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ratio of several different available disease modify-
ing therapies (DMTs). To date, except for indi-
viduals expressing poor clinical and radiological
features at baseline, the most applied treatment
algorithm for early naive MS is based on an esca-
lation strategy.? According to this approach,
patients start with safe moderate-efficacy DMTs
and switch to high-efficacy immunotherapies with
more complex safety profiles in the case of first
treatment failure. The superiority of high-efficacy
DMTs, such as natalizumab, alemtuzumab, ocre-
lizumab, cladribrine, mitoxantrone or fingolimod,
in reducing measures of clinical and MRI disease
activity in comparison with the traditional first-
line MS therapies, such as interferon (IFN) beta,
glatiramer acetate (GA) or teriflunomide, have
been consistently proven by different randomized
clinical trials (RCTs)3>7 and/or observational
studies.’® Moreover, indirect comparisons from
extension arms and subgroup analyses of rand-
omized trials suggest that high-efficacy therapies
are associated with improved control of relapse
activity when initiated earlier after MS onset.10

Whether patients initiating therapy with high-effi-
cacy DMTs derive a greater long-term benefit on
disability accumulation than those who start with
moderate-efficacy agents remains a matter of debate.

Recent observational studies showed evidence that
early initiation of highly effective therapy in RRMS
may provide more benefit that an escalation
approach in decreasing the risk of developing sec-
ondary progression and disability accrual, at least
in a medium term of 5-6years of follow-up.!1-14

In this study, we compared the long-term effect of
an early versus a late start (escalation approach) of
high-efficacy DMTs on disability trajectories in a
large population of naive RRMS who started the
first treatment within the first year from the dis-
ease onset and were longitudinally followed up to
10years.

Methods

Study design

In this retrospective observational cohort study,
patient data were prospectively collected from the
Italian MS Register (IMSR).15

Data extraction was executed in November 2019.
The IMSR was approved by the ethical committee

at the “Azienda Ospedaliero — Universitaria —
Policlinico of Bari” (Study REGISTRO SMO001 —
approved on 8 July 2016) and by local ethics
committees in all participating centers. Patients
signed an informed consent that allows to use their
clinical data for research purposes. According to
the Registry rules, on 5 February 2018, the
Scientific Committee of the Italian MS Registry
granted the approval to conduct this project and
extract and use the registry data.

Population

Patients with relapsing onset MS,16 with a follow-
up duration of at least 5years, a first visit within
3years from disease onset and at least three
Expanded Disability Status Scale (EDSS) score
evaluations after the first DMT start were
extracted from the IMSR database.

Furthermore, it was required that the treatment
exposure to the first DMT was at least 2years for
natalizumab, fingolimod, IFN B products, GA,
teriflunomide and dimethylfumarate; at least
3 months for mitoxantrone and at least two courses
of alemtuzumab, ocrelizumab and cladribine.

Patients meeting the eligibility criteria were divided
into two groups: the early intensive treatment
(EIT) group if their first treatment was one of the
six high-efficacy DMTs (natalizumab, alemtu-
zumab, mitoxantrone, fingolimod, cladribine or
ocrelizumab) and the escalation treatment (ESC)
group if their first therapy was a moderate-efficacy
DMT (IFN beta, GA, teriflunomide, dimethylfu-
marate or azathioprine) followed by escalation to a
high-efficacy DMT, due to a lack of efficacy, after
at least 1year of treatment.17:18

The data collection tool of the IMSR allows to
enter “DMT stop cause” using different possibili-
ties. In this study we selected patients who have
discontinued the first DMT because of a “lack of
efficacy”. This term can be used to identify both
clinical relapse and evidence of inflammatory
activity from magnetic resonance imaging (MRI)
(T'1 gadolinium-enhanced lesions and/or new or
enlarging T2 lesions).

The decision about the first DMT’s prescription
and how and when to switch was the responsibil-
ity of the treating neurologist at each MS center.
DMT prescriptions have been made following
national and European prescription labels.
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Outcome

The main objective was to compare the effect of
early (EIT) wersus late (ESC) start of high-effi-
cacy DMTs on disability trajectories measured
by the mean annual EDSS changes compared
with baseline values (delta-EDSS) up to 10years
of follow-up.

Statistical analysis

Categorical data were expressed as frequency and
proportion. Continuous data were expressed as
mean and standard deviation (SD).

To minimize the imbalance between the groups,
patients were 1:1 propensity score (PS) matched
for baseline covariates at the time of the first
DMT start. The multivariable logistic regression
model to estimate a patient’s probability of being
assigned to the EIT group included the following
covariates: sex, age, clinical onset (monofocal/
multifocal), time to first DMT, relapses before
DMT start (Yes/No), EDSS before DMT start,
number of visits after DMT start. In order to
achieve a better balance between the two groups,
age and number of visits were included in the
model using the logarithmic form of them.

A 5-to-1 greedy matching algorithm without
replacement was used for each pairwise compari-
son to identify a unique matched control with
delayed treatment for each early-treated patient.!®
The quality of the match in each pair of matched
cohorts was assessed with absolute standardized
mean difference (SMD). SMD less than 10% was
considered acceptable.

Then, in the matched cohort, the follow-up time
from the first DMT start was segmented into
6-month periods. The 6-month period is the best
compromise between information loss and EDSS
density. When no disability data were recorded,
previously recorded disability score was carried
out, until the last available EDSS score. The dis-
ability trajectories were evaluated by applying a
linear mixed model for repeated measures
(LMMRM) with an autoregressive variance-
covariance structure. LMMRM with an autore-
gressive  correlation-type matrix makes an
assumption of missing at random and accounts
for both missingness at random and potential cor-
relation within participants, because it allows
evaluation of all individuals, including partici-
pants with incomplete data.?0

The effect of early versus late start of high-efficacy
DMT was assessed by the delta-EDSS in EIT
and ESC groups.

In addition, the effect sizes (ESs) were calculated
to estimate the magnitude of effect (clinical or
practical relevance) of the delta-EDSS between
EIT and ESC groups (from very small to very
large).2! All statistical analyses were evaluated at
two-tailed «=0.05. Analyses was performed
using R version 3.2.0 and SAS version 9.4 (SAS
Institute Inc.).

Results

Longitudinal clinical data of 53,010 patients from
89 MS centers were available in the IMSR at the
time of data extraction. After applying the inclu-
sion and the exclusion criteria we retrieved 2702
RRMS patients from 62 Italian MS centers. In
this cohort, 365 patients received a treatment
classifiable as EIT approach, while a larger sam-
ple of 2337 patients was treated according to the
ESC strategy. The flowchart which describes the
patient selection procedure is reported in Figure
1. The PS matching procedure produced 363
pairs of patients (Figure 1).

The demographic and disease characteristics of
eligible patients before and after the PS matching
are shown in Table 1. Before the PS matching, a
significant imbalance was found between EIT and
ESC groups in terms of age at the first DMT pre-
scription, time from disease onset to the first
DMT prescription (disease duration), baseline
EDSS and frequency of EDSS evaluations during
the follow-up after the first DMT start. Patients of
the EIT group were older at the first DMT [mean
(SD) age years: 31.13 (10.06) versus 29.37 (9.22),
SMD =18.19], with a shorter disease duration at
the first DMT [time in months: 12.69 (9.61) ver-
sus 14.04 (9.64), SMD=-14.10], more disabled
[mean (SD) EDSS: 2.63 (1.60) versus 1.85 (1.26),
SMD =54.60] and had a lower number of EDSS
evaluations during the follow-up from the first
DMT [21.99 (15.71) wersus 24.43 (16.75),
SMD=15.01] than patients in ESC group. After
PS matching, no variable exhibited a significant
imbalance, as is shown in Table 1. In fact, the
SMD was within the interval of = 10 for all the
matching covariates.

The median [interquartile range (IQR)] follow-
up time of the whole post-matched sample
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53,010 patients available in the
Italian MS Registry

50,308 patients did not
meet inclusion criteria

2,702 RRMS patients eligible for PS matching:
- RR disease course at onset;

- Follow-up > 5 years;
- >3 EDSS scores

1,976 patients excluded
applying PS matching

363 RRMS patients included 363 RRMS patients included in
in the EIT group the ESC group

Figure 1. Flowchart of the patient selection procedure.

EDSS, Expanded Disability Status Scale; EIT, early intensive treatment; ESC,
escalation approach; MS, multiple sclerosis; PS, propensity score; RR, relapsing-
remitting; RRMS, relapsing-remitting MS.

(n=1726) after the first visit was 8.5 (6.5-11.7)
years.

Tables 2 and 3 report the distribution of the
DMTs in the two comparison groups. The
patients in the ESC group started their treatment
history with one of following DMTs: IFN beta la
intramuscular (i.m.) (=72, 19.83%), IFN beta
la subcutaneous (s.c.) (n=162, 44.63%), IFN
beta 1bs.c. #=71,19.56%), GA (n=33,9.09%),
azathioprine (n=25, 6.89%). All of these patients
escalated to a higher-efficacy DMT after a median
(IQR) time of 6.3 (3.1-8.4) years, and remained
exposed to these high efficacy DMTs for a median
(IQR) time of 4.0 (1.0-5.7) years. These patients
escalated to alemtuzumab (=6, 1.65%), fingoli-
mod (n=141, 38.84%), natalizumab (n=156,
42.98%), mitoxantrone (=51, 14.05%), ocreli-
zumab (=8, 2.20%), cladribine (=1, 0.28%)
Table 2. Patients of the EIT group were exposed
to fingolimod (n=64, 17.63%), natalizumab
(n=148, 40.77%), mitoxantrone (n=141,
38.84%) and cladribine (z=10, 2.75%); no one
included in the study cohort received alemtu-
zumab and ocrelizumab. Applying the inclusion

criteria and PS matching procedure, no patient of
the ESC group with a treatment of dimethylfu-
marate or teriflunomide was selected, as no one
received alemtuzumab or ocrelizumab in the EIT
group of our study cohort. The median exposure
time to these drugs was 7.2 (5.3-10.3) years in
the EIT group.

Table 4 shows the estimated EDSS scores with
relative confidence intervals at each follow-up
year in the two compared groups, the number of
patients in each group for whom an EDSS score
was available and the mean estimated delta-EDSS
score differences between the two groups. The
estimated baseline EDSS with relative (95% con-
fidence interval) value was 2.52 (2.33-2.71) in
the ESC group and 2.45 (2.26-2.64) in the EIT
group.

Mean estimated delta-EDSSs at each 12-month
period were all significantly (»p<<0.02) higher in
the ESC group compared with the EIT group. In
particular, the mean estimated delta-EDSS dif-
ferences between the two groups tended to
increase from 0.1 (0.01-0.19, p=0.03) at 1year,
to 0.30 (0.07-0.53, p=0.009) and to 0.64 (0.35—
0.93, p<0.001) at 5 and 8years respectively,
while at 10years (the last year of study observa-
tion) it was 0.67 (0.31-1.03, p=0.0003). The
maximum mean delta-EDSS difference was 0.72
(0.40-1.04, p<0.001) measured at 9years. The
ES for each of the yearly comparisons of the mean
estimated delta-EDSS was little to moderate, but
it increased over time up to 0.36 at year 10 of
follow-up (Table 4). A graphical representation
of the disability trajectories of the two compared
groups over the 10year follow-up is shown in
Figure 2. Figure 2(a) shows the comparison
between the disability trajectories of ESC and
EIT groups built through the observed EDSS
scores at each time-point; in Figure 2(b), the dis-
ability trajectories are instead built through the
estimated EDSS scores at each time-point. Both
the observed and estimated curves have a similar
pattern over time and confirm the high goodness
of fit of the model.

Discussion

In this multicenter, observational, retrospective
cohort study with prospectively acquired data, we
evaluated the long-term disability trajectories in
naive RRMS patients who commenced their first
therapy within 13 months from disease onset with
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Table 1. Comparison of clinical and demographic features between ESC and EIT groups before and after PS matching.

Variable Before PS matching After PS matching
ESC EIT SMD ESC EIT SMD
n = 2337 n = 365 n = 363 n = 363
Female sex, n (%) 1541 (65.94) 240 (65.75) -0.39 222 (61.16) 240 (66.12) 10.32
Age at first DMT, mean (SD), years 29.37 (9.22) 31.13 (10.06) 18.19 30.28 (9.26) 31.04(10.02) 7.84
Time to first DMT, mean (SD), months 14.04 (9.64) 12.69 (9.61) -14.10 12.92 (9.74) 12.73 (9.61) -1.87
EDSS at the DMT start, mean (SD) 1.85 (1.2¢6) 2.63(1.60) 54.60 2.63 (1.54) 2.61(1.57) -1.24
Number of EDSS evaluations from the 24.43(16.75) 21.99 (15.71) -15.01 22.24(15.03)  22.05(15.72)  -1.24
first DMT, mean (SD])
Number of patients with relapses in the 2007 (85.88) 315 (86.30) - 308 (84.85) 313 (86.23) -
last 2 years before DMT start, mean (SD)
Onset type, mean (SD)
Monofocal 1992 (85.24) 315 (86.30) 3.05 296 (81.54) 314 (86.50) 13.56
Multifocal 345 (14.76) 50 (13.70) - 67 (18.46) 49 (13.50) -

DMT, disease-modifying therapy; EDSS, Expanded Disability Status Scale; EIT, early intensive treatment; ESC, escalation approach; N, number; PS,
propensity score; SD, standard deviation; SMD, standardized mean difference.

Table 2. Distribution of moderate-efficacy DMTs

before the escalation and of high-efficacy DMTs after

escalation in the ESC group after PS matching.

First DMT (before the escalation) Pts, n (%)
Interferon beta 1ai.m. 72 (19.56)
Interferon beta 1a s.c. 162 (44.63)
Interferon beta 1b s.c. 71 (19.56)
Glatiramer acetate 33(9.09)
Azathioprine 25 (6.89)
High-efficacy DMTs at the escalation
Alemtuzumab 6 (1.65)
Fingolimod 141 (38.84)
Natalizumab 156 (42.98)
Mitoxantrone 51 (14.05)
Ocrelizumab 8(2.20)
Cladribine 1(0.28)

DMT, disease-modifying therapy; ESC, escalation
approach; i.m., intramuscular; n, number; PS, propensity
score; Pts, patients; s.c., subcutaneous.

Table 3. Distribution of high-efficacy DMTs in the EIT
group after PS matching.

First DMT Pts, n (%)
Alemtuzumab 0 (0.00)
Fingolimod 64.(17.63)
Natalizumab 148 (40.77)
Mitoxantrone 141 (38.84)
Ocrelizumab 0 (0.00)
Cladribine 10 (2.75)

DMT, disease-modifying therapy; EIT, early intensive
treatment; PS, propensity score; Pts, patients.

high-efficacy DMTs according to the EIT strat-
egy or with moderate-efficacy DMTs followed by
escalation to high-efficacy DMTs according to
the ESC approach. Applying a PS-based match-
ing, we compared RRMS patients with an active
disease (=1 relapse before the treatment start)
and with a mild-to-moderate baseline EDSS
score before the start of the first DMT [mean
(SD) EDSS 2.63 (1.54) in the ESC group wersus
2.61 (1.57) in the EIT group]. In our study, the
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Table 4. The estimated mean EDSS scores and the estimated mean delta-EDSS scores versus baseline in ESC and EIT groups at

each follow-up year.

Follow-up  Estimated mean EDSS (95% Cl) (n pts) Estimated mean delta-EDSS  p-value Effect size
year ESC group EIT group Is):c;:eiisn(;)S% Cl) versus

Baseline 2.52(2.33-2.71) (363) 2.45(2.26-2.64) (363) 0.25
1year 2.53 (2.33-2.73]) (250) 2.36 (2.16-2.56) (265) 0.10(0.01-0.19) 0.0286 0.13
2years 2.68 (2.48-2.88] (249) 2.39 (2.19-2.59]) (265) 0.22 (0.08-0.36) 0.0026 0.18
3years 2.81(2.61-3.01) (234) 2.53 (2.33-2.73]) (258) 0.21(0.03-0.39) 0.0193 0.13
Lyears 2.96 (2.76-3.16) (255) 2.57 (2.37-2.77) (252) 0.32(0.12-0.52) 0.0022 0.22
Syears 3.09 (2.89-3.29) (238) 2.72 (2.52-2.92) (239) 0.30 (0.07-0.53) 0.0095 0.26
byears 3.24 (3.04-3.44) (218) 2.89 (2.69-3.09]) (220) 0.28 (0.03-0.53) 0.026 0.21
7years 3.35(3.15-3.55) (192) 3.00 (2.79-3.21) (182) 0.27 (0.00-0.54) 0.0465 0.25
8years 3.59 (3.38-3.80) (169) 2.88 (2.66-3.10) (144) 0.64 (0.35-0.93) <0.0001 0.33
9years 3.76 (3.54-3.98) (137) 2.97 (2.74-3.20) (120) 0.72 (0.40-1.04) <0.0001 0.38
10years 3.81(3.58-4.04) (118) 3.07 (2.81-3.33] (86) 0.67 (0.31-1.03) 0.0003 0.36

Cl, confidence interval; EDSS, Expanded Disability Status Scale; EIT, early intensive treatment; ESC, escalation approach; pts, patients.

(a) A - Observed EDSS score by semester (b)
4.00 4.00
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e 2
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Figure 2. Comparison of disability trajectories of the observed (a) and of the estimated (b) EDSS scores by semester between the

ESC and EIT groups.

EIT, early intensive treatment; EDSS, Expanded Disability Status Scale; ESC, escalation approach.

EIT algorithm was strongly associated with lower
disability progression, expressed by the increase
of the 12-month EDSS score. This effect not only
persisted but continued to increase over time
despite all patients in the ESC group being

escalated to a higher-efficacy DMT. In fact, over
the entire duration of the observation period our
results demonstrated that the yearly mean delta-
EDSS remained significantly higher in patients in
the ESC group compared with those receiving
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high-efficacy DMTs from the beginning of their
therapy history. This could be due to a more
potent effect on disability progression of the high-
efficacy DMTs in the early years of the disease or
alternatively to the longer exposure to them.22
Although subgroup analyses and open-label exten-
sions of RCTs on alemtuzumab,!? cladribine,?3
natalizumab2¢ and fingolimod® have suggested
that they are more efficacious in terms of disease
activity control and disability worsening in the
case of earlier commencement, and data from
observational studies have demonstrated that
switching to a more potent agent can control the
breakthrough disease in the case of an inadequate
response to the first-line DMTs,2%26 no RCT has
directly compared so far the impact of an early
versus a delayed use of high-efficacy DMTs on the
long-term MS disability outcomes.

Four recent real-world retrospective studies com-
pared the ESC and the EIT strategies, suggesting
an association of the latter strategy with a lower
hazard of clinical relapses, a lower mean change
in EDSS score at 5years, a higher median time to
sustained accumulation of disability and a lower
risk of conversion to secondary progressive MS
(SPMS), compared with initial treatment with
first-line agents.12.13,22,27

In a real-life setting, a recent UK cohort study
including 592 RRMS patients!3 reported 5-year
change in EDSS score significantly lower in
patients treated with an EIT first-line treatment
strategy than in those who started their treatment
history with a moderate-efficacy DMT. Median
time to sustained accumulation of disability was
longer for the EIT than for ESC group, but no
difference was found between the ESC group
who escalated to high-efficacy DMT as second-
line treatment and EIT group. However, in that
cohort 60% of those who escalated to high-effi-
cacy DMTs were observed to develop disability
accumulation while still receiving initial moder-
ate-efficacy treatment before escalation.

In a cohort of 615 RRMS from MSBase registry,!?
235 patients with initial treatment with fingolimod,
alemtuzumab or natalizumab, started after 6.5 years
from onset, were associated with a lower risk of con-
version to SPMS than PS-matched patients
(n=380) with initial treatment with GA or IFN beta
started after 5.1years from onset, in a median fol-
low-up of 5.8years. However, in the same paper,
the authors reported that the probability of

conversion to SPMS was lower when GA or IFN
beta was started within 5years of disease onset ver-
sus later, and when GA or IFN beta were escalated
to fingolimod, alemtuzumab or natalizumab within
5years wversus later, in a median follow-up of
5.3 years.12

In a retrospective international observational study
on data from the MSBase registry and the Swedish
MS registry,?2 213 patients who commenced high
efficacy therapy (rituximab, ocrelizumab, mitox-
antrone, alemtuzumab or natalizumab) early (0—
2years from onset) were PS matched to 253 who
commenced high efficacy therapy later (4-6years
from onset) in the disease course. In the sixth year
after disease onset, the mean EDSS score was sig-
nificantly lower in the early group compared with
late start group [2.2 (SD 1.6) wversus 2.9 (SD 1.8),
$<<0.0001]. This difference, evaluated by using a
linear mixed-effects model, persisted throughout
each year of follow-up until the 10th year after dis-
ease onset. It is noteworthy that patients in both
groups could be treated with other DMTs before
they were treated with high-efficacy therapy, and
notably this study evaluated only 4years of follow-
up (from the sixth to the 10th year).

Finally, a Danish observational study proved a
lower probability of a 6-month confirmed EDSS
score worsening and of a first relapse over a fol-
low-up of 4years for 194 patients starting their
therapy with high-efficacy DMTs compared with
194 PS matched patients starting with medium-
efficacy DMTs.27

Considering these evidences, the RRMS patients
of our cohort early treated with stronger therapies
experienced a slower disability progression versus
the patients switching to them after a suboptimal
response to moderately efficacious DMTs.

Unlike previous studies, we compared two groups
of naive RRMS patients starting their first DMT,
early in the disease (within 13 months from the dis-
ease onset). Moreover, in our cohort all the patients
in the ESC escalated to a high efficacy DMT dur-
ing the follow-up. Another relevant methodologic
aspect of our study is the longer follow-up period,
including patients with a minimum follow-up of
5years and obtaining a sample of subjects with a
median follow-up of 8.5 (6.5-11.7) years.

Undoubtedly, it is necessary to strengthen these
results with further studies, also in order to
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examine the data about the long-term safety since
the concerns of severe adverse events of the
higher-efficacy DMTs are remarkable. Two pro-
spective, multicenter, randomized, pragmatic trials
comparing early high-efficacy therapy with an esca-
lation approach are ongoing: 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).

Some limitations of this study deserve discussion.
First, as in many observational studies, also in our
cohort the number of patients with available infor-
mation decreases over time. After 10years of fol-
low-up EDSS score data were available for only
118 patients in the ESC group and 86 patients in
the EIT group. However, the statistical model
used allowed to include all patients and most
importantly to assign the estimated EDSS score at
each date-point, based on “within correlation” for
each patient. Second, although the baseline MRI
features are considered a crucial prognostic factor
to guide the first treatment choice, we could not
include MRI as covariate for the patient
PS-matching procedure because of the lack of a
systematic MRI acquisition and protocol analysis.
However, it is important to consider that current
clinical and MRI monitoring are mainly focused
on revealing disease activity, so they are not sensi-
tive to detect disability accumulation (the main
outcome of our study) and, consequently, they are
not responsive enough to trigger escalation.

Third, we used the EDSS changes over time as
main outcome, therefore all the limitations of the
EDSS apply to our study: the EDSS relies deeply
on lower limb function, its sensitivity being rela-
tively low relative to upper limb function and cog-
nitive changes in advanced MS.

The real challenge for neurologists is to identify
patients with poor prognosis factors2® and choose
for them an early intensive treatment in order to
ensure the most efficacious therapy and the best
clinical outcomes.

Conclusions

The results of our real-world study indicate that
the long-term disability trajectories are more
favorable with an EIT strategy than with

moderate-efficacy DMTs followed by escalation
to high-efficacy DMTs. Although further studies
are necessary, especially to establish the long-
term safety risks of the EIT approach, these find-
ings may drive the treatment decisions of
physicians, in particular in the cases of naive
patients with poor prognosis factors at the onset
of disease.
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