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Abstract

Introduction Natalizumab has proved to be more effective than fingolimod in reducing disease activity in relapsing-remitting
multiple sclerosis (RRMS). Whether this association is universal for all patient groups remains to be determined.
Objective The aim of this study was to compare the relative effectiveness of natalizumab and fingolimod in RRMS subgroups
defined by the baseline demographic and clinical characteristics of interest.

Methods Patients with RRMS who were given natalizumab or fingolimod were identified in a merged cohort from three
international registries. Efficacy outcomes were compared across subgroups based on patients’ sex, age, disease duration,
Expanded Disability Status Scale (EDSS) score, and disease and magnetic resonance imaging (MRI) activity 12 months
prior to treatment initiation. Study endpoints were number of relapses (analyzed with weighted negative binomial general-
ized linear model) and 6-month confirmed disability worsening and improvement events (weighted Cox proportional hazards
model), recorded during study therapy. Each patient was weighted using inverse probability of treatment weighting based
on propensity score.
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Results A total of 5148 patients (natalizumab 1989; fingolimod 3159) were included, with a mean =+ standard deviation age
at baseline of 38 + 10 years, and the majority (72%) were women. The median on-treatment follow-up was 25 (quartiles
15-41) months. Natalizumab was associated with fewer relapses than fingolimod (incidence rate ratio [IRR]; 95% confidence
interval [CI]) in women (0.76; 0.65-0.88); in those aged < 38 years (0.64; 0.54-0.76); in those with disease duration < 7
years (0.63; 0.53-0.76); in those with EDSS score < 4 (0.75; 0.64-0.88), < 6 (0.80; 0.70-0.91), and > 6 (0.52; 0.31-0.86);
and in patients with pre-baseline relapses (0.74; 0.64-0.86). A higher probability of confirmed disability improvement on
natalizumab versus fingolimod (hazard ratio [HR]; 95% CI) was observed among women (1.36; 1.10-1.66); those aged
> 38 years (1.34; 1.04—1.73); those with disease duration > 7 years (1.33; 1.01-1.74); those with EDSS score < 6 (1.21;
1.01-1.46) and > 6 (1.93; 1.11-3.34); and patients with no new MRI lesion (1.73; 1.19-2.51).

Conclusions Overall, in women, younger patients, those with shorter disease durations, and patients with pre-treatment
relapses, natalizumab was associated with a lower frequency of multiple sclerosis relapses than fingolimod. It was also
associated with an increased chance of recovery from disability among most patients, particularly women and those with

no recent MRI activity.

Natalizumab was superior to fingolimod in reducing
relapse activity, mainly among women, younger patients,
those with shorter disease duration, and patients with
pre-treatment relapses.

Disability improvement was more commonly associ-
ated with natalizumab than with fingolimod, particularly
among women and patients without brain or spinal cord
magnetic resonance imaging activity preceding treatment
start.

The effectiveness of natalizumab and fingolimod on
disability worsening was comparable across the studied
subgroups.

1 Introduction

Natalizumab and fingolimod, two high-efficacy disease-
modifying therapies for multiple sclerosis (MS), both reduce
relapse rates, localized inflammatory activity detected on
magnetic resonance imaging (MRI), and risk of disability
worsening [1, 2]. Evidence from some but not all observa-
tional comparative analyses suggests a superior effect of
natalizumab, especially in patients with active disease [3—6].
However, the activity and the severity of MS varies consider-
ably among patients, and studies have shown that patients
of different demographic and clinical characteristics respond
to treatment differently [7]. In a subgroup analysis of the
AFFIRM and SENTINEL trials, natalizumab was found to
be more effective than placebo/interferon-f1a in reducing the
risk of sustained disability worsening in the following sub-
groups: women, patients aged < 40 years, patients with nine
or more T, lesions, and patients with at least one gadolinium-
enhancing (Gd+) lesion at baseline [8]. In a subgroup analysis
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of the phase IIl FREEDOMS study, compared with placebo,
fingolimod was most effective at reducing the risk of disabil-
ity worsening in males, patients who were naive to previous
treatment, patients with baseline Expanded Disability Status
Scale (EDSS) score > 3.5, and those with T, lesion volume
> 3300 mm? [9]. However, a head-to-head comparison of the
effectiveness of natalizumab versus fingolimod in different
subgroups of patients is yet to be explored.

The objective of this study was to determine the relative
effectiveness of natalizamab and fingolimod across subgroups
of patients with relapsing-remitting MS (RRMS), using data
from three large international registries, stratified by clinical
and demographic characteristics. This study is the second in a
series of three studies. The first study, based on three published
studies [3, 4, 10] of head-to-head comparisons of natalizumab
and fingolimod from the three cohorts, evaluated the differ-
ences in effectiveness between the two therapies in the com-
bined cohort and quantified heterogeneity in the data from the
three registries. Two of the three original studies [3, 4] showed
that natalizumab was more effective than fingolimod in the
prevention of relapses and disability worsening, whereas the
third study [10] reported no difference. The pooled analysis
confirmed the superior effect of natalizumab over fingolimod
in disability improvement and reduced relapse incidence in
patients who had experienced breakthrough disease activity
on first-line therapy [11]. This second study set out to identify
subgroups of patients who would benefit most from the superior
effectiveness of natalizumab versus fingolimod.

2 Methods
2.1 Ethics Statement

MSBase is an international MS registry (World Health
Organization International Clinical Trials Registry ID:
ACTRN12605000455662) of observational data collected
longitudinally as part of routine clinical care from 129
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mostly tertiary MS centres in 36 countries [12]. MSBase
was approved by the Melbourne Health Human Research
Ethics Committee and by the site institutional review boards,
unless exemptions were granted according to local regula-
tions. Written informed consent was obtained from enrolled
patients.

OFSEP (Observatoire Frangais de la Sclérose en Plaques;
French MS registry), Clinical Trials.gov ID: NCT02889965,
prospectively collects longitudinal data on clinical, biologi-
cal, and imaging markers from patients who provided writ-
ten informed consent following the French law on Bioethics
[13]. The storage of data for research purposes was approved
by the French Commission Nationale de 1'Informatique et
des Libertés.

The Danish Multiple Sclerosis Registry (DMSR) is a
nationwide population-based registry consisting of lon-
gitudinal data from all patients receiving disease-modi-
fying therapies [14]. Data are collected prospectively and
stored according to the data protection law of the Danish
Data Inspection. The Center for Data Review applications
approved the study (j. nr. 2012-58-0004/VD-2018-121
I-suite 6361).

2.2 Study Population, Intervention, and Follow-Up

Longitudinal demographic and clinical data were extracted
from MSBase on 15 May 2018. The MSBase data are
entered in the iMed or MSBase online data entry system
and are subject to minimum annual updates. Data quality
was assessed prior to data extraction as per standard MSBase
procedures [15].

The OFSEP cohort included data from 27 French uni-
versity hospitals extracted from European Database for
Multiple Sclerosis (EDMUS) software [16] in July 2014.
An automated consistency check was performed using the
EDMUS software.

The DMSR cohort was extracted from the Danish MS
Registry on 1 March 2018.

Only patients with RRMS who started natalizumab or
fingolimod (study therapy) for the first time on or after 1
January 2011 and continued for a minimum of 3 months
were included in this study. For each patient, baseline was
the recorded date of commencement of a study therapy.
Each patient was only allowed to contribute one instance
of exposure to a study therapy. Where multiple starts of
a study therapy were recorded, the earliest eligible treat-
ment exposure was used. Patients were censored at discon-
tinuation or change of study therapy or end of follow-up,
whichever occurred first. The minimum dataset included
date of birth, sex, date of first clinical presentation, date
of relapses, disease course, EDSS score recorded within 6
months before and 1 month after treatment initiation, and
two post-baseline visits 6 months apart with EDSS score

recorded, with at least one while on treatment. Patients who
underwent hematopoietic stem cell therapy, participated in
randomized trials involving studied agents, or were treated
with cyclophosphamide, cladribine, mitoxantrone, dacli-
zumab, rituximab, ocrelizumab, or alemtuzumab before
baseline were excluded. The reported MRI information
during the year preceding study baseline was also used for
analysis stratified by MRI activity (this was available only
from the MSBase and OFSEP databases). The OFSEP imag-
ing protocol mandates at least one brain MRI every 3 years
and one spinal cord MRI every 6 years performed at most 1
month before the consultation with the neurologist. MSBase
protocol stipulates that brain MRI is performed annually.
In total, 78.8% of the patients from the OFSEP cohort had
pre-baseline data on Gd+ T, lesions and new hyperintense
T, lesions. In the MSBase cohort, 42.5% of the patients had
data on Gd+ T, lesions (representing inflammatory break-
down of the blood-brain barrier preceding the pre-baseline
MRI by up to 6 weeks), and 26.2% had data on new hyper-
intense T, lesions (which refer to interval MRI activity since
the preceding brain MRI). To deal with the missing data, we
conducted a complete-case subgroup analysis in a subset of
patients with available pre-baseline MRI data (see Sect. 2.4).

2.3 Study Outcomes

Three clinical outcomes were evaluated to compare the rela-
tive effectiveness of the two study therapies in each patient
subgroup:

(1) Time to first relapse and number of on-treatment
relapses.

(i) Time to first and multiple 6-month confirmed dis-
ability worsening events. Worsening of disability was
defined by an increase of > 1.5 or 1.0 or 0.5 EDSS
steps if baseline EDSS score was 0 or 1.0-5.5 or >
5.5, respectively, that was sustained at all consecu-
tive visits over > 6 months, with confirmation not
preceded by a relapse within 30 days [17].

(iii) Time to first and multiple 6-month confirmed dis-
ability improvement events. An improvement was
defined as a decrease of 1.5 or > 1.0 or 0.5 EDSS
steps if baseline EDSS score was 1.5 or 2.0-6.0 or >
6.0, respectively, sustained at all consecutive visits
over > 6 months.

The EDSS score was re-baselined after each confirmed
disability worsening or improvement event to adjust for fluc-
tuation in EDSS scores [18]. Minimum EDSS score of the
visits recorded during the 6-month confirmation period was
used as a new baseline for evaluation of the next disability
worsening or improvement event [17].
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2.4 Statistical Analyses by Subgroups

Patients meeting the inclusion criteria were divided into
subgroups based on sex, age at baseline (by median), dis-
ease duration from symptom onset to start of treatment (by
median), baseline EDSS score (< 4.0, 4.0-5.5, < 6.0, > 6.0),
disease activity (relapse with or without disability worsen-
ing/disability worsening without relapse/none), and MRI
activity (not observed/observed any new hyperintense T, or
Gd+ T, lesions) in the year prior to baseline.

All patient records were weighted using inverse probabil-
ity of treatment weighting (IPTW) based on the propensity
score [3, 19]. The subgroup-specific propensity score was
generated using multivariable generalized linear mixed mod-
els with treatment allocation (natalizumab/fingolimod) as
the outcome variable and demographic and clinical variables
available at study baseline as the independent variables. The
independent variables included sex, age, EDSS score, and
disease duration at baseline, number of relapses, evidence of
disease activity (relapse, worsening of disability, or both) in
the year preceding baseline, and number of previous dis-
ease-modifying therapies. Subgroup-specific variables, for
example, sex, were not included in the multivariable models
used to generate the propensity score for the subgroups of
men and women. Country was modeled as a random effect.
Weight for each patient was then computed, which was the
ratio between the mean probability of receiving the treat-
ment and the predicted probability of receiving that treat-
ment for the given patient, obtained from the multivariable
generalized linear mixed model.

Cumulative hazard of a first relapse (i.e., probability of
remaining relapse free) was analyzed using a weighted Cox
proportional hazards model with robust variance estima-
tion. Counts of on-treatment relapses were modelled using
a weighted negative binomial generalized linear model with
logarithm of the study follow-up time as an offset. Cumulative
hazard of a first disability worsening and improvement were
evaluated separately using a weighted Cox proportional haz-
ards model with robust variance estimation, adjusted for annu-
alized visit density (visits per year). We used the weighted
Andersen—Gill model to analyze multiple worsening and
improvement events observed in a patient. Proportional haz-
ards assumption was assessed with Schoenfeld residuals, and
violation of the assumption was corrected by introducing an
interaction term of the relevant variable with a time variable.
All analyses were performed using R (version 3.4.0) [20].

3 Results

A total of 5148 patients fulfilling the inclusion criteria were
identified in the three registry datasets (Fig. 1). The mean
age of the patients at baseline was 38 + standard deviation
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(SD) 10 (range 12-77) years with a median disease dura-
tion of 6.9 (quartiles 3.1-12.5) years. The majority (72%)
of the patients were women. Pre-baseline MRI data were
available for 47.5 and 78.8% patients in the MSBase and
OFSEP cohorts, respectively. Table 1 shows patient base-
line characteristics. Overall, 1989 patients received natali-
zumab and 3159 received fingolimod, with median (quar-
tiles) on-treatment follow-up times of 24 (15-38) and 26
(15—43) months, respectively (Table 2). Annualized visit
density with EDSS score recorded as expected was higher
for patients treated with natalizumab than for those receiving
fingolimod (Table 2). Standardized mean differences were
calculated to compare the balance in baseline characteris-
tics between the two treatment groups (Table 3). Five of the
seven covariates used in the generalized linear mixed model
to estimate the propensity score had a standardized mean
difference that exceeded 10%, indicating imbalance in these
covariates between treatment groups. The largest differences
were observed for number of relapses in the year preced-
ing baseline (36.8%) and EDSS score at baseline (32.0%).
Weighting by the inverse probability of treatment substan-
tially improved the balance between groups (Table 3). The
largest standardized difference in the weighted sample was
4.5% (for EDSS score at baseline). Table 4 shows the base-
line characteristics of the patients in the weighted sample.

3.1 Sex

The mean + SD age of female patients at baseline was 38
+ 10 years with median (quartiles) disease duration of 7.2
(3.3-12.9) years and median (quartiles) EDSS score of
2.5 (1.5-3.5). Male patients included in the analyses were
slightly younger, with a mean + SD age of 37 + 10 years.
The median EDSS score of the male patients was the same
as that of the female patients, with a slightly shorter median
(quartiles) disease duration of 6.2 (2.8—11.8) years.

Among the women, the incidence rate ratio (IRR) of on-
treatment relapse was lower with natalizumab than with fin-
golimod (IRR 0.76; 95% confidence interval [CI] 0.65-0.88;
Fig. 2), which was supported by a lower likelihood of first
relapse among natalizumab-treated patients (hazard ratio
[HR] 0.79; 95% CI 0.63-0.98).

Natalizumab was also associated with a higher chance of
disability improvement among women. The probability of
the first confirmed disability improvement was 1.40 (95%
CI 1.13-1.73; Fig. 3) times higher in women treated with
natalizumab than in those on fingolimod. The cumulative
probability of multiple disability improvement events con-
firmed the benefit of natalizumab over fingolimod (HR 1.36;
95% CI 1.10-1.66).

We did not find any evidence for difference in the risk of
any of the studied outcomes among men (Figs. 2, 3 and 4).
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Fig. 1 Flow diagram of patients
included in the analyses. DMT

Patients exposed to natalizumab or fingolimod on/after 01.01.2011

disease-modifying therapy, FTY

fingolimod, MS multiple scle-

rosis, NAT natalizumab, RCT MSBase

iz;l;iosrirrlllzer(i r;(i)triitgolled trial, RR NAT 3188:
prine £ FTY 6435

OFSEP registry Danish registry
NAT 630; NAT 888;
FTY 570 FTY 1168

v \ 4

Continued monotherapy at least 90 days (10,633)
NAT 3892; FTY 6741

Excluded

MS course other than RR
(1162)

Previous inclusion in RCT or
treatment with DMT (319)
No pre-baseline visit (2768)

\4

v

At least one visit within six months before baseline

NAT (2413); FTY (3971)

6384

At least one on-treatment visit and
two follow-up visits 180 days apart (5157)
NAT (1996); FTY (3161)

»| Excluded
Erroneous data (9)

A4

Patients included in the analyses (5148)
NAT (1989); FTY (3159)

3.2 Age at Baseline

Older age at baseline was associated with longer disease
duration and higher EDSS score (Table 1).

Natalizumab was associated with a lower incidence of
on-treatment relapses than fingolimod in patients aged <38
years (IRR 0.64; 95% CI 0.54-0.76; Fig. 2). The probability
of first relapse was also lower (HR 0.66; 95% CI 0.55-0.78)
among patients of this age group who were treated with
natalizumab.

However, patients aged >38 years experienced a 1.34
times (Fig. 3) higher chance of disability improvement as
estimated for the first (HR 1.34; 95% CI 1.03-1.75) and
multiple (HR 1.34; 95% CI 1.04-1.73) improvement events
when treated with natalizumab compared with fingolimod.

Similar trends, but of a marginally smaller magnitude, were
also seen among patients aged <38 years.

3.3 Disease Duration at Baseline

Patients with disease duration < 7 years were on average
younger and had lower median EDSS scores than patients
with disease duration > 7 years (Table 1).

Among the subgroup with shorter disease duration (<
7 years), natalizaumab was associated with a lower risk of
first relapse (HR 0.66; 95% CI 0.56-0.79; Fig. 2) and a
lower relapse rate than was fingolimod (IRR 0.63; 95% CI
0.53-0.76).

The chance of disability improvement trended towards
higher with natalizumab in both subgroups (disease duration

A\ Adis
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Table 1 Baseline characteristics of study subgroups

Characteristics Sample size Sex (% women) Age, years Disease duration, years EDSS score
Sex
Men 1450 - 3710 6.2 (2.8-11.8) 2.5(1.5-3.5)
Women 3698 - 3810 7.2 (3.3-12.9) 2.5(1.5-3.5)
Age, years
<38 2616 70 - 5.0(2.2-8.8) 2.0 (1.5-3.0)
> 38 2532 74 - 10.0 (4.9-16.2) 3.0 (2.0-4.0)
Disease duration, years
<7 2587 70 33 (27-41) - 2.0 (1.5-3.0)
>7 2561 74 41+9 - 3.0 (2.0-4.0)
EDSS score
<4 3940 72 36 (30-43) 6.1(2.7-11.0) -
4-5.5 932 72 41 +10 10.1 (5.6-16.4) -
<6 4872 72 37 (30-44) 6.7(3.0-12.2) -
>6 276 75 44 + 11 11.0 (6.2-17.9) -
Disease activity within 12 months before BL
Relapse with or without disability worsening 3291 71 37+ 10 6.5 (2.7-12.1) 2.5(1.5-3.5)
Disability worsening without relapse 419 70 39+ 10 8.1 (4.3-13.9) 3.0 (2.0-4.0)
None 1438 74 40 (33-46) 7.6 (3.8-13.2) 2.0 (1.5-3.5)
MRI activity reported within 12 months French MS registry:
before BL 324 (Ty: 324; T,:
324)
MSBase registry:
1563 (T,: 1400;
T,: 864)
No evidence of new or active lesion 623 71 39 (32-46) 7.9 (4.1-13.1) 2.5 (1.5-4.0)
> 1 new hyperintense T, lesion or Gd+ T, 1264 73 34 (27-42) 5.6 (2.3-10.1) 2.0 (1.5-3.0)
lesion

Data are presented as mean =+ standard deviation or median (quartiles) unless otherwise indicated

BL baseline, EDSS Expanded Disability Status Scale, Gd+ gadolinium enhancing, MRI magnetic resonance imaging, MS multiple sclerosis

Table 2 Treatment duration and number of visits with Expanded Disability Status Scale scores recorded per year by treatment in the three regis-

tries

Registry Treatment duration, months EDSS scores recorded per year

Natalizumab Fingolimod Natalizumab Fingolimod
Combined cohort 24 (15-38) 26 (15-43) 2.5(1.8-4.3) 22(1.6-3.2)
Danish MS registry 31 (19-49) 41 (24-56) 2.3 (1.8-3.0) 2.0(1.6-2.3)
French MS registry 24 (18-30) 18 (14-23) 3.0(1.8-11.8) 2.3(1.8-3.0)
MSBase registry 22 (13-34) 24 (13-38) 2.7 (1.8-4.9) 2.5(1.6-3.9)

Data are presented as median (quartiles)
EDSS Expanded Disability Status Scale, MS multiple sclerosis

<7 years [HR 1.17; 95% C1 0.93-1.47] and > 7 years [HR
1.33;95% CI 1.01-1.74]; Fig. 3).

3.4 Baseline Expanded Disability Status Scale Score
Patients from the subgroups with higher baseline EDSS

scores tended to be older and have longer disease durations
than those with lower EDSS scores (Table 1).
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In the subgroup of those with EDSS scores < 4, natali-

zumab was more efficient than fingolimod at reducing on-
treatment number of relapses (IRR 0.75; 95% CI 0.64-0.88;
Fig. 2). Among patients with EDSS scores 4-5.5, no sub-
stantial difference in the effectiveness of natalizumab and
fingolimod on reducing relapse frequency was seen. How-
ever, patients with EDSS scores < 6 who were treated with
natalizumab experienced fewer relapses (IRR 0.80; 95% CI
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Table 3 Standardized mean differences in unweighted and weighted samples
Characteristics Unweighted Weighted
Natalizumab Fingolimod SMD (%) Natalizumab Fingolimod SMD (%)
Sex
Men 27.05% 28.87% 4.06 28.46% 28% 1.02
Women 72.95% 71.13% 4.06 71.54% 72% 1.02
Age at BL, years 36.95 + 10.35 38.52+9.84 15.54 38.2 +10.59 3797 +9.88 223
Disease duration at BL, years 7.99 + 6.97 9.1+7.18 15.72 8.81 +7.65 8.67 + 6.97 2.03
BL EDSS score 295+ 1.58 2.45+1.53 32.01 273 +1.52 266+159 453
Number of relapses 12 months before BL 1.18 +1.03 0.83 +0.85 36.76 0.99 +0.94 097 +097  2.05
Number of previous DMT 1.27 + 1 1.36 = 0.94 8.38 1.33 +1.05 1.33+093  0.02
Disease activity 12 months before BL
Disability worsening without relapse 160 (8.04) 259 (8.2) 0.57 8.42% 8.41% 0.03
Relapse without disability worsening 886 (44.54) 1273 (40.3) 8.6 42.15% 41.48% 1.34
Relapse with disability worsening 533 (26.8) 599 (18.96) 18.74 22.9% 22.1% 1.92
None 410 (20.61) 1028 (32.54) 27.25 26.54% 28.01% 3.31

Data are presented as n (%) or mean =+ standard deviation unless otherwise indicated
BL baseline, DMT disease-modifying therapy, EDSS Expanded Disability Status Scale, SMD standardized mean difference

0.70-0.91) than did patients treated with fingolimod. The
largest relative reduction in relapse incidence associated
with natalizumab was observed among patients with EDSS
scores > 6 (IRR 0.52; 95% CI 0.31-0.86).

Among patients with EDSS scores 4-5.5, the disabil-
ity improvement tended to be more frequent with natali-
zumab than with fingolimod (HR 1.37; 95% CI 0.98-1.90;
Fig. 3). However, natalizumab was estimated to accelerate
recovery by 1.21 times in patients with EDSS scores <6,
confirmed by first (95% CI 1.01-1.46) and multiple (95%
CI 1.00-1.45) disability improvement events. Patients with
EDSS scores > 6 also benefited from natalizumab more than
from fingolimod and had a 1.93 times higher chance (95% CI
1.11-3.34) of first disability improvement event compared
with fingolimod.

3.5 Pre-Baseline Disease Activity

Patients who experienced disability worsening without
relapse during the 12 months preceding study baseline
tended to be slightly older and have a longer disease dura-
tion and higher EDSS score than patients who experienced
relapse with or without worsening (Table 1).

The presence of a pre-baseline relapse was associated
with a superior response to natalizaumab. Patients from this
subgroup had a lower risk of first relapse (HR 0.79; 95%
CI 0.63-0.98) and a lower incidence of relapses (IRR 0.74;
95% CI 0.64-0.86) when treated with natalizumab compared
with fingolimod (Fig. 2). Similarly, natalizumab tended to
reduce the risk of first relapse (HR 0.67; 95% CI 0.42-1.07)
and relapse incidence (IRR 0.71; 95% CI 0.43-1.17) in

comparison with fingolimod among patients who experi-
enced disability worsening without relapse. However, we
did not find unequivocal evidence in this subgroup, which
was relatively small compared with the subgroup with
relapses with or without disability worsening (419 vs. 3291,
respectively).

A higher chance of disability improvement (HR 1.23;
95% CI 1.00-1.50) was estimated among natalizumab-
treated patients who experienced pre-baseline relapse
regardless of disability worsening (Fig. 3). In the relatively
smaller subgroup of patients who experienced disability
worsening in the absence of relapses, the effectiveness of
natalizumab and fingolimod on disability improvement and
worsening were comparable.

3.6 Pre-Baseline Magnetic Resonance Imaging
Activity

Patients with either brain or spinal cord MRI activity cap-
tured within 12 months prior to baseline tended to be rela-
tively younger and have a shorter disease duration and lower
disability (Table 1).

Significant reduction in on-treatment relapse frequency
was observed among natalizumab-treated patients in both
MRI subgroups (Fig. 2). This reduction was slightly more
pronounced among patients with MRI activity (IRR 0.46;
95% CI 0.35-0.61) than in those with no observed new
lesions (IRR 0.62; 95% CI 0.49-0.77). This was supported
by the cumulative hazard of first relapse (Fig. 2).

Natalizumab was also more effective at increasing the
chance of disability improvement among patients who had
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Table 4 Baseline characteristics of study subgroups in the weighted sample

Characteristics Natalizumab Fingolimod
Sex Age, years Disease dura- EDSS score  Sex Age, years Disease dura- EDSS score
(% women) tion, years (% women) tion, years
Sex
Men - 37 +£10.7 6.2(2.5-12.2) 2.5(2.0-35) - 37+9.7 6.3(3.0-11.6) 2.5(1.5-3.5)
Women - 38 +10.6 7.3(2.9-13.2) 2.5(1.5-35) - 38+99 7.3(3.4-12.9) 2.5(1.5-3.5)
Age, years
<38 70 - 5.0(2.0-8.9) 2.0 (1.5-3.0) 70 - 4.9 (2.4-8.9) 2.0 (1.5-3.0)
> 38 73 - 10.0 (4.5-16.6) 3.0 (2.0-4.0) 74 - 9.9 (5.1-16.0) 3.0 (2.0-4.0)
Disease duration,
years
<7 69 34+106 - 2.0(1.5-3.0) 69 34+97 - 2.0 (1.5-3.0)
>7 74 41+90 - 3.0(2.0-4.0) 74 41+87 - 3.0 (2.0-4.0)
EDSS score
<4 71 36 +10.4 6.1 (3.3-11.6) 72 36 +9.6 6.0(2.7-10.9) -
4-5.5 73 42 +10.2 10.5(5.3-16.8) 73 42+98 10.1(6.1-16.2) -
<6 71 37+10.5 6.7 (2.6-12.5) 72 37+9.7 6.8(3.1-12.0) -
>6 75 43 +10.8 11.0(6.2-18.1) 75 44 +103 123(59-18.1) -
Disease activity
within 12 months
before BL
Relapse with or 72 37+10.6 6.7 (2.5-12.3) 2.5(1.5-35) 72 37+9.7  6.4(2.8-12.1) 2.5(1.5-3.5)
without disability
worsening
Disability worsening 68 39 +10.1 7.9 (3.8-14.4) 3.0(2.0-4.0) 69 39+£95 8.2(4.4-13.7) 3.0 (2.04.0)
without relapse
None 71 41 +11.1 8.1(3.7-15.5) 2.5(1.5-3.5) 73 39 +10.0 7.9 (4.0-13.1) 2.0 (1.5-3.5)
MRI activity within
12 months before
BL
Not observed 84 39 +10.1 9.2(5.1-15.2) 4.0 (2.0-5.0) 73 39+98 88(4.9-12.77) 2.5(1.54.0)
Observed (> 1 new 72 36 +11.1 5.0(1.8-9.6) 2.0(1.5-3.0) 74 35+£9.6 4.6(2.2-9.3) 2.0(1.5-3.5)

hyperintense T,
lesion or Gd+ T,
lesion)

Data are presented as mean =+ standard deviation or median (quartiles) unless otherwise indicated

BL baseline, EDSS Expanded Disability Status Scale, Gd+ gadolinium enhancing, MRI magnetic resonance imaging

no new MRI lesion recorded during the year prior to treat-
ment initiation (HR 1.73; 95% CI 1.19-2.51; Fig. 3).

4 Discussion

We studied large cohorts from three international regis-
tries to evaluate the conditional comparative effectiveness
of natalizumab and fingolimod in different subgroups of
patients with RRMS. The extent to which natalizumab was
associated with a superior reduction of relapses and recov-
ery from disability when compared with fingolimod varied
among different subpopulations with RRMS, and this het-
erogeneity was too large to be accounted for by chance alone
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[21]. The observed heterogeneity was closely associated
with patients’ demographic and clinical characteristics. The
superior effect of natalizumab on reducing relapse activity
was observed mainly among women, younger patients, those
with shorter disease duration, and those with pre-treatment
relapses. Natalizumab was more commonly associated with
disability improvement than was fingolimod, particularly
among women and patients without brain or spinal cord MRI
activity preceding baseline. The effectiveness of natalizumab
and fingolimod on disability worsening was comparable
across the subgroups [3, 4, 10, 11].

The pattern that is emerging from this and other stud-
ies indicates that the benefit from more potent therapies
in reducing relapse frequency is more pronounced among



Natalizumab vs Fingolimod in Multiple Sclerosis Subgroups

1225

n

Estimate (95% CI)
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patients with more active disease [3, 4, 10, 22]. For instance,
it is known that women tend to experience a more relaps-
ing course of MS than men [23, 24] and that male sex is
associated with a marginally poorer prognosis and lower
chance of recovery than female sex [17, 25, 26]. It is there-
fore not surprising that natalizumab is more effective than
fingolimod in preventing relapses and allowing improve-
ment of neurological capacity in women. A previous study
reported an average 17% reduction in relapse rate for every
5 years post-onset, with the exception of patients who were
younger at disease onset. Patients aged < 20 years at onset
had increased relapse, which peaked at 20-30 years of age
[23]. In the present study, patients aged < 38 years benefited
more from natalizumab than from fingolimod in terms of

reduced relapse incidence. A relatively superior effect of
natalizumab on relapse occurrence was also observed in
the subgroup of patients with disease duration < 7 years.
This implies that natalizumab demonstrated the greatest
potential to modify relapse rates during the early years of
disease when risk of relapse is higher [24]. In the subgroup
of patients with an EDSS score > 6, a beneficial effect of
natalizumab on relapse incidence was identified, despite the
small sample size. Further, pre-baseline activity (relapse and
even disability worsening) was found to be an indicator of a
relatively superior response to natalizumab. This finding is
consistent with previously reported subgroup analyses that
demonstrated greater treatment benefits with natalizumab
in patients with more active disease compared with placebo
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Fig. 3 Probability of disability
improvement on natalizumab

Subgroup

n HR (95% CI)

and fingolimod among sub- Sex
groups. Hazard ratio (95%

CI) of first (light green) and
multiple (dark green) 6-month
confirmed disability improve-
ments in different patient sub-
groups. CI confidence interval,

Male
Female

Age at baseline, years

EDSS Expanded Disability <=38

Status Scale, FTY fingolimod,

HR hazard ratio, MRI mag- >38

netic resonance imaging, NAT

natalizumab Disease duration at baseline, years
<=7
>7

Baseline EDSS score
<4

Pre-baseline disease activity
Worsening without

relapse
Relapse with or without
worsening

None

Pre-baseline MRI activity

Not observed

Observed

HR (95% CI) of first improvement

[8]. Patients with no pre-baseline disease activity did not
benefit more from natalizumab than from fingolimod.
Another emerging pattern suggests that natalizumab is
superior to fingolimod in allowing improvement in disability
status among patients with a more significant prior MS history
(such as greater EDSS score and potentially also MS duration
> 7 years or age > 38 years). One possible explanation for
these findings is that, in patients with greater disability, poten-
tially with a low chance of improvement [17], natalizumab
being a more potent therapy than fingolimod increases the
chance more than fingolimod. In the subgroup of patients with
pre-baseline disability worsening but without relapses, natali-
zumab did not demonstrate a greater chance of recovery than
fingolimod. Admittedly, the superior effect of natalizumab on
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disability improvement was observed in most of the groups,
with only small variations in the magnitude of this effect. Of
note is the increased chance of disability improvement with
natalizumab versus fingolimod among the patients with no
new MRI lesion recorded within the year before treatment
initiation. MRI activity may herald imminent worsening of
disability that could not be prevented once an MRI lesion
has been established [27]. One would then expect that a rela-
tively more potent immunotherapy would allow more effec-
tive recovery from disability among patients in whom MRI
activity was not present at treatment start. In patients where
MRI activity was already established before they commenced
natalizumab or fingolimod, the capacity of both these thera-
pies to reduce disability may be restricted and comparable.



Natalizumab vs Fingolimod in Multiple Sclerosis Subgroups 1227
Fig.4 Risk of disability Subgroup n HR (95% CI)
worsening on natalizumab and
fingolimod among subgroups. Sex
Hazard ratio (95% CI) of first |
(light red) and multiple (dark Male 1450 099 050 133 - —
red) 6-month confirmed disabil- ’
ity worsening events in different Female 3698 Hg égg(l)’ i 2‘7‘% | .- | !
patient subgroups. CI confi- ’ o
dence interval, EDSS Expanded Age at baseline, years
Disability Status Scale, FTY <=38 2616 1.11 (0.76. 1.62 f——a——
fingolimod, HR hazard ratio, 1.11 §0.78, 1 603 —ao——
MRI magnetic resonance imag- ~38 2532 1.08 (0.83. 142 = i
ing, NAT natalizumab 1.06 §0.82: 1 36% —=—
Disease duration at baseline, years
<=7 2587 1.15(0.84, 1.57 e
1.15(0.86, 1.53 e
>7 2561 1.09 (0.81, 1.48 A
1.07 (0.81, 1.43 —a
Baseline EDSS score
<4 3940 1.28 (0.98, 1.66) —a—
1.23 (0.96, 1.57) —a—
4-5.5 932 0.99 (0.63, 1.55 ]
1.01 (0.67, 1.54 —a
<6 4872 1.18 (0.94, 1.48 —a—
1.15(0.93, 1.42 —=—
>=6 276 1.00(0.84,1.18 —=—
0.64 (0.32, 1.28 —a—]
Pre-baseline disease activity
Worsening without . ,
419 1.10 (0.59, 2.05 r = 1
relapse 1.14 (0.67, 1.96 | = i
Rel ith ithout
capse with of withiou 3291 1.07(0.81,1.41 ——
worsening 1.06 (0.82, 1.38 —a—
None 1438 1.17(0.77, 1.78 A
0.98 (0.83, 1.16 —=—
Pre-baseline MRI activity
Absent 1569 0.82 (0.54, 1.26 —a—
0.78 (0.52,1.17 —a—
Present 1264 1.01 (0.64, 1.61 e
1.13 (0.73, 1.76  — ——
[ I I I |
0 0.5 1 1.5 2

= HR (95% CI) of first worsening event

On the other hand, where the disease was previously radio-
logically stable, natalizumab may exert a superior effect on
reducing further inflammation within the central nervous sys-
tem than fingolimod, thus allowing more efficient recovery
of neurological function. Taken together, these observations
suggest that natalizumab may allow a more complete recovery
of function in patients with less functional reserve [28].

Finally, in keeping with all previously published studies,
the capacity of natalizumab and fingolimod to reduce the
risk of disability worsening was comparable [3, 4, 10]. This
observation was homogenous across the studied subgroups,
suggesting that the protection from future inflammation that
results in permanent disabiltiy is modulated similarly by the
two compared agents.

< Favours NAT Favours FTY —

® HR (95% CI) of multiple worsening events

The lack of randomization in treatment allocation may
have introduced bias in estimates of treatment effects. We
addressed this limitation by implementing a rigorous statisti-
cal approach where each study patient was weighted using
IPTW based on propensity score. The propensity score
model ensured the balance between treatment groups on
measured covariates. However, the propensity score match-
ing did not adjust for unknown confounders. Although the
propensity score model included all relevant available covar-
iates, stratification into subgroups was univariate. Therefore,
we refrained from making comparisons of the relative treat-
ment effectiveness of natalizumab and fingolimod across
subgroups and instead focused on emphasizing patient
groups in which the identified difference between the two
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therapies was most pronounced. The MRI data were limited
and only available in the MSBase and OFSEP databases.
Emerging complementary biomarkers, such as serum neu-
rofilament light concentration, may improve comparability
of data originating from multiple diverse sources [29]. Also,
no data for safety of the studied treatments and the risk of
progressive multifocal leukoencephalopathy were included.

5 Conclusions

This subgroup analysis indicated that natalizumab was asso-
ciated with lower relapse frequency than fingolimod among
patients with more clinically active MS. It was also associated
with a higher chance of improvement of disability in most
patients, particularly those with more significant prior MS
history. The effect of the two therapies in reducing confirmed
disability worsening was similar across subgroups. These
observations confirm that different groups of patients derive
differing benefits from MS therapies. Therefore, both clini-
cians and their patients should consider the patient’s demo-
graphic and clinical characteristics, such as sex, age, disease
duration and prior clinical and radiological disease activity,
when making decisions about specific therapeutic agents.
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