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ABSTRACT

Objective: The choice of the first disease modifying treatment (DMT) in multiple sclerosis (MS) is a topic of great interest, and
whether high-efficacy DMTs should be the first choice remains debated. We compared treatment outcomes (no evidence of dis-
ease activity [NEDA] and its components) between treatment-naive relapsing-remitting MS (RRMS) patients commencing high-
efficacy therapies (HET) and non-high-efficacy therapies (non-HET), using propensity score matching.

Methods: This is an observational prospective study of two real-world, single-centre, longitudinal cohorts: (1) Relapsing-remit-
ting MS (RRMS) patients initiated dimethyl fumarate, fingolimod, glatiramer acetate and natalizumab between 2002 and 2020;
(2) RRMS patients initiated ocrelizumab between 2019 and 2021. We selected treatment-naive patients and had at least 2years of
follow-up. We compared the two groups at years 1 and 2 using Cox and Logistic regression models as appropriate.

Results: After propensity score matching, we included 448 patients: 110 HET and 338 non-HET. The probability of losing NEDA
was 57% and 39% lower in the HET group at year 1 and 2 (HR =0.43; 95% CI=0.35, 0.52; p<0.01 and HR =0.61; 95% CI=0.45,
0.84; p<0.01, respectively). The probability of relapse in the HET group was 94% and 71% lower at year 1 and 2 (OR=0.06; 95%
CI=0.01, 0.28; p<0.01 and OR=0.29; 95% CI=0.10, 0.84; p < 0.02, respectively). The EDSS in the HET group was 30% and 18%
lower at year 1 and 2 (Coeff=-0.30; 95% CI=-0.42, —0.18; p<0.01 and Coeff=-0.16; 95% CI=-0.34, 0.02; p<0.09, respec-
tively). The probability of MRI activity in the HET group was 82% lower at year 1 (OR =0.18; 95% CI=0.04, 0.86; p <0.03).
Interpretation: This study demonstrated that treatment-naive RRMS patients should be considered for high-efficacy therapies
based on a greater suppression of disease activity at 2years.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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Summary for social media

« Choosing the first disease modifying therapy (DMT)
in multiple sclerosis (MS) is a topic of great interest for
both patients and clinicians, and whether high-efficacy
DMTs should be the first choice remains debated.

In this real-world, prospective, single-centre, cohort of
853 treatment-naive relapsing remitting MS patients,
those who started high-efficacy treatment had lower
probability of disease activity, clinically and radiologi-
cally, at year 1 and 2.

This study showed that the first choice of treatment in
MS patients should include high-efficacy DMTs based
on a greater suppression of disease activity at 2years,
without significant safety concerns.

This study may encourage clinicians to consider com-
mencing high-efficay therapies early for patients initi-
ating their first MS treatment.

1 | Introduction

Multiple sclerosis (MS) is a chronic and progressive neuroin-
flammatory condition affecting the central nervous system,
characterised by heterogeneous clinical manifestations and dis-
ease course [1]. MS is the most common cause of serious physi-
cal disability in adults of working age and can have a profound
impact on quality of life and employment [2, 3].

There have been more than fifteen disease modifying therapies
(DMTs) approved for the management of relapsing-remitting
MS (RRMS), since the approval of Interferons in 1996 [4]. DMTs
can be divided into non-high-efficacy therapies (non-HET), with
a much better-defined safety profile, and high-efficacy therapies
(HET), with potentially higher risk of serious side effects [5].

The choice of the first DMT in treatment-naive MS patients is
a topic of great interest for both patients and clinicians, and
whether HET should be preferred to a non-HET remains a topic
for debate in the MS community. The recent ABN guidelines
have recommended that HET should be considered as the first
option in eligible patients [6]. Previous international guidelines
recommended HET for highly active MS (ECTRIMS [European
Committee for Treatment and Research in Multiple Sclerosis]/
EAN [European Academy of Neurology] and American
Academy of Neurology [AAN] guidelines) [7, 8].

Real-world cohorts have shown that DMTs significantly re-
duced the risk of reaching disability milestones in the long-
term [9, 10]. When real-world cohorts have been used to
compare the efficacy of DMTs, they have rarely included sta-
tistical matching techniques, which are necessary to account
for systematic differences in baseline characteristics between
patients initiating different DMTs when estimating the effec-
tiveness of DMTs [11, 12]. However, when they did use them,
there were other shortcomings: (1) They studied only clinical
relapses and disability, and not MRI activity, (2) They com-
bined treatment-naive patients together with patients previ-
ously treated with other DMTs and (3) They performed single
comparisons of two DMTs [13-16].

Head-to-head randomised clinical trials (RCTs) offer the
gold standard design for estimating the effects of treatments.
However, they have made only one-to-one comparisons, and
included patients switching therapies together with treatment
naive patients; additionally, the trial conditions are not often
generalisable and, for example, they do not include patients
with multiple co-morbidities. There is evidence from single-
arm, open-label studies that treatment-naive patients main-
tain low disease activity when they initiate HET, but they have
been not compared to other therapies, and are affected by ‘se-
lection bias’ [17].

No evidence of disease activity (NEDA) has been used as a
tool for measuring the efficacy of DMTs. NEDA (also known
as NEDA3) is achieved if there are no new clinical relapses,
new activity on magnetic resonance imaging (MRI) and signs
of clinical disease progression, measured by expanded dis-
ability status scale (EDSS) over a defined period of time [18].
Although NEDA has its own limitations as a tool to measure
the heterogeneity of MS worsening, poor treatment response
in the early stages of MS has significant prognostic value
[19, 20].

We aimed to compare treatment outcomes (numbers of relapses,
disability worsening, MRI activity and NEDA status at 1 and
2years) between treatment-naive patients commencing HET
versus non-HET, whereas accounting for systematic differences
in baseline characteristics of the two groups with propensity
score matching.

2 | Methods
2.1 | Study Design and Participants

This is an analysis of two real-world, single-centre (Queen
Square MS Centre, University College London, UK) longitudi-
nal cohorts, which were combined:

1. A cohort of all consecutive RRMS patients who com-
menced dimethyl fumarate, fingolimod, glatiramer ac-
etate, and natalizumab between 2002 and 2021. The
clinical and radiological data for this cohort were recorded
prospectively at patients’ visits by consultant MS special-
ists and collected by the first author through the hospital
electronic health records.

2. A prospective cohort of consecutive RRMS patients who
initiated ocrelizumab between 2019 and 2021. Patients in
this cohort were assessed at the initiation of ocrelizumab
and then at least annually, as part of the POINT-MS study.

The inclusion criteria for the present study were

1. Diagnosis of RRMS,
2. Age>18years,
3. First DMT prescription,

4. Availability of at least 2years of follow-up (or reaching
study outcomes before 2years of follow-up) with clinical
and radiological variables.
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We excluded MS patients with a previous history of DMT use
and progressive (primary and secondary) MS patients.

Clinical variables were collected at study entry (within a max-
imum of 3 months from the first dose or infusion of DMT), and
at year 1 and year 2. Patients who discontinued DMT prior to
years 1 and 2 because of disease activity contributed to the
pool of patients available for NEDA assessment. On the con-
trary, patients who stopped treatment due to other reasons,
such as side effects, family planning, or those who moved to
a different location (and therefore to a different MS service)
were excluded from analyses at year 1, if they stopped treat-
ment within the first 6 months, and at year 2, if they stopped
treatment within 18 months.

The following variables were collected at baseline (i.e., first treat-
ment initiation): age, sex (as recorded on the health records),
ethnicity (self-identified), age at MS onset (which was used to cal-
culate disease duration), disease duration (time from MS clinical
onset to treatment initiation), number of relapses in the previous
12months, Expanded-Disability Status Scale (EDSS), and brain
MRI activity (including number of new and/or enlarging T2 and
gadolinium-enhancing [Gd+] T1 lesions (also referred to as ‘ac-
tive lesions‘) compared with the previous scan within the previous
24months, as described in the neuro-radiology reports).

We acquired the MRIs according to local, standard-of-care pro-
tocols in the national health service over the last 20years. As
expected, there was a variety of sequences and parameters that
had changed over time, and many different protocols were used.
This may have introduced bias in terms of the ability to iden-
tify lesions, but we used clinical neuro-radiologist reports for
the number of lesions identified and compared them to previous
scans with a similar protocol.

The outcomes collected at year 1 and 2 were: (i) Number of pa-
tients who relapsed from baseline to year 1, and from year 1
to year 2; (i) Number of patients who had EDSS progression,
defined as an increase of either >0.5 points for patients with a
baseline EDSS score >5.5, >1.0 point for those with a baseline
EDSS score of 1.0 and 5.0, and > 1.5 points for those with a base-
line EDSS score of 0; (iii) Number of patients who experienced
MRI activity on brain MRI from baseline to year 1, and from
year 1 to year 2; (iv) NEDA, which implies NEDA3 throughout
this study, is defined as the absence of relapses, EDSS progres-
sion and/or active MRI lesions; this was calculated at year 1, at
year 2, and between year 1 and 2.

The study of these two cohorts was approved by the research
ethics committee (19/WA/0157 and 23/WS/0008).

2.2 | Statistical Analysis

Mean (and standard deviation [SD]), median (and range) and num-
ber (and percent) were calculated for different study variables, as
appropriate. Differences in demographic, clinical and radiological
characteristics at treatment initiation between non-high-efficacy
(dimethyl fumarate, glatiramer acetate, fingolimod) and high-
efficacy DMTs (natalizumab, ocrelizumab) were evaluated using
t-test, chi-square test and Fisher's exact test, as appropriate.

We used inverse-probability weighting regression analysis to es-
timate the probability of treatment allocation (high-efficacy ther-
apy (HET) vs. non-high-efficacy therapy (non-HET)), based on
age, sex, ethnicity, disease duration, relapses in the year before
treatment initiation, EDSS at treatment initiation and active MRI
lesions at treatment initiation. Based on propensity scores calcu-
lated above, patients were matched by nearest neighbour, within
0.1 SD of the propensity score. Then, we compared HET and non-
HET using logistic regression (probability of relapse at year 1 and
2, probability of new MRI lesions at year 1 and 2), linear regres-
sion (EDSS changes at year 1 and 2), and Cox regression models
(probability of NEDA at year 1 and 2, and between year 1 and 2).

Results were reported as coefficients (Coeff), hazard ratio (HR),
odds ratio (OR), 95% confidence interval (95% CI), and p values, as
appropriate. Distribution of variables and residuals was checked
using both graphical and statistical methods. Statistical analyses
were performed using Stata 15.0 (StataCorp, College Station, TX,
USA). Results were considered statistically significant if p <0.05.

2.3 | Power Calculation

We performed the power calculation based on our matched sam-
ple of 689 patients on non-HET and 164 on HET to understand
what statistical power we would have had with our sample size.
Findings showed that the sample of 689 versus 164 patients
would have been sufficient to detect a 1.3% difference in any of
the treatment outcomes between groups, using regression mod-
els, with a 5% alpha and 90% power.

3 | Results

A flow chart of patients is shown in Figure 1. We identified
1986 patients in our whole cohort: 433 on HET and 1553 on
non-HET. Table S1 shows the demographics, clinical and ra-
diological characteristics of the whole cohort. We found 853
treatment-naive RRMS patients who commenced their first

RRMS patients reviewed
1986

HET non-HET
433 1553
Excluded patients:
—) Received DMTs previously
1133

RRMS treatment-naive patients
853

I I

HET non-HET
164 689

FIGURE1 | Study population flow chart. A flow chart of the patients
with relapsing remitting multiple sclerosis (RRMS) who initiated high-
efficacy therapy (HET) or non-high-efficacy therapy (non-HET) at our
centre.
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DMT: 164 started HET and 689 non-HET. Table S2 shows the
demographics, clinical and radiological characteristics of the
treatment-naive cohort. Out of 853 patients, 735 (164 HET and
649 non-HET) were eligible for NEDA assessment at year 1
and 2. Table S3 shows the clinical outcomes of the treatment-
naive cohort at year 1 and 2. This table demonstrates that the
HET group has better outcomes than the non-HET group at
year 1 and 2. Although ocrelizumab has the larger number
of patients, both natalizumab and ocrelizumab have shown
similarly better outcomes compared to the non-HET group.
The number of patients losing NEDA in the natalizumab and

TABLE 1

ocrelizumab group was 8.0% and 5.1%, respectively, whereas
the number of patients losing NEDA in the glatiramer acetate,
dimethyl fumarate and fingolimod group was 24.4%, 15.0%
and 41.7%, respectively.

After propensity score matching, we included 448
treatment-naive patients (110 on HET and 338 on non-HET).
Demographics, clinical and radiological characteristics at
treatment initiation for this cohort are shown in Table 1.
Clinical and radiological outcomes at year 1 and 2 are reported
in Table 2.

| Demographic, clinical and radiological characteristics at treatment initiation after propensity score matching.

Non-high-efficacy DMTs

High-efficacy DMTs p

Number of patients included after propensity score matching
Sex: Female (%)

Ethnicity (self-identified)

White

Non-White

Mean age at study entry (years)

Mean disease durations (years)

No. of relapses in previous 12 months (mean + SD)

Mean EDSS at baseline

No. of new T2 and enlarging lesions (compared with
the previous scan within the previous 24 months) and
Gd + lesions on brain MRI at baseline

338 110
247 (73) 79 (72) 0.44
282 (83%) 97 (88%) 0.65
56 (17%) 13 (12%)

38.2+9.7 36.9+10.1 0.20
6.5+4.8 59+6.0 0.24
1.1+0.8 1.2+0.8 0.37
27+1.7 2.6+1.7 0.76
0.5+1.3 0.6+1.4 0.51

Note: p values from t-test, chi-square test and Fisher's exact test, as appropriate, comparing demographic, clinical and radiological characteristics between patients
commencing non-high-efficacy therapy (non-HET) versus high-efficacy therapy (HET) as their first disease modifying treatment.
Abbreviations: DMT, disease modifying therapy; EDSS, expanded disability status scale; Gd+, gadolinium enhancing.

TABLE 2 | Relapses, MRI activity, EDSS progression and NEDA at 1 and 2years after propensity score matching.
Non-HET HET 95% CI

DMT 338 110 Lower Upper P
Year 1
Number (%) of patients with NEDA 243 (71.9%) 101 (91.8%) HR=0.43 0.35 0.52 <0.01
Number (%) of patients with relapses 68 (21.0%) 2(1.8%) OR=0.06 0.01 0.28 <0.01
Number (%) of patients with MRI activity 13 (11.9%) 2(2.5%) OR=0.18 0.04 0.86 0.03
EDSS (mean + SD) 2.8+1.8 24+1.8 Coeff=-0.30 —0.42 —0.18 <0.01
Year 2
Number (%) of patients with NEDA 181 (53.7%) 81 (73.6%) HR=0.61 0.45 0.84 <0.01
Number (%) of patients with relapses 56 (19.5%) 4(6.6%) OR=0.29 0.10 0.84 0.02
Number (%) of patients with MRI activity 23 (21.7%) 0 (0%) — — — —
EDSS (mean + SD) 2.8+1.9 29+21 Coeff=-0.16 -0.34 0.02 0.09
Number (%) of patients with NEDA between year 129 (38.2%) 58 (52.8%) HR=0.72 0.53 0.97 0.03

1land?2

Note: Coefficients (Coeff), hazard ratio (HR), odds ratio (OR), 95% confidence interval (95% CI), and p values from logistic regression, linear regression and Cox
regression models, as appropriate, comparing patients commencing non-high-efficacy therapy (non-HET) versus high-efficacy therapy (HET) as their first disease

modifying treatment.

Abbreviations: EDSS, expanded disability status scale; NEDA, no evidence of disease activity.
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Table S4 shows the reasons patients stopped treatment early and
therefore were not eligible for NEDA assessment. Only patients
who initiated non-HET stopped early, with the majority of pa-
tients stopping dimethyl fumarate and glatiramer acetate due to
side effects.

3.1 | Differences in Outcomes Between HET
and Non-HET at 1 and 2Years

When compared with non-HET, the probability of losing
NEDA in the HET group was 57% lower at year 1 (HR=0.43;
95% CI=0.35, 0.52; p<0.01), 39% lower at year 2 versus base-
line (HR=0.61; 95% CI=0.45, 0.84; p<0.01) and 28% lower be-
tween year 1 and year 2 (HR =0.72; 95% CI1=0.53, 0.97; p=0.03)
(Figure 2).

When looking at the individual NEDA components, the find-
ings were similar. When compared with non-HET, the prob-
ability of relapse in the HET group was 94% lower at year 1
(OR=0.06; 95% CI=0.01, 0.28; p<0.01), and 71% lower at
year 2 (OR=0.29; 95% CI=0.10, 0.84; p=0.02) (Figure 3).
EDSS at year 1 was 30% lower in the HET group (2.43+1.88)
(Coeff=-0.30; 95% CI=-0.42, —0.18; p<0.01) compared with
non-HET (2.80=+1.87), whereas no difference was detected at
year 2 (Coeff=—-0.16; 95% CI=-0.34, 0.02; p=0.09) (Figure 4).
The probability of active MRI was 82% lower at year 1 in the
HET group (OR=0.18; 95% CI=0.04, 0.86; p=0.03) compared
with non-HET. A statistical analysis was not possible at year 2
versus year 1 due to the lack of active MRI in the HET group;
in the non-HET group the percentage of patients with MRI ac-
tivity was 21.7% (Figure 5).

4 | Discussion

In this single centre, real-world prospective observational study,
we evaluated the short and medium-term treatment response
in treatment-naive RRMS patients who commenced their first
therapy with HET or non-HET. Using a propensity score-based
matching, we compared RRMS patients with similar demograph-
ics and baseline disease characteristics. We found that the proba-
bility of relapse, EDSS progression and MRI activity was lower in
the HET group compared with the non-HET group. Collectively,
the probability of losing NEDA was lower in the HET group com-
pared with the non-HET group. This is due to a more potent effect
on disease activity of the high-efficacy DMTs [20].

The main novelties of our study are that we adjusted for possible
differences in treatment allocation driven by different clinical
characteristics, included several medications used in the real
world, and analyzed MRI treatment outcomes. The strength of
our study is the well defined study population that reflects rou-
tine clinical practice in a Universal Health Care system: MS pa-
tients are followed by MS neurologists at a public neuroscience
center and have access to all licenced DMTs. We aimed to mi-
nimise selection bias by including all consecutive patients and
describing reasons for exclusion.

Subgroup analyses and open-label extensions of RCTs on oc-
relizumab, cladribine and natalizumab have confirmed their
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FIGURE 2 | NEDA for patients commencing on HET or non-HET.
Kaplan-Meier Curves estimate the rates of no evidence of disease activ-
ity (NEDA, also known as NEDA3) loss in high-efficacy therapy (HET)
[red] or non-high-efficacy therapy (non-HET) [yellow] at 1year (A), be-
tween 1 and 2years (B), and at 2years (C). Note that the values of the
measurements shown here are the absolute values and are unadjusted.

high efficacy in controlling disease activity when initiated
early [17, 21-23]. However, single-arm, open-label studies are
affected by selection bias, as they recruit participants who have
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FIGURE 4 | EDSS for patients commencing on HET or non-HET. Box-and-whisker plot shows expanded disability status scale (EDSS) before
starting treatment (baseline), and at year 1 and 2 after starting high-efficacy therapy (HET) or non-high-efficacy therapy (non-HET). Note that the

values of the measurements shown here are the absolute values and are unadjusted.

responded (and continue to respond) to the medication. Five
real-world retrospective studies, which have investigated non-
high-efficacy therapy versus high-efficacy therapy strategies,
suggested an association of high-efficacy therapy with a lower
risk of clinical relapses, a lower mean change in EDSS score at
5-10years, a higher median time to sustained accumulation
of disability and a lower risk of conversion to secondary pro-
gressive MS, compared with starting non-high-efficacy agents
[24-29]. However, these studies have lacked MRI data, and

considering the baseline MRI features are a crucial prognos-
tic factor to guide the first treatment choice, we included MRI
data at baseline as a covariate for the patient propensity score-
matching procedure and as a measure of outcome that could
trigger treatment escalation.

Some clinicians are advocating the initiation of a non-HET in
treatment-naive patients, with a timely switch to a more potent
agent which can control breakthrough disease in the case of an
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inadequate response to the first-line DMTs, on the basis of the
available evidence and international consensus guidelines: (1) The
European (ECTRIMS/EAN) guidelines of 2018 suggest deciding
MS therapy depends on patient characteristics, disease severity,
safety profile and drug accessibility and advise escalating treat-
ment in the case of disease activity while on non-high-efficacy
DMT [7]. (2) The AAN guidelines recommend that patients with
a highly active disease should be treated with high-efficacy DMT
[8]. Neither the AAN nor the European guidelines recommend a
specific treatment strategy. (3) The most recent guidelines from the
ABN recommend that high-efficacy therapy should be considered
as the first option in eligible patients [6].

There are some limitations in our study. No patients on inter-
ferons were included in the non-HET group and no patients on
cladribine or alemtuzumab were included in the HET group. We
aim to include all therapies as we collect data in due course, but
therapies such as interferons and alemtuzumab are currently
rarely offered. Also, until recently, cladribine could only be
prescribed to patients with highly active and rapidly evolving
severe MS, and would require a longer follow-up than 2years.
Since fingolimod is a second-line DMT in England, only a small
number of patients were included in this study who started fin-
golimod as a first-line therapy for a variety of reasons including
needle phobia and gastrointestinal conditions preventing them
from commencing other first-line therapies. Considering stud-
ies have shown that fingolimod has a similar efficacy profile to
dimethyl fumarate, we have categorised patients starting fin-
golimod in the non-HET group in our cohort [30, 31]. We have
included several therapies in the non-HET group which may
have varying degrees of efficacy; however, real-life observa-
tional studies have not shown significant differences between
dimethyl fumarate and fingolimod and between interferon and

glatiramer acetate [16, 32, 33]. The number of patients on each
disease modifying drug was too small to allow a more granular
comparison between different therapies.

The single-centre design of this study may limit generalisability.
However, our cohort is derived from a tertiary referral hospital,
with a large catchment area, including a large multi-national and
multi-ethnical population. Another limitation is that we evalu-
ated patients over a period of 2years, which is the common du-
ration of clinical trials, but the long-term effects of treatments
will require longer follow-ups; future studies will assess the
outcomes of these cohorts in the long-term. This is especially
the case for EDSS; we showed EDSS reduction at year 1 in HET
(possibly reflecting rapid anti-inflammatory activity) but failed
to find any further changes at year 2, with the activity on neuro-
degenerative aspects of progression requiring longer observation
time. EDSS is the most used parameter for the assessment of neu-
rological impairment and disease progression, as it is easily per-
formed and intuitively interpreted by any clinician familiar with
the standard neurological examination. However, it is important
to note that one of the main limitations of EDSS is that it is re-
garded as heavily weighted on mobility and not very sensitive to
cognitive impairment or upper limb dysfunction [34].

Different DMTs have been offered to patients at different time
periods over the last two decades, depending on treatment avail-
ability and, therefore, a possible confounder leading to patients’
inhomogeneity is the different treatment allocation over time
(i.e., ocrelizumab became available in the UK in 2019), which,
however, may have affected both groups of patients. Finally, we
only included MRI brain analysis and future work will aim to
include spinal cord MRI scans, as well as data of other therapies
with longer-term outcomes.
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The propensity score matching cannot control for unknown
confounders (and for any covariate that was not mea-
sured and/or not included in propensity score calculation).
Therefore, results of two ongoing prospective, multicentre,
randomised, pragmatic trials comparing early high-efficacy
DMT with escalation approach may provide useful infor-
mation (the TRaditional versus Early Aggressive Therapy
for MS (TREAT-MS, ClinicalTrials.gov no. NCT03500328)
and the Determining the Effectiveness of Early Intensive
versus Escalation Approaches for the Treatment of RRMS
(DELIVER-MS, ClinicalTrials.gov no. NCT03535298)).
However, the advantage of real-world cohorts is that they
may include patients older than 55years and with multiple co-
morbidities, who are often excluded from trials.

In summary, the analysis of a real-world cohort using propensity
score matching showed that the use of highly effective DMTs
increases the probability of achieving a status of no disease ac-
tivity at 1 and 2years, with no concerns related to safety, sug-
gesting that high-efficacy DMTs should be considered as the
first option for treatment-naive patients.
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