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ABSTRACT

Background To compare the effectiveness and
treatment persistence of ocrelizumab, cladribine and
natalizumab in patients with relapsing—remitting
multiple sclerosis switching from fingolimod.

Methods Using data from MSBase registry, this
multicentre cohort study included subjects who had

used fingolimod for =6 months and then switched to
ocrelizumab, cladribine or natalizumab within 3 months
after fingolimod discontinuation. We analysed relapse
and disability outcomes after balancing covariates using
an inverse-probability-treatment-weighting method.
Propensity scores for the three treatments were obtained
using multinomial-logistic regression. Due to the smaller
number of cladribine users, comparisons of disability
outcomes were limited to natalizumab and ocrelizumab.
Results Overall, 1045 patients switched to ocrelizumab
(n=445), cladribine (n=76) or natalizumab (n=524)
after fingolimod. The annualised relapse rate (ARR) for
ocrelizumab was 0.07, natalizumab 0.11 and cladribine
0.25. Compared with natalizumab, the ARR ratio (95%
confidence interval [CI]) was 0.67 (0.47 to 0.96) for
ocrelizumab and 2.31 (1.30 to 4.10) for cladribine;

the hazard ratio (95% CI) for time to first relapse was
0.57 (0.40 to 0.83) for ocrelizumab and 1.18 (0.47 to
2.93) for cladribine. Ocrelizumab users had an 89%
lower discontinuation rate (95% Cl, 0.07 to 0.20)

than natalizumab, but also a 51% lower probability of
confirmed disability improvement (95% Cl, 0.32 t0 0.73).
There was no difference in disability accumulation.
Conclusion After fingolimod cessation, ocrelizumab
and natalizumab were more effective in reducing
relapses than cladribine. Due to the low ARRs in all three
treatment groups, additional observation time is required
to determine if statistical difference in ARRs results in
long-term disability differences.

INTRODUCTION
Fingolimod is an effective disease-modifying
therapy (DMT) for relapsing-remitting multiple

WHAT IS ALREADY KNOWN ON THIS TOPIC

= There is no clear consensus on the optimum
treatment in the context of patients switching
from fingolimod. Is there any difference in
the effectiveness and treatment persistence
between ocrelizumab, cladribine and
natalizumab among patients with relapsing—
remitting multiple sclerosis (RRMS) who
switched from fingolimod?

WHAT THIS STUDY ADDS

= In this observational study including 1045
patients with RRMS who ceased fingolimod,
switch to ocrelizumab was associated with
reduced annualised relapse rate compared
with natalizumab and cladribine switches.
Ocrelizumab was associated with a lower rate
of disability improvement than natalizumab.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Using real-world data from the MSBase registry,
this study provides a direct and clinically useful
outcome comparison of three treatment choices
after fingolimod cessation.

sclerosis (RRMS), as demonstrated in two pivotal
randomised placebo-controlled trials and one active
comparator trial.'™ Tt is approved as a second-
line therapy in Europe and first-line therapy in
Australia, the USA, Canada and other countries.’
However, it is common that patients discontinue
fingolimod after a few years of treatment, mainly
due to adverse events, relapse, MRI activity,
disease progression or pregnancy planning.® Fingo-
limod cessation is associated with severe relapses
resembling immune reconstitution inflammatory
syndrome, therefore, the standard practice is to
switch to another high-efficacy DMT with a short
treatment gap, including natalizumab, ocrelizumab
and cladribine.”® Evidence is lacking for the relative
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net clinical benefit between these treatment choices after fingo-
limod cessation.

Ocrelizumab is a humanised monoclonal antibody’ that
depletes CD20-expressing B cells with minimal impact on pre-
existing humoral immunity.'® "' Cladribine is a semi-selective
immune reconstitution pulse therapy that temporarily depletes
80% of peripheral B cells and 50% of T cells.? It provides
long-term (at least 4 years) benefits for patients with RRMS. '3~
Natalizumab is the first monoclonal antibody used for multiple
sclerosis (MS). The great efficacy of natalizumab in RRMS has
been shown in three randomised control trials."””"’ Several
network meta-analyses have compared the effectiveness of these
three treatments in reducing RRMS disease burden, but not in
the specific scenario of the fingolimod switch.?*** However, no
study to date has directly compared the relative efficacy of ocre-
lizumab, natalizumab and cladribine.

We, therefore, performed a retrospective analysis to compare
treatment outcomes with ocrelizumab, cladribine and natali-
zumab after fingolimod cessation using the MSBase registry data
set.”> Outcomes of interest included time to first relapse, relapse
rate, confirmed disability progression or improvement and DMT
discontinuation.

PATIENTS AND METHODS

Standard protocol approvals, registrations and patient
consents

The MSBase registry is an international observational cohort
study of MS. It was established in 2004.” Written informed
consent was obtained from all enrolled registry participants.

Study population

Patients continuously treated with fingolimod monotherapy =6
months before discontinuation were included if they had definite
relapse-onset MS** #* and continued using ocrelizumab, natali-
zumab or cladribine =6 months after switching. They were also
required to have at least two visits with a minimum 6-month
gap and complete Expanded Disability Status Scale (EDSS, a
non-linear ordinal disability scale with a range 0-10) assessment
during follow-up to allow for the ascertainment of disability
progression. Study inclusion also required complete information
for sex, age, the date of starting and stopping fingolimod, the
starting and stop date of the new treatments after fingolimod,
EDSS assessments, and dates of relapses. To reflect current
switch practice and minimise complete loss of treatment efficacy,
including rebound risk, we only included patients with a treat-
ment gap less than 3 months.*®

Study inclusion criteria and definitions

Included patients were treated with fingolimod (0.5 mg orally
daily) for at least 6 months and were categorised into three switch
groups: ocrelizumab (600mg, every 24 weeks),!" cladribine
(3.5 mg/kg total dose orally, initial treatment consisting of two
courses completed at week 1 and week 5)'® and natalizumab
(300 mg intravenously every 4 weeks).'” Patients were censored
at either treatment discontinuation or the last recorded EDSS
visit, whichever occurred first. The discontinuation was defined
as starting a new treatment. In addition, the closest EDSS visit
within 6 months before or after the switching date was chosen as
the baseline EDSS visit.

Patient data were recorded as part of routine clinical visits
at participating centres via the locally installed iMed or MDS
MSBase data entry systems and monitored through a series of
procedures to maintain quality.*

Study endpoints
The primary study outcomes were annualised relapse rate (ARR,
calculated by dividing the total number of relapses by the total
number of person-years at risk) and time to the first relapse.
Secondary outcomes were disability accumulation events,
disability improvement events and treatment discontinuation.
Relapse was defined as new symptom occurrence or exacer-
bation of existing symptoms for at least 24 hours, in the absence
of concurrent illness or fever and occurring at least 30 days
after a previous relapse.”” Disability progression was defined
as the confirmed increase in EDSS of =0.5 steps for patients
with a baseline score >5.5, or =1.0 step for those with a base-
line score between 1.0 and 5.5, and =1.5 steps if the baseline
score was 0. Similarly, the confirmed disability improvement
was defined as a decrease in EDSS by one step (1.5 steps if
baseline EDSS was 0 and 0.5 steps if baseline EDSS was
>35.5). Scores obtained <30 days after relapse were excluded.
Six-month confirmed disability progression was defined as
disability progression sustained over two subsequent visits rela-
tive to the baseline EDSS score, with a minimum of 6 months
between each assessment. Treatment discontinuation event
dates were always recorded. The treating neurologist recorded
the primary reason for discontinuation using predefined terms,
but these data are not part of the MSBase minimum data set,
with relatively high missingness.

Statistical analysis

The demographic information and the baseline characteristics
were reported as number and percentage for discrete variables
and as mean (standard deviation [SD]) or median (interquartile
range [IQR]) for continuous variables, as appropriate. To miti-
gate baseline differences between the groups and selection bias,
we applied an inverse-probability-treatment-weighting (IPTW)
approach based on propensity scores (PS) for three treatments
groups to achieve covariate balance.”®  The PS represents the
probability of receiving a treatment conditional on observed
covariates. We calculated the PS using a multinomial-logistic
regression model with treatment groups as a dependent vari-
able and the baseline covariates listed in table 1 as independent
variables.

The weights were obtained by taking the inverse of the prob-
ability of receiving the corresponding treatment. We truncated
the weights at the 1st and 99th percentiles®® and used the stabi-
lised weights approach®' to mitigate the influence of the extreme
weights on the variability of the estimated treatment effect.”’
The covariate balance was evaluated using absolute standardised
difference measure (ASD), where ASD=0.1 indicates an imbal-
ance.** 3

An IPTW-weighted negative binomial model was used to
compare ARRs, with the relapse count as a dependent variable,
the treatment group as an independent variable, and the natural
logarithm of the follow-up time of the corresponding treat-
ment after fingolimod discontinuation as an offset term. We
used the IPTW-weighted Cox proportional-hazard regression
model with robust standard errors and Kaplan-Meier cumu-
lative hazard curves to assess and visualise treatment effect
differences for the time-to-event outcomes. The proportional-
hazard assumption was checked by the Schoenfeld global test,
and no violation was detected.** All statistical tests were two-
sided with a statistical significance defined as p<0.05. All anal-
yses were performed in R, V.4.1.1. (R Foundation for Statistical
Computing).
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Table 1 Characteristics of the study population by baseline treatment use
. . . ASD*

Total Cladribine Ocrelizumab Natalizumab

(n=1045) (n=76) (n=445) (n=524) Before IPTW After IPTW
Age, years 40.6+10.4 45.6+11.5 42.5+10.3 38.3+9.7 0.69 0.07
Female 780 (74.6) 61(80.3) 300 (67.4) 419 (80.0) 0.13 0.06
Disease duration, years 10.2 (5.7-15.4) 14.6 (9.5-22.2) 11.8 (6.7-16.6) 8.8 (4.9-13.5) 0.73 0.04
Disability (EDSS) 3 (2-5) 2.5 (1.5-4.5) 3.5 (2-5.5) 3 (2-4.5) 0.21 0.09
Relapses 1-year prior to baseline 0.7£0.9 0.2+0.7 0.5+0.7 1.0£1.0 0.91 0.04
Relapses 2-year prior to baseline 1113 0.4+0.9 0.8+1.0 1.5¢1.4 0.97 0.06
Previous therapies (fingolimod 1(1-2) 1(0-2) 1(1-2) 1(0-2) 0.03 0.07
excluded)
Gap period after fingolimod 29 (0-47) 40 (10-64) 27 (0-47) 29 (1-44) 0.19 0.05
discontinuationt
Duration of fingolimod use, yearst 2.6 (1.3-43) 4.3(2.4-6.5) 3.4(1.8-5.3) 1.8(1.0-3.2) 0.39 <0.01

Values are median (IQR), n (%) or mean=+SD.

*ASD is the absolute difference in means or proportions divided by the SE. An imbalance was defined as an ASD >0.10, indicated in bold.
tThe gap period after fingolimod discontinuation and the duration of fingolimod were turned into binary by the corresponding median, respectively, when they were included in the propensity

score model.

ASD, absolute standardised difference; EDSS, Expanded Disability Status Scale; IPTW, inverse-probability-treatment-weighting.

Sensitivity analyses

We performed seven sensitivity analyses to assess the robust-
ness of our primary outcome results. First, the analyses were
rerun using the doubly-robust approach,® adjusting the base-
line covariates in the IPTW-weighted models to eliminate the
potential risk of insufficient covariate balance. Second, we intro-
duced the cerebral MRI information (number of hyperintense
T2 lesions) at baseline to the PS model and repeated the analysis.
MRI information was reported by the practicing neurologists
according to the local MRI protocols and policies. Due to the
sparse frequency of MRI, the baseline MRI was defined as the
closest brain MRI taken within 12 months before, or 6 months
after, the start date of treatment. The missing values were
handled with multiple imputations. Overall, 20 imputed data
sets were generated, and the estimates were computed separately
and then combined using Rubin’s rules.*® Third, an intention-to-
treat analysis was conducted with the start of study therapies and
censoring at either event occurrence or the end of the follow-up.
Fourth, the intention-to-treat analyses were repeated using
patients with any duration of on-treatment follow-up (ie, not
excluding patients who discontinued the switch therapy before
6 months.) Fifth, to eliminate possible confounding by country,
we added country (Australia/others) to the PS model and reran
the analysis with the newly generated weights. Sixth, to test the
consistency of results across different baseline EDSS, we rede-
fined baseline EDSS as obtained 6 months before or 1month
after the new treatment. Seventh, to mitigate the possible influ-
ence of different reasons for fingolimod discontinuation, we
added it as a categorical variable to the PS model and repeated
the analysis. Eighth, we also conducted an analysis with all
patients censored at 1year of follow-up to eliminate the possible
effect in three treatment groups due to the different length of the
follow-up. Ninth, to eliminate the potential effect of different
approved dates, we conducted an analysis limiting to patients
who started the study therapies after 1 January 2018.

RESULTS

Study population

We assessed the eligibility of a total of 62100 patients with MS
from MSBase (figure 1). Following the selection criteria fulfil-
ment, we included 1045 patients from 26 countries and 64
centres who had discontinued fingolimod. Among them, 445
patients were treated with ocrelizumab (median [IQR] follow-up

period: 1.8 [1.2-2.4] years), 76 were treated with cladribine (1.1
[0.9-1.8] years) and 524 were treated with natalizumab (3.6
[1.9-5.3] years) between 24 May 2010 and 13 November 2020.

Baseline characteristics of the original (non-weighted) study
population are presented in table 1 and of the weighted study
population were presented in online supplemental eTable 1.
Before weighting, natalizumab users were more likely to be
younger, have a shorter disease duration and a shorter period of
fingolimod use compared with cladribine or ocrelizumab users.
The baseline EDSS score and the number of previous treatments
used were similar between the three groups. The main difference
between the three treatment groups was the number of relapses
in the 1 and 2 years prior to the treatment switch, with the
highest relapse rate in the natalizumab group and the lowest rate
in the cladribine group (table 1). After weighting, all baseline
covariates were balanced (ASD<0.1).

Effectiveness

The mean ARR for ocrelizumab (IPTW-weighted ARR, 0.07;
95%ClI, 0.04 to 0.13), cladribine (0.25; 95% CI, 0.12 to 0.57)
and natalizumab (0.11; 95% CI, 0.09 to 0.14) were obtained
using the negative binomial model. The IPTW-weighted ARR
ratios between treatment groups were reported in figure 2.
Ocrelizumab use was associated with a statistically significant
reduction in ARR by 33% when compared with natalizumab;
cladribine was less effective than natalizumab, with an ARR ratio
of 2.31 (95% CI, 1.30 to 4.10). Consistent results were observed
in the cumulative hazards of time to first relapse. The cumulative
hazard of experiencing the first relapse in the ocrelizumab users
was 43% lower than that in the natalizumab users over time
(IPTW-weighted HR, 0.57; 95% CI, 0.40 to 0.83). In addition,
the cumulative hazard curves for ocrelizumab and natalizumab
were similar until about 5 months, after which the hazard of the
first relapse was significantly increased in the natalizamab group
compared with ocrelizumab (figure 3). There were no signifi-
cant differences in the cumulative hazards of time to first relapse
between cladribine and natalizumab users (IPTW-weighted HR,
1.18; 95%Cl, 0.47 to 2.93).

Because the number of patients with cladribine was insuffi-
cient in the EDSS progression analyses, we only compared ocre-
lizumab with natalizumab. There was no significant difference
in the cumulative hazard of disability accumulation between the
ocrelizumab and natalizumab users (IPTW-weighted HR, 0.81;
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62,100 Patients approached

\ 4

51,

429 No use of fingolimod

\ 4

10,671 Identified as user of fingolimod

or no end

8,645 No use of ocrelizumab, cladribine,
or natalizumab after fingolimod
418 Use of the study therapies <6 months

date after fingolimod cessation

v

—

,608 Assessed for inclusion

A 4

switching

279 >3 and half months washout period
after fingolimod
91 Use of fingolimod <6 months before

192 with no baseline EDSS visits
1 Excluded as no birth date

to the studies therapies

1,045 Included

¢ v

v

445 Qcrelizumab 76 Cladribine 524 Natalizumab

Figure 1 Flow chart of the patients inclusion/exclusion. EDSS, Expanded Disability Status Scale; MS, multiple sclerosis.

95%CI, 0.49 to 1.35). However, the probability of disability
improvement in the ocrelizumab users was 51% lower than
natalizumab users (IPTW-weighted HR, 0.49; 95% CI, 0.32 to
0.73) (figure 2). Of those who improved, 79% of patients in
the natalizumab group maintained improvement until the end
of follow-up, with a median follow-up of 1.6 years and 83% of
patients in the ocrelizumab group maintained improvement, with
a median follow-up of 1.1 years (online supplemental eTable 2).

Treatment discontinuation

There was no significant difference in treatment discontinuation
between cladribine and natalizumab users (IPTW-weighted HR,
0.74; 95%CI, 0.26 to 2.10). In contrast, the hazard of treat-
ment discontinuation was 89% lower in the ocrelizumab users
compared with natalizamab users (IPTW-weighted HR, 0.11;
95%CI, 0.07 to 0.20). The Kaplan-Meier cumulative prob-
ability of discontinuation curves were shown in figure 3. The
most reported reason for treatment discontinuation in the natal-
izumab and cladribine users was scheduled stop (36% and 50%)
and in the ocrelizumab users was adverse events (18%) (online

supplemental eTable 3). Of the three treatment groups, the most
reported reason for fingolimod discontinuation was lack of effi-
cacy (cladribine 35%, ocrelizumab 56% and natalizumab 64%)
(online supplemental eTable 4).

Sensitivity analyses

We assessed the association between the primary outcome and
the treatment groups using a doubly robust approach, and
there was no evidence of substantial change in outcome (online
supplemental eFigure 1). Consistency of the primary results was
maintained in the remainder of the sensitivity analyses (online
supplemental eFigure 2-8), except for a loss of statistical signif-
icance observed in the switch-date restricted analysis after 1
January 2018 due to the major loss of patients in the natali-
zumab group and, therefore, lack of power (online supplemental
eFigure 9).
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Primary outcome IPTW-weighted IPTW-weighted
Annualized relapse rate Number of events Person-years ARR (95% ClI) ARR ratio (95% Cl) p value
Ocrelizumab (n = 445) 55 763.58 0.07 (0.04, 0.13) —.— 0.67 (0.47, 0.96) 0.03
Cladribine (n = 76) 14 94.05 0.25 (0.12, 0.57) —— 2.31(1.30, 4.10) <0.01
Natalizumab (n = 524) 147 1270.92 0.11 (0.09, 0.14) L 1.00 (reference) -
Time to first relapse HR (95% Cl)
Ocrelizumab (n = 445) 47 - - —.— 0.57 (0.40, 0.83) <0.01
Cladribine (n = 76) 9 - - —— 1.18 (0.47, 2.93) 0.73
Natalizumab (n = 524) 110 - - L] 1.00 (reference) -
Secondary outcome
Treatment discontinuation
QOcrelizumab (n = 445) 17 - - —— 0.11 (0.07, 0.20) <0.01
Cladribine (n = 76) 6 - - —— 0.74 (0.26, 2.10) 0.57
Natalizumab (n = 524) 206 - - L] 1.00 (reference) -
Disability accumulation
Ocrelizumab (n = 322) 32 - - —a— 0.81 (0.49, 1.35) 0.42
Natalizumab (n = 374) 54 - - L 1.00 (reference) -
Disability improvement
Ocrelizumab (n = 322) 40 - - —a— 0.49 (0.32, 0.73) <0.01
Natalizumab (n = 374) 96 - - L 1.00 (reference) -
I T T T T 1
005 015 045 1.002.00 500

Figure 2 The annualised relapse rate and the hazards of study outcomes weighted using IPTW. ARR, annualised relapse rate; IPTW, inverse-probability-

treatment-weighting.

DISCUSSION

This retrospective analysis of 1045 patients with MS compared
the effectiveness of switch to ocrelizumab, natalizumab and
cladribine following the discontinuation of fingolimod.
Compared with natalizumab users, the ARR was statistically
significantly lower in ocrelizumab users but higher in cladribine
users. Consistently, the incidence of the time to first relapse
and discontinuation rate were significantly lower in the ocrel-
izumab users compared with natalizumab users. Cladribine and
natalizamab use were not significantly different for time to first
relapse and discontinuation, acknowledging that this analysis
was likely underpowered due to the relatively small sample size
of cladribine users. Natalizumab was associated with a higher
probability of sustained disability improvement than ocreli-
zumab. No significant difference in disability accumulation was
found between the two groups.

In this cohort, natalizumab was associated with a higher ARR
and shorter time to first relapse than ocrelizumab, yet natali-
zumab has a higher rate of sustained disability improvement than
ocrelizumab. Our results comparing ocrelizumab to natalizumab
appear to be inconsistent. However, we do not consider these
results to be contradictory as EDSS improvement likely relates to
the cessation of ongoing lesional central nervous system inflam-
mation and enhanced remyelination whereas prevention of new
relapses relates to new lesion formation. These mechanisms
could easily be differentially affected by the different mecha-
nisms of action of natalizumab and ocrelizumab.

It might also be unexpected that, in relation to relapse
prevention, ocrelizumab was found to be more effective than
natalizamab. This could relate to the particular patient popu-
lation being studied, namely patients ceasing fingolimod due
to recurrent disease activity. Perhaps in these patients, a drug
mechanism interfering with lymphocyte migration (ie, fingo-
limod, natalizumab) could be less effective than one targeting B
cell functions (ie, ocrelizumab). Our results are consistent with
a prior comparative study of rituximab versus natalizumab. Like
ocrelizumab, rituximab is also a monoclonal antibody targeting
the B cell surface antigen CD20. A retrospective cohort study

found that natalizumab use was associated with an increased
relapse rate (HR 5.1; 95%CI, 1.20 to 22.20) and increased
treatment discontinuation rate (HR, 13.90; 95%CI, 3.80 to
50.60) compared with rituximab.?” Another retrospective obser-
vational study found that rituximab was superior to natalizumab
in medication persistence (HR, 0.05; 95% CI, 0.01 to 0.38) but
not in control of disease activity.*® The authors stated that the
latter result was possibly due to the small number of participants
(n=48) in the rituximab group. An observational study of 740
patients showed no difference in the time to first relapse and
EDSS worsening between anti-CD20 use (including ocrelizumab
[n=59] and rituximab [n=278]) and natalizumab use (n=403),
with an HR of 1.04 (95% CI, 0.74 to 1.46) and 1.13 (95%
CI, 0.75 to 1.70) respectively.®” Overall, their result of EDSS
progression were consistent with ours. The result of time to first
relapse in their study is inconsistent with ours and this may be
explained by the different descriptions of relapse rate and anal-
ysis methodology used in the two studies.

Previous studies have compared the efficacy of ocreli-
zumab, cladribine and natalizumab separately. A PS-matched
study comparing cladribine with natalizumab showed that the
cladribine users were more likely to experience a relapse than
the natalizumab users (HR, 1.80; 95%CI, 1.08 to 2.97).* A
cohort study using data from two MS data sets reported that
patients treated with cladribine had a significantly higher ARR
than those treated with natalizumab (ARR ratio, 2.13; 95%ClI,
1.17 to 3.88).*! Both studies support our results. Two network
meta-analyses reported no significant difference in the efficacy
between cladribine, ocrelizumab and natalizumab (cladribine vs
ocrelizumab ARR ratio 1.06, 95% CI, 0.78 to 1.45, and cladribine
vs natalizumab 1.16, 95% CI, 0.89 to 1.53%!; cladribine vs ocre-
lizumab ARR ratio 1.14, 95%CI, 0.81 to 1.60, and cladribine
vs natalizumab 1.22, 95% CI, 0.89 to 1.68"), but the trend of
these results was comparable with ours. However, the sample
size of the cladribine group is small in our study, limiting the
conclusions for this treatment. Future studies will be needed to
confirm our findings.

Zhu G, et al.J Neurol Neurosurg Psychiatry 2022;0:1-8. doi:10.1136/jnnp-2022-330104

1ybuAdoo Ag paiosioid “sudips|y jo Areiqi
Remuuno) siouei{ ay] 1e g0z ‘c JaqusAON Uo /wod fug duul//:dny woly pepeojumoq "g20g 18dqoloQ 61 Uo +010es-2202-duul/ogt 10} se paysiignd 1s4ij :Aneiyohsd Binsoinsp joinep



Multiple sclerosis

A. Cumulative hazard of time to the first relapse

0.61 Cladribine vs Natalizumab
IPTW-weighted HR: 1.18;
95% Cl: (0.47,2.93); p=0.73
- Ocrelizumab vs Natalizumab
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Figure 3

B. Cumulative hazard of treatment discontinuation
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D. Cumulative probability of disability improvement
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IPTW-weighted cumulative hazard of primary and secondary outcomes. Weighted Kaplan-Meier failure function was applied to present

cumulative hazard of the (A) time to the first relapse in cladribine users (blue line), natalizumab users (black line) and ocrelizumab users (khaki line),
and (B) treatment discontinuation, respectively. For (C) disability accumulation and (D) disability improvement, the plots were drawn from the weighted
cumulative hazard models on the basis of separate propensity score models. Cladribine was not included due to the insufficient number of participants.

IPTW, inverse-probability- treatment-weighting.

In addition, to our knowledge, a three-way comparison of
efficacy and persistence among the three treatments is novel
and necessary, as all are reasonable choices for subsequent DMT
after fingolimod cessation.

Limitations

First, this study is an observational study and treatment indica-
tion bias is inevitable. To address this question, We used an IPTW
approach that has been shown to be superior to the conventional
adjustment approach in mitigating treatment indication bias. It
allows observational studies to be designed similar to randomised
experiments and estimates the causal effect based on all eligible
participants.”’ Second, the sample size of cladribine users is still
relatively small, as cladribine has only been approved in the last
2-3 years in most parts of the world. However, it is important
to perform this analysis as the relevant treatment decisions are
current. Overall, 70% of the cladribine users were from Austra-
lian centres, where cladribine is a popular treatment choice. The
potential confounding influence due to country was assessed in a
sensitivity analysis, and the results were consistent. Furthermore,

we did not incorporate the MRI data in the primary PS model
in our main analyses as only 38% of study participants had
this information. However, we conducted a sensitivity analysis
using MRI information, in combination with the data obtained
by multiple imputations, and the results were consistent. Drug
safety is an important part for comparing the net clinical benefit
of different DMTs, especially in long-term. The collection of
safety data from patients involved in the MSBase is currently
underway.

CONCLUSION

In patients with RRMS who discontinue fingolimod and
commence another disease-modifying treatment within 3
months, ocrelizumab was associated with a significant reduction
in ARRs, longer time to first relapse and a lower discontinuation
rate compared with cladribine and natalizumab. Natalizumab
was associated with better sustained disability improvement
compared with ocrelizumab. The relapse rates in all treatment
groups were relatively low, suggesting that all these three DMTs
are feasible and reasonable treatment options.
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