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IMPORTANCE Natalizumab cessation is associated with a risk of rebound disease activity.
It is important to identify the optimal switch disease-modifying therapy strategy after
natalizumab to limit the risk of severe relapses.

OBJECTIVES To compare the effectiveness and persistence of dimethyl fumarate, fingolimod,
and ocrelizumab among patients with relapsing-remitting multiple sclerosis (RRMS) who
discontinued natalizumab.

DESIGN, SETTING, AND PARTICIPANTS In this observational cohort study, patient data were
collected from the MSBase registry between June 15, 2010, and July 6, 2021. The median
follow-up was 2.7 years. This was a multicenter study that included patients with RRMS who
had used natalizumab for 6 months or longer and then were switched to dimethyl fumarate,
fingolimod, or ocrelizumab within 3 months after natalizumab discontinuation. Patients
without baseline data were excluded from the analysis. Data were analyzed from May 24,
2022, to January 9, 2023.

EXPOSURES Dimethyl fumarate, fingolimod, and ocrelizumab.

MAIN OUTCOMES AND MEASURES Primary outcomes were annualized relapse rate (ARR) and
time to first relapse. Secondary outcomes were confirmed disability accumulation, disability
improvement, and subsequent treatment discontinuation, with the comparisons for the first
2 limited to fingolimod and ocrelizumab due to the small number of patients taking dimethyl
fumarate. The associations were analyzed after balancing covariates using an inverse
probability of treatment weighting method.

RESULTS Among 66 840 patients with RRMS, 1744 had used natalizumab for 6 months or
longer and were switched to dimethyl fumarate, fingolimod, or ocrelizumab within 3 months
of natalizumab discontinuation. After excluding 358 patients without baseline data, a total
of 1386 patients (mean [SD] age, 41.3 [10.6] years; 990 female [71%]) switched to dimethyl
fumarate (138 [9.9%]), fingolimod (823 [59.4%]), or ocrelizumab (425 [30.7%]) after
natalizumab. The ARR for each medication was as follows: ocrelizumab, 0.06 (95% CI,
0.04-0.08); fingolimod, 0.26 (95% CI, 0.12-0.48); and dimethyl fumarate, 0.27 (95% CI,
0.12-0.56). The ARR ratio of fingolimod to ocrelizumab was 4.33 (95% CI, 3.12-6.01) and
of dimethyl fumarate to ocrelizumab was 4.50 (95% CI, 2.89-7.03). Compared with
ocrelizumab, the hazard ratio (HR) of time to first relapse was 4.02 (95% CI, 2.83-5.70)
for fingolimod and 3.70 (95% CI, 2.35-5.84) for dimethyl fumarate. The HR of treatment
discontinuation was 2.57 (95% CI, 1.74-3.80) for fingolimod and 4.26 (95% CI, 2.65-6.84)
for dimethyl fumarate. Fingolimod use was associated with a 49% higher risk for disability
accumulation compared with ocrelizumab. There was no significant difference in
disability improvement rates between fingolimod and ocrelizumab.

CONCLUSION AND RELEVANCE Study results show that among patients with RRMS who switched
from natalizumab to dimethyl fumarate, fingolimod, or ocrelizumab, ocrelizumab use was
associated with the lowest ARR and discontinuation rates, and the longest time to first relapse.
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N atalizumab is a monoclonal antibody against α4 inte-
grin that prevents the development of multiple scle-
rosis (MS) lesions by interfering with α4β1 and α4β7 in-

tegrin binding to the endothelial ligand vascular cell adhesion
molecule 1.1,2 Three randomized trials3-5 have demonstrated
the efficacy of natalizumab in controlling relapsing-remitting
MS (RRMS). However, the long-term use of natalizumab is of
concern due to an increased risk of progressive multifocal leu-
koencephalopathy (PML),6,7 an opportunistic brain infection
caused by the JC virus (JCV).8,9 Therefore, in patients who are,
or become, positive for anti-JCV antibody, natalizumab is
often discontinued to mitigate PML risk.10-12 Patients are usu-
ally switched to an alternative disease-modifying therapy
(DMT) after natalizumab cessation because this group is in-
trinsically at high relapse risk. One special concern after na-
talizumab cessation is rebound disease activity, which can oc-
cur around 12 weeks after cessation due to its relatively rapid
offset of efficacy.13-15

Fingolimod, a functional antagonist of sphingosine-1-
phosphate receptors that is effective in reducing relapse
rate and improving magnetic resonance imaging (MRI) out-
comes in RRMS,16,17 is commonly used after natalizumab
cessation.10,12,18-21 Dimethyl fumarate22-24 and ocrelizumab are
2 other options.25,26 Dimethyl fumarate is effective in down-
regulating the proinflammatory responses of T cells, B cells,
and myeloid cells.27,28 Ocrelizumab is a B-cell depleting
humanized monoclonal antibody, which has shown a signifi-
cant efficacy in reducing disease activity and MRI progres-
sion compared with interferon beta in 2 phase 3 trials.29,30

However, evidence has been inconsistent regarding the com-
parative efficacy of these 3 common DMTs after switching from
natalizumab,22,23,31,32 and a direct comparison between them
is lacking.

We, therefore, conducted a retrospective study to di-
rectly compare the treatment outcomes in participants treated
with dimethyl fumarate, fingolimod, or ocrelizumab after
natalizumab cessation using the MSBase registry data set.33

We evaluated relapse activity, disability accumulation and
improvement, and persistence of the 3 therapies to inform
the selection of the optimal DMT for patients with RRMS who
discontinue natalizumab.

Methods
Patient data were obtained from the MSBase registry, an in-
ternational observational cohort study of MS.33 Ethical ap-
proval for the MSBase registry was granted by the Alfred Health
Human Research and Ethics Committee and the local ethics
committees in participating centers. All enrolled patients pro-
vided written or verbal consent under local regulations. This
study followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) reporting guidelines.

Study Population
Patients were included if they were diagnosed with RRMS ac-
cording to the McDonald criteria,32 had taken natalizumab
monotherapy for 6 months or longer before discontinuation, and

were switched to either dimethyl fumarate, fingolimod, or ocreli-
zumab with a minimum treatment persistence of 6 months.
To minimize the loss of treatment effect and reduce the risk of
contaminating the analysis with rebound relapse activity, we
only included patients with a treatment gap of 3 months or less.10

Participants were also required to have at least 2 subsequent vis-
its with a minimum 6-month gap and with recorded Expanded
Disability Status Scale (EDSS; a nonlinear ordinal disability scale
with range of 0-10) scores during the follow-up to allow for
the ascertainment of disability accumulation or improvement.
The MSBase study collected minimal participant data, the key
data of which included relapse rates, relapse treatment, MS-
specific therapies used, EDSS score, and diagnostic tests per-
formed; race and ethnicity information was not collected.33

Patients were excluded if they had any missing data for sex,
age, the date of starting and stopping natalizumab, and the date
of starting and stopping a new treatment after natalizumab
cessation. Patient data were recorded during routine clinic
visits at participating centers via the locally installed iMed
or MDS MSBase data entry systems and monitored through
a series of procedures to maintain quality.34

Study End Points
The primary outcomes were annualized relapse rate (ARR),
which was calculated by dividing the total number of re-
lapses by the total number of person-years at risk, and time to
first relapse. Secondary outcomes were confirmed disability
accumulation events, confirmed disability improvement
events, and treatment discontinuation.

The study baseline was defined as the date of new treat-
ment commencement after natalizumab cessation. The EDSS
score obtained within 6 months before or after baseline was cho-
sen as the baseline EDSS score. We defined relapse as having new
or recurrent neurologic symptoms lasting for 24 hours or more
without fever or infection.35 Treatment discontinuation was
defined as starting a new treatment. The primary reason for
discontinuation was documented by the treating neurologist
using predefined terms, but these data fell outside the MSBase
minimum data set requirements and the percentage of miss-
ing data was high. Nonetheless, “scheduled stop” was the main
selected reason for discontinuing natalizumab, accounting for
62% of discontinuations (eTable 1 in Supplement 1).

Key Points
Question Is there any difference in the effectiveness and
treatment persistence between dimethyl fumarate, fingolimod,
and ocrelizumab among patients with relapsing-remitting
multiple sclerosis (RRMS) who switched from natalizumab?

Findings In this cohort study, including 1386 patients with RRMS
who ceased natalizumab, a switch to ocrelizumab was associated
with the lowest annualized relapse rate and discontinuation rates
and the longest time to first relapse compared with dimethyl
fumarate and fingolimod.

Meaning Using real-world data from the MSBase registry, this
study provides an outcome comparison of 3 treatment choices
after natalizumab cessation.
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Disability accumulation was defined as the confirmed in-
crease in EDSS score of 0.5 or more steps for patients with a
baseline score greater than 5.5 (or 1.0 or more steps for those
with a baseline score between 1.0 and 5.5) and 1.5 or more steps
if the baseline score was 0. Disability improvement was de-
fined as a decrease in EDSS score by 1 step for baseline EDSS
scores of 2 to 5.5 (or 1.5 steps if baseline EDSS score was 1.5)
and 0.5 steps if baseline EDSS score was higher than 5.5. EDSS
scores obtained less than 30 days after the relapse onset date
were excluded to mitigate the risk of early disease activity being
labeled as the baseline EDSS score. Confirmed disability ac-
cumulation or improvement was defined as observed disabil-
ity accumulation or improvement for 2 subsequent visits com-
pared with baseline EDSS scores, with a minimum of 6 months
between each assessment.

Statistical Analysis
Inverse Probability of Treatment Weighting
The inverse probability of treatment weighting (IPTW) was used
to minimize baseline differences between the 3 treatment
groups and selection bias.36 The weights were obtained by
taking the inverse of the propensity scores, representing the
probability of receiving a treatment conditional on observed
covariates.37 A multinomial logistic regression model was used
to estimate the propensity scores for each individual, with the
treatment groups as a dependent variable and the baseline co-
variates as independent variables. To mitigate the influence
of the extreme weights on the treatment effect, we stabilized
the weights by multiplying the unstabilized weights by the
proportion observed as treated or untreated in the data,
respectively.38 An absolute standardized difference (ASD) was
calculated to evaluate covariate balance, with an ASD greater
than 0.1 indicating an imbalance.39

We used an IPTW-weighted negative binomial model to
compare the ARRs between the treatment groups, with the
natural logarithm of the follow-up time after the baseline as
an offset term, the relapse count as a dependent variable, and
the treatment groups as an independent variable. Hazard ra-
tios (HRs) of time-to-event outcomes were estimated using
an IPTW-weighted Cox proportional-hazards regression model
with robust SEs. Kaplan-Meier cumulative hazard curves were
used to show the cumulative risk for each individual out-
come across treatment groups. The proportional-hazards
assumption was checked by the Schoenfeld global test, and
no violation was detected.40

Subgroup Analysis
We performed subgroup analyses by all baseline variables and
the number of relapses 1 year before natalizumab commence-
ment. Due to the small number of patients taking dimethyl
fumarate, both dimethyl fumarate and fingolimod were
grouped together into the moderate-efficacy category.

Sensitivity Analysis
The robustness of the primary outcome results was tested
with 6 sensitivity analyses. To assess the consistency of our
results, we first repeated the analysis using a doubly robust
standardization method.41,42 It combines the IPTW with the

G-computation43 method to mitigate the risk of model mis-
specification and achieve the double robustness property. Sec-
ond, we repeated the analysis by adding baseline cerebral MRI
information (presence or absence of a contrast-enhancing le-
sion and the number of hyperintense T2 lesions) into the model
for propensity score generation. MRI information was col-
lected by practitioners in accordance with local MRI proto-
cols and policies. Baseline MRI was defined as the most re-
cent MRI undertaken 12 months before or 6 months after the
start date of treatment. The multiple imputation method was
used to deal with missing data (86% of patients missing data
on contrast-enhancing lesion and 76% on hyperintense T2 in-
formation). Twenty imputed data sets were generated, and the
estimates were computed separately and then combined using
Rubin rules.44 We also introduced the intention-to-treat analy-
sis to check the result consistency in the situation with cen-
soring at either event occurrence or the end of the follow-up.
We added country as a covariate to the propensity score model
and redid the analyses using newly generated weights. More-
over, we evaluated the influence of different baseline EDSS on
results by narrowing the time interval for obtaining baseline
EDSS score to 6 months before or 1 month after the new treat-
ment start. Lastly, we assessed potential bias introduced by the
difference in disease activities between the treatment groups
before the start of natalizumab. We added the number of re-
lapses 1 year before natalizumab start as a covariate to the pro-
pensity score model and repeated the main analysis.

All statistical tests were 2-sided with a significance level
defined as P < .05. All analyses were performed in R soft-
ware, version 4.1.1. (R Foundation for Statistical Computing).
Data were analyzed from May 24, 2022, to January 9, 2023.

Results
Among 66 840 patients with RRMS, 1744 had taken natali-
zumab for 6 months or longer and were switched to dimethyl
fumarate, fingolimod, or ocrelizumab within 3 months of
natalizumab discontinuation. Between June 15, 2010, and
July 6, 2021, after fulfilling the selection criteria and exclud-
ing 358 patients without baseline data, a total of 1386
patients with RRMS (mean [SD] age, 41.3 [10.6] years; 990
female [71%]; 396 male [29%]) from 26 countries and 79 cen-
ters were included in the analysis (Figure 1). Among them,
138 patients (9.9%) were treated with dimethyl fumarate
(median [IQR] follow-up, 2.0 [1.1-3.4] years), 823 patients
(59.4%) were treated with fingolimod (3.5 [1.7-5.3] years), and
425 patients (30.7%) were treated with ocrelizumab (2.1 [1.2-
3.1] years) (Table).

Before weighting, the mean (SD) age of the 3 treatment
groups differed significantly, with the dimethyl fumarate group
being the oldest (44.0 [11.4] years), followed by the ocreli-
zumab group (42.8 [11.2] years) and the fingolimod group (40.1
[10.0] years). Patients who had experienced more relapses in
the previous year were more likely to receive fingolimod, fol-
lowed by ocrelizumab and dimethyl fumarate (Table). After
weighting, all variables were balanced (ASDs ≤0.1) (eTable 2
in Supplement 1).
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Effectiveness
The IPTW-weighted ARR was 0.06 (95% CI, 0.04-0.08) for
patients taking ocrelizumab, 0.26 (95% CI, 0.12-0.48) for pa-
tients taking fingolimod, and 0.27 (95% CI, 0.12-0.56) for
patients taking dimethyl fumarate. Ocrelizumab use was asso-
ciated with a significant reduction in ARR compared with fin-
golimod (fingolimod vs ocrelizumab IPTW-weighted ARR ra-

tio, 4.33; 95% CI 3.12-6.01) and dimethyl fumarate (dimethyl
fumarate vs ocrelizumab ARR ratio, 4.50; 95% CI, 2.89-7.03).
Similar results were found for the cumulative hazards of the first
relapse. Patients taking fingolimod and dimethyl fumarate had
a significantly higher risk of experiencing the first relapse than
those taking ocrelizumab, with IPTW-weighted HRs of 4.02 (95%
CI, 2.83-5.70) and 3.70 (2.35-5.84), respectively (Figure 2). No

Figure 1. Flowchart of Patient Inclusion and Exclusion

66 840 Patients approached

8874 Identified as users of natalizumab

57 966 Excluded for not using natalizumab

2241 Assessed for inclusion

1386 Included

138 Received dimethyl fumarate425 Received ocrelizumab 823 Received fingolimod

6633 Excluded
6213 For not using ocrelizumab,

 dimethyl fumarate, 
or fingolimod 
after natalizumab

420 For using study therapies <6 mo 
or no end date after 
natalizumab cessation

855 Excluded
388 Had >3.5 mo washout period 

after natalizumab
358 With no baseline EDSS visits
109 For using natalizumab <6 mo 

before switching to 
study therapies

EDSS indicates Expanded Disability Status Scale.

Table. Characteristics of the Study Population by Baseline Switch in Disease-Modifying Therapy

Variable
Total No.
(n = 1386)

Dimethyl fumarate
(n = 138)

Fingolimod
(n = 823)

Ocrelizumab
(n = 425)

ASDa

Before
IPTW

After
IPTW

Age, mean (SD), y 41.3 (10.6) 44.0 (11.4) 40.1 (10.0) 42.8 (11.2) 0.35 0.02

Female, No. (%) 990 (71) 103 (75) 581 (71) 306 (72)
0.04 0.02

Male, No. (%) 396 (29) 35 (25) 242 (29) 119 (28)

Disease duration, median (IQR), y 10.6 (6.2-16.1) 10.0 (5.5-16.6) 11.0 (6.4-16.1) 10.1 (5.6-16.0) 0.02 0.03

Disability (EDSS) score,
median (IQR)

3.0 (1.5-4.5) 3.0 (1.5-4.5) 3.0 (1.5-4.5) 3.0 (1.5-5.0) 0.05 0.02

No. of relapses 1 y before baseline,
mean (SD)

0.2 (0.6) 0.1 (0.4) 0.3 (0.6) 0.2 (0.5) 0.27 0.03

No. of relapses 2 y before baseline,
mean (SD)

0.6 (1.0) 0.5 (0.8) 0.6 (1.0) 0.5 (0.9) 0.17 0.03

Previous therapies, median (IQR)b 1 (1-2) 1 (1-2) 1 (1-2) 1 (0-2) 0.12 0.04

Washout period after natalizumab
discontinuation, median (IQR), d

28 (0-49) 0 (0-50) 24 (0-55) 32 (0-47) 0.18 0.09

Duration of natalizumab use,
median (IQR), y

2.6 (1.6-4.0) 2.5 (1.7-4.4) 2.6 (1.8-3.8) 2.4 (1.3-4.4) 0.10 0.03

Abbreviations: ASD, absolute standardized difference; EDSS, Expanded
Disability Status Scale; IPTW, inverse probability of treatment weighting.
a ASD is the absolute difference in means or proportions divided by the SE.

An imbalance was defined as an ASD greater than 0.10.
b Natalizumab excluded.
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significant differences in any primary outcome were observed
between fingolimod and dimethyl fumarate.

Due to the small number of patients who took dimethyl
fumarate meeting confirmed EDSS progression criteria, we only
compared patients taking fingolimod with those taking ocreli-
zumab. Fingolimod use was associated with a 49% higher risk
for disability accumulation compared with ocrelizumab (IPTW-
weighted HR, 1.49; 95% CI, 1.07-2.07) (Figure 2). There was no
difference in confirmed disability improvement rates (IPTW-
weighted HR, 1.01; 95% CI, 0.64-1.57).

Results in the defined subgroups were generally consis-
tent with the results in the main analysis. Ocrelizumab sig-
nificantly interacted with baseline EDSS score and the num-
ber of previous therapies on the primary outcomes (P < .05 for
interaction), with the greater association seen in patients with
lower EDSS score (EDSS score <3; adjusted ARR, 9.73; 955 CI,
5.21-20.02; P =.004) and those with exposure to fewer DMTs
(EDSS score <2; adjusted ARR, 7.79; 95% CI, 4.48-14.48; P = .02)
before natalizumab (eTable 4 in Supplement 1).

Persistence
The most commonly reported reason for treatment discon-
tinuation with fingolimod and dimethyl fumarate were lack of
efficacy (137 of 285 [48%] and 16 of 51 [31%], respectively), and
for ocrelizumab was adverse events (11 of 31 [35%]). The de-
tailed reasons for treatment discontinuation are shown in

eTable 3 in Supplement 1. Compared with ocrelizumab, fin-
golimod and dimethyl fumarate were associated with a sig-
nificant increase in treatment discontinuation rates over time,
with an IPTW-weighted HR of 2.57 (95% CI, 1.74-3.80) and 4.26
(95% CI, 2.65-6.84), respectively. Compared with dimethyl
fumarate, patients taking fingolimod were less likely to dis-
continue the treatment (IPTW-weighted HR, 0.60; 95% CI,
0.44-0.84). The Kaplan-Meier cumulative hazard curves are
presented in Figure 3.

Results from all sensitivity analyses were consistent with
the main analysis results (eFigure 1, 2, 3, 4, 5, and 6 in Supple-
ment 1). Details on the covariates balance after weighting
between the treatment groups were reported along with
the results.

Discussion
This retrospective cohort study compared the effectiveness and
persistence between ocrelizumab, fingolimod, and dimethyl
fumarate after natalizumab cessation in 1386 patients with
RRMS. Compared with fingolimod and dimethyl fumarate,
ocrelizumab use was associated with a significant reduction
in ARR and time to first relapse. No significant difference in
ARR and time to first relapse was found between fingolimod
and dimethyl fumarate use. The discontinuation rate was sig-

Figure 2. Annualized Relapse Rate (ARR) and the Hazards of Study Outcomes Weighted Using Inverse Probability of Treatment Weighting (IPTW)

0.25 2 81 40.45

P value
Favors fingolimod or

dimethyl fumarate
Favors 
ocrelizumab

ARR (95% CI)

Events,
No. Person-yearsTreatment

IPTW-weighted 
ARR (95% CI)

NA45 930.89Ocrelizumab (n = 425) 1 [Reference]
<.001649 3095.02Fingolimod (n = 823) 4.33 (3.12-6.01)
<.00165 343.46Dimethyl fumarate (n = 138) 4.50 (2.89-7.03)

0.25 2 81 40.45

P value
Favors fingolimod or

dimethyl fumarate
Favors 
ocrelizumab

HR (95% CI)

Events,
No.Outcome

IPTW-weighted 
HR (95% CI)

Time to first relapse
NA37Ocrelizumab (n = 425) 1 [Reference]
<.001354Fingolimod (n = 823) 4.02 (2.83-5.70)
<.00143Dimethyl fumarate (n = 138) 3.70 (2.35-5.84)

Treatment discontinuation
NA31Ocrelizumab (n = 425) 1 [Reference]
<.001285Fingolimod (n = 823) 2.57 (1.74-3.80)
<.00151Dimethyl fumarate (n = 138) 4.26 (2.65-6.84)

Disability accumulation
NA48Ocrelizumab (n = 306) 1 [Reference]
<.02184Fingolimod (n = 686) 1.49 (1.07-2.07)

Disability improvement
NA28Ocrelizumab (n = 306) 1 [Reference]
<.9875Fingolimod (n = 686) 1.01 (0.64-1.57)

HRB

ARR ratioA

A, ARR ratio. B, Hazard ratio (HR). Baseline covariates used for generating
weights in the propensity score models included age, sex, disease duration,
disability, relapse 1 year before baseline, relapse 2 years before baseline,

previous therapies, washout period after natalizumab discontinuation, and
duration of natalizumab use. NA indicates not applicable.

Comparison Between Dimethyl Fumarate, Fingolimod, and Ocrelizumab After Natalizumab Cessation Original Investigation Research

jamaneurology.com (Reprinted) JAMA Neurology Published online June 5, 2023 E5

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Monash University Library User  on 06/05/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2023.1542?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.1542
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2023.1542?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.1542
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2023.1542?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.1542
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2023.1542?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.1542
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.1542


nificantly lower in patients taking ocrelizumab, followed by
fingolimod and dimethyl fumarate. Due to a minority of pa-
tients taking dimethyl fumarate, we could only compare the
disability accumulation and improvement between ocreli-
zumab and fingolimod. Ocrelizumab use was associated with
a lower rate of sustained disability accumulation than fin-
golimod use, but there was no significant difference in
disability improvement. Given that patients treated with na-
talizumab typically have high intrinsic relapse risk and natali-
zumab cessation is associated with risk of rebound as its bio-
logical effect declines quickly,15 our study is not, therefore,
generalizable to other treatment switch scenarios or first-line
therapy.

A previous study45 reported that fingolimod reduced the
risk of relapse occurrence by 64% in comparison to inter-
feron beta and glatiramer acetate after natalizumab cessa-
tion. Another cohort study10 found that fingolimod success-

fully controlled disease activity in patients who had stopped
natalizumab, with an ARR of 0.38. Although the frequency of
relapses was moderately higher than that during natali-
zumab treatment (ARR, 0.26), it was significantly lower than
that before natalizumab was used (ARR, 1.54).10 We also found
a relatively low relapse rate in patients treated with fin-
golimod after natalizumab discontinuation, with an ARR of
0.26. However, we found that ocrelizumab is a better choice
of switch DMT after natalizumab cessation, with an ARR of
0.06. This observation might be explained by the intrinsic
superiority of ocrelizumab over fingolimod in controlling
disease activity rather than faster immunosuppression
action, as both drugs lead to a fast lymphocyte depletion or
redistribution.46 Natalizumab and fingolimod have similar
therapeutic mechanisms, preventing immune cells from mi-
grating to the central nervous system.1,16 However, ocreli-
zumab has a very different mechanism of action, depleting the

Figure 3. Inverse Probability of Treatment Weighting (IPTW)–Weighted Cumulative Hazard of Primary and Secondary Outcomes
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Weighted Kaplan-Meier failure function was applied to present cumulative
hazard of the time to the first relapse (A) and treatment discontinuation (B) in
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the weighted cumulative hazard models on the basis of separate propensity
score models. Dimethyl fumarate was not included due to the insufficient
number of participants. HR indicates hazard ratio.
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CD20-expressing B cells.46 This superiority indicates that
B-cell depletion could be advantageous over lymphocyte se-
questration in rapidly controlling rebound after natalizumab
discontinuation. In a recent observational study32 of 54 pa-
tients taking fingolimod and 48 patients taking ocrelizumab
at 1 year after natalizumab cessation, those taking ocreli-
zumab had a significantly lower ARR than fingolimod (ARR,
0.12 vs 0.41), and the HR of relapse was 3.4 for fingolimod vs
ocrelizumab. These results were consistent with ours.

Our results showed a lower discontinuation rate for fin-
golimod than for dimethyl fumarate (IPTW-weighted HR, 0.60;
95% CI, 0.44-0.84). A retrospective study23 including 732 pa-
tients with RRMS (409 taking dimethyl fumarate and 323 tak-
ing fingolimod) showed similar results regarding the discon-
tinuation between dimethyl fumarate and fingolimod (29.3%
of patients discontinued dimethyl fumarate vs 20.7% in fin-
golimod; P = .008). However, the study investigators found that
dimethyl fumarate was associated with an increased relapse
risk compared with fingolimod, with an HR of 1.9 (95% CI, 1.4-
2.6) and a higher relapse risk in patients taking dimethyl
fumarate who were pretreated with natalizumab compared
with those switching to fingolimod (HR, 4.5; 95% CI, 1.9-
10.8). In our study, no significant difference in ARR and time
to first relapse between fingolimod and dimethyl fumarate was
observed.

The superiority of ocrelizumab to dimethyl fumarate and
fingolimod might be explained by the different immunologic
mechanisms of action between the treatment classes. This in-
cludes the onset of treatment effect and relative treatment ef-
fectiveness in patients at very high risk of relapse. However,
in MSBase, we currently do not have enough patient medical
records to examine whether our findings are a class effect (eg,
other anti-CD20 DMTs, such as rituximab or ofatumumab, or
other sphingosine-1 phosphate inhibitors beyond fingolimod
or diroximel fumarate). Although our data are observational
in nature, it is very unlikely that prospective randomized clini-
cal trials for specific switch scenarios will be funded in the
future. Observational data are increasingly important for re-
fining approved treatment indications and funding decisions
of payers. Our results could be incorporated into specific switch
treatment guidelines and, together with other real-world
observational studies, could provide an extended evidence
base for regulators and payers.

Limitations
This study has several limitations. Although we applied the pro-
pensity score–based IPTW approach to balance baseline co-

variates and our study findings were robust in sensitivity analy-
ses, potential bias caused by unmeasured and unobserved
factors cannot be completely ruled out. Because the number
of patients in the fingolimod and dimethyl fumarate groups
declined dramatically since 2018 (the approximate year of re-
lease of ocrelizumab), we did not have sufficient patient num-
bers to assess data consistency for true contemporaneous use
of the 3 treatments. In addition, because DMT approval dates
vary from country to country, it may not be possible to have a
choice of all 3 treatments in all sites and for all study dates. Both
issues may lead to the failure of fulfilling the positivity as-
sumption required by the propensity score method and intro-
duce bias. To assess the impact of this bias, we repeated the
analysis using a doubly robust standardization method, given
that the doubly robust estimators are consistent when the posi-
tivity assumption holds or fails.42,47,48 Furthermore, we did
not include MRI data in the primary propensity score model
because only 34% of participants had this information. How-
ever, we performed a sensitivity analysis using MRI informa-
tion using the multiple imputation method, and the results
were consistent. Moreover, previous studies have demon-
strated that MRI activity before the start of natalizumab is a
strong predictor of future disease activity after natalizumab
discontinuation.49 In our study, only 12.2% of patients (n = 201)
had a record of prior MRI activity. Thus, we were unable to
verify this in our cohort. Future studies are needed to pro-
vide useful evidence in this regard to guide personalized
clinical decisions. Drug safety data are also important to ad-
equately assess the risk-benefit profiles of different DMTs,
especially when used over the long term. Currently, the safety
data in the MSBase registry are largely missing, but we are
engaged in improving the collection of this data through a
specific program.

Conclusion
Results of this cohort study showed that among patients with
RRMS who had discontinued natalizumab, ocrelizumab was
associated with a significant reduction in the ARR and the haz-
ard of the time to first relapse and a lower discontinuation rate
compared with fingolimod and dimethyl fumarate. In addi-
tion, a switch to ocrelizumab was associated with a lower rate
of confirmed disability progression events than a switch to fin-
golimod. Stopping natalizumab for PML risk management
is common. Our findings can help inform subsequent DMT
selection for these patients.
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