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ABSTRACT

Background Timing of disease-modifying therapy
affects clinical disability in multiple sclerosis, but it is
not known whether patient reported outcomes are also
affected. This study investigates the relationship between
treatment timing and patient-reported symptoms and
health-related quality of life.

Methods This was a nationwide observational cohort
study of adults with relapsing multiple sclerosis, with
disease onset between 2001 and 2016, and commenced
on disease-modifying treatment within 4 years from
disease onset. Patients commencing treatment within
0-2 years were compared with patients commencing
treatment at 2—4 years. Indication bias was mitigated by
propensity matching. Outcomes were patient-reported
symptoms and health-related quality of life as measured
by the Multiple Sclerosis Impact Scale (MSIS-29) and
EuroQol-5 Dimensions-3 Level (EQ-5D). The follow-up
period was 4—10 years from disease onset.

Results There were 2648 patients (69% female,
median age 32.8) eligible for matching. Mean follow-up
time was 3.7 years. Based on 780 matched patients,
each year of treatment delay was associated with a
worse MSIS physical score by 2.75 points (95% CI 1.29
to 4.20), and worse MSIS psychological score by 2.02
points (95% Cl 0.03 to 3.78), in the adjusted models.
Among 690 matched patients, earlier treatment start
was not associated with EQ-5D score during the follow-
up.

Conclusions Earlier commencement of disease-
modifying treatment was associated with better patient-
reported physical symptoms when measured using a
disease-specific metric; however, general quality of life
was not affected. This indicates that other factors may
inform patients’ overall quality of life.

INTRODUCTION

Advances in multiple sclerosis (MS) treatment over
the last 20 years have been measured by improve-
ments in clinical metrics of disease, including relapse
rates, disability scores and radiographic disease
activity. Indeed, the contemporary goal of treat-
ment, ‘no evidence of disease activity’, is defined by
optimisation of these clinical parameters. There is,
however, growing awareness of the need to include
the patient experience as an independent endpoint
in research and clinical practice, alongside these
traditional metrics.'™

,' Olga Ciccarelli? Jan Hillert @,

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Earlier treatment start was associated with
more favourable long-term clinical outcomes,
as measured by the expanded disability severity
scale score, in relapsing multiple sclerosis.

WHAT THIS STUDY ADDS

= Earlier treatment is also associated with more
favourable patient reported symptoms of
multiple sclerosis but not overall quality of life.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study supports the importance of early
treatment start in patients with relapsing
multiple sclerosis with regard to improving
physical symptom burden, but their quality of
life may be determined by other factors.

An established principle in MS management is
the effect of early start of disease-modifying therapy
(DMT) in reducing long-term disability accumula-
tion*™! and cost of illness,'? but it is not known
whether this also has a beneficial effect from the
patients’ perspective.

The Swedish MS register is a national database
that has collected longitudinal patient-reported
outcome measures (PROMs) since 2007." Two
distinct PROMs are routinely collected: the Euro-
Qol-5 Dimensions-3 Level (EQ-5D-3L), a generic,
disease-invariant PROM that assesses function
across five domains as well as general health-related
quality of life," and the MSIS-29 (Multiple Scle-
rosis Impact Scale), a disease-specific PROM, which
measures the impact of physical and psychological
symptoms of MS."

This study aimed to investigate whether
commencing DMT early (at 0-2 years from disease
onset) affected patient-reported outcomes, as
measured by EQ-5D and MSIS-29, compared with
commencing later (2—4 years after disease onset).

METHODS

Study design and participants

This was an observational cohort study using data
from the Swedish MS registry, which contains
prospectively recorded individual patient informa-
tion from neurology clinics across Sweden (2001 to
present). The registry captures approximately 80%
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Multiple sclerosis

of all prevalent cases of MS in the population.'® Participation is
voluntary and all patients provide consent for their data to be
used for clinical and research purposes. Date of extract for this
study was 29 June 2020.

Inclusion criteria were: adult-onset (=18 years old) relapsing
MS; disease onset between 1 January 2001 and 30 June 2016;
and DMT initiation within 4 years of disease onset. Patients
were required to have a complete minimum dataset, which
included birthdate, sex, date of symptom onset and at least
one pretreatment Expanded Disability Status Scale (EDSS)
score recorded during the first 2 years of disease. Further, for
each outcome, participants were required to have at least one
measure (EQ-5D, or MSIS-29) recorded during the follow-up
period.

Exposure

The exposure of interest was time to commencement of DMT,
defined as the duration between MS onset and start date of
initial DMT. Persons were categorised into early-treated (DMT
initiation within 2 years of onset) and late-treated (DMT initia-
tion 2—4 years after onset) groups. This binarisation of patients
into early start vs late start was based in recent international
guidelines that advocate rapid referral, diagnosis and DMT
initiation within less than 12 months,'® 7 while at the same
time capturing an adequately large range of DMT start times
that represent real world start times. In the Swedish cohort of
patients with relapsing MS with onset 2001-2016, 86.3% of
treated patients commenced DMT within the study window of
0-4 years. DMTs included injectable therapies (interferon beta,
glatiramer acetate), oral preparations (fingolimod, dimethyl
fumarate, teriflunomide, cladribine) and monoclonal therapies
(rituximab, ocrelizumab, natalizumab, alemtuzumab). Treatment
with haematopoietic stem cell transplantation was also consid-
ered a form of DMT.

Outcomes
Outcomes were measured in the 4-10 year period from disease
onset, and included the (1) MSIS-29 and (2) EQ-5D-3L.

The MSIS is a disease-specific 29-item questionnaire used to
report physical (20 items) and psychological (9 items) symptoms
of MS that the patient has experienced in the last 2 weeks. The
physical and psychological scores are divided by the maximum
denominator to obtain a percentage score out of 100, with
higher values indicating more severe disability. The EQ-5D is
a generic, disease-invariant measure of health-related quality of
life, consisting of self-assessed function in five domains (mobility,
pain, self-care, ability to complete usual activities and mood) on
a three-level ordinal scale (level 1: no problems, level 2: some
problems, level 3: severe problems) as well as a Visual Analogue
Scale (VAS) for self-assessment of general health (0-100, higher
values indicating better health).

As a positive control, clinical disability as measured by the
EDSS was also included as a secondary outcome. This is an
ordinal scale from 0 (no disability) to 10 (dead), with the smallest
increment being 0.5. Score is determined by clinical examination
by a neurologist or trained practitioner.

Each of these outcomes were repeatedly measured at regular
intervals. EDSS was measured and reported by clinicians at the
time of clinical visit. Patients in the registry could complete the
two PROMS at any time through an online patient portal and
were invited to do so preceding their clinical visit.

Statistical analysis

To account for potential indication bias, patients in the early-
treated group were propensity-score matched to the late DMT
group based on the following variables: age at disease onset, sex,
baseline EDSS (within the first 2 years of disease and either prior
to or less than 6 months from initiation of DMT) and relapse
rate at baseline (first 2 years following disease onset).

Matching was performed separately for each outcome anal-
ysis, using only those patients for whom the respective outcome
was recorded. The size of the early-treated cohort was more than
10-fold that of the late-treated cohort for each analysis; thus,
each person in the late-treated cohort was matched with up to
5 persons in the early-treated cohort using nearest neighbour
matching without replacement and a calliper of 0.1. The variable
matching ratio was accounted for in outcome analyses through
weighting, such that the total weight of all early-treated matches
for each late-treated person was 1. Adequacy of matching was
assessed by comparing baseline characteristics between matched
early and late-treated groups using standardised mean differ-
ences (see table 1 for baseline characteristics of cohorts used
for outcomes analyses and online supplemental material S1 for
comparison of matched and unmatched cohorts).

The primary analysis assessed for differences in PROMs
between the early-treated versus late-treated groups. The
continuous response variables included the EQ-5D VAS, and
the MSIS physical and psychological scores. To account for the
right-skewed distribution of these response variables and the
dependence of repeated measures, these were modelled using
generalised linear mixed models with a gamma link function.
The estimated effect size of the model predictors, with regard to
gamma-distributed response variables, were reported as multi-
ples of the reference mean value, with 95% CIs. The individual
EQ-5D domains are ordinal but were modelled using logistic
mixed models by binarising outcomes in each domain as pres-
ence (levels 2 and 3) or absence (level 1) of any problems. Esti-
mates of the model predictors were reported as ORs (with 95%
CIs) of having problems in each domain, compared with the
reference predictor value (absence of any problems).

As a positive control, EDSS was compared between groups
using multilevel mixed models. EDSS was modelled as a contin-
uous numeric outcome. All scores were included regardless of
relapse status.

All analyses modelled patient and clinic ID as random effects
and were adjusted for calendar year and disease duration at the
time of each outcome measurement.

Secondary analyses using the same matched cohort repeated
the primary analysis but modelled time to first DMT as a contin-
uous rather than categorical variable. A further sensitivity anal-
ysis used the full unmatched cohort for each of the three outcome
analyses, including the match variables as model covariates (see
online supplemental material S2 for model specification of sensi-
tivity analyses and outcomes).

RESULTS
Of 7849 adult patients with relapsing MS and disease onset
between 2001 and 2016, 2648 met inclusion criteria and were
eligible for matching (see figure 1 for flow chart of the patient
selection process). Baseline characteristics of all eligible patients
are provided in online supplemental material S1, while baseline
characteristics of matched cohorts are provided in table 1.
There were no statistically significant differences in DMT
category (used between the early-treated and late-treated groups
for any of the analyses (see online supplemental material S3).
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Table 1 Baseline characteristics of matched patient cohorts

Variable Early Late SMD
A: Patients with at least one MSIS-29 measurement during follow-up

n 650 130

Male sex, n (%) 177 (27.2) 34 (26.2) 0.024
Age at onset (mean (SD)) 34.36 (9.52) 34.49 (8.85) 0.014
Calendar year (median (IQR)) 2011 (2009-2013) 2009 (2007-2011) 0.551
Baseline EDSS (median (IQR)) 1.50 (0.81-2.00) 1.50 (0.56-2.00) 0.003
Baseline number of relapses (mean (SD)) 0.72 (0.94) 0.75 (0.94) 0.036
Delay to first DMT, years (mean (SD)) 0.69 (0.53) 2.63(0.57) 3.531
B: Patients with at least one EQ-5D measurement during follow-up

n 575 115

Male sex, n (%) 172 (29.9) 32 (27.8) 0.046
Age at onset (mean (SD)) 33.72 (8.54) 34.32 (8.75) 0.068
Calendar year at onset (median (IQR)) 2012 (2009-2013) 2009 (2007-2012) 0.552
Baseline EDSS (median (IQR)) 1.50 (0.62-2.00) 1.50 (1.00-2.00) 0.025
Baseline number of relapses (mean (SD)) 0.68 (0.86) 0.72 (0.82) 0.045
Delay to first DMT, years (mean (SD)) 0.64 (0.51) 2.62 (0.56) 3.658
C: Patients with at least one EDSS measurement during followup

n 886 179

Male sex, n (%) 256 (28.9) 50 (27.9) 0.021
Age at onset (mean (SD)) 35.32 (9.99) 35.23(9.37) 0.009
Calendar year (median (IQR)) 2010 (2007-2013) 2008 (2005-2011) 0.476
Baseline EDSS (median (IQR)) 1.50 (0.50-2.00) 1.00 (0.00-2.00) 0.010
Baseline number of relapses (mean (SD)) 0.84 (1.10) 0.79 (0.95) 0.041
Delay to first DMT, years (mean (SD)) 0.70 (0.52) 2.65 (0.55) 3.612

Baseline EDSS and number of relapses measured 0-2 years following disease onset.

DMT, disease-modifying therapy; EDSS, Expanded Disability Status Scale; EQ-5D, EuroQol-5 Dimensions; SMD, standardised mean difference.

For the analysis of MSIS physical and psychological scores,
650 patients in the early-treated group were matched to 130
patients in the late-treated group (see table 1A). The median
(IQR) number of MSIS records per patient during follow-up
was 3 (2, 5). The mean (SD) follow-up was 3.4 (1.9) years from
start of follow-up (4 years postonset), equating to 7.4 years
from disease onset. Patients in the early-treated group had a
mean MSIS physical score of 17.78 (95% CI 13.39 to 23.60).
Late-treated patients had a mean score of 23.29 (95% CI 19.38,
28.09), which was a 1.31-fold increase compared with the early
group (95% CI 1.09 to 1.58), indicating greater problems with
physical symptoms.

Patients in the early-treated group had a mean MSIS psycho-
logical score of 26.41 (95% CI 20.71 to 33.68). Late-treated
patients had a mean score of 30.11 (95% CI 25.62 to 35.39),
which was a 1.14-fold increase compared with early treatment,
indicating greater problems with psychological symptoms;
however, the estimates were imprecise (95% CI 0.97 to 1.34).
Disease duration showed no significant association with either
physical or psychological scores during follow-up.

For the analysis of EQ-5D, 575 patients in the early-treated
group were matched to 115 in the late-treated group (see
table 1B). The median (IQR) number of EQ-5Ds completed was
3 (1, 4). Mean (SD) follow-up was 3.4 years from the start of the
follow-up period, or 7.4 years from disease onset. Patients in the
early-treated group had a mean score of 71.63 (95% CI 67.02 to
76.56). Patients in the late-treated group had mean EQ-5D VAS
score of 66.62 (95% CI 60.89 to 72.35), or 0.93 (95% CI 0.85
to 1.01) times that of the early-treated group, indicating poorer
subjective general health status, but estimates were imprecise
(see table 2A). There was no difference between groups on any
of the five individual health domains (see table 3).

For the analysis of EDSS, 886 patients in the early-treated
group were matched to 179 in the late-treated group (see
table 1C). Later start was associated with a higher EDSS by 0.23
points (95% CI 0.01 to 0.47) during follow-up (mean (SD) 3.7
(1.9) years from start of follow-up). Disease duration was signifi-
cantly associated with EDSS worsening during follow-up, esti-
mated at 0.07 points per year (95% CI 0.06 to 0.08).

Secondary analyses modelling time to DMT as a continuous
variable (delay to first DMT, in years) confirmed the results of
the primary analyses (see table 2B). Of note, time to DMT had
a statistically significant effect on psychological symptoms as
measured by the MSIS-psychological subscale (2.02 points per
year of delay, 95% CI 0.03 to 3.78). Effect sizes were lower, as
this model considered differences in outcome with every addi-
tional year of delay, compared with a delay of approximately 2
years between early and late groups in the primary analysis.

A sensitivity analysis included all eligible patients without
propensity matching, with the same model specifications but
included matching variables as covariates. The results of the
main analyses were replicated in full (see online supplemental
material S2 for results).

Full model specifications and estimates for the main analysis
can be found in online supplemental material S4.

DISCUSSION

Our study aimed to assess the impact of delay to DMT on
patient-reported outcomes. An earlier start of DMTs had a
favourable effect on MS physical symptoms, and to a lesser
extent on psychological symptoms. However, there was
no effect of early initiation of DMT on the general health-
related quality of life. This suggests that patients’ experience
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7849 adult patients with relapsing

MS, disease onset between 2001-

2016
1020 patients commenced first DMT
>4 years after disease onset

| 411 patients untreated
6418 patients commenced DMT
within 0-4 years of disease onset

3299 patients had incomplete
| baseline data

4

3119 patients with complete baseline
data

471 patients with no outcome metric
during follow-up

2648 patients with at least 1 recorded
outcome metric during follow-up

1879 patients with 2043 patients with 2519 patients with
at least 1 EQ-5D at least 1 MSIS at least 1 EDSS
recorded during recorded during recorded during
followun followun followun

575 early-treated
matched to 115 late-

650 early-treated
matched to 130

886 early-treated
matched to 179

treated patients for late-treated patients late-treated patients
EQ-5D analysis for MSIS analysis for EDSS analysis
Figure 1 CONSORT chart of patient selection. CONSORT, Consolidated

Standards of Reporting Trials; DMT, disease-modifying therapy; EDSS,
Expanded Disability Status Scale; EQ-5D, EuroQol-5 Dimensions; MSIS,
Multiple Sclerosis Impact Scale.

of physical MS symptoms may be congruent to their clinician-
determined disease severity, and benefit from early initiation
of treatment.

Two patient-reported outcomes were used in this study. The
MSIS is a disease-specific questionnaire that was developed in
consultation with patients and advocacy groups, with a view
to optimise validity, reliability and responsiveness.’> 132

Table 3  Effect of treatment delay on EQ-5D functional domains
during 4-10 years follow-up period: results of the logistic mixed
models regression

Binarised time to DMT intiation (late (2—4 years) vs early (0-2
years))

OR for having

difficulties (late vs 95% ClI (lower 95% CI

Functional domain early) limit) (upper limit)

Mobility 1.59 0.38 6.66

Self-care 1.77 0.22 14.44

Usual activities 1.57 0.43 5.77

Mood 1.40 0.77 2.53

Pain 1.72 0.65 4.57

Continuous time to DMT initiation (years from MS onset to

first DMT)

Functional domain OR for having 95% ClI (lower 95% Cl
difficulties (per limit) (upper limit)
year of DMT delay)

Mobility 1.13 0.62 2.08

Self-care 1.28 0.52 3.17

Usual activities 1.19 0.68 2.06

Mood 1.10 0.86 1.41

Pain 1.45 0.96 2.20

DMT, disease-modifying therapy; EQ-5D, EuroQol-5 Dimensions; MS, multiple
sclerosis.

The psychometric properties of the MSIS have been upheld
in numerous validation studies, with the minimum clinically
important change in the physical subscale reported to be
7.5-8."” 2% In our study, the effect size of treatment delay on
MSIS physical subscale was 3.7 per year, suggesting that, on a
group level, a delayed start time of >3 years would produce a
clinically important change on the physical scale.

This study found a small effect of treatment delay on
the psychological subscale of MSIS, which was not statisti-
cally significant in the main analysis. Previous studies have
demonstrated this subscale to be less responsive compared
with other PROMs for psychological symptoms, and confirm
that there is limited correlation to clinical disability.'® *!
Nevertheless, they suggest that despite both the objective

Table 2  Effect of treatment delay on PROMs during the 4-10 years follow-up period: results of the multivariate mixed models regression

A: Binarised exposure (late (2-4 years) vs early (0-2 years)) DMT initiation

Outcome Early mean score (95% Cl) Late mean score (95% Cl) Coefficient (late vs early) (95% ClI) P value
EQ-5D VAS 71.63 (67.02 to 76.56) 66.62 (60.89 to 72.35) 0.93 (0.85 to 1.01) 0.089
MSIS physical 17.78 (13.39 to 23.60) 23.29 (19.38 to0 28.09) 1.31(1.09 to 1.58) 0.004
MSIS psychological 26.41 (20.71 to 33.68) 30.11 (25.62 to 35.39) 1.14 (0.97 to 1.34) 0.102
EDSS 1.27 (1.12t0 1.42) 1.62 (1.37 to 1.86) 0.35 (0.10 to 0.59) 0.005
B: Continuous exposure (years from MS onset to first DMT)
Outcome Reference score (95% Cl) Change in score per year of DMT Coefficient per year of DMT delay (95% P value
delay (95% ClI) Cl)
EQ-5D VAS 72.55 (67.58 to 77.90) -2.18 (-4.3510 0.07) 0.97 (0.94 to 1.01) 0.146
MSIS physical 16.15 (12.11 to 21.55) 2.75 (1.29 to 4.20) 1.17 (1.08 to 1.26) <0.001
MSIS psychological 25.19 (19.67 to 32.27) 2.02 (0.03 to 3.78) 1.08 (1.01 to 1.15) 0.024
EDSS 1.17 (0.99 to 1.35) 0.15 (0.05 to 0.25) 0.15 (0.05 to 0.25) 0.004

Each outcome was adjusted for disease duration; coefficients not shown.

Higher values indicate more severe disease burden in EDSS and MSIS; higher values indicate better quality of life in EQ5D-VAS2.

Coefficients are additive for EDSS (values >0 indicate higher scores).

DMT, disease-modifying therapy; EDSS, Expanded Disability Status Scale; EQ-5D, EuroQol-5 Dimensions; MS, multiple sclerosis; MSIS, Multiple Sclerosis Impact Scale; PROMs,

patient-reported outcome measures; VAS, Visual Analogue Scale.
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and subjectively reported improvements in physical health
associated with early treatment, patients do not experience
correlating improvements to their psychological health.

The EQ-5D is a disease-invariant measure of health-
related quality of life,"* developed initially within the field
of health economics. The five domains of health are thus
preselected and not necessarily indicative of a holistic picture
of a person’s health. Nevertheless, we found that in all five
domains, the ORs for having ‘any problems’ (vs ‘no prob-
lems’) were increased, but none met statistical significance.
It is possible that we were underpowered to detect a differ-
ence, or that the effect of delayed treatment initiation is not
consequential when it comes to quality of life. The lack of
treatment effect seen in individual domains may be due to
lack of response granularity.

The VAS of general health has greater response granularity
(with scores between 0 and 100), but likewise showed minimal
change with earlier treatment despite detectable change on
the MSIS. This may suggest that overall health-related quality
of life may not be influenced by treatment timing, but may
instead be determined by other factors such as comorbidity,
socioeconomic status and individual disposition.”?™** There is
also a trade-off between generalisability of generic PROMS
and sensitivity of disease-specific PROMs,” 2% such that
meaningful changes in symptoms and health utilities may not
be adequately captured using the EQ-5D alone.

The study cohort represents contemporary practice in
Sweden, which has a universal healthcare system offering
equitable access to quality healthcare. The vast majority of
patients received treatment in the ‘early’ time period. Within
this context, treatment delay demonstrated changes in some
but not all outcomes studied.

As the study used observational data, indication bias is
likely to result in systematic differences between patients
who commenced treatment early and late. Propensity score
matching aimed to mitigate this bias by matching on variables
observed during the baseline period. During this period, all
patients included in the study had an opportunity to start
DMT. Despite this, there may remain residual bias in unob-
served variables such as MRI findings or fluid biomarkers.
The direction of this bias is such that earlier treatment is clin-
ically indicated in more severe disease and would likely dilute
our findings. The true effect of earlier treatment may there-
fore be underestimated by our study.

While EQ-5D and MSIS are used in a limited number of
MS studies, they do not enjoy the same widespread use and
routine measurement as the EDSS. They are nonetheless
among the most widely used PROMs among a multitude of
others.”” A standard instrument for measuring PROs in MS
has not been agreed on. Additional PROMs are currently still
under development, with a view to better reflecting patients'
priorities and better psychometric properties within the target
population of people with MS."*® The development, accep-
tance and routine longitudinal collection of such a PROM in
future studies will help to build on the results presented here.

CONCLUSION

In relapsing MS, delay to DMT start has a detrimental effect
on long-term patient-reported physical and psychological
symptoms, as measured by a disease specific PROM. Generic
health-related quality of life does not appear to be sensitive
to timing of DMT.
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SUPPLEMENTARY MATERIAL S1: TABLE OF BASELINE PATIENT
CHARACTERISTICS IN MATCHED VS UNMATCHED COHORTS

Table S1.1: MSIS: all eligible patients

Early Late p SMD
n 1913 130
sex = Man (%) 590 (30.8) 34 (26.2) 0.306 0.104
Age at onset (mean (SD)) 33.65 (9.62) 34.49 (8.85) 0.333 0.091
Calendar year of onset
(median [IQR]) 2011 [2008, 2013] 2009 [2007, 2011] <0.001 0.482
Baseline EDSS (median [IQR]) 1.50[1.00, 2.25] 1.50 [0.56, 2.00] 0.434 0.044
Number of relapses in first 2
years of disease (mean (SD)) 0.88 (1.11) 0.75 (0.94) 0.218 0.120
Onset to first DMT, years
(mean (SD)) 0.67 (0.52) 2.63(0.57) <0.001 3.604

Table S1.2: MSIS: matched patients

Early Late p SMD
n 650 130
sex = Man (%) 177 (27.2) 34(26.2) 0.885 0.024
Age at onset (mean (SD)) 34.36 (9.52) 34.49 (8.85) 0.884 0.014
Calendar year of onset
(median [IQR]) 2011 [2009, 2013] 2009 [2007, 2011] <0.001 0.551
Baseline EDSS (median [IQR]) 1.50[0.81, 2.00] 1.50[0.56, 2.00] 0.858 0.003
Number of relapses in first 2
years of disease (mean (SD))  0.72 (0.94) 0.75 (0.94) 0.708 0.036
Onset to first DMT, years
(mean (SD)) 0.69 (0.53) 2.63(0.57) <0.001 3.531

Table S1.3: EQSD: all eligible patients

Early Late p SMD
n 1764 115
sex = Man (%) 540 (30.6) 32 (27.8) 0.600 0.061
Age at onset (mean (SD)) 33.77 (9.60) 34.32 (8.75) 0.551 0.060
Calendar year of onset
(median [IQR]) 2011 [2009, 2013] 2009 [2007, 2012] NA 0.494
Baseline EDSS (median [IQR]) 1.50 [1.00, 2.06] 1.50 [1.00, 2.00] NA 0.012
Number of relapses in first 2
years of disease (mean (SD)) 0.88 (1.12) 0.72 (0.82) 0.129 0.164
Onset to first DMT, years
(mean (SD)) 0.67 (0.52) 2.62 (0.56) <0.001 3.608
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Early Late p SMD

n 575 115
sex = Man (%) 172 (29.9) 32 (27.8) 0.737 0.046
Age at onset (mean (SD)) 33.72 (8.54) 34.32 (8.75) 0.500 0.068
Calendar year of onset
(median [IQR]) 2012 [2009, 2013] 2009 [2007, 2012] <0.001 0.552
Baseline EDSS (median [IQR]) 1.50[0.62, 2.00] 1.50[1.00, 2.00] 0.978 0.025
Number of relapses in first 2
years of disease (mean (SD)) 0.68 (0.86) 0.72 (0.82) 0.661 0.045
Onset to first DMT, years
(mean (SD)) 0.64 (0.51) 2.62 (0.56) <0.001 3.658

Table S1.4: EQ5D: matched patients

Table S1.5: EDSS: all eligible patients

Early Late p SMD
n 2340 179
sex = Man (%) 734 (31.4) 50 (27.9) 0.383 0.075
Age at onset (mean (SD)) 34.18 (9.84) 35.23 (9.37) 0.167 0.109
Calendar year of onset
(median [IQR]) 2010 [2007, 2013] 2008 [2005, 2011] <0.001 0.495
Baseline EDSS (median [IQR]) 1.5 [1.0, 2.25] 1.0 [0.0, 2.0] 0.025 0.134
Number of relapses in first 2
years of disease (mean (SD)) 0.92 (1.23) 0.79 (0.95) 0.186 0.113
Onset to first DMT, years
(mean (SD)) 0.70 (0.52) 2.65 (0.55) <0.001 3.609

Table S1.6: EDSS: matched patients

Early Late p SMD
n 886 179
sex = Man (%) 256 (28.9) 50 (27.9) 0.866 0.021
Age at onset (mean (SD)) 35.32 (9.99) 35.23 (9.37) 0.913 0.009
Calendar year of onset
(median [IQR]) 2010 [2007, 2013] 2008 [2005, 2011] <0.001 0.476
Baseline EDSS (median [IQR]) 1.50 [0.50, 2.00] 1.00 [0.00, 2.00] 0.463 0.010
Number of relapses in first 2
years of disease (mean (SD)) 0.84 (1.10) 0.79 (0.95) 0.636 0.041
Onset to first DMT, years
(mean (SD)) 0.70 (0.52) 2.65 (0.55) <0.001 3.612
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SUPPLEMENTARY MATERIAL S2: SENSITIVITY ANALYSIS:
MODELLING LONGITUDINAL OUTCOMES WITH ALL AVAILABLE
DATA (PATIENTS ARE NOT PROPENSITY MATCHED TO EARLY VS
LATE COHORTYS)

Table S2.1: MSIS physical subscore (generalised linear mixed model with gamma log

link)
Estimate  95% Cl lower limit 95%Cl upper limit

(Intercept) 13.86 10.28 18.68
Onset to DMT time (years) 1.11 1.05 1.18
Disease duration (years) 0.99 0.96 1.02
Age at onset (years over 18) 1.02 1.01 1.02
Male sex 0.77 0.71 0.85
Calendar year at index (years over 2000) 0.95 0.95 0.97
Number of relapses in first 2 years of disease 1.02 0.99 1.06
Baseline EDSS (in first 2 years of disease) 1.30 1.25 1.34

N=2043 patients (see table S1.1 for baseline characteristics of this cohort)

This indicates for every additional year of delay to DMT (between O to 4 years), severity of physical
symptoms during followup (between 4-10 years) increases by 11% (95%CI 5, 18).

Other variables that were associated with worse physical symptoms during followup include older age
at onset, female sex, earlier calendar year at onset, and higher baseline EDSS.

Disease duration was not associated with change in physical symptoms.

Table S2.2: MSIS psychological subscore (generalised linear mixed model with gamma

log link)
Estimate  95% Cl lower limit 95%Cl upper limit

(Intercept) 29.95 22.94 39.09
Onset to DMT time (years) 1.06 1.01 1.12
Disease duration (years) 0.98 0.95 1.00
Age at onset (years over 18) 1.00 1.00 1.01
Male sex 0.78 0.72 0.84
Calendar year at index (years over 2000) 0.98 0.96 0.99
Number of relapses in first 2 years of disease 1.01 0.98 1.05
Baseline EDSS (in first 2 years of disease) 1.14 1.11 1.17

N=2043 patients (see table S1.1 for baseline characteristics of this cohort)

This indicates that for every additional year of delay to DMT (between 0 to 4 years), severity of
psychological symptoms during followup (between 4-10 years) increases by 6% (95%CI 1, 12).

Other variables that were associated with worse psychological symptoms during followup include
female sex, earlier calendar year at onset, and higher baseline EDSS.
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Disease duration was not associated with change in psychological symptoms.

Table S2.3: EQ5D (linear mixed model)
Estimate 95% Cl lower limit 95%Cl upper limit

(Intercept) 75.4 71.0 79.9
Onset to DMT time (years) -0.8 -1.9 0.3
Disease duration (years) 0.3 0.0 0.5
Age at index (years over 18) -0.2 -0.3 -0.1
Male sex 1.5 -0.1 3.1
Calendar year at index (years

over 2000) 0.6 0.3 0.9
Number of relapses in first 2

years of disease -0.3 -1.0 0.4
Median EDSS in first 2 years of

disease -3.8 -4.4 -3.2

N=1879 patients (see table S1.3 for baseline characteristics of this cohort)

This indicates that there is no significant difference to health related quality of life with delay to
treatment.

Variables that were associated with worse general health related quality of life during followup
include older age at onset, earlier calendar year at onset, and higher baseline EDSS.

Disease duration was not associated with change in health related quality of life.

Table S2.4: EDSS (linear mixed model)

Estimate 95% Cl lower limit 95%Cl upper limit
(Intercept) 0.09 -0.11 0.29
Onset to DMT time (years) 0.19 0.12 0.26
Disease duration (years) 0.05 0.05 0.06
Age at index (years over 18) 0.03 0.03 0.04
Male sex 0.03 -0.07 0.13
Calendar year at index (years -0.04
over 2000) ’ -0.06 -0.03
Number of relapses in first 2
years of disease 0.02 -0.03 0.06
Median EDSS in first 2 years of
disease 0.65 0.62 0.69

N=2519 patients (see table S1.5 for baseline characteristics of this cohort)

This indicates that every year of delay to DMT (between years 0-4) is associated with a worse clinical
disability as measured by higher EDSS, during followup (between years 4-10) by 0.19 points (95%CI
0.12, 0.26).

Other variables that were associated with worse EDSS during following include older age at onset,
earlier calendar year at onset, and higher baseline EDSS. Disease duration was associated with
worsening EDSS (0.05 points per year of disease, 95%CI 0.05, 0.06)
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SUPPLEMENTARY MATERIAL S3: FIRST DMT USED BY PATIENTS
IN THE EARLY VS LATE GROUPS FOR EACH OUTCOME
ANALYSIS MATCHED COHORTYS)

S3.1: MSIS analysis
First DMT (MSIS analysis) Early
Alemtuzumab 0.3%
Glatiramer acetate 6.8%
Dimethylfumarate 10.3%
Fingolimod 2.5%
Haematopoietic stem cell
tr:r?spalla(r)lrt)atiitn e 0.3%
Interferon 56.8%
Mitoxantrone 0.0%
Natalizumab 13.7%
Ocrelizumab 0.5%
Rituximab 7.9%
Teriflunomide 0.9%
First DMT catego
(MSIS analysissg N Early
n 650
First DMT, n(%)
High-efficacy * 147.0 (25.3)
Oral therapies™ 22.0 (3.8)
Injectables* 412.0 (70.9)

Late
0.0%
4.6%
9.2%
0.8%

0.0%

56.2%
0.8%
13.8%
0.8%
13.1%
0.8%

Late p SMD

130
0.243 0.177
37.0 (31.4)
2.01.7)

79.0 (66.9)

* High-efficacy therapies are Alemtuzumab, Daclizumab, haematopoietic stem cell therapy,
Mitoxantrone, Natalizaumab, Ocrelizumab, Rituximab. Oral therapies are Dimethylfumarate,
Fingolimod and Teriflunomide. Injectable therapies are Glatiramer acetate and all Interferons
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S3.2: EQSD analysis
First DMT (EQ5D analysis) Early Late
Alemtuzumab 0.2% 0.0%
Glatiramer acetate 6.3% 5.3%
Daclizumab 0.2% 0.0%
Dimethylfumarate 11.1% 9.6%
Fingolimod 1.9% 0.9%
Haematopoietic stem cell
transplanlsation 0.2% 0.0%
Interferon 55.9% 55.3%
Mitoxantrone 0.0% 0.9%
Natalizumab 14.3% 11.4%
Ocrelizumab 0.0% 0.9%
Rituximab 8.7% 14.9%
Teriflunomide 1.2% 0.9%
First DMT categor
(EQ5D analyséi{s) y Early Late p SMD
n 575 115
First DMT, n(%) 0.488 0.134
High-efficacy * 135.0 (26.5) 32.0(31.1)
Oral therapies* 18.0(3.5) 2.0 (1.9)
Injectables* 357.0(70.0) 69.0 (67.0)

* High-efficacy therapies are Alemtuzumab, Daclizumab, haematopoietic stem cell therapy,
Mitoxantrone, Natalizamab, Ocrelizumab, Rituximab. Oral therapies are Dimethylfumarate,
Fingolimod and Teriflunomide. Injectable therapies are Glatiramer acetate and all Interferons
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S3.3: EDSS analysis

First DMT (EDSS analysis) Early Late

Alemtuzumab 0.5% 0.0%
Glatiramer acetate 8.8% 6.9%
Daclizumab 0.1% 0.0%
Dimethylfumarate 7.0% 8.0%
Fingolimod 2.3% 0.0%
Haematopoietic stem cell
transplantation 0.2% 0.0%
Interferon 62.2% 61.7%
Mitoxantrone 0.1% 0.6%
Natalizumab 11.2% 10.9%
Ocrelizumab 0.1% 0.6%
Rituximab 6.7% 10.9%
Teriflunomide 0.8% 0.6%
First DMT catego
(EDSS analysisf)g ry Early Late p SMD
n 886 179
First DMT, n(%) 0.093 0.216
High-efficacy * 165.6 (20.2) 40.0 (24.8)
Oral therapies* 26.7 (3.3) 1.0 (0.6)
Injectables* 626.4 (76.5) 120.0 (74.5)

* High-efficacy therapies are Alemtuzumab, Daclizumab, haematopoietic stem cell therapy,
Mitoxantrone, Natalizaumab, Ocrelizumab, Rituximab. Oral therapies are Dimethylfumarate,
Fingolimod and Teriflunomide. Injectable therapies are Glatiramer acetate and all Interferons
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SUPPLEMENTARY MATERIAL S4: FULL MODEL SPECIFICATIONS
FOR MAIN ANALYSES

S4.1: Analysis of MSIS after early vs late DMT (same model for physical and psychological
subscales)

Model type: Generalized linear mixed model fit by maximum likelihood

Family: Gamma (log-link )

Formula: MSIS score ~ late + year + (1 | clinic_id) + (1 | id)

Note that for all model formulae, “late” is a factor variable referring to the late treatment group
(compared to reference group of early treatment); “year” is a numeric variable referring to disease
duration in years, “clinic ID” is a factor variable referring to the treating clinic (stratifying variable)
and “id” is a factor variable referring to the individual patient (stratifying variable).

All models are weighted to account for the variable one-to-many match ratio between patients in the
early vs late treated groups.

Model output: MSIS physical

outcome.gamma

Predictors Estimates CI P
(Intercept) 17,78 1339-2360 =0.001
late 131 109-138  0.004
year 0.99 095-103 0664

Random Effects
ol 1.25
00 id 0.00
T00 clinie_id 0.00
N clinic_id 43
N T80
Observations 2761

Marginal R? / Conditional RZ  0.009 /NA
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Model output: MSIS psychological

outcome.gamma

Predictors Estimates Cr P
(Intercept) 2641  20.71-33.68 =0.001
late 1.14 097-134 0102
vear 0.99 096-103 0693

Random Effects
ol 0.76
™00 id 0.00
T00 clinic_id 0.00
N ctinic_id 43
Ni 779
Observations 2755

Marginal R? / Conditional R?  0.003 / NA

S4.2: Analysis of EQ5D after early vs late DMT
Generalized linear mixed model fit by maximum likelihood
Family: Gamma (log)

Formula: EQ5D VAS ~ late + year + (1 | clinic_id) + (1 | id)

Model output: EQ5D visual analogue scale

outcome.gamma

Predictors Estimates Ccr P
(Intercept) 7163  67.02-76.56 <0.001
late 0.93 085-101 0089
year 1.00 099-101 0814

Random Effects
o2 0.04
T00 id 0.03
T00 clinic_id 0.00
Icc 0.43
N clinic_id 42
N 681
Observations 2037

Marginal R? / Conditional RZ 0.010/0.435
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S4.3: Analysis of EDSS after early vs late DMT
Linear mixed model fit by maximum likelihood
Formula: EDSS ~ late + year + (1 | clinic_id) + (1 | id)

edss
FPredictors Estimates CcI »
(Intercept) 127 1.12-142 =0.001
late 035  010-039 0.005
vear 0.07 0.06-008 =0.001
Random Effects
o2 0.36
00 id 2.17
T00 clinic_id 0.04
1Cc 0.86
N clinic_id 46
Ni 1063
Observations 4620

Marginal R? / Conditional R  0.013/0.861
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