5%
(818 out of 822) of patients, and 77.3% (635 out
of 822) of patients had performed at least 1 MRI after
rituximab initiation. The mean time between baseline
MRI and rituximab initiation was 4.5 (8.4), and the
mean interval between the MRI scans during treat-
ment was 10.6 (6.1) months. At baseline, 26.2%
(214 out of 818) of patients had CELs (a total of
636 CELs, mean [SD] 0.8 [2.3] CELs/MRI, table 1).
After treatment initiation, 4.6% (29 out of 635) of
patients had CELs (total 75 CELs on 31 MRIs).
When counting all 1,390 MRIs performed after treat-
ment initiation, this yielded a ratio of 0.054 CELs/
MRI, or CELs in 2.2% of MRIs. The CELs appear-
ing during treatment were more common during the
first 6 months vs later (p, 0.001) (figure 3). Among
the 432 patients with RRMS with data on CELs after
rituximab initiation, the numbers of CELs/MRI on
treatment were 0.16 in naive patients (n 5 82), 0.06
in patients previously on first-line DMDs (n5 138),
and 0.23 in patients previously on second-line DMDs
(n 5 198) during the first 6 months after the first
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rituximab infusion (p 5 0.02). The corresponding
figures during months 6–18 were 0.01, 0.01, and
0.04, respectively (p 5 0.12).

Atrophy rate. The mean annual change in BPF on rit-
uximab treatment was 20.19% (0.95). This was
assessed in 160 patients at the Umeå University

Hospital who had $2 DBPF estimations available
(726 MRIs).

Rituximab dosing. The 2 most common rituximab
protocols in Sweden are 500 and 1,000 mg every 6
months as single maintenance doses after an initial
dose that may vary from 500 to 2,000 mg, sometimes

Table 1 Baseline characteristics and rituximab (RTX) treatment data for 822 patients withmultiple sclerosis (MS) treated with rituximab at 3
Swedish MS centers (Umeå, Karolinska, and Sahlgrenska University Hospitals), by multiple sclerosis subtype

Relapsing
disease
(n 5 557)

Secondary
progressive
(n 5 198)

Primary
progressive
(n 5 67)

Total
(n 5 822)

Female, n (%) 387 (69.5) 126 (63.6) 32 (47.8) 545 (66.3)

Age at MS onset, y, mean (SD) 30.7 (10.3) 30.0 (8.9) 40.5 (12.4) 31.3 (10.5)

Age at RTX start, y, mean (SD) 39.6 (10.8) 49.1 (8.5) 48.7 (10.6) 42.6 (11.1)

Disease duration at RTX start, y, mean (SD) 8.9 (7.2) 19.1 (7.9) 8.2 (6.2) 11.3 (8.5)

Years since conversion to SPMS, mean (SD) — 6.5 (5.4) — —

EDSS at RTX start, median (range) 2 (0–8.5)a 5.5 (1.5–9) 5 (1–9) 3 (0–9)

CELs at baseline, n (%)b 141 (25.4) 47 (23.9) 26 (38.8) 214 (26.2)

Most recent MRI to RTX start, mo, mean (SD)b 4.1 (7.5) 5.8 (11.3) 3.8 (3.9) 4.5 (8.4)

No. of DMTs prior to RTX, median (range) 1 (0–7) 2 (0–6) 0 (0–3) 1 (0–7)

No. of RTX infusions, median (range) 3 (1–12) 4 (1–12) 4 (1–9) 4 (1–12)

RTX dose/infusion, mg, median (range)c 1,000 (100–1,000) 750 (100–1,000) 1,000 (500–1,000) 1,000 (100–1,000)

2,000 mg first treatment course, n (%)d 155 (27.8) 78 (39.4) 35 (52.2) 268 (32.6)

Infusion interval, excluding the first treatment
course, mo, mean (SD)

7.2 (3.7) 7.2 (4.2) 6.8 (3.7) 7.1 (3.8)

Follow-up time since RTX start, mo, mean (SD) 21.9 (15.4) 24.8 (14.7) 27.9 (15.2) 23.1 (15.3)

Treatment-naive, n (%) 119 (21.4) 21 (10.6) 35 (52.2) 175 (21.3)

Months between last relapse and RTX start in
treatment-naive, median (range)

3.3 (0.1–117) 56.8 (2.9–343.5) 3.9 (0.5–358.1) 4.0 (0.1–358.1)

Months between last relapse and RTX start in
previously treated, median (range)

28.4 (0.2–271.7) 50.0 (0.0–361.9) 8.7 (0.7–124.1) 30.1 (0.0–361.9)

Last DMT before RTX n 5 438 n 5 177 n 5 32 n 5 647

Natalizumab 167 (38.1) 53 (29.9) 7 (21.9) 227 (35.1)

Interferons 140 (32.0) 57 (32.2) 4 (12.5) 201 (31.1)

Fingolimod 71 (16.2) 11 (6.2) 4 (12.5) 86 (13.3)

Glatiramer acetate 30 (6.8) 16 (9) 3 (9.4) 49 (7.6)

Other 30 (6.8) 40 (22.6) 14 (43.8) 84 (13.0)

Reason for changing to RTX

Disease activitye 156 (35.6) 77 (43.8) 12 (37.5) 248 (38.5)

JCV1 114 (26.0) 33 (18.8) 5 (15.6) 152 (23.5)

Adverse event 68 (15.5) 19 (10.8) 3 (9.4) 90 (13.9)

Other 100 (22.1) 48 (27.1) 12 (37.5) 157 (24.3)

Abbreviations: CEL 5 contrast-enhancing lesion; DMT 5 disease-modifying treatment; EDSS 5 Expanded Disability Status Scale; JCV 5 JC virus;
SPMS 5 secondary progressive multiple sclerosis.
Data are n (%), mean (SD) for continuous variables, or median (range) for nonparametric variables.
a There were 41 patients with relapsing-remitting MS with EDSS scores $4.5. Although some of these may have the progressive form of MS, we did not
have enough data to reclassify them.
b Four cases (3 relapsing-remitting MS and 1 SPMS) did not have a baseline MRI.
c Values are median (range) of means for each patient.
d,1 month between first and second infusions.
e These patients had experienced a recent relapse, had new or enlarged T2 lesions or CELs on MRI, or were for other reasons deemed to have ongoing
disease activity by the treating physician.
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divided into 2 infusions within 1 month. To compare
these 2 treatment regimens, we subdivided the RRMS
cohort into those who had received #750 mg/
infusion and those who had received .750 mg/infu-
sion as maintenance dose. A total of 478 patients
with RRMS had received at least 2 infusions and
were included in this analysis. The low-dose group
(n 5 220) had received median 500 (100–750) and
the high-dose group (n5 258) 1,000 (786–2,000) mg
rituximab per maintenance treatment course. The
majority, 78.2% in the low-dose group and 82.2% in
the high-dose group, had received 500 and 1,000 mg,
respectively, per maintenance infusion. The groups did
not differ with regards to most important baseline
characteristics, such as proportions with CELs at
baseline and previous treatment with natalizumab.
However, the lower dose group was slightly older at
treatment initiation, 41.1 (10.7) vs 38.6 (10.8) years,
p5 0.01, and had shorter follow-up time, 17.9 (9.6) vs
28.7 (15.7) months, p, 0.01 (table e-1 at Neurology.
org). As CELs were more common on early MRIs, and
as the follow-up times for the 2 groups differed, we
compared MRI data for the time periods ,6 and
6–18 months separately. Efficacy data suggested no
differences in numbers of CELs/MRI (0.14 vs 0.15;
p 5 0.85) during ,6 months after treatment
initiation, or during months 6–18 (0.02 vs 0.02; p 5

0.67), in the 500 vs 1,000 mg groups (table e-1). Also,
the ARRs for the entire follow-up period were similar

(0.040 vs 0.047, p5 0.61). Non–infusion-related AEs
per patient-year of treatment were slightly less common
in the 500 vs 1,000 mg groups (0.083 vs 0.125) but
B-cell and IgG levels did not differ (table e-1).

Adverse events. A total of 89 non–infusion-related AEs
grades 2–5 were detected. The most common types of
AE were infections (n5 76); this was also true for severe
AEs (table 2). Three grade 2 malignancies were
detected, and 4 patients died. Causes of death were
cardiac arrhythmia, respiratory failure, vascular surgery,
and suicide by intoxication, respectively (table e-2).

Infusion reactions (malaise, headache, chills, nau-
sea) occurred during 7.8% of infusions (234 out of
3,002). Such reactions were more common during
the first 3 infusions, 10.1% (213 out of 2,108), com-
pared with subsequent infusions, 2.3% (21 out of
894) (p , 0.001). Infusion-related AE grades were
3 (n 5 3), 2 (n 5 72), and 1 (n 5 159).

Drug survival. In total, 10.3% (85 out of 822) discon-
tinued rituximab treatment during the study, 43 of
these (20 RRMS, 16 SPMS, and 7 PPMS) due to
AEs or disease activity. The remainder, 42 patients,
stopped treatment due to stable condition, secondary
progressive MS, pregnancy, or other reasons (figure
e-1). The drug survival (proportion of patients who
had not discontinued rituximab due to disease activ-
ity or AEs) at data censure was 94.8% (779 out of
822, figure e-1).

DISCUSSION We report the largest retrospective obser-
vational study so far investigating off-label rituximab
treatment in MS. Although data were retrieved from
3 MS centers with different treatment regimens
and different selection principles for rituximab
treatment, they add important information on safety
and tolerability of rituximab in a heterogeneous clinical
real-world sample. Due to the design of the study,
efficacy data are less reliable but support those achieved
in previous RCT studies on rituximab1,2 and other
B-cell-depleting therapies,3–5 as well as an observational
study in a high inflammatory group switching from
natalizumab.6

In this study, a large proportion of decisions to ini-
tiate rituximab treatment were based onMRI. Although
we included a relatively high proportion of progressive
patients, the formation of new lesions onMRI was high
at baseline. Despite this, the observed ARR and MRI
disease activity were low during rituximab treatment.
Based on the observed ARRs in this study, rituximab-
treated patients with RRMS may be expected to expe-
rience one relapse every 23rd year. This is low compared
with first-line-agent treated patients with MS,14 and
even compared with alemtuzumab15- and natalizu-
mab16-treated patients. Furthermore, the drug survival,
reflecting both effectiveness and safety/tolerability, was

Figure 2 B-cell and immunoglobulin G (IgG) levels before and during rituximab
treatment in multiple sclerosis cases

B-cell and IgG levels at samplings immediately before rituximab infusions 1–12. The numbers
of cases used to estimate the means and SDs are shown below the figure for IgG (top row)
and B cells (lower row). aAt Umeå Hospital and Sahlgrenska University Hospital, the B-cell
levels are shown as mean percentage of CD191 cells within the CD451 cell population. bAt
the Karolinska University Hospital, the B-cell levels are shown as mean absolute numbers
(3106) of CD191 cells/mL blood. cInfusions 8–12 were merged due to few cases.
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high compared with earlier reports.17,18 Most of the
CELs that were detected appeared early (within #6
months) after rituximab initiation, suggesting lingering
disease activity, which eventually disappeared. How-
ever, compared with RCTs, the frequencies of visits
andMRI scannings were lower in our study. This prob-
ably underestimates numbers of clinical events and tran-
sient MRI lesions. Although the different maintenance
dose groups, 500 vs 1,000mg every 6 months, were not
identical regarding all baseline parameters, including
age, which might have influenced the results, our data
suggested no major difference regarding efficacy based
on these different dose regimens. Furthermore, slightly
fewer AEs per patient-year of treatment occurred in the
500-mg group. Since the emergence of these data, the
lower dose treatment protocol has been largely imple-
mented at the 3 sites.

We did not record grade 1 AEs (mild, not treated)
for non–infusion-related AEs, as the sensitivity for
such events was expected to be low, and it is also
likely that some grade 2 AEs (mild, needing interven-
tion) may have been overlooked. However, the ex-
pected sensitivity for severe AEs is high since these are

likely to be reported by patients or recorded in med-
ical charts. The 4 deaths in this study were not in-
terpreted as rituximab-related (table e-2). We
detected no cases of PML, despite the fact that
83.3% were seropositive among those with known
JCV serostatus. However, fewer than half of our pa-
tients were on treatment for .24 months, and given
the low risk of PML even in natalizumab-treated pa-
tients during the first 24 months, a longer-term fol-
low-up will be needed to define the PML risk in this
patient population.19 As for infusion-related AEs, for
which the sensitivity is expected to be high as such
events are logged by MS nurses, most were mild
(grades 1 or 2). In addition, infusion-related AEs were
most common during the first 1–3 infusions, indicat-
ing that the potential immunogenicity of rituximab is
a minor clinical problem. This is of interest in context
of human antichimeric antibodies (HACAs). Such
antibodies were detected at week 48 in 24.6% of
rituximab-treated patients in the HERMES trial,
although no association between the presence of HA-
CAs and AEs or efficacy was seen.1 Several authors
have speculated about the potential benefits of

Figure 3 Radiologic and clinical disease activity over time, and by disease subtype, in 822 rituximab-treated Swedish patients with multiple
sclerosis (MS)

The percentage of MRIs with contrast-enhancing lesions (CELs, left y-axis, blue bars), as well as the annualized relapse rate (right y-axis, green bars), for
patients with MS treated with rituximab, by time period after rituximab treatment initiation, or MS subtype (x-axis). The numbers of patients at risk were
calculated as the number of patients entering each time period. The person-time variable was calculated as number of years from treatment initiation to
data censure, or 12 months after last infusion in case of treatment discontinuation, whichever came first. ARR 5 annualized relapse rate; PPMS 5 primary
progressive multiple sclerosis; RRMS 5 relapsing-remitting multiple sclerosis; SPMS 5 secondary progressive multiple sclerosis.
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humanized or human anti-CD20 antibodies regard-
ing lower immunogenicity,3,4 but so far no data to
corroborate this have been presented.

The mechanisms of action for anti-CD20 treat-
ment in MS are unknown, but may include immune
modulation through a reduction in B-cell-dependent
antigen presentation, less B-cell-dependent granulo-
cyte macrophage-colony stimulating factor secretion,
or lower levels of autoreactive antibodies.20 The
concordance of efficacy data across different
B-cell-depleting agents suggests that the results repre-
sent a class effect rather than specific effects mediated

by different binding epitopes or the balance between
different effector mechanisms between the different
anti-CD20 monoclonal antibodies.1–5

Weaknesses of this study apart from those already
mentioned include the lack of a control group and
the retrospective design, which has inherent methodo-
logical issues. These concern data quality, e.g., insuffi-
cient documentation in medical charts, and low
outcome sensitivity, which prevented grade 1 AE re-
porting. Also, different methods of reporting B-cell lev-
els prevented complete analyses of this variable on the
cohort as a whole, and the low number of patients with
cerebral volumetric estimations as well as the lack of
a control group for this measure limits the usefulness
of atrophy data.

This observational study provides level IV evi-
dence that rituximab is safe and effective for treating
MS for up to 2 years. A phase 3 RCT is motivated
and may be performed as an investigator-driven
effort. This should be given high priority for public
funding agencies given the potential patient and
societal (low treatment costs) benefits.
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Table 2 Non–infusion-related adverse events (AEs) by severity, type, and
frequency for 822 patients with multiple sclerosis treated with
rituximab at 3 Swedish multiple sclerosis centers (Umeå, Sahlgrenska,
and Karolinska University Hospitals)

Adverse events No. (%)

Anya

Grade 2 66 (8.0)

Grade 3 17 (2.1)

Grade 4 2 (0.2)

Grade 5 4b (0.5)

Severe (CTCAE grades 3 and 4)

Infections (pneumonia, pyelonephritis, sepsis, sinusitis,
appendicitis, enteritis, bronchitis, erysipelas, intestinal
abscess, tubulointerstitial nephritis)

14 (1.7)

Cardiac disorder (acute coronary syndrome) 1 (0.1)

Respiratory disorder (interstitial pneumonitis) 1 (0.1)

Nervous system disorder (bilateral facial palsy) 1 (0.1)

Immune system disorder (rheumatoid arthritis) 1 (0.1)

Skin disorder (Sweet syndrome) 1 (0.1)

Malignancies (all CTCAE grade 2)

Basalioma 2 (0.2)

Pyoderma gangrenosum 1 (0.1)

Most common (‡4 cases) infections

Pneumonia 19 (2.3)

Otitis 12 (1.5)

Sinusitis 10 (1.2)

Herpes 6 (0.7)

Gastroenteritis 5 (0.6)

Herpes zoster 4 (0.5)

Bronchitis 4 (0.5)

AEs by disease course

Relapsing-remitting MS 68 (12.2)

Secondary progressive MS 16 (8.9)

Primary progressive MS 5 (8.6)

Abbreviations: CTCAE 5 Common Terminology Criteria for Adverse Events, version 4.03;
MS 5 multiple sclerosis.
aGrade 1 AEs were not recorded due to low sensitivity.
bCauses of death in these 4 cases were cardiac arrhythmia, respiratory failure, vascular
surgery, and suicide, respectively. More detailed data are available in table e-2.
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