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Glossary

ARR = annualized rate of relapse; DMT = disease-modifying therapy; EDMUS = European Database for Multiple Sclerosis;
EDSS = Expanded Disability Status Scale; MS = multiple sclerosis; OFSEP = Observatoire Frangais de la Sclérose en Plaques.

Methods

This was a retrospective cohort study from 2 large observational MS registries: MSBase and OFSEP. Patients with relapsing-
remitting MS who had ceased a disease-modifying therapy and were followed up for the subsequent 12 months were included in
the analysis. The primary study outcome was annualized relapse rate in the 12 months after disease-modifying therapy
discontinuation stratified by patients who did, and did not, commence a subsequent therapy. The secondary endpoint was the
predictors of first relapse and disability accumulation after treatment discontinuation.

Results

A total of 14,213 patients, with 18,029 eligible treatment discontinuation epochs, were identified for 7 therapies.
Annualized rates of relapse (ARRs) started to increase 2 months after natalizumab cessation (month 2-4 ARR 0.47, 95%
CI 0.43-0.51). Commencement of a subsequent therapy within 2-4 months reduced the magnitude of disease reac-
tivation (mean ARR difference: 0.15, 0.08-0.22). After discontinuation of fingolimod, rates of relapse increased overall
(month 1-2 ARR: 0.80, 0.70-0.89) and stabilized faster in patients who started a new therapy within 1-2 months (mean
ARR difference: 0.14, —0.01 to 0.29). The magnitude of disease reactivation for other therapies was low but reduced
further by commencement of another treatment 1-10 months after treatment discontinuation. Predictors of relapse
were a higher relapse rate in the year before cessation, female sex, younger age, and higher EDSS score. Commencement
of a subsequent therapy reduced both the risk of relapse (HR 0.76, 95% CI 0.72-0.81) and disability accumulation
(0.73, 0.65-0.80).

Discussion

The rate of disease reactivation after treatment cessation differs among MS treatments, with the peaks of relapse activity ranging
from 1 to 10 months in untreated cohorts that discontinued different therapies. These results suggest that untreated intervals
should be minimized after stopping antitrafficking therapies (natalizumab and fingolimod).

Classification of Evidence
This study provides Class III that disease reactivation occurs within months of discontinuation of MS disease-modifying
therapies. The risk of disease activity is reduced by commencement of a subsequent therapy.

Treatment interruptions are common in patients with mul-
tiple sclerosis (MS).? Disease-modifying therapies (DMTs)
may be stopped or switched for reasons of efficacy, tolera-
bility, safety, and preference. Treatments may also be dis-
continued as part of risk-mitigation strategies, i.e., limiting
natalizumab treatment duration in patients who are JC virus
seropositive to reduce the risk of progressive multifocal leu-
koencephalopathy or after a predetermined treatment course
of mitoxantrone because of the cumulative risk of cardiotox-
icity and leukemia.>*

Treatment interruptions leave patients vulnerable to break-
through disease activity.” The risks of disease reactivation after
interrupting therapy cited in the literature vary widely. Clinical
relapses have been reported in 9%-80% of patients who dis-
continued natalizamab,’ and severe relapses have been reported
in 10%-25% of patients who discontinued fingolimod.” Younger
patients, females, and those with higher prediscontinuation re-
lapse rates are at a higher risk of disease reactivation.*'* Cases of
rebound activity, defined as disease severity that exceeds the
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patient’s pretreatment baseline, have been reported after dis-
continuation of natalizumab and ﬁngolimod.ml_ls Growing
concern for disease reactivation after fingolimod cessation
resulted in an FDA alert in November 2018.'¢

An immediate transition between sequential therapies is
however not always possible because the diverse mecha-
nisms of DMTs often require a period of immune re-
constitution before commencement of a subsequent
therapy.'” Clinicians are therefore faced with a difficult bal-
ancing act in the period between treatment stop and starting
the next switch therapy. Thus far, very little data exist on
defining optimal wash-out times between ceasing a DMT
and starting a new DMT.

In this study, we evaluated the return of disease activity after
discontinuing DMTsS, focusing on the association of disease
activity with the duration of the untreated period. We aim to
better understand safe untreated intervals for commonly used
treatments in relapsing-remitting MS.
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Methods

Patients

Longitudinal data were extracted from 2 nonoverlapping ob-
servational registries: MSBase (139 centers; 33 countries) and
Observatoire Frangais de la Sclérose en Plaques (OFSEP) (39
French centers) in September and June 2020, respectively.
Patients with MS, who attended a participating center and
provided informed consent, were eligible for enrollment in
each respective registry. Patients with relapsing-remitting
MS'"®" who stopped a DMT after >1-year treatment expo-
sure were included in the analysis. Patients previously included
in a randomized controlled trial or treated with autologous
hematopoietic stem cell therapy were excluded. All eligible
patients who discontinued a sufficiently represented therapy
(defined below) were included in the analysis. Baseline was
defined as treatment cessation (date of the last treatment dose),
as entered by the treating clinician. Included patients required
1-year postbaseline follow-up and presence of the minimum
dataset. The minimum dataset consisted of baseline: age, sex
(categorized as male and female), MS duration, documentation
of relapses in the prior 12 months, treatment start and stop
date, and disability information as quantified by the Expanded
Disability Status Scale (EDSS) score at baseline and 2 sub-
sequent visits >6 months apart. The baseline visit occurred
within an interval of 180 days before or 30 days after treatment
stop. Subsequent visits were not required to occur before
commencement of the subsequent therapy.

Procedures

All DMTs with >200 recorded treatment discontinuation
epochs were included. Treatment with interferon-beta-1a SC,
interferon-beta-la IM, and interferon-beta-1b was merged
into an interferon group. Consecutive treatment entries were
merged into a continuous entry, given there was no in-
tervening therapy, and the gap between the entries did not
exceed 4 years for alemtuzumab, 2 years for cladribine, 365
days for rituximab or ocrelizumab, 190 days for mitoxantrone,
and 60 days for other DMTs. Where multiple DMTSs were
recorded simultaneously, the treatment end date of the pre-
vious therapy was imputed as the commencement date of the
following therapy.****

In patients who discontinued more than 1 eligible therapy
during their available follow-up, multiple treatment discon-
tinuations per patient were studied. Each treatment discon-
tinuation was termed a discontinuation epoch and was
defined as time from the 12 months before treatment dis-
continuation (baseline) until the last available EDSS score.
When evaluating trends in annualized rates of relapse (ARRs)
after treatment cessation, only the first 12 months after
treatment discontinuation were considered.

Treatment discontinuation reason was described as docu-
mented by the treating clinician. A scheduled stop in treatment
indicates that the patient has completed a treatment course of
predetermined duration (i.e, mitoxantrone treatment course

Neurology | Volume 99, Number 17 | October 25, 2022

or JC virus—seropositive patients on natalizumab), or treatment
stop was scheduled because of circumstances unrelated to in-
efficacy, intolerance, convenience, or pregnancy. The intention
to remain untreated or start a subsequent therapy was not
explicitly recorded at the time of treatment discontinuation.

Patient data were prospectively collected during routine clinical
care. Data were recorded into the MSBase data entry system or
European Database for Multiple (EDMUS)
(OFSEP).”*** Data quality assurance procedures were applied
(eTable 1, links.lww.com/WNL/C251).2°

Sclerosis

Study Outcomes

Relapses were defined as new symptoms, or exacerbation of
existing symptoms, for at least 24 hours in the absence of a
concurrent illness or fever and occurring >30 days after a
previous relapse.”® Confirmed disability accumulation was de-
fined as an increase in the EDSS by 1.5 step if the EDSS score
was 0 or 1 step if the EDSS score was 1-5.5 or an increase by 0.5
step if the baseline EDSS score was >5.5, confirmed over at
least 6 months (in the absence of a relapse in the 30 days before
confirmation) and sustained for the remainder of the discon-
tinuation epoch.”” Disability progression independent of re-
lapse activity was defined as confirmed disability accumulation
(see above), where the increase in disability could not be at-
tributed to a preceding relapse (ensured by the absence of a
recorded relapse between the EDSS score leading to the dis-
ability accumulation event and the most recent preceding
EDSS score).”® Relapse-associated worsening was defined as
6-month confirmed disability accumulation, where the increase
in disability was attributed to a preceding relapse. Neurostatus
EDSS certification was required at all participating centers.

ARRs were calculated in 2-month periods in the 12 months
before, and 12 months after, treatment cessation (1-month pe-
riod during months 0-1 and 1-2 after baseline) as the total
number of relapses divided by the number of patient-years.
Postbaseline ARRs in each 2-month period were stratified by
patients who remained untreated and those who had com-
menced a subsequent therapy. Patients moved from the “un-
treated” to the “started on new treatment” group on the date they
started a treatment after baseline. Within each 1-2 month period,
patients could therefore contribute some time to both the “un-
treated” and “started on a new treatment” groups. Patients
remained in the “started on new treatment” group, irrespective of
further changes in treatment status. As relapse activity often
increases in the 12 months before treatment cessation, we cal-
culated the ARR during months -24 to -12 as a visual reference of
relapse activity while stable on index DMT (only treated time
was included). Finally, pretreatment ARR was calculated using
up to 1 year of untreated time immediately before commence-
ment of the index therapy (where this information was available).

The primary endpoint was the ARR in the 12 months after
DMT discontinuation stratified by commencement of a
subsequent therapy. The secondary endpoints were cumula-
tive hazards of first relapse and disability accumulation after

Neurology.org/N
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Figure 1 Consort Diagram of Patient Disposition

Patients with RRMS who ever discontinued
MS therapy (N = 49,543):

+ MSBase (33,836)

+ OFSEP (15,707)

Excluded (n = 35,330):

controlled trial (248)

* Treated for less than 1 year (4,189)
+ Ever treated with autologous hematopoietic
stem cell transplant or included in a randomized

* Less than 1-year postcessation follow-up (15,248)
« Insufficient data on visits (15,466)
+ Insufficiently represented therapies (179)

Patients excluded due to insufficient visit data
did not have a baseline visit (with the EDSS
score recorded) within an interval of 180 days
before or 30 days after cessation of therapy or
had fewer than 2 postbaseline visits >6 months

Patients included (14,213):
+ MSBase (8,757)
+ OFSEP (5,456)

apart. Insufficiently represented therapies are
those with fewer than 200 recorded treatment
discontinuation events (alemtuzumab: 101;
cladribine: 36; daclizumab: 13; ocrelizumab: 3;
and rituximab: 26). EDSS = Expanded Disability
Status Scale; RRMS = relapsing-remitting mul-
tiple sclerosis.

treatment discontinuation. An additional analysis explored
the time to recurrence of the prebaseline level of relapse ac-
tivity after treatment discontinuation.

Standard Protocol Approvals, Registrations,
and Patient Consents

The MSBase registry” (ID ACTRN12605000455662) was
approved by the Melbourne Health Human Research Ethics
Committee and local ethics committees in all centers. The
OFSEP cohort” (ID NCT02889965) was collected with
approval from French Commission Nationale Informatique et
Libertés and French law relative to observational research.
Informed consent was obtained from all patients enrolled in
MSBase and OFSEP.

Statistical Analysis

Bootstrapped 95% ClIs were calculated for all ARRs and the
differences in the mean ARR between the untreated groups
and the groups who started new treatment.

In an additional analysis, the postbaseline ARR was weighted for
factors that may influence the decision to start a subsequent
therapy. The individual probability of starting a subsequent
therapy after baseline was calculated with a survival model, in-
cluding covariates as listed below. ARRs, weighted by the inverse
probability of commencing a subsequent therapy, were calcu-
lated in patients who remained untreated after baseline.**!

Cox proportional hazards models with treatment status
(treated/untreated) as a time-varying covariate were computed
to investigate the time to first relapse or disability accumulation
event. The time-varying covariate accounted for change in null
hazard function and allowed patients to switch once from un-
treated to treated. Patients were censored at the last follow-up.
A frailty term was included for patient identity, and disability
accumulation analyses were adjusted for visit density. The
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following baseline predictors were included in the model:
DMT, age, sex, MS duration, EDSS score, number of relapses
in the prior 12 months, year, and country. Schoenfeld residuals
were used to evaluate the proportionality assumption.

The time in which the same proportion of patients experi-
enced relapses as during the 2 years before treatment dis-
continuation was estimated with Cox proportional hazards
models (patients were censored at the earlier of commence-
ment of new therapy or last recorded follow-up).

Sensitivity analyses were performed: (1) using a more strin-
gent definition of relapses: only including events treated with
corticosteroids or documented by the treating clinician to be
severe (influencing activities of daily living or requiring hos-
pitalization); (2) excluding patients who stopped therapy
because of pregnancy or pregnancy planning; and (3) strati-
fication by the presence or absence of relapses in the year
before baseline. An additional visualization explored relapse
trends in patients who did, and did not, commence another
treatment within the first year after treatment discontinuation.

Data Availability

The MSBase and OFSEP registries are data processors and
warehouse data from individual principal investigators who
agree to share their datasets on a project-by-project basis. Data
access to external parties can be granted on reasonable request
at the sole discretion of the principal investigators, who will
need to be approached individually for permission.

Results

Patients and Follow-up
A total of 135,868 patients with MS (68,709 MSBase and
67,159 OFSEP) were assessed for study inclusion. Of 49,543

Neurology | Volume 99, Number 17 | October 25,2022
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Figure 2 Annualized Relapse Rate in the 12 Months Before Baseline (During Index Treatment) and After Treatment
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Baseline (treatment cessation) is indicated by time point 0 and represents the last recorded date of medication administration. The period after treatment
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indicated by the gray shaded area. Point and whiskers show the relapse rates in each epoch. Number of patients: patients who contribute some time to each
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before treatment start (number of patients with data available as indicated). The dashed black line is a visual reference of the mean relapse rate during the
second year before treatment cessation, with the shaded area indicating 95% Cls. Only treated time was included. Number of contributing patients:
mitoxantrone 211, natalizumab 2,558, fingolimod 1,229, dimethyl fumarate 552, teriflunomide 388, interferon 9,931, and glatiramer acetate 2,999.
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Table 1 Characteristics of the Study Population at Cessation of Index Therapy

Dimethyl Glatiramer
Source Mitoxantrone Natalizumab Fingolimod fumarate Teriflunomide Interferon acetate
Patients (% female) 214 (74) 2,453 (75) 1,279 (80) 553 (74) 389 (73) 8,933 (75) 2,891 (78)
Discontinuation epochs, n 215 2,573 1,304 555 389 9,985 3,008
Registry
OFSEP 64 (30) 1,163 (45) 376 (29) 264 (48) 170 (44) 3,640 (37) 1,172 (39)
MSBase 151 (70) 1,410 (55) 928 (71) 291 (52) 219 (56) 6,345 (63) 1,836 (61)
Age,y 38.7(10.2) 39.8 (10.0) 39.0(9.9) 40.5(11.0) 434 (11.1) 39.3(10.5) 40.8 (10.2)
Disease duration, y 8.7[5.8-13.7] 10.7 9.7 8.3[4.9-14.7] 10.9[5.9-17.4] 8.7 [5.0-14.1] 9.6 [5.7-15.0]
[6.5-15.9] [6.1-14.8]
Disability, EDSS step 40[3.0-6.0] 3.0[1.5-4.0] 2.5[1.5-4.0] 2.0[1.0-3.0] 2.0[1.5-3.5]  2.0[1.0-3.0] 2.0[1.5-4.0]
Relaps.e rate in 12 mo before 0.38 (0.79) 0.23 (0.56) 0.54(0.77)  0.44(0.70) 0.57 (0.68) 0.67 (0.88) 0.67 (0.86)
cessation
Duration of discontinued 1.7[1.3-2.0] 2.5[1.8-39] 2.3[1.5-34] 1.8[1.3-2.5] 1.7[1.3-2.4] 3.3[1.9-6.0] 2.9[1.7-5.2]
therapy, y
Reason for treatment
discontinuation (%)
Reason specified 113 (63) 1,998 (78) 1,115 (86) 476 (86) 345 (89) 7,078 (71) 2,239 (74)
Convenience 377 180 (9.0)? 56 (5.0 24 (5.1) 17 (4.9) 814 (11.5) 282 (12.6)°
Lack of efficacy 8(7.1)? 172 (8.6) 523 (46.9)" 159 (33.5)? 203 (58.8)° 2,970 (42.0)° 997 (44.5)
Lack of tolerance 4(3.5° 187 (9.3)° 217 (19.5) 196 (41.3)? 78 (22.6)° 1,767 (25.0)° 512 (22.9)°
Scheduled stop 97 (85.8)° 1,056 (52.7)* 79 (7.1)° 28 (5.9)° 26 (7.5)° 798 (11.3)° 213 (9.5)°
Pregnancy (including planned) 0 (0.0)* 256 (12.8)° 214(19.2 58(12.2)° 16 (4.6) 631 (8.9)° 195 (8.7)%
Others 1(0.9) 154 (7.7) 26 (2.3)° 10 (2.1)7 5(1.4)° 98 (1.4)° 40 (1.8)°
MRI: new or contrast-enhancing
lesions (%)
Baseline imaging available 41(19) 1,172 (46) 565 (43) 241 (43) 211 (54) 2,866 (29) 965 (32)
Absent 29 (71)° 1,093 (93  280(50)° 143 (59)° 76 (36)° 1,669 (58)° 495 (32)°
Present 12 (29)° 80 (7)° 285 (50)° 98 (41)° 135 (64)° 1,197 (42)° 470 (68)°
Time to next treatment, d 244 1[61-1,057] 64 [34-137] 52 [25-133] 39[6-133] 33[10-83] 14 [1-107] 16 [1-100]
Next treatment category (%)
High efficacy 38(17.7) 674 (26.2) 637 (48.8) 148 (26.7) 98 (25.2) 1,716 (17.2) 584 (19.4)
Medium efficacy 20(9.3) 1,407 (54.7)  335(25.7) 196 (35.3) 185 (47.6) 2,642 (26.5) 1,079 (35.9)
Low efficacy 116 (54.0) 349 (13.6) 152 (11.7) 147 (26.5) 68 (17.5) 4,816 (48.2) 1,077 (35.8)
None 41 (19.1) 143 (5.6) 180 (13.8) 64 (11.5) 38(9.8) 811 (8.1) 268 (8.9)
Prebaseline follow-up, y 4.0 [2.1-6.6] 5.5[3.1-9.2] 5.4[3.1-9.0] 4.6 [2.6-8.3] 5.2[2.6-10.5] 4.6[2.5-8.0] 5.0 [2.7-8.4]
Total time treated prebaseline 3.6 [2.1-6.3] 541[3.1-9.1] 5.3[3.1-8.8] 4.3[2.5-7.6] 4.5[2.3-8.7] 4.3[2.4-7.5] 4.4[2.5-7.4]
No. of previous DMTs 1[0-2] 101-2] 1[1-2] 1[1-2] 1[0-2] 0[0-1] 0[0-1]
Top previous DMT category (%)
High efficacy 13 (6.0) 378 (14.7) 333(25.5) 54 (9.7) 20 (5.1) 291 (2.9) 219(7.3)
Medium efficacy 2(0.9) 192 (7.5) 75 (5.8) 52 (9.4) 39 (10.0) 40 (0.4) 31 (1.0)
Low efficacy 142 (66.0) 1,647 (64.0) 683 (52.4) 315 (56.8) 219 (56.3) 2,531 (25.3) 1,165 (38.7)
Continued
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Table 1 Characteristics of the Study Population at Cessation of Index Therapy (continued)

Dimethyl Glatiramer
Source Mitoxantrone Natalizumab Fingolimod fumarate Teriflunomide Interferon acetate
None 58 (27.0) 356 (13.8) 213(16.3) 134 (24.1) 111 (28.5) 7,123 (71.3) 1,593 (53.0)
Postbaseline follow-up, y 9.3[6.7-12.1] 4.1[2.5-5.9] 2.8[1.9-4.1] 2.3[1.6-3.1] 2.1[1.5-3.0] 5.3[3.2-8.7] 4.8 [3.0-7.4]
Year of treatment cessation 2007 (4.5) 2014 (2.5) 2016 (1.7) 2016 (1.3) 2016 (1.5) 2011 (4.6) 2012 (3.7)

Abbreviations: DMT = disease-modifying therapy; EDSS = Expanded Disability Status Scale; OFSEP = Observatoire Francais de la Sclérose en Plaques.
Values are presented as mean (SD) or median [quartiles], unless otherwise stated.
Baseline refers to the date of treatment cessation. In patients in whom multiple eligible baselines were identified, multiple discontinuation epochs were

included.
MRI performed within 3 mo preceding treatment cessation.

High-efficacy therapies: natalizumab, rituximab, ocrelizumab, and mitoxantrone.

Medium-efficacy therapies: cladribine, fingolimod, and dimethyl fumarate.
Low-efficacy therapies: Interferons, glatiramer acetate, and teriflunomide.
2 Proportion with reason for treatment cessation available.

® Proportion with MRI available.

patients with relapsing-remitting MS who ever discontinued a
DMT, 14,213 were included in the analysis (10.5% of the
assessed population; Figure 1). Characteristics of the included
patients are shown in Table 1. eTable 2, links.Ilww.com/WNL/
C251, details the patient disposition per center and country.
Patient characteristics were comparable between registries
(eTable 3, linkslww.com/WNL/C251). Clinicodemographic
details of the included population were similar to patients with
MS who discontinued a MS therapy but were excluded from
the study (eTable 4, links.lww.com/WNL/C251).

Mitoxantrone and Natalizumab

Most patients treated with mitoxantrone and natalizumab
discontinued treatment because of a scheduled stop (85.8%
and 52.7%, respectively), rather than lack of efficacy (7.1%
and 8.6%, respectively). This is corroborated by stability in the
ARR over the 12 months before treatment discontinuation
and significant improvement in rates of relapse compared
with the pretreatment period (Figure 2).

Patients who discontinued mitoxantrone started a subsequent
therapy after a median time of 8 months (Table 1). After
cessation, relapse rates remained stable over the subsequent
year, with no difference in the ARR between patients who
remained untreated and those who started a subsequent ther-
apy (Table 2).

Patients who discontinued natalizumab started a sub-
sequent therapy after a median of 2 months. Fingolimod
was the subsequent treatment in 51%. From month 2-4
onward, rates of relapse increased above levels observed
during natalizumab treatment in both untreated patients
and those who commenced a subsequent therapy. ARRs
were lower in those who started a subsequent therapy from
month 2-4 (Table 2). Although ARRs peaked 4-6 months
after treatment cessation at approximately 1 relapse per
patient-year (0.98, CI 0.89-1.08), the pre-natalizumab
ARR (1.36, CI 1.28-1.44) was not exceeded.

Neurology | Volume 99, Number 17 | October 25, 2022

Fingolimod and Dimethyl Fumarate

33.5% of patients treated with dimethyl fumarate and 46.9% of
patients treated with fingolimod discontinued treatment because
of alack of efficacy. This is corroborated by a steady increase in the
ARR over the 12 months before baseline for both therapies
(Figure 2). After cessation of fingolimod, the median time to
commencement of a subsequent therapy was 1.7 months; 49% of
patients subsequently commenced a high-efficacy therapy
(Table 1). Patients who started a subsequent DMT early after
fingolimod cessation experienced stabilization in ARRs by month
2-4 (Figure 2). Patients who remained untreated had higher ARRs
than was observed in the second year before fingolimod cessation.
Compared with patients who were untreated, ARRs were signif-
icantly lower in those who commenced a new therapy from
month 1 to 2 onward (Table 2).

Among patients who did not commence another DMT 6-8
months after cessation of dimethyl fumarate, ARRSs transiently
increased above rates observed more than 1 year before base-
line (Figure 2). Rates of relapse remained stable over the first
year after dimethyl fumarate cessation in patients who started a
subsequent therapy.

Teriflunomide, Interferon, and

Glatiramer Acetate

Patients treated with teriflunomide, interferon, or glatiramer
acetate most often discontinued therapy because of a lack of
efficacy. This is supported by the steady rise in the ARR over
the year before treatment cessation. After treatment cessation,
relapse rates returned to the baseline rate on treatment.

Although the minority did not commence a subsequent therapy
(8.1%-9.8%), 44%-72% started a higher efficacy therapy after a
median of 2-4 weeks. ARRs in treated patients were lower than
those previously observed while stable on low-efficacy therapy,
most likely because of treatment escalation. Patients who started
a subsequent therapy had marginally lower ARRs than those
who remained untreated 8-10 months after teriflunomide

Neurology.org/N
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Table 2 Mean Difference in the Annualized Relapse Rate in Patients Who Are Untreated and Those Who Commence a

Subsequent Therapy After Baseline

Months Mitoxantrone Natalizumab Fingolimod Dimethyl fumarate Teriflunomide Interferon Glatiramer acetate
Mean [CI]
0-1 0.12 0.26 -0.06 -0.02 0.23 -0.04 0.0

[0.04 to 0.21]° [0.2 to 0.32]* [-0.25t0 0.14] [-0.17 t0 0.13] [0.06 to 0.39]° [-0.08 to 0.01] [-0.07 to 0.08]
1-2 -0.13 0.01 0.14 -0.07 -0.11 -0.02 0.11

[-0.48 t0 0.22] [-0.05 to 0.07] [0.01 to 0.29] [-0.22 t0 0.07] [-0.23 t0 0.01] [-0.06 to 0.02] [0.03 to 0.18]
2-4 0.11 0.15 0.47 0.08 0.09 0.04 0.09

[-0.11 to 0.34] [0.08 to 0.22] [0.37 to 0.57] [-0.01 t0 0.18] [-0.06 to 0.23] [0.01 to 0.07] [0.04 to 0.14]
4-6 0.06 0.38 0.26 -0.15 -0.03 0.11 0.09

[-0.12 t0 0.24] [0.28 to 0.47] [0.18 to 0.35] [-0.23 to 0.08] [-0.14 to 0.07]° [0.08 to 0.15] [0.03 to 0.14]
6-8 -0.06 0.13 0.05 0.27 0.12 0.05 -0.02

[-0.31 t0 0.18] [0.04 to 0.22] [-0.03 t0 0.12] [0.14 to 0.4] [-0.03 to 0.26]° [0.02 to 0.08] [-0.07 to 0.04]
8-10 0.17 0.36 0.21 0.14 0.2 0.13 0.12

[-0.07 to 0.41] [0.26 to 0.46] [0.12 to 0.3] [0.03 to 0.27] [0.03 to 0.38)° [0.1 to 0.16] [0.05 to 0.19]
10-12 -0.02 0.39 0.08 -0.09 -0.09 0.10 0.03

[-0.21 to 0.17] [0.28 to 0.5] [-0.02t0 0.18]  [-0.16 to 0.02] [-0.21t0 0.02]*  [0.06 to 0.13] [-0.03 to 0.08]

? Interpret with caution: small number of patients in either or both groups.
Statistically significant findings indicated in bold.

discontinuation, 2-4 months after stopping interferons, and 1-2
months after stopping glatiramer acetate (Table 2).

Weighted ARRs, adjusted for the determinants of the start of
subsequent therapy, were estimated for patients who had not
yet commenced a subsequent therapy after baseline (eFig-
ure 1, links.lww.com/WNL/C251). There were no significant
differences between the weighted and unweighted ARRs, and
the trends in rates of relapse remained consistent.

Predictors of Disease Reactivation After

DMT Cessation

Younger age, female sex, higher EDSS score, and higher ARR
in the prior 12 months were associated with a higher risk of a
postbaseline relapse (Table 3). Older age, male sex, longer
MS duration, and lower EDSS score were associated with a
higher risk of a first accumulation of disability event. A higher
number of relapses in the prior 12 months were associated
with a reduced risk of disability accumulation independent of
disease activity (0.92 [0.87-0.98]) but an increased risk of
relapse-associated worsening (1.1 [1.02-1.19]) (eTable S,
links.Iww.com/WNL/C251). The EDSS score was not a
predictor of disability accumulation independent of disease

activity (1.02 [0.99-1.05]).

Compared with interferon, cessation of natalizumab and fin-
golimod was associated with a 1.7-1.9 higher risk of a post-
baseline relapse and twice the risk of disability accumulation.
Commencement of a subsequent therapy reduced the risk of a
postbaseline relapse (0.76 [0.72-0.81]) and disability accu-
mulation (0.73 [0.65-0.80]).

Neurology.org/N

Estimates of the survival time from the cessation of index
therapy to the point when the same proportion of patients
experienced relapse as during the second year before baseline
are shown in eTable 6, links.lww.com/WNL/C251. These
estimates represent a proxy for the time to disease reactivation
after stopping therapy, accounting for the prebaseline on-
treatment level of relapse activity. During the time of stable
therapy, such an estimate would be expected to be approxi-
mately 12 months. Twenty-six percent of patients experi-
enced a relapse in year 2 before stopping mitoxantrone; the
same proportion of patients had a first relapse 10 months
(95% CI 8-16) after mitoxantrone cessation. By contrast,
23% of patients experienced a first relapse 4.8 months (95%
C13.9-6.9) after fingolimod cessation, and 17% experienced a
first relapse 4.8 months (95% CI 4.5-5.5) after natalizamab
cessation.

Sensitivity analyses, using (1) a more stringent definition of
relapses (eFigure 24, links.Iww.com/WNL/C251), (2) exclud-
ing patients who discontinued therapy because of pregnancy
(eFigure 2B, links.Iww.com/WNL/C251), and (3) stratified by
prebaseline relapses (eFigures 2C and 2D, linkslww.com/
WNL/C251), showed consistent trends in ARRs after treatment
discontinuation. Although relapse rates were higher in patients
with relapses in the year before treatment cessation (eFigure 3,
links.lww.com/WNL/C251), ARRs also increased in patients
who stopped different therapies in the absence of predis-
continuation relapses (Figure 3). Commencement of a sub-
sequent therapy helped mitigate the increase in rates of relapse.
Visualized trends in relapse rates in patients who did, and did not,
commence another treatment within the first year after
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Table 3 Predictors of Relapse and Disability Accumulation After Cessation of Therapy

Term

First relapse

First disability accumulation event

HR (95% ClI, p value)

Therapy

Interferon

Reference

Mitoxantrone

0.91 (0.74-1.13, p = 0.401)

1.12(0.81-1.55, p = 0.500)

Natalizumab

1.87 (1.73-2.03, p < 0.001)

2.06 (1.81-2.34, p < 0.001)

Fingolimod

1.67 (1.49-1.87, p < 0.001)

2.01(1.67-2.43, p < 0.001)

Dimethyl fumarate

1.08 (0.91-1.30, p = 0.373)

1.33(0.97-1.81, p = 0.079)

Teriflunomide

0.89 (0.70-1.11, p = 0.301)

1.08 (0.74-1.57, p = 0.699)

Glatiramer acetate

1.01 (0.94-1.08, p = 0.860)

1.17 (1.04-1.32, p = 0.007)

Age at cessation

0.97 (0.97-0.98, p < 0.001)

1.03 (1.02-1.03, p < 0.001)

Sex (male)

0.81(0.76-0.87, p < 0.001)

1.32(1.18-1.47, p < 0.001)

MS duration at cessation

1.00 (0.99-1.00, p = 0.105)

1.01 (1.00-1.02, p = 0.004)

EDSS score at cessation

1.05 (1.03-1.07, p < 0.001)

0.95 (0.93-0.98, p = 0.001)

No. of relapses in the prior 12 mo

1.27 (1.24-1.31, p < 0.001)

0.98 (0.93-1.03, p = 0.346)

Commencement of subsequent therapy

0.76 (0.72-0.81, p < 0.001)

0.73 (0.65-0.80, p < 0.001)

Year at cessation

0.93 (0.92-0.93, p < 0.001)

0.98 (0.97-0.99, p = 0.001)

Abbreviations: EDSS = Expanded Disability Status Scale; HR = hazard ratio; MS = multiple sclerosis. Analysis adjusted for country.

Statistically significant findings indicated in bold.

treatment discontinuation were consistent with the primary

analysis (eFigure 4, linksww.com/WNL/C251).

Discussion

In this observational study from 2 large registries, we explored
the return of disease activity after treatment cessation in MS.
The rate of disease reactivation differs among DMTs, with the
peaks of relapse activity ranging from 1 to 10 months in
untreated cohorts that discontinued different therapies. For
all studied therapies apart from mitoxantrone, disease reac-
tivation is reduced by the commencement of a subsequent
DMT within the first 10 months. Patients treated with nata-
lizumab and fingolimod are at a highest risk of clinical disease
activity after treatment cessation and benefit from the earliest
introduction of a subsequent therapy (within 1 month for
fingolimod and within 2 months for natalizumab). A higher
relapse rate in the year before treatment cessation is associ-
ated with a higher risk of posttreatment relapse. Although
being male, older, or having a lower EDSS score is associated
with a lower risk of relapse, these characteristics are associated
with a higher risk of posttreatment disability accumulation.

Consistent with the timing of pharmacodynamic natalizu-
32 . 4

mab reversal,”” relapse rates increased if a subsequent

DMT was started >8 weeks after cessation of natalizumab.

Neurology | Volume 99, Number 17 | October 25, 2022

This is supported by findings from the RESTORE in-
terruption of the natalizumab study, where 92% of relapses
occurred 8-24 weeks after natalizumab
discontinuation.*** In accordance with a post hoc analysis
of the AFFIRM, SENTINEL, and GLANCE studies, we
observed an increase in ARR after natalizumab discontin-
uation irrespective of the commencement of a new DMT"'’;
patients starting a new therapy did however have lower
ARRs than those who remained untreated after 2 months
from stopping natalizumab. Fingolimod was the most
common post-natalizumab therapy. A lack of rebound ac-
tivity is in keeping with an earlier MSBase study evaluating
relapse rates in patients who discontinued natalizumab and
started fingolimod.’

After fingolimod cessation, ARRs remained elevated when
commencement of a subsequent therapy was delayed by >1-2
months. This adds to previous evidence that relapse activity in-
creases within the first months after stopping fingolimod.'>*+333¢
This timeframe of clinical disease reactivation aligns with the
temporal profile of lymphocyte count reconstitution because
absolute lymphocyte counts reach the lower limit of normal 6-8
weeks after fingolimod discontinuation.>”

Mitoxantrone exerts a prolonged effect on suppressing relapse
activity after discontinuation, with no difference in ARR in
those who remained untreated vs those who commenced

Neurology.org/N
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Figure 3 Annualized Relapse Rate in the 12 Months Before Baseline (During Index Treatment) and After Treatment
Cessation in Patients Without Relapses in the Year Before Baseline
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Baseline (treatment cessation) is indicated by time point 0 and represents the last recorded date of medication administration. The period after treatment
cessation is stratified by patients who remained untreated or have started a new treatment (for each 1- or 2-month period). The on-treatment period is
indicated by the gray shaded area. Point and whiskers show the relapse rates in each epoch. Number of patients: patients who contribute some time to each
period. The pretreatment relapse rate and 95% Cl is indicated by the open circle and line. The relapse rate was calculated using up to 1 year of untreated time
immediately before treatment start. The dashed black line is a visual reference of the mean relapse rate during the second year before treatment cessation,
with the shaded area indicating 95% Cls. Only treated time was included.
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subsequent DMT in the first year after cessation. This sup-
ports mitoxantrone as an induction therapy, with a long-term
treatment effect.*®

Relapse rates before treatment discontinuation reflect the na-
ture of the treated cohorts and the reasons for discontinuation
of different DMTs. Therapies that are more often discontinued
due to inefficacy showed a gradual increase in relapse activity
before treatment cessation. By aligning baseline at treatment
cessation, an artificial peak in the ARRs was created for these
DMTs. Once the reason for treatment discontinuation passes,
patients return to baseline levels of disease activity. As all re-
lapses within 30 days constitute a single event, this refractory
period and regression to the mean contribute to the decline in
relapses after baseline, especially in lower-efficacy therapies.
Because the visualization of relapse rates is uncorrected for
differences in the cohorts, direct comparisons between thera-
pies are inappropriate. For instance, patients who relapse while
treated with fingolimod have a differential propensity for
neuroinflammatory activity than patients who relapse on lower-
efficacy DMTs.*

By contrast, natalizumab and mitoxantrone discontinuation
was frequently a scheduled stop. Because of an unfavorable
cumulative adverse event profile, mitoxantrone is adminis-
tered as a fixed treatment course, and natalizumab treatment
duration is limited in JC virus—seropositive patients.* Corre-
spondingly, ARRs remained stable in the period before
mitoxantrone and natalizumab cessation.

Identified predictors of the first relapse and disability accu-
mulation are consistent with several previous studies: higher
risk of relapse in females, younger patients, and those with a
higher ARR before treatment discontinuation.**>*° Deter-
minants of the risk of disability worsening after treatment
cessation are in keeping with known risk factors of disability
accumulation from natural history studies.*'** The small ef-
fect sizes for the risk of age, MS duration, and EDSS score in a
cohort of our size should, however, be noted.

Although the size of our cohort is a strength, the observational
nature of the data is its main limitation.** To minimize reporting
bias and error in the data, we applied a rigorous validated quality
control process.”> The requirement for 1-year treatment per-
sistence before discontinuation precludes generalizability of our
findings to patients with early treatment discontinuation. The
requirement for 1-year postdiscontinuation follow-up may have
resulted in an underrepresentation of patients with stable disease
after baseline. This study was not designed to compare post-
discontinuation disease activity between therapies. Outcomes
between treatments should thus not be compared. Therapies
with longer durations of action (anti-CD20 therapies, alemtu-
zumab, or cladribine) were not sufficiently represented for study
inclusion. Because of the paucity of available MRI data, we only
considered clinical markers of disease activity. Radiologic activity
after discontinuation may provide more granular information
about disease reactivation. A prospective trial with frequent
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neuroimaging would be required to study this further. Similarly,
prospective acquisition of a broad panel of biological markers
would be required to evaluate biological disease reactivation.
Lack of biological data further precluded the evaluation of pro-
longed post-fingolimod or dimethyl fumarate lymphopenia**°
on the timing of subsequent treatment commencement. Because
the reason for treatment discontinuation was only recorded for
63%-89% of discontinued therapies, analyses were not stratified
by this variable to minimize the risk of informative missingness.
Finally, relapses were analyzed as recorded by treating neurol-
ogists without a requirement for a validation with the EDSS
score. Our findings, however, were confirmed in sensitivity
analysis using a more stringent definition of relapses based on
their severity.

With an increasing number of therapies available for the
treatment of MS, decisions about treatment sequencing have
become more complex. Accurate estimates of safe untreated
intervals for different therapies are important to determine the
optimal timing of the start of the next treatment. The risk of
disease reactivation is strongly influenced by systematic dif-
ferences between the cohorts treated with different DMT's and
pharmacodynamics and pharmacokinetics of DMTs. Although
the risk of disease reactivation was reduced by starting a new
treatment across most studied therapies, patients treated with
lower-efficacy DMT's were at the lowest and patients treated
with antitrafficking agents (natalizumab and fingolimod) at the
highest risk of disease reactivation after stopping a treatment.
To minimize the risk of disease reactivation, we therefore
suggest that untreated intervals be minimized, while taking into
account potential safety consideration during treatment se-
quencing, which were not considered in this study. It is im-
portant that treatment decisions after discontinuation of DMT's
should be individualized to the clinical profile, including prior

on-treatment relapse activity, age, sex, and disability.
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analysis or interpretation of
data
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Appendix 1 (continued) Appendix 1 (continued)

Name Location Contribution Name Location Contribution

Julie Prevost,  CSSS Saint-Jérome, Saint-  Drafting/revision of the Olivier Gout, Fondation Rotschild, Drafting/revision of the

MD Jerome, Canada manuscript for content, MD Department of Neurology, manuscript for content,
including medical writing Paris, France including medical writing
for content; major role in for content; major role in
the acquisition of data; and the acquisition of data; and
analysis or interpretation of analysis or interpretation of
data data

Ludwig Neurologic Clinic and Drafting/revision of the Recai Haydarpasa Numune Drafting/revision of the

Kappos, MD Policlinic, Departments of ~ manuscript for content, Turkoglu, MD  Training and Research manuscript for content,

Medicine and Clinical
Research, University
Hospital and University of
Basel, Basel, Switzerland

including medical writing
for content; major role in
the acquisition of data; and
analysis or interpretation of
data

Hospital, Istanbul, Turkey

including medical writing
for content; major role in
the acquisition of data; and
analysis or interpretation of
data

Jean Pelletier, Aix Marseille Univ, APHM,  Drafting/revision of the Olivier Hopital de Poissy, Drafting/revision of the
PhD Hopital de la Timone, Pole  manuscript for content, Heinzlef, MD Department of Neurology, manuscript for content,
de Neurosciences including medical writing Poissy, France including medical writing
Cliniques, Service de for content; major role in for content; major role in
Neurologie, 13005 the acquisition of data; and the acquisition of data; and
Marseille, France analysis or interpretation of analysis or interpretation of
data data
Vahid Isfahan University of Drafting/revision of the Eric Department of Neurology, Drafting/revision of the
Shaygannejad, Medical Sciences, Isfahan,  manuscript for content, Thouvenot, Nimes University Hospital, manuscript for content,
MD Iran including medical writing PhD Nimes Cedex 9, France; including medical writing
for content; major role in Institut de Génomique for content; major role in
the acquisition of data; and Fonctionnelle, UMR5203, the acquisition of data; and
analysis or interpretation of INSERM 1191, Univ. analysis or interpretation of
data Montpellier, Montpellier data
Cedex 5, France
Bassem I. Nehme and Therese Drafting/revision of the
Yamout, MD Tohme Multiple Sclerosis ~ manuscript for content, Pamela Ann University of Queensland,  Drafting/revision of the
Center, American including medical writing McCombe, Brisbane, Australia; Royal ~ manuscript for content,
University of Beirut Medical for content; major role in MBBS Brisbane and Women'’s including medical writing
Center, Beirut, Lebanon the acquisition of data; and Hospital, Brisbane, for content; major role in
analysis or interpretation of Australia the acquisition of data; and
data analysis or interpretation of
data
Samia ) Nehme and Therese Drafting/revision of the
Khoury, MD Tohme Multiple Sclerosis ~ manuscript for content, Aysun Soysal,  Bakirkoy Education and Drafting/revision of the

Center, American
University of Beirut Medical
Center, Beirut, Lebanon

including medical writing
for content; major role in
the acquisition of data; and
analysis or interpretation of
data

Oliver Gerlach,

Department of Neurology,

Drafting/revision of the

MD

Research Hospital for
Psychiatric and
Neurological Diseases,
Istanbul, Turkey

manuscript for content,
including medical writing
for content; major role in
the acquisition of data; and
analysis or interpretation of
data

MD, PhD Zuyderland Medical Center, manuscript for content, Bertrand CHU de Rouen, Drafting/revision of the
Sittard-Geleen, including medical Bourre, MD Department of Neurology, manuscript for content,
Netherlands writing for content; Rouen, France including medical
major role in the writing for content;
acquisition of data; and major role in the
analysis or interpretation acquisition of data; and
of data analysis or interpretation
of data
Daniele L.A. Azienda Ospedaliera di Drafting/revision of the
Spitaleri, MD Rilievo Nazionale San manuscript for content, Mark Slee, Flinders University, Drafting/revision of the
Giuseppe Moscati Avellino, including medical BMBS, PhD Adelaide, Australia manuscript for content,
Avellino, Italy writing for content; including medical writing
major role in the for content; major role in
acquisition of data; and the acquisition of data; and
analysis or interpretation analysis or interpretation of
of data data
Vincent Van Cliniques Universitaires Drafting/revision of the Tamara Instituto de Investigacion Drafting/revision of the
Pesch, MD, PhD Saint-Luc, Université manuscript for content, Castillo- Sanitaria Biodonostia, manuscript for content,
Catholique de Louvain, including medical Trivino, MD Hospital Universitario including medical

Brussels, Belgium

writing for content;
major role in the
acquisition of data;
and analysis or
interpretation of data

Donostia, San Sebastian,
Spain

writing for content;
major role in the
acquisition of data;
and analysis or
interpretation of data
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Appendix 1 (continued)

Name

Location

Contribution

Name

Location

Contribution

Serge
Bakchine, PhD

CHU de Reims, Department
of Neurology, Reims cedex,
France

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data; and
analysis or interpretation of
data

Guy Laureys,
MD, PhD

Department of Neurology,
University Hospital Ghent,
Ghent, Belgium

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data; and
analysis or interpretation of
data

Radek
Ampapa, MD

Nemocnice Jihlava, Jihlava,
Czech Republic

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data; and
analysis or interpretation of
data

Liesbeth Van
Hijfte

Department of Neurology,
University Hospital Ghent,
Ghent, Belgium

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data; and
analysis or interpretation of
data

Ernest Gerard
Butler, MBBS

Monash Medical Centre,
Melbourne, Australia

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data; and
analysis or interpretation of
data

Cristina M
Ramo-Tello,
MD

Hospital Germans Trias i
Pujol, Badalona, Spain

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data; and
analysis or interpretation of
data

Abir Wahab, APHP, Hopital Henri Drafting/revision of the Nicolas CHU La Milétrie, Hopital Drafting/revision of the
MD Mondor, Department of manuscript for content, Maubeuge, MD Jean Bernard, Department manuscript for content,
Neurology, Créteil, France  including medical writing of Neurology, Poitiers, including medical writing

for content; major role in France for content; major role in
the acquisition of data; and the acquisition of data; and
analysis or interpretation of analysis or interpretation of
data data

Richard A. Austin Health, Melbourne,  Drafting/revision of the Suzanne Liverpool Hospital, Sydney, Drafting/revision of the

Macdonell, MD Australia manuscript for content, Hodgkinson, Australia manuscript for content,
including medical writing MBBS, PhD including medical writing
for content; major role in for content; major role in
the acquisition of data; and the acquisition of data; and
analysis or interpretation of analysis or interpretation of
data data

Eduardo University Hospital Reina Drafting/revision of the Joseé Luis Hospital de Galdakao- Drafting/revision of the

Aguera- Sofia, Cordoba, Spain manuscript for content, Sanchez- Usansolo, Galdakao, Spain  manuscript for content,

Morales, MD including medical writing Menoyo, MD including medical writing
for content; major role in for content; major role in
the acquisition of data; and the acquisition of data; and
analysis or interpretation of analysis or interpretation of
data data

Philippe Cabre, CHU de la Martinique, Drafting/revision of the Michael H Brain and Mind Centre, Drafting/revision of the

PhD Department of Neurology, manuscript for content, Barnett, PhD Sydney, Australia manuscript for content,

Fort-de-France, France including medical including medical
writing for content; writing for content;
major role in the major role in the
acquisition of data; and acquisition of data;
analysis or interpretation and analysis or
of data interpretation
of data
Nasr Haifa Hopital Sud Francilien, Drafting/revision of the
Ben, MD Department of Neurology, manuscript for content, Celine CHU Bicétre, Department  Drafting/revision of the

Corbeil Essonnes, France

including medical
writing for content;
major role in the
acquisition of data;
and analysis or
interpretation

of data

Labeyrie, MD

of Neurology, Le Kremlin
Bicétre, France

manuscript for content,
including medical
writing for content;
major role in the
acquisition of data;

and analysis or
interpretation of data

Anneke Van
der Walt, PhD

Department of Neurology,
The Alfred Hospital,
Melbourne, Australia;
Central Clinical School,
Monash University,
Melbourne, Australia

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data; and
analysis or interpretation of
data

Steve Vucic,
MBBS, PhD

Westmead Hospital,
Sydney, Australia

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data; and
analysis or interpretation of
data
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Appendix 1 (continued)

Appendix 1 (continued)

Name Location Contribution Name Location Contribution
Youssef Department of Neurology, Drafting/revision of the Helmut Department of Neurology, Drafting/revision of the
Sidhom, MD Razi Hospital, Manouba, manuscript for content, Butzkueven, The Alfred Hospital, manuscript for content,
Tunisia including medical writing MBBS, PhD Melbourne, Australia; including medical writing
for content; major role in Central Clinical School, for content; major role in
the acquisition of data; and Monash University, the acquisition of data;
analysis or interpretation of Melbourne, Australia study concept or design;
data and analysis or
interpretation of data
Riadh Gouider, Department of Neurology, Drafting/revision of the
MD Razi Hospital, Manouba, manuscript for content, Tomas CORe, Department of Drafting/revision of the
Tunisia including medical writing Kalincik, MD,  Medicine, University of manuscript for content,
for content; major role in PhD, Melbourne, Melbourne, including medical writing
the acquisition of data; and PGCertBiostat Australia; Melbourne MS for content; major role in

analysis or interpretation of
data

Tunde
Csepany, MD

Department of Neurology,
Faculty of Medicine,
University of Debrecen,
Debrecen, Hungary

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data; and
analysis or interpretation of
data

Centre, Department of
Neurology, Royal
Melbourne Hospital,
Melbourne, Australia

the acquisition of data;
study concept or design;
and analysis or
interpretation of data

Appendix 2 Coinvestigators

Javier Sotoca,
MD

Hospital Universitari
MuUtuaTerrassa, Barcelona,
Spain

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data; and
analysis or interpretation of
data

Koen de Gans,
MD

Groene Hart Ziekenhuis,
Gouda, Netherlands

Drafting/revision of the
manuscript for content,
including medical
writing for content;
major role in the
acquisition of data; and
analysis or interpretation
of data

Abdullah Al-
Asmi, MD

Sultan Qaboos University
Hospital, Al-Khodh, Oman

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data; and
analysis or interpretation of
data

Yara Dadalti
Fragoso, MSc,
MD, PhD

Universidade
Metropolitana de Santos,
Santos, Brazil

Drafting/revision of the
manuscript for content,
including medical
writing for content;
major role in the
acquisition of data;

and analysis or
interpretation

of data

Sandra
Vukusic, PhD

Service de neurologie,
sclérose en plaques,
pathologies de la myéline
et neuro-inflammation,
Hopital Neurologique
Pierre Wertheimer,
Hospices Civils de Lyon,
69677 Lyon/Bron, France;
Centre des Neurosciences
de Lyon, Observatoire
Francais de la Sclérose en
Plaques, INSERM 1028 et
CNRS UMR5292, 69003
Lyon, France; Université
Claude Bernard Lyon 1,
Faculté de médecine Lyon
Est, Lyon, France

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data;
study concept or design;
and analysis or
interpretation of data
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