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ARTICLE INFO ABSTRACT
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Predicting long-term prognosis and choosing the appropriate therapeutic approach in patients with Multiple
Sclerosis (MS) at the time of diagnosis is crucial in view of a personalized medicine. We investigated the impact of
early therapeutic response on the 5-year prognosis of patients with relapsing-remitting MS (RRMS). We recruited
patients from MSBase Registry covering the period between 1996 and 2022. All patients were diagnosed with
RRMS and actively followed-up for at least 5 years to explore the following outcomes: clinical relapses, confirmed
disability worsening (CDW) and improvement (CDI), EDSS 3.0, EDSS 6.0, conversion to secondary progressive MS
(SPMS), new MRI lesions, Progression Independent of Relapse Activity (PIRA). Predictors included demographic,
clinical and radiological data, and sub-optimal response (SR) within the first year of treatment. Female sex (HR
1.27; 95 % CI 1.16-1.40) and EDSS at baseline (HR 1.19; 95 % CI 1.15-1.24) were independent risk factors for the
occurrence of relapses during the first 5 years after diagnosis, while high-efficacy treatment (HR 0.78; 95 % CI
0.67-0.91) and age at diagnosis (HR 0.83; 95 % CI 0.79-0.86) significantly reduced the risk. SR predicted clinical
relapses (HR = 3.84; 95 % CI 3.51-4.19), CDW (HR = 1.74; 95 % CI 1.56-1.93), EDSS 3.0 (HR = 3.01; 95 % CI
2.58-3.51), EDSS 6.0 (HR = 1.77; 95 % CI 1.43-2.20) and new brain (HR = 2.33; 95 % CI 2.04-2.66) and spinal
(HR 1.65; 95 % CI 1.29-2.09) MRI lesions. This study highlights the importance of selecting the appropriate DMT
for each patient soon after MS diagnosis, also providing clinicians with a practical tool able to calculate

personalized risk estimates for different outcomes.

Introduction

Multiple Sclerosis (MS) is a chronic immune-mediated disease of the
central nervous system characterized by high complexity and extreme
heterogeneity in terms of clinical presentation and course. The relapsing-
remitting phenotype (RRMS), that accounts for 80-85 % of cases, is
associated with both demyelination and neurodegeneration since its
early phases [1] and the accumulation of disability may occur at any
stage of the disease, associated with the occurrence of relapses (rela-
pse-associated worsening, RAW) or in the absence of relapses (progres-
sion independent of relapse activity, PIRA) [2]. While RAW
predominates in the early phases of the disease and mostly in RRMS and
pediatric MS, PIRA seems to affect disability worsening in all phenotypes
of MS and can start at different points during the disease course, even
precociously [3,4]. Nevertheless, RRMS course can be extremely variable
and profoundly affected by the introduction of highly effective
disease-modifying treatments (HET). In this context, a prognostic strati-
fication since disease onset is not simple and a lot is yet to be understood

about the long-term disease course and the timing of transition into a
secondary progressive phenotype (SPMS).

A minority of patients, ranging between 3.4 and 14.0 % of the whole
MS population, exhibit a “malignant” or “aggressive” disease course and
several attempts have been made to reach their early identification. This
condition is often recognized in retrospect in patients who achieve a
score of 6.0 at the Expanded Disability Status Scale (EDSS) within 5 years
from the onset [5-7] or by the age of 40 years [8], or in those who turned
to SPMS phenotype within 3 years from the onset [8]. Alternatively, an
aggressive course has also been defined as the occurrence within the first
year after onset of at least two gadolinium-enhancing lesions at brain
MR, together with at least two clinical relapses, or even one relapse if
resulting in sustained EDSS score of 3.0 [9].

A worse prognosis has been attributed to some demographic features,
including male sex, older age at symptom onset, Afro-Americans and
Hispanic ethnicity [10]. A higher relapse rate and shorter intervals be-
tween relapses, often with subsequent incomplete recovery, have been
identified as additional risk factors. Further, PPMS phenotype and the
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presence of spinal cord and brainstem lesions at MRI at clinical presen-
tation are often predictors of poor clinical outcome [5]. In a two-stage
model for disability progression in MS [11], gender, age at onset, the
occurrence of relapses during the first 2 years after onset and an
incomplete recovery after relapses were found to be predictive factors
only for the achievement of EDSS 3.0. According to the model, the sub-
sequent phase and reaching an EDSS 6.0 were independent in terms of
duration (median 6-9 years) from the time needed to reach an EDSS 3.0.

In this context, we collected clinical and radiological data of a large
population of patients with RRMS, actively followed-up at different MS
Centers, in order to investigate the impact of both the first disease-
modifying treatment (DMT) choice and the treatment response in the
first year after diagnosis on the 5-years prognosis. As a secondary aim,
prognostic nomograms were built to predict the disease course at 5 years
based on early clinical markers.

Materials and methods
Study population

In this multicenter retrospective study, we collected demographic and
clinical data of patients with RRMS covering the period 1996-2022 from
MSBase, a large international Registry recording routine clinical data
inserted in iMed© from MS Centers in over 30 countries worldwide. In-
clusion criteria were: a diagnosis of RRMS based on the existing McDo-
nald's criteria according to epoch and country, a diagnostic delay <12
months, start of DMT within 12 months from diagnosis, availability of
demographic, clinical and radiological data within 12 months from
diagnosis and of clinical data for at least 5 years after diagnosis (Table 1).
Post-baseline follow-up was defined as the time from baseline to the last
visit recorded in the registry per patient.

Age at onset and sex were considered as demographics. Clinical
variables included EDSS, pyramidal Functional System (FS) scores,
number of relapses. Radiological data included the number of lesions
counted in T2-weighted and T1-weighted post-gadolinium (Gd+) scans
in brain and spinal MRI, performed by patients as for clinical routine.
Treatment with DMT was reported for all patients. Particularly, inter-
feron, glatiramer acetate, dimethyl fumarate, teriflunomide were
considered as mild-to-moderate-efficacy DMT (MET), while cladribine,
natalizumab, ocrelizumab, alemtuzumab, fingolimod and mitoxantrone
were considered as HET. Data were extracted from a computerized
database, iMed© (Merck Serono SA; Geneva), which contains clinical
information inserted in real-time during outpatient visits.

Outcomes and definitions

Primary outcomes were defined over a period of 5 years from the time
of diagnosis (Table S1). Time to first relapse, confirmed worsening,
conversion to SPMS and time to first PIRA were analyzed as the primary
study endpoints. Time to disability improvement, milestone EDSS, and
new lesions on brain MRI were analyzed as exploratory outcomes only.

Baseline was defined as the date of MS diagnosis. Diagnosis year was
split into epochs as follows: pre-2000, 2000-2004, 2005-2009,
2010-2014 and 2015 onwards.

Table 1
Inclusion criteria of the study population.
N.
All patients in MSBase from recruiting centers 83,978

RRMS 68,470

Time between onset and diagnosis <12 months 30,943
First DMT started within 12-months of diagnosis 15,145
Minimum 5 years post diagnosis registry follow-up 7955
Baseline clinical and MRI data recorded within 12 months from diagnosis 3797

MS: Multiple Sclerosis; RRMS: Relapsing-remitting MS; DMT: disease-modifying
treatment; MRI: magnetic resonance imaging.
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Predictor variables included demographic (age at diagnosis, sex),
clinical (disease duration from onset, EDSS and pyramidal FS at baseline)
and radiological data (number of T2 brain lesions, >1 spinal lesion, >1
gadolinium-enhancing brain lesions). EDSS at baseline was considered as
the EDSS score recorded within 1-3 months from the last relapse
occurred. Additionally, we considered as a predictor the suboptimal
response after 1-year treatment with a DMT (SR), defined by the
contextual occurrence of >1 gadolinium-enhanced lesions at brain or
spine Magnetic Resonance Imaging (MRI) scans, or > 1 relapse.

Statistical analysis

Categorical variables were summarized using frequency and per-
centage. Continuous variables were summarized using mean and stan-
dard deviation (SD) or median and interquartile range (IQR) as
appropriate. The identification of demographic, clinical and investiga-
tional correlates of five-year clinical outcomes were undertaken using a
multilevel mixed effects parametric survival model presuming an un-
derlying Weibull distribution. Age, sex, EDSS, time since onset, MRI le-
sions and SR were defined as fixed effects, whilst country and diagnosis
epoch were included in the model as random effects. In order to adjust for
inter-clinic heterogeneity, clinic effects were also included as random
effects in the model. Hazard Ratio (HR) and 95 % confidence interval (CI)
were provided for all variables explored and for each outcome. Subgroup
analyses limited to patients on oral MET (including teriflunomide and
dimethyl fumarate) were conducted for all outcomes.

Independent prognostic correlates of five-year outcome identified in
the multivariable parametric survival modeling were then used to derive
the prognostic nomograms using the method described by Kattan et al.
[12,13], using the nomogram function of the RMS package in R [14].
Candidate multivariable models were assessed for collinearity and po-
tential interactions between concurrent nomogram predictors. Quadratic
transformations were incorporated into the models to test for the line-
arity of association between candidate explanatory variables and the
clinical endpoints. The Akaike and Bayesian Information criteria were
used to assess relative goodness of fit between multiple, competing
multivariable model solutions prior to the selection of the final model for
the development of the final prognostic nomogram. Internal validation of
each nomogram was conducted via derivation of concordance indices
and evaluation of nomogram calibration. Calibration was conducted by
taking 500 bootstrapped resamples. Clinical outcome probability (as
predicted by the nomogram) and the mean scores of these probability
groups were then compared to the empirically observed non-response
estimates on a calibration curve. No correction or imputation of
missing data was undertaken. All analyses were conducted in R version
4.0.5 (R Foundation for Statistical Computing) and Stata version 16.1
(StataCorp, College Station, Texas).

Results
Study population

From a total of 83,978 patients recorded in the Registry from
participating centers, 3797 subjects met the inclusion criteria and were
enrolled in the study. Of those, 2682 (70.9 %) were female, and the mean
age at onset was 32.15 + 9.79 years. The characteristics of the study
population are reported in Table 2. The mean (SD) annualized number of
MRI scans per patient was 1.30 (0.85) scans per year.

Risk of clinical relapses

Results from the multivariate analysis confirmed SR [HR 3.84 (95 % CI
3.51-4.19), p < 0.001], female sex [HR 1.27 (95 % CI 1.16-1.40), p <
0.001] and baseline EDSS [HR 1.19 (95 % CI 1.15-1.24), p < 0.001] as
independent risk factors for the occurrence of at least one clinical relapse
within 5 years after the diagnosis of MS. HET as the first therapeutic choice
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Table 2

Baseline characteristics of the study population.
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Cohort with a legitimate
baseline EDSS and MRla

Factor Category n = 7955 n = 3797
Age at baseline (years) - mean (SD) 31.43 (9.79) 32.15 (9.79)
Sex - n (%) Female 5652 (71.1) 2682 (29.3)
Male 2302 (28.9) 1114 (29.3)
Not recorded 1 (0.0) 1 (0.0)
Months since first symptoms - mean (SD) 4.20 (3.55) 4.27 (3.35)
Diagnosis year - n (%) Pre-2000 501 (6.3) 91 (2.4)
2000-2004 1440 (18.1) 444 (11.7)
2005-2009 2426 (30.5) 1086 (28.6)
2010-2014 2671 (33.6) 1503 (39.6)
2015 onwards 917 (11.5) 673 (17.7)
Country - n (%) Australia 1632 (20.5) 694 (18.3)
Turkey 1439 (18.1) 636 (16.8)
Italy 867 (10.9) 612 (16.1)
Canada 676 (8.5) 479 (12.6)
Spain 666 (8.4) 454 (12.0)
Kuwait 453 (5.7) 182 (4.8)
Belgium 285 (3.6) 130 (3.4)
Iran 266 (3.3) 34 (0.9)
Netherlands 257 (3.2) 137 (3.6)
Portugal 157 (2.0) 107 (2.8)
Lebanon 156 (2.0) 72 (1.9)
United States 153 (1.9) 35(0.9)
Switzerland 141 (1.8) 14 (0.4)
Egypt 92 (1.2) 1 (0.0)
Argentina 86 (1.1) 35 (0.9)
United Kingdom 73 (0.9) 18 (0.5)
Tunisia 67 (0.8) 19 (0.5)
Ireland 61 (0.8) 1 (0.0)
Croatia 54 (0.7) 0 (0.0)
Brazil 51 (0.6) 40 (1.1)
UAE 47 (0.6) 0 (0.0)
Oman 45 (0.6) 18 (0.5)
Czechia 36 (0.5) 21 (0.6)
Denmark 32(0.4) 9(0.2)
Hungary 32 (0.4) 13 (0.3)
Other 131 (1.7) 36 (0.9)
Baseline EDSS - median (IQR)* 2(1,2.5) N/A
Baseline EDSS - median (IQR)b 2(1,25) 2(1,2.5)
Baseline® MRI - T1 Gd + lesions - n (%) 0 1263 (15.9) 971 (25.6)
1+ 825 (10.4) 658 (17.3)
MRI performed, lesions not recorded 3117 (39.2) 2168 (57.1)
No baseline MRI 2750 (34.6) N/A
Baseline® MRI - T2 lesions - n (%) 0 22(0.3) 14 (0.4)
1-2 95 (1.2) 79 (2.1)
3-8 884 (11.1) 649 (17.1)
9+ 1571 (19.8) 1220 (32.1)
MRI performed, lesions not recorded 2633 (33.1) 1835 (48.3)
No baseline MRI 2750 (34.6) N/A
First DMT - n (%) Rebif 2148 (27.0) 1046 (27.8)
Betaferon 1754 (22.1) 690 (18.2)
Avonex 1732 (21.8) 640 (16.9)
Glatiramer acetate 1145 (14.4) 652 (17.2)
Natalizumab 375 (4.7) 253 (6.7)
Fingolimod 340 (4.3) 216 (5.7)
DMF 186 (2.3) 127 (3.3)
Teriflunomide 112 (1.4) 74 (2.0)
Mitoxantrone 59 (0.7) 29 (0.8)
Alemtuzumab 34 (0.4) 20 (0.5)
Rituximab 22 (0.3) 12 (0.3)
Cladribine 16 (0.2) 12 (0.3)
Plegridy 15 (0.2) 12 (0.3)
Daclizumab 12 (0.2) 10 (0.3)
Ocrelizumab 5(0.1) 4(0.1)
Relapses in the 12-months pre-baseline — mean (SD) - - 1.21 (0.8)
Relapses in the 12-months pre-baseline - median (IQR) - - 1(1,2)

SD: standard deviation; IQR: interquartile range; EDSS: Expanded Disability Status Scale; DMT: disease-modifying treatment; MRI: magnetic resonance imaging.

a. Defined as both an EDSS and MRI recorded within 12 months of the diagnosis date.

 Defined as EDSS recorded closest to diagnosis within 4+-6 months (3775/7955).
® Defined as EDSS recorded closest to diagnosis within +12 months (4304/7955).
¢ Defined as MRI recorded closest to diagnosis within +12 months (5205/7955).
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[HR 0.78 (95 % CI0.67-0.91), p = 0.002] and an older age at baseline [HR
0.83 (95 % CI 0.79-0.86), p < 0.001] were protective factors toward the
explored outcome (Table 3; Table S2; Fig. 1). Results from subgroup
analysis for patients on oral MET were reported in Table S11.

Confirmed disability worsening and improvement

In the overall study population, only a higher baseline EDSS [HR 1.18
(95 % CI1.12-1.23), p < 0.001] and SR [HR 1.74 (95 % CI 1.56-1.93), p
< 0.001] were associated with a significantly higher risk of disability
worsening (Table 3; Table S3; Fig. 1). An older age at baseline [HR 0.78
(95 % CI 0.73-0.84), p < 0.001] and longer disease duration [HR 0.95
(95 % CI 0.94-0.98), p < 0.001], but not EDSS at baseline, were asso-
ciated with a lower risk of confirmed disability improvement in the
subgroup of patients with a baseline EDSS >2.0 (Table 3; Table S4;
Fig. 2). Results from subgroup analyses for patients on oral MET were
reported in Tables S12-S13.

Reaching EDSS 3.0 and 6.0

SR [HR 3.01 (95 % CI12.58-3.51), p < 0.001], a higher EDSS at baseline
[HR 1.96 (95 % CI 1.75-2.20), p < 0.001], an older age at diagnosis [HR
1.20 (95 % CI 1.11-1.30), p < 0.001] and a longer disease duration [HR
1.02 (95 % CI 1.00-1.05), p = 0.043] were independent risk factors for the
achievement of EDSS 3.0 within 5 years in patients who exhibited EDSS
<3.0 atbaseline (Table 3; Table S5; Fig. 1). The abovementioned variables
were also significantly associated with the achievement of EDSS 6.0
(Table 3; Table S6; Fig. 1). The Pyramidal FS score >2 was a significant risk
factor for EDSS milestone 6.0 [HR 1.39 (95 % CI 1.05-1.83), p = 0.023],
but not for EDSS milestone 3.0. The number of T2 and Gd + lesions at brain
and spinal MRI did not predict the achievement of EDSS 3.0 or 6.0. Sub-
group analyses for patients on oral MET were not conducted for these
outcomes due to insufficient sample.

Conversion to SPMS

The main predictors for the risk of conversion into SPMS were age
[HR 1.78 (95 % CI 1.51-2.10), p < 0.001] and EDSS [HR 1.31 (95 % CI
1.16-1.48), p < 0.001] at baseline, and Pyramidal FS score >2 [HR 1.74
(95 % CI 1.13-2.68), p = 0.012]. Conversely, the female sex was a
protective factor for the explored outcome [HR 0.61 (95 % CI
0.44-0.85), p = 0.004] (Table 3; Table S7; Fig. 2). Subgroup analysis for
patients on oral MET was not conducted for this outcome due to
insufficient sample.

Development of new brain or spinal lesions at MRI scans

The risk of detecting new lesions at brain MRI scans was lower in
patients who were older at the time of diagnosis [HR 0.75 (95 % CI
0.70-0.81), p < 0.001] and higher in patients exhibiting SR [HR =
2.33 (95 % CI 2.04-2.66), p < 0.001] (Table 3; Table S8). Similarly,
the aforementioned variables predicted the occurrence of new
lesions at spinal MRI (Table 3; Table S9; Fig. 2). Results from sub-
group analysis for patients on oral MET were reported in
Tables S14-15.

PIRA

Among all variables explored, only age [HR 1.89 (95 % CI 1.59-2.24),
p < 0.001] and EDSS at baseline [HR 1.07 (95 % CI 1.02-1.12), p =
0.012] were independent risk factors for the development of PIRA
(Table 3; Table S10; Fig. 2). The number of T2 and Gd + lesions at brain
and spinal MRI were not predictive for the explored outcome. Results
from subgroup analysis for patients on oral MET were reported in
Table S16.

Neurotherapeutics 22 (2025) e00552

Discussion

Our study confirms the crucial role of the first therapeutic choice and
early treatment response on the 5-year prognosis of patients with MS.

It is known that the immediate initiation of HET is preferable to
treatment escalation strategy in reducing the rate of relapses and
disability progression [15]. Further, the timing for the introduction of
HET seems to be equally important. Data from the MSBase registry and
Swedish MS registry confirmed that HET started within 2 years from
disease onset is protective toward the development of disability within
6-10 years [16]. Additionally, an Italian MS Registry study assessed the
effects of early and late start of HET in patients with RRMS, reporting
significantly higher mean annual delta-EDSS values in the escalation
group compared with the early intensive treatment group at all time-
points and more markedly in the long-term, up to 10 years [17].

Our results confirmed that early treatment response to the first
therapeutic choice is a predictor for almost all outcomes explored. In this
regard, a sub-optimal response within the first year of treatment was
associated with an increased risk more than 3-fold for relapses and 2-fold
for developing new brain lesions at MRI scans. Additionally, an incom-
plete response to the first DMT not only predicted clinical and radio-
logical signs of disease activity, but was also associated with a higher risk
of disease progression (HR = 1.74) and achievement of EDSS 3.0 (HR =
3.01) and 6.0 (HR = 1.77). This is particularly relevant, considering the
two-stage model for disability progression proposed by Leray and col-
leagues [11]. In this view, demographic and clinical factors can only
affect the time needed to reach EDSS 3.0, while the disability progression
from this milestone to EDSS 6.0 lasted from 6 to 9 years irrespective of
the previous phase duration. As a consequence, efforts should be
concentrated in delaying the achievement of EDSS 3.0. In our study, a
sub-optimal treatment response in the first year after treatment start was
the most relevant independent predictor for reaching EDSS 3.0, being
associated with a 3-fold higher risk to achieve the outcome within 5 years
from the time of diagnosis.

An older age at the time of diagnosis and a higher EDSS at baseline
were also predictive for conversion to SPMS, EDSS milestones 3.0 and
6.0, in line with results from previous studies [18]. On the other hand, an
older age at baseline was a protective factor toward clinical and radio-
logical activity, reducing by 25 % the risk of relapses and detection of
new brain MRI lesions within 5 years. Recent data reported a decrease in
clinical and subclinical disease activity, as shown in our study, together
with a lower efficacy of DMT and poor post-relapse recovery with aging,
most likely due to immune-senescence [19,20]. An older age at baseline
was associated with an increased risk of converting to SPMS within 5
years in our study, confirming evidence of common onset of the pro-
gressive phase in MS in the fifth decade [19]. Our results confirmed the
role of sex in affecting disease activity and progression [21]. Indeed,
female sex was a risk factor for the occurrence of relapses within the first
5 years from diagnosis, confirming the higher frequency of autoimmune
responses in women. However, female sex was a protective factor toward
the transition into SPMS. Previous studies reported shorter times to
achieve given disability levels and to convert into SPMS from MS onset in
men compared with women [22-25].

In our study, the risk of conversion to SPMS within 5 years was also
predicted by an older age and a higher EDSS at baseline, as well as by
male sex, but not by sub-optimal response in the first year of treatment.
Despite several studies exploring predictive factors of conversion to
SPMS have not been conclusive as yet, most reported results similar to
ours [26-29]. Particularly, older age seems to increase the risk of pro-
gression to SPMS regardless of disease duration [27]. It should be noted
that universally accepted criteria for SPMS diagnosis do not yet exist and
that, in our study, different criteria were probably used by MS Centers to
establish the timing of SPMS diagnosis. However, the aforementioned
predictors were corroborated in our analysis when adjusting the model
for inter-clinic heterogeneity, except for SR, whose association with an
increased risk for transition to SPMS was not confirmed.



Table 3

Multivariate survival model for all outcomes.

Explanatory variable First relapse Disability EDSS 3.0¢ EDSS 6.0¢ Conversion to SPMS New brain MRI New spine MRI PIRA
progression lesions lesions
Category
Age at baseline 0.83 (0.79, 0.86) 0.92 (0.87, 0.97) 1.20 (1.11, 1.30) 1.30 (1.17,1.45) 1.78 (1.51,2.10) 0.75 (0.70, 0.81) 0.83 (0.73, 0.94) 1.89 (1.59, 2.24)
(units = 10 years) <0.001 0.003 <0.001 <0.001 <0.001 <0.001 0.004 <0.001
Sex Female 1.27 (1.16, 1.40) 1.04 (0.93,1.17) 1.03 (0.88, 1.22) 0.95 (0.76, .20) 0.61 (0.44, 0.85) 1.02 (0.88,1.17) 1.00 (0.78, 1.30) -
<0.001 0.471 0.687 0.681 0.004 0.836 0.974
Male Reference Reference Reference Reference Reference Reference Reference -
Months since first 0.99 (0.98, 1.00) 0.98 (0.96, 0.99) 1.02 (1.00, 1.05) 1.03 (1.00,1.07) 1.04 (0.99, 1.09) 0.99 (0.97, 1.01) 0.99 (0.95, 1.03) 1.07 (1.01, 1.12)
symptoms 0.071 0.004 0.043 0.041 0.107 0.477 0.534 0.012
First DMT - high Yes 0.78 (0.67, 0.91) 1.11 (0.93, 1.32) 0.99 (0.76, 1.30) 1.13 (0.80, .60) 0.84 (0.46, 1.53) 0.87 (0.70, 1.09) 0.95 (0.62, 1.44) -
efficacy 0.002 0.243 0.966 0.484 0.568 0.240 0.793
No Reference Reference Reference Reference Reference Reference Reference -
Baseline EDSS 1.19 (1.15, 1.24) 1.18 (1.12,1.23) 1.96 (1.75, 2.20) 1.61 (1.46,1.78) 1.31 (1.16, 1.48) 1.03 (0.96, 1.09) 1.00 (0.89, 1.12) 1.07 (0.94, 1.21)
<0.001 <0.001 <0.001 <0.001 <0.001 0.427 0.986 0.304
Pyramidal FS>2-n <2 Reference Reference Reference Reference Reference Reference Reference -
(%) >2 1.01 (0.89, 1.14) 0.97 (0.83, 1.13) 1.18 (0.93, 1.48) 1.39 (1.05,1.83) 1.74 (1.13, 2.68) 1.01 (0.83, 1.24) 1.25 (0.89, 1.74) -

Baseline brain MRI -
T1 Gd + lesions

Baseline brain MRI -
T2 lesions

Sub-optimal
response in first
year of
treatment®

No baseline
pyramidal
KFS

0

1+

MRI performed,
lesions

not recorded

0

1-2

3-8

9+

MRI performed,
lesions

not recorded

Yes®

No

0.925
1.00 (0.88, 1.15)
0.958

Reference

0.99 (0.87, 1.14)
0.927

0.97 (0.86, 1.09)
0.598

Reference

1.73 (0.83, 3.62)
0.144

1.39 (0.70, 2.77)
0.344

1.45 (0.73, 2.87)
0.289

1.52 (0.77, 3.02)
0.228

3.84 (3.51, 4.19)
<0.001
Reference

0.676
0.72 (0.58, 0.88)
0.002

Reference

0.99 (0.83, 1.17)
0.889

0.91 (0.78, 1.06)
0.234

Reference

1.86 (0.62, 5.57)
0.270

1.69 (0.59, 4.87)
0.327

1.67 (0.59, 4.79)
0.336

1.55 (0.54, 4.41)
0.417

1.74 (1.56, 1.93)
<0.001
Reference

0.168
1.01 (0.80, 1.28)
0.904

Reference

0.95 (0.75, 1.22)
0.696

1.07 (0.87, 1.32)
0.531

Reference

0.75 (0.21, 2.69)
0.662

0.91 (0.28, 2.99)
0.875

0.80 (0.25, 2.63)
0.719

0.87 (0.27, 2.84)
0.822

3.01 (2.58, 3.51)
<0.001
Reference

0.023
1.32 (0.80,0.60)
0.484

Reference

1.13 (0.81,1.59)
0.470

1.00 (0.74,1.349)
0.992

Reference

1.18 (0.28,4.89)
0.823

1.10 (0.33,3.65)
0.882

0.92 (0.28,3.05)
0.889

1.17 (0.36,3.83)
0.794

1.77 (1.43,2.20)
<0.001
Reference

0.012
1.76 (1.10, 2.81)
0.018

Reference

1.18 (0.72, 1.93)
0.507

0.81 (0.52, 1.24)
0.331

Reference

0.16 (0.01, 1.84)
0.142

0.38 (0.08, 1.75)
0.214

0.53 (0.12, 2.38)
0.407

0.51 (0.12, 2.24)
0.371

1.20 (0.87, 1.66)
0.258
Reference

0.885
0.65 (0.50, 0.85)
0.002

Reference

1.06 (0.86, 1.30)
0.598

1.04 (0.86, 1.26)
0.685

Reference

2.44 (0.55,
10.75) 0.240
2.36 (0.56, 9.97)
0.242

2.71 (0.64,
11.41) 0.174
1.91 (0.45, 8.06)
0.376

2.33 (2.04, 2.66)
<0.001
Reference

0.197
0.43 (0.23, 0.79)
0.007

Reference

0.83 (0.58,
1.119) 0.301
0.98 (0.69, 1.41)
0.930

Reference

2.17 (0.25,
19.01) 0.483
1.06 (0.13, 8.73)
0.953

1.13 (0.14,9.18)
0.910

0.91 (0.11, 7.48)
0.931

1.65 (1.29, 2.09)
<0.001
Reference

EDSS: Expanded Disability Status Scale; SPMS: secondary progressive multiple sclerosis; PIRA: progression independent from relapse activity; DMT: disease-modifying treatment; MRI: magnetic resonance imaging.
% Sub-optimal response = any new relapse OR new lesion OR EDSS increase during the first year of treatment.

b The relapse component considered as “sub-optimal response” were not considered as “first relapse” in this analysis.
¢ Subgroup analysis: it applies only to patients with a baseline EDSS<3.
4 Subgroup analysis: it applies only to patients with a baseline EDSS<6.
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Fig. 1. Nomograms used to determine the risk of relapses, disability progression and achievement of EDSS milestones. Each predictor has to be matched with
the corresponding number of points on the top “Points” scale (vertical lines). a) Nomogram used to determine the risk of relapses within 5 years. b) Nomogram used to
determine the risk of confirmed disability progression within 5 years. c) Nomogram used to determine the risk of reaching EDSS 3.0 within 5 years. d) Nomogram used

to determine the risk of reaching EDSS 6.0 within 5 years. EDSS: Expanded Disability Status Scale.
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Fig. 2. Nomograms used to determine the risk of EDSS improvement, development of new brain lesions, conversion to SPMS and PIRA. Each predictor has to
be matched with the corresponding number of points on the top “Points” scale (vertical lines). a) Nomogram used to predict the risk of EDSS improvement within 5
years. b) Nomogram used to determine the risk of developing new brain lesions at MRI within 5 years. ¢) Nomogram used to determine the risk of conversion to SPMS
within 5 years. d) Nomogram used to determine the risk of PIRA within 5 years. EDSS: Expanded Disability Status Scale; SPMS: Secondary Progressive Multiple
Sclerosis; PIRA: Progression Independent of Relapse Activity.

The difficulty in identifying the moment of transition from RRMS to
SPMS remains a major challenge and can cause a diagnostic delay of up to
3 years, due to our inadequate measuring tools (e.g. EDSS) [27]. Indeed,

the traditional biphasic view of MS, as mainly characterized by inflam-
mation before and neurodegeneration later, is being questioned by new
evidence and modern imaging techniques. Imaging markers of chronic
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Fig. 3. Worked example of how to use nomograms to predict the risk of relapses during the first 5 years from diagnosis. Each predictor has to be matched with
the corresponding number of points on the top “Points” scale (vertical lines). a) The age of 35 years matches to 56 points, the female sex to 12.5 points, a baseline EDSS
score of 2.5 matches to 22.5 points, the choice of DMT others than HET corresponds to 28 points and the absence of suboptimal response to 0 points. This sums to a
cumulative total of 119 points. Drawing a line down from the “Total Points” scale to the corresponding “Probability of relapse” scale reveals that 119 total points
corresponds to a probability of relapses of 52 % for this hypothetic patient. b) The age of 40 years (50 points), the male sex (0 points), a baseline EDSS score of 2.5
(22.5 points), the use of HET (0 points) and the absence of suboptimal response (0 points) sums to a cumulative score of 72.5 points, corresponding to a 25 %

probability of relapses for this hypothetic patient.

inflammation, as slowly expanding lesions, paramagnetic rim sign, and
microglial activation, are already present in the relapsing-remitting
phase [30-32], as well as the histopathological evidence of axonal
damage [33], documenting a “silent progression” occurring in patients
who meet the criteria for RRMS [34]. PIRA seems to be the main driver of
disease worsening in all phenotypes of MS, and can start even after the
first demyelinating event [2,4].

Thus, it seems that MS progresses as a continuum from relapsing to
progressive disease and progression, even if difficult to identify, is pre-
sent from the very early phases of the disease. We investigated the impact
of the variables explored on PIRA. Age and disease duration from
symptoms onset were the only predictors in our model, with a greater
impact exerted by age [HR = 1.89]. This highlights the need to better
understand the underlying mechanisms and to develop tools and new
biomarkers which can be sensitive in detecting insidious disease pro-
gression. Of note, HET did not reduce the risk of PIRA, as well as SR,
suggesting that a change in the therapeutic approach could be needed,
including the potential use of combination therapies.

For each outcome, nomograms were built including the significant
predictors among all variables explored (Figs. 1 and 2). Nomograms can
provide a useful support in the decision-making process of MS

management, allowing clinicians to obtain rapid and personalized risk
estimates and thus facilitating patient therapeutic counseling. The risk
estimates can be easily obtained by drawing vertical lines from each
predictor upwards to the point axis, adding up the partial scores and
drawing a vertical line from the total point axis downwards to the
outcome probability axis. We hypothesized two different clinical sce-
narios to better explain the use of nomograms. For example, a hypothetic
35-year-old female patient, with baseline EDSS score of 2.5 and early
optimal response to MET, would exhibit a 52 % risk of relapses during the
first 5 years, as illustrated in Fig. 3. Differently, a supposed 40-year- old
male subject, with comparable EDSS and optimal response to HET, would
experience a risk of 25 % of clinical relapses within 5 years.

Even if the number of predictors included is limited, this can repre-
sent an advantage in terms of facilitated use in clinical practice, since all
the variables considered are easily accessible during a routine neuro-
logical visit. In a recent study, machine learning algorithms were used to
identify predictors for several disability outcomes, including the risk of
confirmed disability worsening [35]. Despite proteomics was also used as
a potential predictor, results from this study supported the use of clinical
and imaging data commonly collected at the outpatient clinic, since these
ones allowed to achieve a good accuracy with easily available
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information. Even if few previous studies reported nomograms as a valid
tool to predict the risk of specific outcomes [36,37], and others proposed
models to early predict conversion to SPMS [38,39], to our knowledge
this is the first one which combines multiple and commonly achievable
potential prognostic factors focusing on the impact of the first therapeutic
choice and of the very early treatment response on a mid-long term
prognosis for patients with MS.

This study exhibits some limitations. First, the incomplete reporting
of data in iMed®©, particularly MRI data and FS scores, almost certainly
affected the results of the analysis. Indeed, the number of T2 and Gd +
brain and spine lesions often were not recorded and were not retrievable
to be used in the analysis. Although the number of MRI scans per patient
in the analyzed sample was reasonable (averaging 1.30 scans per patient
per year of follow-up), MRI data were not part of the MSBase minimum
dataset, unlike clinical data as EDSS score. Thus, complete and partial
missing lesion data remains a significant limitation of this study. Addi-
tionally, lesion volumes and measures of brain atrophy were not avail-
able. This could explain why MRI data and the Pyramidal FS score, which
have been reported as relevant prognostic factors in previous studies [28,
40], did not reach statistical significance in our model and were not
included in nomograms. Second, despite data are inserted real-time in
iMed®©, the study is observational and extends over a long period of time,
when diagnostic criteria have been revised more than once, progressively
increasing in sensitivity. Another relevant aspect includes the predomi-
nant use of oral MET as first therapeutic option compared to injectables.
For this reason, we conducted subgroup analyses limited to patients on
oral MET for all outcomes, despite the small sample size limited the
generalizability of the results.

Finally, the requirement for a minimum 5-years follow-up could intro-
duce selection bias toward those patients with greater disability who
stopped attending clinic and the ones who continued the clinical follow-up.

Our study provides further evidence about the crucial role played by the
initial treatment response to the first therapeutic approach, independently
of the considered country, epoch and clinic. In addition, it confirms the
relevance of demographic and clinical factors on the mid-term prognosis of
patients with MS. This can be considered as a first step, in the expectation of
conducting external validation of results in separate cohort.

A highly effective approach since the time of diagnosis is war-
ranted, especially in patients with adverse prognostic factors, and risk
stratification of patients with MS in every day practice may be guided
by simple prognostic tools, as nomograms, procedural flowcharts and
risk tables.
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