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Abstract: Importance: Therapeutic options for patients with secondary progressive multiple sclerosis
(SPMS) are limited. Objective: To analyze disability progression in patients with SPMS treated with
rituximab compared with matched control patients never treated with rituximab. Design, Setting, and
Participants: This retrospective cohort study analyzed data obtained from patients with SPMS at 3
multiple sclerosis centers located in Basel and Lugano, Switzerland, and Amsterdam, the Netherlands,
from 2004 to 2017. Patients were included for analysis if they had received a diagnosis of SPMS, were
treated (57 eligible; 54 included) or never treated (504 eligible; 59 included) with rituximab, and had
at least 1 follow-up visit. The variables used for propensity score matching were sex, age, Expanded
Disability Status Scale (EDSS) score, and disease duration. Follow-up duration was up to 10 years,
with a mean (SD) of 3.5 (2.6) years for rituximab-treated patients and 5.4 (2.4) years for controls in
the total cohort and a mean (SD) of 3.5 (2.7) years for rituximab-treated patients and 4.8 (2.2) years
for controls in the matched cohort. Exposures: Comparing EDSS score progression in patients with
SPMS (treated with rituximab vs not treated with rituximab) using propensity score matching. Main
Outcomes and Measures: The primary end point was progression of EDSS score after baseline, and the
secondary end point was time to confirmed disability progression. Results: After 1:1 propensity score
matching, 44 matched pairs (88 patients) were included in the analysis. At baseline, patients treated
with rituximab had a mean (SD) age of 49.7 (10.0) years, mean (SD) disease duration of 18.2 (9.4) years,
and mean (SD) EDSS score of 5.9 (1.4), and 26 (59%) were women, whereas controls had a mean (SD)
age of 51.3 (7.4) years, mean (SD) disease duration of 19.4 (8.7) years, and mean (SD) EDSS score of
5.70 (1.29), and 27 (61%) were women. In the covariate-adjusted analysis of the matched set, patients
with SPMS who were treated with rituximab had a significantly lower EDSS score during a mean (SD)
follow-up of 3.5 (2.7) years (mean difference, -0.52; 95% CI, -0.79 to -0.26; P < .001). Time to confirmed
disability progression was significantly delayed in the rituximab-treated group (hazard ratio, 0.49; 95%
CI, 0.26-0.93; P = .03). Conclusions and Relevance: In this study, patients with SPMS treated with
rituximab 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.
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IMPORTANCE Therapeutic options for patients with secondary progressive multiple sclerosis

(SPMS) are limited.
OBJECTIVE To analyze disability progression in patients with SPMS treated with rituximab
compared with matched control patients never treated with rituximab.
DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study analyzed data obtained
from patients with SPMS at 3 multiple sclerosis centers located in Basel and Lugano,
Switzerland, and Amsterdam, the Netherlands, from 2004 to 2017. Patients were included
for analysis if they had received a diagnosis of SPMS, were treated (57 eligible; 54 included) or
never treated (504 eligible; 59 included) with rituximab, and had at least 1 follow-up visit. The
variables used for propensity score matching were sex, age, Expanded Disability Status Scale
(EDSS) score, and disease duration. Follow-up duration was up to 10 years, with a mean (SD)
of 3.5 (2.6) years for rituximab-treated patients and 5.4 (2.4) years for controls in the total
cohort and a mean (SD) of 3.5 (2.7) years for rituximab-treated patients and 4.8 (2.2) years for
controls in the matched cohort.
EXPOSURES Comparing EDSS score progression in patients with SPMS (treated with

rituximab vs not treated with rituximab) using propensity score matching.
MAIN OUTCOMES AND MEASURES The primary end point was progression of EDSS score after
baseline, and the secondary end point was time to confirmed disability progression.
RESULTS After 1:1 propensity score matching, 44 matched pairs (88 patients) were included
in the analysis. At baseline, patients treated with rituximab had a mean (SD) age of 49.7 (10.0)
years, mean (SD) disease duration of 18.2 (9.4) years, and mean (SD) EDSS score of 5.9 (1.4),
and 26 (59%) were women, whereas controls had a mean (SD) age of 51.3 (7.4) years, mean
(SD) disease duration of 19.4 (8.7) years, and mean (SD) EDSS score of 5.70 (1.29), and 27
(61%) were women. In the covariate-adjusted analysis of the matched set, patients with
SPMS who were treated with rituximab had a significantly lower EDSS score during a mean
(SD) follow-up of 3.5 (2.7) years (mean difference, −0.52; 95% CI, −0.79 to −0.26; P < .001).
Time to confirmed disability progression was significantly delayed in the rituximab-treated
group (hazard ratio, 0.49; 95% CI, 0.26-0.93; P = .03).
CONCLUSIONS AND RELEVANCE In this study, patients with SPMS treated with rituximab 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.
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M

ultiple sclerosis (MS) is a chronic inflammatory demyelinating disease of the central nervous system
(CNS).1 The majority of patients present with a relapsing-remitting (RRMS) course of disease, followed by a progressive phase termed secondary progressive MS (SPMS).2 Current disease-modifying treatments target the inflammatory
pathology and only indirectly the neurodegenerative pathology of the disease, and their therapeutic effects in (secondary) progressive MS have been very limited.
Data from animal models, human neuropathologic studies, and clinical trials suggest a prominent role for B cells in
the pathogenesis of MS, both in RRMS and SPMS. The progressive phase is characterized by a compartmentalized inflammatory process that persists beyond a relatively intact bloodbrain barrier. B-cell follicle-like structures are found in the
meninges as a correlate of this CNS restricted inflammation.1,3
Potential drugs for progressive forms of MS should, therefore, be able to pass the blood-brain barrier and should be able
to target proinflammatory mediators and mechanisms directly in the brain or should influence the immune axis between the peripheral immune system and the CNS.3 Recent
studies postulate that there is a B-cell exchange across the
blood-brain barrier. Rituximab, a monoclonal CD20 antibody, might affect the B-cell population within the CNS through
depletion of the peripheral B-cell compartment.4,5 Rituximab is detectable in low concentrations within cerebrospinal fluid after intravenous administration, opening the possibility of a direct effect on CNS resident B cells.6
In a phase 2 trial, rituximab reduced clinical activity and
inflammatory brain lesions in RRMS.7 Another trial tested rituximab in primary progressive multiple sclerosis (PPMS).8 A
post hoc analysis showed that rituximab affected disability progression in patients of younger age and those with contrastenhancing lesions.
More recently the humanized monoclonal anti-CD20 antibody ocrelizumab significantly reduced the percentage of patients with confirmed disability progression (CDP) compared
with interferon beta-1a in RRMS and significantly reduced CDP
compared with placebo in PPMS.9,10 In 2014, the fully humanized monoclonal anti-CD20 antibody ofatumumab also demonstrated efficacy in a phase 2 clinical study of patients with
RRMS.11
In a recently published Swedish study, the authors concluded that treatment with rituximab was safe after a follow-up of up to 2 years.12 Owing to the limited treatment options for SPMS and the extrapolation of results in RRMS and
PPMS, rituximab was used off-label for the treatment of SPMS.
The present retrospective cohort study uses propensity score
matching to compare disease progression between patients
who were treated with rituximab and patients who had never
been treated with rituximab.

Methods
Patients with SPMS, defined according to established criteria,13
were eligible for this retrospective study if they had been
treated with rituximab off-label at the MS Centers in Basel or
jamaneurology.com
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Key Points
Question Does disability progression among patients with
secondary progressive multiple sclerosis treated with the
monoclonal anti-CD20 antibody rituximab differ from that among
such patients never treated with rituximab?
Findings In this cohort study of 88 propensity score–matched
patients, those treated with rituximab had a significantly lower
Expanded Disability Status Scale score for up to 10 years of
follow-up and significantly delayed confirmed progression
compared with matched controls. No associations between
confirmed progression and individual patient baseline
characteristics were identified.
Meaning Therapeutic options for patients with secondary
progressive multiple sclerosis are limited; however, these findings
suggest that B-cell–depleting therapy may be beneficial.

Lugano, Switzerland; had received at least 1 dose of rituximab; had had at least 1 clinical follow-up visit; and had provided informed consent (see Figure 1 for the study flowchart). Patients were treated with rituximab based on the
decision of the treating neurologist that the disease was progressive and that no other treatment was available. The study
was approved by the local ethics committees of Lugano (comitato etico cantonale, Bellinzona) and Basel (Ethikkommission
Nordwestschweiz und Zentralschweiz [EKNZ]) in Switzerland.
Informed consent was obtained in written (Lugano) or verbal
(by telephone interview, Basel) format.
In total, 54 rituximab-treated patients with SPMS were
compared with 59 patients with SPMS who had never been
treated with rituximab (control group) and were part of an observational cohort study conducted at the MS Center Basel, University of Basel, and the MS Center Amsterdam (at University
Medical Center Amsterdam, the Netherlands). That study, including the informed consent procedure, was approved by the
local ethics committees of Basel (EKNZ), and Amsterdam
(Medical Ethical Committee VUmc), and all patients provided written informed consent.
In a second step, the rituximab-treated and the control
groups were matched 1:1 using propensity scores, resulting in
44 matched patient pairs. The matching variables were sex, age,
Expanded Disability Status Scale (EDSS) score, and disease duration at baseline.
For all patients, (at least) yearly standardized clinical assessments were performed, including a full neurologic examination (Neurostatus-EDSS). In addition, routine magnetic resonance imaging (MRI) findings for new T2 lesions and
gadolinium-enhancing lesions were analyzed at baseline. Because MRIs at baseline were available for only 33 patients (approximately 60% of the total cohort), MRI findings could not
be used for the matching process. Magnetic resonance imaging
during follow-up was performed in only a minority of patients, and the images were therefore not analyzed for the
present study.

Main Outcome Measures
The primary objective of the present study was to compare disease progression as assessed by the EDSS score after baseline
(Reprinted) JAMA Neurology March 2019 Volume 76, Number 3
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Figure 1. Study Flowchart
561 Patients assessed
for eligibility

57 Patients treated with
rituximab

36 Rituximab
cohort Basel,
Switzerland

21 Rituximab
cohort Lugano,
Switzerland

54 Inclusion criteria:
≥1 Rituximab treatment
≥1 Follow-up (EDSS)

504 Cohort patients

245 Cohort
Amsterdam,
the Netherlands

259 Cohort
Basel

48 SPMS

46 SPMS

59 Inclusion criteria:
No rituximab
≥1 Follow-up (EDSS)

113 Patients included in analysis

88 Patients included in analysis
after propensity score matching

EDSS indicates Expanded Disability Status Scale; SPMS, secondary progressive
multiple sclerosis.

in patients with SPMS who were treated with rituximab vs those
who were not treated with rituximab. The EDSS score was determined annually for up to 10 years after baseline (Table 1).
For patients treated with rituximab, EDSS scores acquired during treatment and for up to 1 year after the end of treatment
were analyzed.
One secondary objective was to analyze the time to CDP in
rituximab-treated patients with SPMS vs matched control patients. Confirmed progression was defined as an increase in the
EDSS score 12 or more months after baseline, which was confirmed by a second examination conducted 12 months later. The
increase had to be at least 1.5 steps for an EDSS score of 0, 1 step
for scores between 1 and 5, and 0.5 steps for scores of 5.5 or
greater.
The other secondary objective was to compare baseline
characteristics of patients in the rituximab-treated group with
confirmed progression with those of patients without confirmed progression in the same group.

Statistical Analysis
An initial comparison of baseline characteristics (age, sex, EDSS
score, and disease duration) between the 2 groups showed that
patients treated with rituximab were significantly younger and
had a higher grade of disability (Table 1). To improve the balance
of baseline characteristics between the 2 groups, propensity score
matching as implemented in the R package nonrandom software
was used to create a 1:1 matched data set of 44 rituximab-treated
patients and 44 controls.14 Density plots of the distribution of propensity scores per cohort before and after matching are shown
in eFigure 1 in the Supplement. Standardized differences between
276

cohorts before and after propensity score matching were calculated (eFigure 2 and eTable 1 in the Supplement).
Statistical analysis was performed using the total cohort as
well as using the matched cohort. Although matching improved
the balance, considerable differences in baseline characteristics
remained between the matched groups. Thus, all baseline characteristics were included as covariates in the analysis of the total
cohort as well as in the analysis of the matched cohort. The primary end point, EDSS score after baseline, was analyzed using
a linear mixed-effects model to estimate effect sizes together with
95% CIs. To account for multiple measurements per patient, a
random intercept was added for each patient. As explanatory
variables, the model included age, sex, disease duration, baseline EDSS score, treatment (rituximab vs control), time after
baseline, and the interaction between treatment and time after
baseline. All continuous explanatory variables (age, disease duration, and time after baseline) and baseline EDSS scores were
centered by subtracting the respective median value for better
interpretation of model intercepts.
We used a Bayesian approach to graphically display the
fitted values together with their credible intervals (estimated by
the corresponding model) for the primary end point. Posterior
distributions of the fitted values were calculated using the
sim function in the arm package of R.15 The fitted values and credible intervals are displayed for a female “model patient” (the
present data set included more women than men) with median
values of the baseline EDSS score, baseline age, and disease duration (to represent the data set as accurately as possible).
Time to confirmed progression was analyzed as a secondary end point. Because there were 9 patients with 2 confirmed progression events (all in the control group), we used
recurrent event analysis by marginal means and rates models, allowing the accounting of multiple events per patient.
Age, sex, disease duration, baseline EDSS score, and treatment were used as explanatory variables. A “cluster” term
in the model was used to compute a robust variance for the
model, accounting for nonindependent events from the
same patient. Moreover, we compared rituximab-treated
patients with or without confirmed progression regarding
baseline characteristics and rituximab treatments. Because
the number of rituximab-treated patients with confirmed
progression was small (n = 12), only bivariate associations
between confirmed progression and individual patient characteristics were assessed. Associations between confirmed
progression and c ategoric al variables (eg, sex) were
assessed using the Fisher exact test. Associations between
confirmed progression and continuous variables were
assessed using a Wilcoxon rank sum test.
All statistic al analyses were performed with the
statistical software environment R, version 3.4.4 (R Core Team
2018). 16 A 2-sided P < .05 was considered statistically
significant.

Results
Table 1 shows the baseline characteristics for 54 rituximabtreated patients and 59 control patients who were not treated
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Table 1. Baseline Characteristics and Follow-up Duration for the Total Cohort
Group Receiving Off-label
Rituximab Treatment

Control Group

54

59

Mean (SD)

49.0 (9.6)

53.5 (8.0)

Median (range)

49.0 (23.0-71.0)

54.0 (37.0-70.0)

32 (59)

33 (56)

Mean (SD)

18.6 (9.3)

18.8 (9.0)

Median (range)

18.0 (3.0-40.0)

18.0 (3.0-45.0)

Mean (SD)

6.02 (1.32)

5.21 (1.47)

Median (range)

6.25 (2.50-8.50)

5.50 (2.00-8.00)

Mean (SD)

42.3 (31.4)

64.3 (29.4)

Median (range)

33.9 (6.6-111.4)

59.9 (12.2-123.5)

Mean (SD)

3.5 (2.6)

5.4 (2.4)

Median (range)

2.8 (0.6-9.3)

5.0 (1.0-10.3)

44

44

Mean (SD)

49.7 (10.0)

51.3 (7.4)

Median (range)

50.0 (23.0-71.0)

50.5 (37.0-65.0)

26 (59)

27 (61)

Mean (SD)

18.2 (9.4)

19.4 (8.7)

Median (range)

17.0 (3.0-40.0)

19.5 (3.0-35.0)

Mean (SD)

5.93 (1.40)

5.70 (1.29)

Median (range)

6.00 (2.50-8.50)

6.00 (2.50-8.00)

Mean (SD)

41.8 (32.2)

57.7 (26.5)

Median (range)

29.8 (6.6-111.4)

54.5 (12.2-112.3)

Mean (SD)

3.5 (2.7)

4.8 (2.2)

Median (range)

2.5 (0.6-9.3)

4.5 (1.0-9.4)

Characteristica

P Valueb

Before propensity score matching
No. of patients
Age, y

Female, No. (%)

.008
.85

Disease duration, y
.97

EDSS BL
.002

Follow-up, mo

Follow-up, y

<.001

After propensity score matching
No. of patients
Age, y

Female, No. (%)

.36
>.99

Disease duration, y
.45

Abbreviation: EDSS BL, Expanded
Disability Status Scale score after
baseline.
a

Number and percentage of patients
with measurements are given for
categorical variables; mean (SD) and
median (range) are given for
continuous and ordinal variables.

b

Derived from Fisher exact tests
(categorical) and from Wilcoxon
rank sum tests (Mann-Whitney
tests, continuous). For standardized
differences between groups before
and after propensity score
matching, see eTable 1 in the
Supplement.

EDSS BL

Follow-up, mo

.

Follow-up, y

002

with rituximab before and after matching. Before matching,
patients from the rituximab group were significantly younger
and had a higher grade of disability. After matching, there were
no significant differences between the groups; however, P values should be compared with caution because group sizes were
reduced. At baseline after matching, patients treated with rituximab had a mean (SD) age of 49.7 (10.0) years, mean (SD)
disease duration of 18.2 (9.4) years, and mean (SD) EDSS score
of 5.93 (1.40), and 26 (59%) were women, whereas controls had
a mean (SD) age of 51.3 (7.4) years, mean (SD) disease duration of 19.4 (8.7) years, and a mean (SD) EDSS score of 5.70
(1.29), and 27 (61%) were women. Standardized differences before and after matching showed improved balance for the covariates EDSS score and age after matching (eFigure 2 and
eTable 1 in the Supplement). Analysis of MRI findings at baseline, which were not available for all patients (total rituximab
jamaneurology.com

.28

group, 33 [61%]; matched rituximab group, 27 [61%]; total control group, 35 [59%]; matched control group, 23 [52%]), revealed that 7 patients (26%) in the matched rituximab group
and 0 patients in the matched control group had gadoliniumenhancing lesions. Baseline MRIs for the matched rituximab
group were performed a mean (SD) of 84.9 (57.8) days before
baseline (median, 77 days; range, 0-198 days), whereas baseline MRIs in the control group were performed at baseline. Of
8 patients treated with rituximab (rituximab total group) with
an MRI finding of active disease at baseline, only 1 patient developed CDP during the study period. In the rituximab group
(matched cohort), 18 patients (41%) had received no immunomodulatory treatment during the year before baseline, whereas
in the control group, a slightly higher proportion (21 patients;
48%;) was untreated (for a detailed treatment summary see
eTable 2 in the Supplement).
(Reprinted) JAMA Neurology March 2019 Volume 76, Number 3
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Figure 2. Progression of Expanded Disability Status Scale (EDSS) Score Over Time for Both Cohorts (Total and Matched)
A Total patient cohort

B

8.0

Matched patient cohort
8.0

Treatment
Control
Rituximab
7.5

EDSS Score (Fitted Value)

EDSS Score (Fitted Value)

7.5

7.0

6.5

6.0

7.0

6.5

6.0

5.5

5.5
1

2

3

4

5

6

7

8

9

10

1

2

3

4

Years After Baseline

Fitted values of the EDSS scores together with Bayesian 95% credible intervals 1
to 10 years after baseline for the total cohort (A) and the matched cohort (B).
The fitted values represent a female model patient of median age at baseline (A,
51 years; B, 50 years), median disease duration (A, 18 years; B, 18.5 years), and
with median baseline EDSS score (A, 6.0; B, 6.0). Median baseline EDSS score is
shown as a horizontal blue line. The mean treatment difference (during the

Proportion With Confirmed Progression

Figure 3. Kaplan-Meier Curve for Time to First Confirmed Progression
1.00
Control matched

0.75
Control

0.50
Rituximab matched
Rituximab

0.25

0
0

1

2

3

4

5

6

7

8

9

10

6
5
6
2

2
1
5
2

0
0
2
0

11

Years After Baseline EDSS
No. at risk
Rituximab
Rituximab matched
Control
Control matched

54
44
59
44

47
38
56
42

30
21
40
29

21
17
30
22

14
11
23
15

10
8
14
7

8
6
9
3

7
6
7
3

EDSS indicates Expanded Disability Status Scale.

The analysis of the primary end point showed that rituximab treatment significantly reduced progression of disability as measured by yearly EDSS scores for a follow-up of up to
10 years (mean [SD] follow-up, 3.5 [2.6] years) in the total patient cohort (estimate, −0.45; 95% CI, −0.71 to −0.20; P < .001)
as well as in the matched cohort (mean [SD] follow-up, 3.5 [2.7]
years; estimate, −0.52; 95% CI, −0.79 to −0.26; P < .001).
Figure 2 shows progression of EDSS scores over time for both
278

5

6

7

8

9

10

Years After Baseline

follow-up period) between rituximab and control of −0.45 (95% CI, −0.71 to
−0.20), estimated by the statistical model on the total set, can be read from
panel A at 5.5 years after baseline. Likewise, the mean treatment difference of
−0.52 (95% CI, −0.79 to −0.26) for the matched cohort can be read from panel
B.

cohorts (total and matched) as estimated by the statistical
models.
With respect to the secondary end point, time to confirmed progression was significantly longer in the rituximabtreated group than in the control group for the total cohort (hazard ratio, 0.48; 95% CI, 0.26-0.91; P = .02) and the matched
cohort (hazard ratio, 0.49; 95% CI, 0.26-0.93; P = .03). Figure 3
shows the Kaplan-Meier plots for time to first confirmed
progression.
In the rituximab-treated group, baseline characteristics as
well as number and dose of rituximab treatments for 12 patients with or 42 without progression were compared to identify potential predictors for treatment response. Table 2 shows
the categorical (sex and reason for rituximab) and continuous (age, EDSS score at baseline, disease duration, number of
rituximab cycles, total cumulative dose of administered rituximab, duration of treatment, and treatment intensity) patient
characteristics for rituximab-treated patients with or without confirmed progression. Patients with confirmed progression had higher cumulative doses of rituximab and more treatment cycles but for a longer period of time; thus, the treatment
intensity (defined as the total amount of rituximab administered in milligrams divided by the duration of treatment in
months) remained similar compared with patients without confirmed progression. In summary, no associations between confirmed progression and individual patient baseline characteristics could be identified.
At the cutoff time for this analysis, 29 of 54 patients (54%)
were still being treated with rituximab with no complica-
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Table 2. Characteristics of Patients Administered Rituximab With or Without Confirmed Progression
Characteristica

Rituximab With Confirmed
Progression

Rituximab Without
Confirmed Progression

P Valueb

Categorical
No. of patients

12

42

Female, No. (%)

7 (58)

25 (60)

Progression

11 (92)

26 (62)

Relapses

1 (8)

3 (7)

Progression and relapses

0

3 (7)

Other

0

0 (24)

1 (8)

5 (12)

12

42

Mean (SD)

49.7 (10.6)

48.8 (9.4)

Median (range)

48.0 (33.0-71.0)

49.0 (23.0-70.0)

Mean (SD)

19.0 (10.6)

18.6 (9.0)

Median (range)

19.5 (3.0-40.0)

18.0 (3.0-39.0)

Mean (SD)

6.00 (2.09)

4.29 (2.99)

Median (range)

6.50 (3.0-9.00)

3.50 (1.00-11.00)

Mean (SD)

9.54 (3.86)

6.00 (3.85)

Median (range)

8.50 (5.00-15.00)

5.00 (1.00-16.00)

60.9 (27.2)

42.1 (30.7)

>.99

Reason for rituximab, No. (%)

Relapses under treatment, No. (%)

.16

>.99

Continuous
No. of patients
Age, y
.95

Disease duration, y
.83

Rituximab, No. of cycles
.04

Rituximab, cumulative dose, mg
.007

Rituximab, treatment duration, mo
Mean (SD)
Median (range)

49.5 (32.0-110.0)

34.5 (6.0-107.0)

161.03 (32.10)

160.32 (50.85)

Abbreviation: EDSS BL, Expanded
Disability Status Scale score after
baseline.
a

Number and percentage of patients
with measurements are given for
categorical variables; mean (SD) and
median (range) are given for
continuous variables.

b

Derived from Fisher exact tests
(categorical) and from Wilcoxon
rank sum tests (Mann-Whitney
tests, continuous).

c

Defined as the total dose in
milligrams of rituximab
administered divided by the
duration of treatment in months.

.03

Rituximab, treatment intensity,
mg/moc
Mean (SD)
Median (range)

156.05 (131.82-250.00)

160.26 (67.31-333.33)

Mean (SD)

5.71 (1.41)

6.11 (1.30)

Median (range)

6.00 (3.00-7.50)

6.50 (2.50-8.50)

.88

Ordinal
EDSS BL

tions. In 5 cases (9%), complications were reported: 1 patient
had leukocytoclastic vasculitis in both legs (confirmed by biopsy) after the first infusion (as reported previously17), 1 patient had a segmental herpes zoster infection, and 3 had 1 or
more pneumonia events or urinary tract infections.
Two patients died during the follow-up period: 1 died of a
spontaneous intracerebral hemorrhage 3 years after stopping
rituximab treatment (rituximab therapy was stopped because the disease was stabilized), and 1 died of pneumonia 4
years after rituximab treatment had been stopped.

Discussion
To date, no prospective clinical trial has been performed to
evaluate the efficacy of B-cell depletion in SPMS. The main goal
of the present study was to compare disease progression in patients with SPMS treated with rituximab with that in matched
jamaneurology.com
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control patients in a comprehensive real-world cohort. In the
rituximab group, we observed a significant reduction of EDSS
score progression after baseline, the study’s primary end point.
This reduction in disability progression as assessed annually
by the EDSS score for up to 10 years was significant in both the
total (mean follow-up, 3.5 years) and the propensity score–
matched (mean follow-up, 3.5 years) cohorts. The time to confirmed progression was also significantly delayed in the rituximab-treated group compared with the control group for the
total and matched cohorts. These findings suggest that rituximab administration may be associated with a beneficial therapeutic effect in patients with SPMS.
Approximately 75% of untreated and 50% of treated
individuals in our cohorts developed clinically significant
confirmed progression for the 10-year period (Figure 3). This
is in line with other cohorts in which the rates of progression
during a 3- and a 10-year follow-up were 15% and 75%,
respectively.18-20
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The baseline characteristics of our patient cohort closely resembled those of patients included in the recently completed
clinical trial examining the efficacy and safety of siponimod in
SPMS (EXPAND).21 The EXPAND study showed a significant reduction of disability progression in the treatment group compared with that in the placebo group. The percentages of patients with a 6-month CDP were for placebo and siponimod 28%
and 20% (year 2) and 30% and 23% (year 3), respectively. This
is comparable to a CDP in 25% of matched controls and in 12.5%
of rituximab-treated patients at year 2 and in 37.5% of matched
controls and in 25% of rituximab-treated patients at year 3 in
our cohort. Another study looking at the efficacy of natalizumab for reducing disability progression in participants with
SPMS (ASCEND)22 did not meet the primary end point of reducing CDP. In a retrospective, propensity score–matched comparison of patients with SPMS from the MSBase registry who did
not show an effect of immunomodulatory treatment (mainly
interferon beta and glatiramer acetate, no patients treated with
rituximab were included in the matched data set analysis) on
disease progression, the rate of 6-month confirmed disease progression after 3 years was 23% (J.L., written communication,
September 28, 2018).23 These studies, along with our small retrospective analysis, suggest that only a few anti-inflammatory
treatments may be associated with a beneficial outcome in patients with SPMS. All analyzed compounds described above influence B-cell biology albeit by different mechanisms of action. The differential response to these treatments may provide
clues to understanding which parts of the B-cell response are
pathogenic in SPMS and which patients might benefit from such
treatments.
It is crucial to identify patient characteristics that indicate a higher chance of treatment response. To identify potential prognostic markers for therapeutic response, baseline
characteristics within the rituximab-treated group, comparing patients with or without confirmed progression, were
tested. There was no significant difference in any tested category. However, MRI scans were available in only 60% of patients; therefore, these results should be interpreted with caution. Of 8 patients treated with rituximab (rituximab total
group) with an MRI finding of active disease at baseline, only
1 patient developed CDP during the study period, whereas 12
of 54 patients in the rituximab total group showed CDP during the present study. This might indicate that patients with
active disease respond better to this kind of treatment. In general, gadolinium-enhancing lesions at baseline are a risk factor for CDP in PPMS.10,24 The imbalance of increased MRI lesion activity in the rituximab group of our cohort might
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therefore favor the control group and underestimate the treatment effects associated with administration of rituximab.
Whether MRI lesion activity is also associated with treatment
response must be evaluated in larger cohorts with standardized MRI protocols.
There were no major safety concerns during the treatment period, but complications were documented in 5 cases
(9.%), mainly related to infections.

Limitations
This study has some limitations. First, it was a retrospective
analysis of clinical data and not a prospective, controlled, randomized clinical trial. The present study design has a higher
risk of confounding the treatment effect associated with rituximab administration with other patient documented or unknown characteristics and, as a consequence, a biased estimate of the association. In fact, review of the baseline
characteristics indicated that patients in the rituximab group
tended to be younger, had a higher EDSS score, and showed
more MRI lesion activity. It is conceivable that these patients
were more likely to be treated with rituximab.
In addition, that a higher proportion of the control patients had not been treated with disease-modifying treatments in the year before baseline (49% and 48% in the total
and matched groups, respectively, compared with 39% and 41%
of the rituximab-treated patients) could indicate a bias toward a less aggressive disease course in the control group that
may contribute to underestimating the effects associated with
administration of rituximab. To mitigate confounding effects
of known disease characteristics, we used propensity score–
based matching in combination with covariate adjustment in
the statistical models. As shown by the standardized differences before and after matching, the differences between the
groups were smaller after propensity score matching. Furthermore, it was reassuring that the significant association observed in the propensity score–matched comparison was also
significant in the total group analysis.

Conclusions
Patients with SPMS who were treated with rituximab had a significantly lower EDSS score up to 10 years after the initial assessment and significantly delayed progression compared with
patients with SPMS who had never been treated with rituximab. A prospective randomized clinical trial is needed to show
efficacy in this patient group with a higher level of evidence.
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