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Abstract

Background
It remains unclear whether early commencement of high-efficacy therapies (rituximab, ocrelizumab,
mitoxantrone, alemtuzumab, natalizumab; ROMAN) is associated with less long-term disability than

the traditional approach of escalation after failure of first-line therapies in multiple sclerosis.

Methods

Using international multiple sclerosis registries, we propensity-score matched patients with relapsing-
remitting multiple sclerosis who commenced ROMAN therapies within 0-2 years (early), or between
4-6 years (late) from clinical disease onset. Outcomes were assessed 6-10 years after disease onset.
The primary outcome, Expanded Disability Status Score (EDSS, 0-10, higher scores indicate greater
disability), was evaluated with a linear mixed effects model. Secondary outcomes - the cumulative
hazards of (i) confirmed disability progression and (ii) treatment discontinuation - were analysed with

proportional hazards models.

Findings

Among eligible patients treated with ROMAN therapy, 277 patients commenced early and 267
commenced late. For the primary analysis, 213 patients in the early group were matched to 253 in the
late group. At baseline, the mean (SD) EDSS was 2-2 (1-2) and 2-1 (1-2) in early vs late groups,
respectively. Median (IQR) follow-up time was 7-8 (6-7-8-9) years. In the sixth year, the EDSS was
2-2 (1-6) in the early group compared to 2-9 (1-8) in the late group (p<0-001). This difference
persisted throughout each year of follow-up until the tenth year (EDSS 2-3 (1-8) vs 3-5 (2-1);

p<0-001).

Interpretation
Commencing ROMAN therapy within two years of disease onset is associated with less disability in
6-10 years compared to commencing later. This informs decisions regarding optimal sequence and

timing of multiple sclerosis therapy.
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Article

Introduction

Multiple sclerosis is the leading non-traumatic cause of neurological disability in the young.! The
most commonly used paradigm for treatment of relapsing-remitting multiple sclerosis, endorsed by
many regulatory bodies, is ‘treatment escalation’. According to this paradigm, patients first
commence a low-risk, moderate-efficacy immunotherapy, switching to more efficacious therapies

(with more serious side-effect profiles) if breakthrough disease activity is encountered.?

Rituximab?®, ocrelizumab*, mitoxantrone®, alemtuzumab®’, and natalizumab® (here collectively termed
‘ROMAN’ therapies) confer a greater reduction in relapse rates compared to the traditional first line
agents interferon-beta-1a and glatiramer acetate. It is unclear whether early commencement of

ROMAN therapies also reduces long-term disability accrual compared to later commencement.

No randomised trials have specifically addressed this question due to, amongst other factors, the cost
and logistic aspects of recording long term outcomes, and ethical considerations®. High quality
longitudinal observational data are valuable in addressing such questions by exploiting the
heterogeneity in treatment protocols due to differences in drug licencing and availability across

different geographic and historical groups.®!

Here we compare long-term disability outcomes between patients commencing ROMAN therapies
within two years of disease onset compared to those commencing ROMAN therapies later (between

4-6 years).



Methods

Study design
This study compared disability outcomes 6-10 years from disease onset between patients commencing

ROMAN therapies within 0-2 years of disease onset versus between 4-6 years.

Data sources

The study used observational data from MSBase, a large international multiple sclerosis registry,® 61
MSBase centres in 17 countries recorded the studied data as part of routine clinical follow-up between
February 1990 to April 2017 using the iMed software or the MSBase online data entry system. Ethical
approval was granted by the Melbourne Health Human Research Ethics Committee and by each site’s
institutional review boards (or exemptions were granted according to local regulations). All patients
provided written or verbal informed consent as per local institutional regulations. Additional data
derived from the Swedish MS Registry*2. Although participation is voluntary, coverage is close to
80% of the prevalent Swedish MS population with a very high validity of recorded data on treatment
(initiation/duration) and disease activity at treatment start'3. Ethical approval was granted by the

Stockholm County Ethical Review Board and all patients provided verbal informed consent.

Participants

Inclusion criteria were: a diagnosis of clinically definite relapsing-remitting multiple sclerosis,'*
minimum age of 18 years at time of diagnosis, minimum six consecutive months of treatment with at
least one ROMAN therapy, minimum follow-up time of six years since first symptom (considered the
time of clinical disease onset) with at least six months follow-up since commencement of ROMAN,
and availability of a minimum baseline dataset (date of birth, sex, treating centre, date of disease
onset, date of confirmation of clinically definite multiple sclerosis, availability of dates of clinical
relapses, and availability of at least one disability score recorded within the first two years after
disease onset and one disability score, not related to a relapse, recorded at six years or later). For

analyses where confirmed progression of disability was the studied outcome (see below), at least two



recorded disability scores at least six months apart were required after commencing the ROMAN

therapy.

The early treatment group was defined as patients first commencing ROMAN within two years of
disease onset. The late treatment group was defined as patients first commencing ROMAN therapy 4-
6 years after disease onset (with at least six months on treatment at the specified follow-up time).
Patients in both groups could be pre-treated with any non-ROMAN therapy prior to ROMAN

commencement. Patients treated with haemopoietic stem cell transplant were excluded.

Procedures

ROMAN therapies were administered according to published protocols:

Rituximab (one, or two doses two weeks apart of 500mg-1g intravenously , followed by 1-2 doses of
500mg-1g, at 6-12-month intervals thereafter)?

Ocrelizumab, 600mg intravenously, every 24 weeks*

Mitoxantrone, 12mg per square meter body surface area intravenously, every three months, or
equivalent®

Alemtuzumab, 12-24mg intravenously, daily for five days (cycle 1) then daily for three days (all
subsequent cycles)’

Natalizumab, 300mg intravenously, every four weeks?®

Other disease-modifying therapies, including R-interferon, glatiramer acetate, and oral therapies
(fingolimod, teriflunomide, dimethyl fumarate, cladribine), were not classified as high-efficacy on the
basis of comparative studies to the ROMAN therapies.®

Duration of treatment effect was assumed as the lowest estimated duration of biological effectiveness:
six months for rituximab, ocrelizumab, and mitoxantrone; five years for alemtuzumab; two months for

natalizumab.

Outcome measures

The primary endpoint was disability, as measured by the Expanded Disability Status Scale (EDSS)*



during years six to 10 after disease onset. The EDSS is an ordinal scale (range 0-10, based on clinical
examination), graded in steps of 0-5, with larger values representing greater disability. The secondary
outcome measures were (i) confirmed disability progression events - defined as an increase in EDSS
by one step (1-5 steps if baseline EDSS was 0 and 0-5 steps if baseline EDSS was >5-5) confirmed by
equal or higher EDSS scores over at least six months;® and (ii) discontinuation of the first ROMAN

therapy.

Statistical methods

Statistical analyses were performed using R version 3-4-3.2° To minimise indication bias, patients
included in each analysis were selected by matching their individual propensity of commencing
ROMAN therapies early (versus late), conditional on their demographic and clinical variables in the
first two years of their disease. The following variables were fitted to a logistic regression model to
derive the propensity score: patient age at disease onset, sex, the number of relapses during the 12
months preceding commencement of first immunotherapy (or between year 1-2 of the baseline period,
whichever occurred earlier), delay from first symptom to clinically definite MS, and median EDSS
during the two year baseline period. Patients were matched on propensity score using nearest
neighbour matching without replacement, calliper of 0-1, and variable matching ratio of 1:5.
Comparison of baseline variables between groups was performed using standardised mean difference,
where <0-20 was considered acceptable balance. For each analysis, the propensity score matching
procedure used only patients for whom outcome data were available during the relevant follow-up
period of the analysis. All analyses were weighted to account for the variable matching ratio, with the

maximum cumulative weight for each matched patient being 1.

The association between early versus late commencement of ROMAN therapies on EDSS over the
follow-up period (years 6-10 from disease onset) was modelled using a linear mixed effects model.
Treatment group, proportion of time on any disease-modifying immunotherapy, and disease duration
were modelled as fixed effects; patient identifier and pair identifier were modelled as random

intercepts to account for interdependence of repeated measures from each patient and the matched



nature of the data, respectively. EDSS scores during each individual year between years 6-10 were
compared using linear regression models, also including proportion of time on any immunotherapy as
a covariate, with separate matching was carried out for each analysed year epoch. Median EDSS at a
given year was calculated for each patient. A clinically significant treatment effect was prespecified as
>0-5 EDSS steps. Sensitivity analyses were performed by including proportion of time on
immunotherapy, and time from disease onset to first disease-modifying treatment, as a covariate in the
primary models (to adjust for potential systematic differences in total time spent on any
immunotherapy, and time to commencing any immunotherapy, respectively), and by repeating the
analysis with EDSS as an ordinal variable using ordinal regression (to account for the nonlinear nature

of the EDSS).

The following secondary analyses were performed. Cumulative hazard of confirmed disability
progression events was modelled with three Andersen-Gill proportional hazards models using three
different landmarks as the baseline for the analysis: time of disease onset; time of initiation of first
disease-modifying therapy; and six years after disease onset. Cumulative time on any disease-
modifying immunotherapy was included as an independent predictor. The probability of
discontinuation of ROMAN therapy was estimated using a Cox proportional hazards model, with the
baseline being the time of ROMAN commencement. Proportionality of hazards was examined with

Schoenfeld residuals. Results were considered statistically significant at the p <0-05 level.

Role of the funding source

This study was conducted separately and apart from the guidance of the funding source.

Results

Participants
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Among the screened records, we identified 6149 patients in the MSBase registry and 2626 in the
Swedish Multiple Sclerosis Registry exposed to ROMAN therapies. Of these, 307 patients (131 in the
early group, 177 in the late group) in the MSBase registry and 237 patients (146 in the early group, 90
in the late group) in the Swedish MS Registry fulfilled the inclusion criteria and had complete
baseline and follow-up data available for further analysis (Figure 1). Country of treatment is available

in Supplementary Appendix S2.

For the primary analysis, 213 patients in the early group were matched with 253 patients in the late
group (see Supplementary Appendix S3 for the regression model and outcomes of matching). The
characteristics of eligible patients before and after matching are listed in Table 1. The two matched
groups were well balanced on the measured characteristics during the baseline period (standardised
difference <0-20). Patients in the early group commenced their first immunotherapy earlier than those
in the late group (mean (SD) 218 (169) days versus 415 (419) days, respectively), and had longer total
time on immunotherapy during years 0-10 (mean (SD) 6-35 (1-83) vs 5-20 (2:-05) years in early vs
late groups, respectively; pairwise right-censored) as well as longer time on ROMAN therapy (4-89
(2-33) vs 2:41 (1-40) years, respectively). Proportion of patients treated with each ROMAN therapy is

given in Supplementary Appendix S4.

Primary analysis: disability in years 6-10 from disease onset

The primary outcome was the difference in EDSS during the follow-up period (6-10 years after
disease onset) between patients who commenced ROMAN early versus late. The median (IQR)
number of EDSS scores recorded per patient was 5 (2-10). The early treatment group had a lower
overall EDSS score throughout years 6-10. The adjusted mean difference in EDSS score between
groups was -0-98 steps (95%CI -1-51, -0-45. p<0-001), which changed minimally throughout the
follow-up (beta for treatment group by time interaction 0-06, 95%CI 0-01, 0-12, p = 0-033, see Figure
2). Proportion of time on any immunotherapy was not predictive of disability (beta = -0-26, 95%CI -

0-74-0-22, p=0-295). When the model was adjusted for country of treatment and the specific
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ROMAN therapy, the effect of the timing of ROMAN has remained largely unchanged (beta -0-80;
95% CI -1-30, -0-31; p=0-001).

The baseline characteristics and EDSS trajectories of patients not included in the matched cohort are
presented in Supplementary Appendix S5.

Comparing disability at each follow-up year, difference in EDSS between groups remained >0-5 each
year (Supplementary Appendix S6 shows year-by-year EDSS scores between years 0-5, baseline
characteristics of matched cohorts for each year are shown in Supplementary Appendix S7). Mean
EDSS was lower in the early group by 0-75 steps (95%CI 0-44-1-05; adjusted beta -0-93 [95% CI -
0-60, -1-25], p<0-001) at year 6-7, 0-86 steps (95%CI 0-51-1-22; adjusted beta -0-96 [95% CI -0-59,
-1-34], p<0-001) at year 7-8, 0-82 steps (95%Cl 0-43-1-22; adjusted beta -0-83 [95% CI -0-41, -1-25],
p<0-001) at year 8-9, and 1-19 steps (95%ClI 0-74-1-65; adjusted beta -1-30 [95% CI -0-82, -1-78],
p<0-001) at year 9-10. Sensitivity analyses, which restricted commencement of first disease-
modifying therapy to maximum of two years from disease onset, and modelled EDSS as an ordinal
variable, replicated the findings of the primary analysis in full (Odds ratio (95%CI) of moving to a
higher EDSS rank during year 6-10 for early vs late group: 0-42 (0-36, 0-50) p<0-001, full results in

Supplementary Appendix S8).

Secondary analysis: cumulative hazard of disability progression

Patients commencing ROMAN therapy early had a lower hazard of confirmed disability progression
compared to those commencing late. This was seen when cumulative hazards were compared from the
date of starting first disease-modifying therapy (HR=0-34, 95%CI 0-23-0-51, p<0-001, Figure 3A) or
when compared from the date of disease onset (HR=0-46, 95%CI 0-31-0-68, p<0-001, Figure 3B). It
should be noted that in the latter model the estimated hazards were not proportional (rho=-0-3,
v?=73-4, p<0-001, see Supplementary Appendix S9).

Cumulative hazard of disability progression continued to be lower in the early group from year six
onwards, after both groups have been treated with ROMAN therapy (HR=0-38, 95%CI 0-17-0-81,

p=0-013, Figure 3C).
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Treatment persistence

Patients had similar probability of ROMAN discontinuation regardless of start time (Figure 3D).
After discontinuation of ROMAN therapies, 70 (32-8%) patients in the early group switched to
another ROMAN compared to 39 (15-6%) patients in the late group (see Table 2). Patients switching
from natalizumab as their first ROMAN therapy most commonly de-escalated to oral therapy, those

switching from mitoxantrone most commonly de-escalated to injectable therapies.

Discussion

In this observational, propensity score-matched study of disability outcomes among patients with
relapsing-remitting multiple sclerosis, commencement of rituximab, ocrelizumab, mitoxantrone,
alemtuzumab, or natalizumab (ROMAN therapies) within two years of disease onset was associated
with lower long-term absolute disability, as well as lower hazard of disability progression, compared
to commencement four to six years after disease onset.

The studied patients were relatively young with active disease, as expected in a cohort commencing
potent immunotherapy within six years from disease onset. To study the effect of timing of ROMAN
therapy, we predefined two distinct timeframes for the commencement of the ROMAN therapies,
separated by two years, as the only systematic difference between groups. Total time on any disease-
modifying immunotherapy was found to be systematically longer in the early cohort after matching;
this parameter was accounted for as a covariate in all outcome analyses.

The magnitude of disability prevented by earlier treatment was not only statistically but also
clinically significant?, as the EDSS scores in early-starters were on average one step lower than in the
late-starters. This difference was sustained throughout years 6-10.

After both groups had been treated with ROMAN therapy at 6 years, cumulative hazard of disability
progression continued to diverge in favour of the early group. This may either be due to ROMAN
therapies exerting greater efficacy on long-term disability progression when started earlier in the

disease compared to later, or due to longer cumulative time on ROMAN therapy. Our study cannot
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dissociate the two as early starters spent longer on ROMAN therapy, but this effect was present even

with total time on (any) immunotherapy included in the model.

The agents classed as “high-efficacy therapies” have been selected based on comparative studies that
demonstrated their superior effectiveness compared to R-interferon or glatiramer acetate, and oral
agents.+67:16.20.2122 Although timing of high-efficacy therapy has not previously been evaluated
directly, other studies have shown that earlier commencement of any immunotherapy, including first-
line agents, mitigates relapse activity more effectively than their delayed start?®24, Subgroup analyses
and open-label extensions of randomised controlled trials suggest that earlier commencement of high-
efficacy therapies improves the control of relapse activity, but were unable to evaluate its effect on
disability outcomes®2526, Our present study unifies the two principles of early treatment and higher-
efficacy therapy into a conceptual framework for early aggressive immunotherapy in active multiple

sclerosis.

The main limitations of the study pertain to the observational nature of the data.'®° We adopted
measures to mitigate the impact of the heterogeneity of the data, including assessment of data
quality®?’, Furthermore, the EDSS outcome metric, while based on clinical examination, has multiple
limitations, including its low sensitivity and ordinal nature!’. Despite this, it is the most widely used
disability metric both clinically and in research. The primary outcome was confirmed by sensitivity
analyses that used ordinal regression, which is robust in the setting of ordinal scales with unequal step
size. Odds ratios of being in a higher EDSS band were consistently <0-5 for the early compared to late
groups, during each year of follow-up. Differences in regulatory requirements for use of ROMAN and
first-line therapies between countries may represent an additional source of bias; this was detectable
in the data as systematic difference in start time of any immunotherapy between the two matched
groups as well as difference in total time on immunotherapy. Sensitivity analysis accounting for these
detectable differences confirmed the results of the primary analysis in full. We cannot rule out
residual indication bias, for example regarding potentially greater disease activity not captured by

relapse frequency or initial disability scores for patients starting ROMAN therapies earlier — including
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more radiologically active disease in the group of early starters of ROMAN. Importantly, such bias
would dilute the reported difference between the studied groups; therefore, the recorded difference of
one EDSS step during years 6-10 likely represents a conservative estimate of the benefit with earlier
start of high-efficacy immunotherapies. Furthermore, this study was not design to study safety of the

two therapeutic approaches, as safety data were not sufficiently complete to enable this analysis.

While high-efficacy therapies achieve more favourable relapse and disability outcomes, not all
patients will require aggressive immunotherapy.?! High-efficacy therapies generally carry more
serious adverse event profiles,?? mandating clinical justification for their use and identification of
patients most likely to benefit. Such justification may come in the form of a high risk of developing
aggressive disease, which is unavoidably associated with high level of disability. Sex, age, and
presenting symptoms may predict more disease severity at a group level.2° With present markers, such
as volumetric MRI¥®, and emerging markers such as serum neurofilament light chain, early and

accurate prognostication in individual patients will become possible.

The present study demonstrates that timing of high-efficacy therapy has a long-term impact on
patients’ neurological disability; given this, we propose high-efficacy therapy be considered first line
for patients with active relapsing-remitting multiple sclerosis. Further research is needed to more

accurately identify those patients most likely to benefit from these therapies.
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Figure 1. CONSORT chart of patient disposition
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Table 1: Characteristics of eligible patients within first two years of disease onset, before and after

matching

All eligible patients

n
Age at disease onset, years (mean (SD))
Males, n (%)

Number of relapses in 12 months preceding
treatment (mean (SD))”

Time to clinically definite multiple sclerosis (days,
mean (SD))

EDSS (mean (SD))*

Time to first ROMAN (years, mean(SD))

Matched patients

n
Age at disease onset, years (mean (SD))
Males, n (%)

Number of relapses in 12 months preceding
treatment (mean (SD))"

Annualised relapse rate in first two years of
disease (mean (SD))°

Time to clinically definite multiple sclerosis
(days, mean (SD))

EDSS (mean (SD))*
Time to first ROMAN (years, mean(SD))
First immunotherapy, n (%)
R-interferon/glatiramer acetate
Orals
Daclizumab
ROMAN
First ROMAN therapy

Early Late

277 267
31-2(9-2) | 30-6 (8:0)
79 (28:5) |72 (27-3)

1-05 0-95
(1-04) (0-94)

152 (142) | 215 (194)
2.54 183
(1-40) (1-19)
1.08 4-99

(0-52) (0-60)

Early Late

213 253

Standardised
difference

0-06
0-03
0-10

0-44

0-51

6-97

30-8 (8-8) 30-8 (7-9)
64 (30-0) 71 (28-1)
0-99 (0-95) | 0-99 (0-95)

2.36 (1-77) | 1.93(1-51)

165 (152) 161 (144)

2.18 (1-20) | 206 (1-17)
1-10 (0-52) | 5-01 (0-60)

65 (30-5%) | 184 (72-8%)
3 (1-4%) 15 (5-9%)

0 1 (0-5%)

145 (68-1%) | 53 (21%)

Standardised
mean
difference

0-00
0-04
0-01

0-26

0-03

0-08
6-98
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Anti-CD-20 therapy
Mitoxantrone
Alemtuzumab

Natalizumab

14 (7%)
32 (15%)
1 (0-5%)
166 (78%)

32 (13%)
38 (15%)
3 (1-2%)
182 (72%)

*Number of relapses in the 12 months immediately preceding start of first immunotherapy or during

the second year from MS onset, whichever was earlier. Patients were matched on this criterion.

#Median score 0-2 years after disease onset
°Patients were not matched on this criterion.

EDSS: Expanded disability status scale; ROMAN: rituximab, ocrelizumab, mitoxantrone,

alemtuzumab, natalizumab

Table 2: Treatment after initiation of first ROMAN therapy

Continued ROMAN therapy (n, %)
Another ROMAN therapy (n, %)
Anti-CD-20 therapy
Mitoxantrone
Alemtuzumab
Natalizumab
R-interferon/glatiramer acetate (n, %)
Oral therapies (n, %)
No treatment after first ROMAN

Early

54 (25-4%)
70 (32:8%)
35 (16-4%)
2 (0-9%)

3 (1-4%)
30 (14-1%)
26 (12-2%)
47 (22-1%)
16 (7-5%)

Late

150 (59-3%)
39 (15-6%)
9 (4-1%)

3 (1-4%)

5 (2-2%)

23 (10-8%)
15 (6-0%)
18 (7-1%)
31 (12-1%)
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Figure titles and captions:

Figure 2A: Overall disability trajectories 6-10 years after onset of relapsing-remitting multiple

sclerosis treated early versus late with ROMAN.
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Figure 2B: Annual disability scores 6-10 years after onset of relapsing-remitting multiple sclerosis

treated early versus late with ROMAN.
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Figure 3A: Cumulative hazard of disability progression from commencement of first disease-

modifying therapy in patients treated early versus late with ROMAN therapy
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Figure 3B: Cumulative hazard of disability progression from disease onset in patients treated early

versus late with ROMAN therapy

Commencement of ROMAN therapy
0.9 - Late

=Early

HR=0.46 (95%CI 0.31-0.68)

0.6 p<0.001

0.3

Cumulative hazard of
confirmed disability progression

0.0

0 1 2 3 4 5 6 7 8 9 10
Time since disease onset (years)
Number at risk

Late 283 253 253 253 253 253 253 175 116 63 36
Early 213 213 213 213 213 213 213 148 98 53 30

30



Figure 3C: Cumulative hazard of disability progression from the sixth year after disease onset in

patients treated early versus late with ROMAN therapies
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Figure 3D: Treatment persistence on ROMAN therapies in patients treated early versus late
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