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Abstract

Background: Early initiation of high-efficacy therapies (HETs) has been associated with improved dis-
ease control in pediatric-onset multiple sclerosis (POMS). However, some children remain clinically
stable on low-/moderate-efficacy therapies (METs), highlighting the need for decision-support tools.
Objective: To develop a Therapeutic Escalation Score (TES) to identify children at low risk of early
escalation after initiating MET.

Methods: We analyzed treatment-naive children with POMS who initiated MET between 2010 and 2024 in
the French MS registry (Observatoire Frangais de la Sclérose en Plaques (OFSEP)). TES was derived using
Cox regression modeling based on baseline clinical and magnetic resonance imaging (MRI) variables, with
internal validation in OFSEP and external validation in the Italian MS registry Registro Italiano Sclerosi
Multipla (RISM).

Results: We included 455 children from OFSEP (training n=303; validation n=152) and 573 from RISM.
TES incorporated age, year of treatment initiation, Expanded Disability Status Scale score, prior-year
relapses, brain lesion location, and T2 spinal cord lesions. A TES threshold of 1.34 stratified patients by
1-year escalation risk. In OFSEP, low-risk patients had a 1-year escalation probability of 3.6% (negative
predictive value: 97.0%). In RISM, discrimination was similar (area under the curve (AUC): 72.8%—73.8%).
Conclusion: TES is a baseline-only prognostic tool using routine clinical and MRI data to identify chil-
dren with POMS unlikely to require early escalation after MET initiation.

Keywords: Multiple sclerosis, child, adolescent, prognostic model, treatment escalation, risk prediction,
real-world data
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Introduction
Pediatric-onset multiple sclerosis (POMS) requires
early and effective therapeutic intervention to reduce

provide superior disease control and better long-term
outcomes.310
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long-term disability and prevent treatment failure. A
common approach follows a stepwise escalation strat-
egy, initiating low/moderate-efficacy therapy (METs)
and intensifying to high-efficacy therapy (HET) in
case of breakthrough disease.!> However, recent evi-
dence suggests that early initiation of HET may

However, some MET-treated patients remain clini-
cally stable (30%—60% across studies), whereas HET
carries higher infection risks and uncertain long-term
safety in children.>!!-13 In addition, there are no stand-
ardized strategies for treatment de-escalation once
disease control is achieved. In this context of
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heterogeneous real-world practice, identifying at
treatment initiation children unlikely to require early
escalation remains an unmet need.

Several predictive scores to assess MS progression,
disease activity, or treatment response during follow-
up have been developed in adult patients, but they
were not intended to guide initial treatment decisions
and are not tailored to POMS. 417

Given these gaps, we aim to develop a predictive com-
posite score for therapeutic escalation in POMS using
two large observational cohorts, the French and Italian
registries for MS (Observatoire Frangais de la Sclérose
en Plaques (OFSEP) and RISM). By integrating clini-
cal, radiological, and demographic variables, this tool
aims to identify children at low short-term risk of esca-
lation among children initiating MET.

Materials and methods

Study design

This observational cohort study was based on data
from 120 Italian and 44 French expert centers partici-
pating in the Italian MS register (RISM) and the
French MS database called OFSEP (www.ofsep.
org).'%19 Regarding the latter, for each patient, clinical
and imaging data were collected during routine fol-
low-up visits, usually once a year, using a dedicated
software, the European Database on Multiple
Sclerosis “EDMUS,” by a neurologist with a particu-
lar interest in MS.2° These data were collected retro-
spectively at the time of the first visit and prospectively
thereafter.

Patients enrolled in the OFSEP study (NCT02889965)
and the RISM provided written informed consent for
participation. The OFSEP cohort received regulatory
approvals (CNIL 914066v3 and ethics committee;
CPP 2019-A6-51.T), and the study complied with
MR-004 requirements. This study followed the
TRIPOD + Al reporting guidelines.

Patients

Patients with POMS were eligible for inclusion if
they received a first MET before the age of 18 from 1
January 2010 to 8 June 2024 and were diagnosed with
clinically definite relapsing—remitting MS at treat-
ment initiation. Eligible MET included the following:
azathioprine, dimethyl fumarate, glatiramer acetate,
interferon beta, methotrexate, mycophenolate mofetil,
and teriflunomide. Given international heterogeneity
in drug classification, therapies were grouped

pragmatically as MET versus HET, consistent with
prior registry-based studies.?

Procedure

Follow-up started at the date of MET initiation and
ended at the first occurrence of therapeutic escalation
to a HET for inefficacy, last clinical visit, or perma-
nent discontinuation of MET without subsequent
HET. Temporary treatment gaps <90days were con-
sidered continuous exposure. Discontinuations fol-
lowed by HET initiation within 12months were
classified as escalation events, whereas switches for
non-inefficacy reasons or HET initiation beyond
12months were censored at the date of discontinua-
tion (Supplemental Methods).

Outcomes

The primary outcome was MET escalation due to insuf-
ficient efficacy in controlling MS activity. Escalation
was defined as initiation of a HET (alemtuzumab, fin-
golimod, mitoxantrone, cladribine, natalizumab, ocreli-
zumab, ofatumumab, or rituximab) following initial
exposure to a MET. Escalation had to occur within
12months of MET discontinuation and be prompted by
either a relapse within the preceding 12 months or inef-
ficacy explicitly reported by an MS specialist. Escalation
due to insufficient efficacy reflected a multidisciplinary
clinical judgment integrating relapses, MRI activity,
and overall disease course, as documented in the regis-
try, based on internationally recognized criteria such as
those outlined in the FEuropean Committee for
Treatments and Research In Multiple Sclerosis/
European Academy of Neurology (ECTRIMS/EAN)
and American Academy of Neurology guidelines.?!??

In secondary analyses, the outcome was defined as ther-
apeutic escalation to HET for any reason and assessed
using the same modeling and validation strategy as for
the primary outcome (Supplemental Methods).

Prediction horizons of 1, 3, and 5 years were defined a
priori according to their clinical relevance for assess-
ing early treatment escalation in POMS. The 1-year
horizon was chosen as the primary evaluation period,
as it corresponds to the most informative interval for
early therapeutic decision-making. Longer horizons
(3 and 5years) were analyzed secondarily to evaluate
the temporal stability of predictive performance.

Statistical analyses
The included OFSEP population was randomly split
into a training data set (2/3) and an internal validation
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data set (1/3). The Italian Multiple Sclerosis Register
(RISM) served as an external validation data set.

We developed a clinical composite score, the
Therapeutic Escalation Score (TES), in the training
set. The TES considers clinical, radiological, and
demographic variables (Supplemental Methods).
Candidate predictors were selected based on clini-
cal relevance and prior literature. Predictors were
first screened wusing univariate Cox models
(»<0.20) and subsequently entered into a multi-
variable model optimized using the Akaike infor-
mation criterion to ensure model parsimony. The
score was derived using a conventional multivariate
Cox model combined with the time-dependent
receiver-operating characteristic (ROC) curves,
making it possible to assess its predictive ability
(Supplemental Methods).

In a first step, missing MRI and Expanded Disability
Status Scale (EDSS) data were handled using a multi-
ple imputation approach by chained equations. The 20
imputed data sets generated were analyzed separately
and then pooled using Rubin’s rules.

Once the TES was constructed in the training set,
the optimal threshold for dichotomizing the score
into two groups, patients at high risk versus low
risk of MET escalation, was determined by using
time-dependent ROC curves and by maximizing
the Youden index (sensitivity + specificity—1).
Performance metrics of the score at 1 and 3 years,
including sensitivity, specificity, positive predic-
tive value (PPV), negative predictive value (NPV),
area under the curve (AUC), and calibration, were
then estimated. Model optimization and sensitivity
analyses are detailed in the Supplemental Methods.

Finally, we applied the TES threshold value to the
validation data sets to confirm the performance of
TES. Because brain lesion location was not available
in the RISM registry, external validation was per-
formed under several plausible assumptions regard-
ing the distribution of this predictor. Four scenarios
were explored to assess the robustness of the model to
this missing variable:

Scenario 1: All patients assigned supratento-
rial + infratentorial lesions.

Scenario 2: All patients assigned either
supratentorial or infratentorial lesions.
Scenario 3: About 50% of patients were ran-
domly assigned both lesion types.

Scenario 4: About 70% of patients were ran-
domly assigned both lesion types, consistent

with the distribution observed in the OFSEP
data set.

The statistical analyses were conducted using Altair
SLC 2024 software for descriptive analyses and R
software version 4.2.2 with the survPen and timeROC
packages for modeling.

Data availability

Anonymized data will be made available for research-
ers whose proposed use of the data has been approved
by the corresponding author, both the OFSEP and
RISM scientific committee, and both the OFSEP and
RISM steering committee.

The link to use the TES calculator is as follows:
https://www.ofsep.org/TES _calculator.html

Results

Characteristics of the training and validation sets
From 4002 and 5770 children with POMS in the
OFSEP and RISM databases, respectively, 455 and
573 met the inclusion criteria. The OFSEP cohort
was split into a training set (n=303) and an inter-
nal validation set (n=152) (Figure 1). Baseline
characteristics were broadly comparable across
data sets, with slightly higher EDSS and lower
relapse and MRI activity in RISM (Table 1;
Supplemental Table 1).

First-line therapies were predominantly injectable or
oral MET. Median follow-up was 7.8 years [4.4-10.6]
(Supplemental Table 1). Overall, 254 (83.8%) on MET
discontinued their first treatment, mostly due to break-
through disease (144 patients; 56.7%). Among switch-
ers to HET due to insufficient efficacy (n=158,
52.1%), 47.5% escalated to natalizumab (n=75) and
41.1% to fingolimod (n =65) after a MET exposure of
1.5years [0.8-3.6]. The preferred type of HET for
escalation due to insufficient efficacy had shifted from
natalizumab to anti-CD20 therapies from 2018 in both
the OFSEP and RISM cohorts (Supplemental Table 2).

Therapeutic Escalation Score (TES)

After applying the multiple imputation method and
a multivariate analysis of MET escalation due to
inefficacy, six factors were retained, including age,
EDSS, year of MET initiation, number of relapses,
brain lesion location, and number of spinal cord
lesions (Supplemental Figures 1-8 and Supplemental
Tables 3-5). The TES is defined by the following
formula
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OFSEP

Paediatric onset MS (< 18 years old)
from data export of June, 2024
n= 4,002

l

First DMT received in childhood
n=1,116

l

First DMT initiated since 01/01/2010
n=630

!

itting MS at DMT initiati
n=619

Exclusion
17 patients without any visit since MS onset
147 patients with HET as first DMT

Analyzed cohort
n=455

Learning sample
n=303

Validation sample
n=152

RISM

Paediatric onset MS (< 18 years old)
from data export of June, 2024
n=5,770

!

First DMT received in childhood
n= 1,604

l

First DMT initiated since 01/01/2010
n= 955

!

ing MS at DMT initiati
n=901
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38 patients without any visit since MS onset
290 patients with HET as first DMT

External validation
cohort
n=573

Figure 1. Study flow diagram.
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+0.2022*Spinal _ lesion _load,

supra and infra

The definition of the factors and the complete result
of'the Cox model are provided in Supplemental Tables
3-5. The distribution of TES is shown in Supplemental
Figure 8. When the log-hazard ratio (logHR) is posi-
tive, the TES increases with the value of this risk fac-
tor (Table 2). For instance, the TES increases with the
number of relapses, the EDSS, and the number of T2
spinal cord lesions. More accurately, a one-unit
increase in the TES is associated with a 3.5-fold
higher risk of the treatment escalation due to insuffi-
cient efficacy (p <<0.001). This relationship is illus-
trated in Figure 2(a) using TES deciles (Supplemental
Table 5). Half of the patients had a TES > 1.13, while
only 28 patients had a TES <0, indicating a reduced
risk of switching due to insufficient efficacy. Patients

in the second decile (TES between 0.03 and 0.42)
have a 3.82-fold increased risk of switching to HET
due to insufficient efficacy.

Predictive performances of the TES in the

training set

As the TES is a quantitative variable, it is essential to
identify subgroups according to their risk of escala-
tion. AUC values from the time-dependent ROC
curve demonstrate the good discriminative perfor-
mance of the TES throughout follow-up at 1 and
3years, with the highest predictive power observed
early after MET initiation (AUC: 85.9%; 95% CI:
80.0-90.9; Supplemental Table 6). The optimal TES
threshold that corresponds to the maximum value of
sensitivity (89.5%) and specificity (70.0%) was deter-
mined at 1.34 (PPV=37.9% and NPV=97.0%;
Supplemental Table 7).

Thus, two risk groups were defined: a low-risk group
of escalation to HET (TES < 1.34), accounting for
182 patients, including 72 who switched, and a high-
risk group (TES = 1.34), accounting for 121 patients,
including 86 who switched. Baseline clinical and
MRI characteristics according to the TES threshold
are presented in Supplemental Table 8. Compared
with the low-risk group, patients with TES = 1.34

journals.sagepub.com/home/msj
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Table 1. Demographics and clinical features.

Training set Validation set Validation set
(OFSEP) (OFSEP) (RISM)
303 (%) 152 (%) P 573 (%) p
Sex 0.502 0.860
Men 95(31.3) 43 (28.3) 183 (31.9)
Women 208 (68.7) 109 (71.7) 390 (68.1)
Age at baseline 0.675 0.160
Mean * SD 15.9+1.84 16.0 +1.82 15.7+2.23
Median [Q1-Q3] 16.3 [15.1-17.3] 16.5[15.4-17.2] 16.3 [14.8-17.2]
Min-Max 7.4-18.0 8.1-18.0 1.0-18.0
Age at baseline 0.844 0.863
<10 5(1.7) 2(1.3) 15 (2.6)
10-12 9(3.0) 3(2.0) 20 (3.5)
12-14 28(9.2) 14 (9.2) 58 (10.1)
14-16 87 (28.7) 38(25.0) 168 (28.5)
16-18 174 (57.4) 95 (62.5) 317 (55.3)
Inclusion period 0.158 0.757
2010-2012 107 (35.3) 38(25.0) 182 (31.8)
2013-2015 79 (26.1) 49 (32.2) 157 (27.4)
20162018 66 (21.8) 36(23.7) 129 (22.5)
2019-2024 51(16.8) 29 (19.1) 105 (18.3)
EDSS (%3 months) 0.371 <0.001
N 125 62 374
Mean = SD 09+1.23 0.8*+1.22 1.5+ 1.11
Median [Q1-Q3] 0.0 [0.0-1.5] 0.0 [0.0-1.0] 1.5[1.0-2.0]
Min—Max 0.0-7.0 0.0-4.0 0.0-7.5
0.0 63 (20.8) 37 (24.3) 0.932 74 (12.9) <0.001
1.0 16 (5.3) 7 (4.6) 94 (16.4)
1.5-2.0 18 (5.9) 9(5.9) 135 (23.6)
2.5-3.0 10 (3.3) 3(2.0) 49 (8.6)
=3.5 6(2.0) 3(2.0) 22 (3.8)
NA 190 (62.7) 93 (61.2) 199 (34.7)
Initial MET - -
Azathioprine 6(2.0) 0 (0) 8(1.4)
Dimethyl fumarate 45 (14.8) 16 (10.5) 32(5.6)
Glatiramer acetate 40 (13.2) 17(11.2) 65 (11.3)
Interferon beta la 175 (57.8) 90 (59.2) 431 (75.2)
Interferon beta 1b 9 (3.0) 3(2.0) 9 (1.6)
Methotrexate 1(0.3) 0(0) 0(0.0)
Mycophenolate mofetil 1(0.3) 0(0) 0 (0.0)
Peginterferon beta la 7(2.3) 4(2.6) 23 (4.0)
Teriflunomide 19 (6.3) 22 (14.5) 5(0.9)
Disease duration (years) 0.179 0.188
Mean = SD 1.1+1.36 12+135 1.1+1.64
Median [Q1-Q3] 0.6 [0.3-1.3] 0.7 [0.4-1.3] 0.5[0.3-1.1]
Min—Max 0-9.9 0-7.2 0-14.3
0-0.25 63 (20.8) 20(13.2) 0.226 138 (24.1) 0.397
0.25-0.5 60 (19.8) 34 (22.4) 127 (22.2)
0.5-1 82 (27.1) 41 (27.0) 149 (26.0)
>1 98 (32.3) 57 (37.5) 159 (27.8)
Number of relapses in the year 0.184 0.001
before baseline
0 168 (55.5) 91 (59.9) 399 (69.6)
1 89 (29.4) 45 (29.6) 118 (20.6)
(continued)
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Table 1. (continued)

2 29 (9.6) 14 (9.2) 38 (6.6)

=3 17 (5.6) 2(1.3) 18(3.1)

Brain MRI 0.528 0.687
(=6 months/+3 months)

Yes 216 (71.3) 104 (68.4) 401 (70.0)

No 87 (28.7) 48 (31.6) 172 (30.0)

If yes, number of T2 brain 0.755 <0.001
lesions

0 1(0.4) 0 (0) 1(0.2)

<9 38(17.6) 18 (17.3) 66 (16.5)

=9 136 (63.0) 62 (59.6) 151 (37.7)

NA 41 (19.0) 24 (23.1) 183 (45.6)
Gadolinium-enhancing brain 0.211 <0.001
lesions

Positive 119 (55.1) 63 (60.6) 143 (35.7)

Negative 77 (35.6) 37 (35.6) 140 (34.9)

NA 20 (9.3) 439 118 (29.4)

Brain lesion location 0.607 -

Supratentorial and 143 (66.2) 65 (62.5) NA

infratentorial

Supratentorial only 54 (25.0) 33 (31.7) NA

Infratentorial only 1(0.4) 0(0) NA

No lesion 1(0.4) 0(0) NA

NA 17 (7.9) 6(5.8) 573 (100)

Spinal MRI 0.573 0.745
(=12 months/+3 months)

Yes 169 (55.8) 89 (58.6) 313 (54.6)

No 134 (44.2) 63 (41.4) 260 (45.4)

If yes, number of T2 spinal 0.342 <0.001
lesions

0 47 (27.8) 19 (21.4) 62 (19.8)

1 34(20.1) 16 (18.0) 70 (22.4)

=2 64 (37.9) 44 (49.4) 39 (12.5)

NA 24 (14.2) 10(11.2) 142 (45.4)
Gadolinium-enhancing spinal 0.986 <0.001
lesions

Positive 73 (43.2) 38 (42.7) 57 (18.2)

Negative 80 (47.3) 42 (47.2) 163 (52.1)

NA 16 (9.5) 9(10.1) 93 (29.7)

Spinal lesion location 0.139 -

Cervical and thoracolumbar 50 (59.6) 35(39.3) NA

Cervical only 39 (23.1) 26 (29.2) NA

Thoracolumbar only 10 (5.9) 4(4.5) NA

No lesion 48 (28.4) 19 (21.4) NA

NA 22 (13.0) 5(5.6) 313 (100)
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Table 2. Final multivariable Cox model and corresponding coefficients used to derive the TES.

Coefficient HR P
(log HR)

Age at baseline 1

<16 0 1

16-18 —-0.2992 0.75 (0.50-1.08) 0.121
EDSS

0.0 0 1

1.0 —0.4890 0.61 (0.28-1.32) 0.218

1.5-2.0 0.4964 1.64 (0.79-3.40) 0.190

2.5-3.0 1.0231 2.78 (1.16-6.66) 0.029

=35 0.7852 2.19 (0.91-5.29) 0.090
Year of MET initiation 0.1636 1.18 (1.10-1.26) <0.001
Number of relapses in the year before baseline

0 0 1

1 0.9398 2.56 (1.67-3.92) <0.001

2 1.2560 3.51(1.90-6.49) <0.001

=3 1.7795 5.93 (2.77-12.67) <0.001
Brain lesion location

Combined supratentorial and infratentorial 0.4148 1.51(0.92-2.50) 0.111

Other 0 1
Number of T2 spinal lesions

0 0 1

1 0.8365 2.31(1.25-4.27) 0.010

) 0.2022 1.22 (0.65-2.30) 0.534

Coefficients correspond to log-hazard ratio (logHR) from the final multivariable Cox model, estimated after multiple imputation
and pooled using Rubin’s rules. For TES calculation, each retained predictor is coded as a binary indicator (0/1) and multiplied

by its corresponding log-hazard ratio, except for year of MET initiation, which is entered as a centered continuous variable (year

of initiation—2014). Positive coefficients indicate an increased risk of treatment escalation due to insufficient efficacy. Reference
categories are age <l6years, EDSS: 0.0, no relapse in the previous year, brain lesion location other than combined supratentorial
and infratentorial involvement, and no spinal cord lesion. HR =hazard ratio; METs=moderate-efficacy therapies; TES =Therapeutic

Escalation Score.

were younger, initiated MET earlier after diagnosis,
had more frequent relapses in the preceding year,
and showed a higher proportion of infratentorial
involvement, consistent with the predictors contrib-
uting to the score. In the high-risk group, the risk of
treatment escalation markedly increased up to 1 year
and then decreased thereafter, whereas in the low-
risk group, it remained generally constant over time
with a slight increase from 1 year. At 1 year, the MET
escalation rate was estimated at around 75 switches
per 100 person-years in the high-risk group and 8
switches per 100 person-years in the low-risk group,
corresponding to an annual probability of MET esca-
lation approximating 53% (1—e°7%) and 8%, respec-
tively (Figure 2(b)). The cumulative probability of
treatment escalation in the high-risk group due to
MET inefficacy was 35.7% [95% CI: 28.4-44.1] and
3.6% [95% CI: 1.9-6.9], respectively, at 1year,

71.7% (62.7-80.1) and 24.8% [95% CI: 18.9-32.3]
at 3years (Figure 2(c); p <0.0001; Kaplan—Meier
curve Supplemental Figure 9). As a result, the haz-
ard ratio (HR) of MET escalation risk between the
two groups changed over time and was nearly 10
times higher in high-risk group patients during the
first year compared with low-risk group (HR=9.87;
95% CI: 5.38-18.11) but declined to 1.43 (95% CI:
0.54-3.78) after 3 years (Figure 2(b); Supplemental
Figure 10). These results corroborate time-depend-
ent AUC calculations; the TES best predicts treat-
ment escalation due to inefficacy within the first
year of initiating a MET (Supplemental Table 6). In
secondary analyses, the TES retained similar predic-
tive performance when considering therapeutic
escalation for any reason, not only due to inefficacy
of the initial MET (Supplemental Tables 9-12;
Supplemental Figures 11 and 12).
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Figure 2. Evolution of the risk of switching from initial MET to HET according to the TES in the OFSEP training
set. (a) Hazard ratios for treatment escalation are shown according to TES deciles, with the first decile serving as the
reference category. (b) Dynamics and (¢) cumulative probabilities of treatment escalation due to MET inefficacy are
presented according to TES risk groups, using a threshold of 1.34.

Internal validation of the TES

The predictive performance of the TES was then
evaluated in the internal validation set, which
included 152 children from the OFSEP registry. At
lyear, the TES demonstrated an AUC of 69.1%
[95% CI: 49.4-88.83] with a sensitivity of 59.6%
and a specificity of 65.6% (Supplemental Tables 13
and 14). The metric calibration was estimated by the
mean error between predicted and observed

probabilities and was 0.088. Figure 3(a) shows that
the threshold of 1.34 discriminated between the two
groups according to MET escalation. The cumula-
tive probability of therapeutic escalation to HET due
to inefficacy was 4.7% (95% CI: 0.1-9.0) at 1 year
and 24.6% (95% CI: 13.9-34.0) at 3years in the
low-risk group, compared with 11.7% (95% CI: 2.4—
20.1) at 1year and 51.8% (95% CI: 32.3-65.6) at
3years in the high-risk group (»p=0.005).
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(a) Score == Low-risk == High-risk

1.004

o
5
a

cumulative probability to switch to HET
8 g
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0 1 2 3
Time since MET initiation (years)
Number at risk
Low=-risk 96 78 60 44
High-risk 56 4 28 12

(b)

1.004

e
3
a

cumulative probability to switch to HET
B 8

0

1 H 3
Time since MET initiation (years)
Number at risk
wersk | 346 294 240 195
High-risk | 227 145 97 67

Figure 3. Evolution of the risk of switching from initial MET to HET according to the Therapeutic Escalation Score
(TES) in the OFSEP and RISM validation sets. Kaplan—-Meier curves showing the cumulative probability of treatment
escalation due to MET inefficacy in (a) the OFSEP validation set (p <0.01) and (b) the RISM validation set (illustrative
of Scenario 4; p <0.0001), stratified by TES-based risk groups using a threshold of 1.34.

Scenario 4 is shown in the main figure because it reflects the distribution of lesion locations observed in the OFSEP training set.
Statistical comparisons were performed using the log-rank test.
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Table 3. Probability of treatment escalation due to MET lack of efficacy by the TES-defined risk group across all

cohorts.

Time post-MET Low-risk group (%)

High-risk group (%)

initiation (years)

3

1

3

OFSEP training
OFSEP validation
RISM Scenario 1
RISM Scenario 2
RISM Scenario 3
RISM Scenario 4

3.6 (1.9-6.9)
4.7 (0.1-9.0)
5.0 (2.5-7.5)
8.4 (5.7-11.1)
7.5 (4.8-10.2)
5.6 (3.1-8.1)

24.8 (18.9-32.3)
24.6 (13.9-34.0)
24.3 (19.0-29.3)
28.8 (24.0-33.3)
26.8 (21.8-31.5)
25.8 (20.6-30.7)

35.7 (28.4-44.1)
11.7 (2.4-20.1)

22.4(16.8-27.7)
26.6 (18.2-34.1)
23.6 (16.8-29.8)
23.7(17.6-29.4)

71.7 (62.7-80.1)
51.8 (32.3-65.6)
51.3 (43.7-57.9)
59.5 (48.8-68.1)
55.6 (46.5-63.1)
52.2 (44.0-59.1)

Patients were assigned to low-risk and high-risk groups, defined by a TES < 1.34 and =1.34, respectively.

Table 4. Summary of predictive accuracy of TES across cohorts.

Sensitivity (%)
(95% CI)

Specificity (%)
(95% CI)

PPV (%)
(95% CI)

NPV (%)
(95% CI)

AUC
(95% CI)

OFSEP training
OFSEP validation
RISM Scenario 1
RISM Scenario 2
RISM Scenario 3
RISM Scenario 4

89.5 (80.8-98.2)
59.6 (29.0-90.2)
77.3 (66.3-88.2)
48.4 (37.4-59.4)
59.1 (48.1-70.0)
72.7 (61.7-83.7)

70.0 (63.9-76.0)
65.6 (57.0-74.1)
62.2 (57.7-66.7)
81.1(76.6-85.6)
72.9 (68.4-77.4)
67.0 (62.5-71.5)

37.9 (28.6-47.1)
12.0 (2.9-21.0)

22.7(17.2-28.2)
26.9 (21.4-32.4)
23.9 (18.4-29.4)
24.0 (18.5-29.5)

97.0 (90.2-100)
95.4 (90.9-99.8)
95.0 (92.3-97.7)
91.6 (88.9-94.3)
92.5 (89.8-95.2)
94.4 (91.7-97.1)

85.9 (80.0-90.9)
69.1 (49.4-88.8)
73.3 (67.3-79.3)
73.3 (67.3-79.3)
72.8 (66.7-78.9)
73.8 (67.9-79.8)

AUC=Area under the receiver-operating characteristic curve; NPV =negative predictive value; PPV=predictive positive value.

External evaluation of the TES in the independent
RISM cohort

The model was externally evaluated in the RISM
cohort under assumptions for a missing predictor, as
brain lesion location was not available in this data set.
Four scenarios were explored to estimate this variable
(Supplemental Table 15). Across all scenarios, the
TES maintained a predictive accuracy with AUCs
between 72.8 [95% CI: 66.7-78.9] and 73.8% [95%
CI: 67.9-79.8] at 1-year post-MET initiation with a
sensitivity ranging from 48.4% to 77.3% and a spec-
ificity ranging from 62.2% to 81.1% (NPV: 91.6%—
95.0% and PPV: 22.7%-26.9%; Supplemental Table
15; Supplemental Figures 13—16). The mean error
between predicted and observed probabilities ranged
from 0.068 to 0.080 depending on scenarios.
Predictive performance remained consistent across
the different scenarios explored, suggesting that
model discrimination was robust despite this miss-
ing predictor. Scenario 4 is illustrated in Figure 3
because it reproduces the distribution of brain lesion
locations observed in the OFSEP training set and,
therefore, represents the most plausible scenario for
comparison. In the low-risk group, the cumulative

probabilities of escalating to HET due to inefficacy
ranged from 5.0% (95% CIL: 2.5-7.5) to 8.4% (95%
CI: 5.7-11.1). Conversely, in the high-risk group, the
cumulative probabilities of MET escalation ranged
from 22.4 (95% CI: 16.8-27.7) to 26.6% (95% CI:
18.2-34.1) (Table 3; Figure 3(b); Supplemental
Figures 13-16). Three years after MET initiation,
51.3%-59.5% patients in the RISM cohort with a
TES =1.34 had escalated to HET due to inefficacy,
while 71.2%-75.7% had not escalated to HET in
patients with TES<1.34 (Tables 3 and 4;
Supplemental Tables 13—15; Supplemental Figures
13—16). These findings support the use of TES pri-
marily to exclude early escalation rather than to pre-
dict escalation with high certainty.

Discussion

TES is a clinically applicable tool based on six base-
line parameters available at treatment initiation.
Developed to identify children unlikely to require
early escalation after initiating MET, TES is a prog-
nostic, not causal, model estimating the risk of escala-
tion for POMS patients starting on MET as the initial
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therapy.?® A central point is that TES addresses early
escalation risk after initiating MET and does not aim
to predict long-term disability, cognitive outcomes, or
progression independent of relapse activity (PIRA).
TES should, therefore, be interpreted as a prognostic
model describing real-world early treatment trajecto-
ries rather than a tool to guide treatment decisions,
and its potential clinical utility requires prospective
validation.

At 1year, TES showed an AUC of 69% in OFSEP and
73% in RISM, based on established predictors of
early disease activity.>0

To enable practical interpretation of the score in future
validation studies, TES was operationalized with a
dichotomous risk threshold (1.34), derived via time-
dependent ROC curve analysis. Its predictive accu-
racy peaked during the first year of follow-up, likely
due to recommended MRI monitoring practices in the
first year, which may have led to treatment modifica-
tions in children.?* A patient with a TES <1.34 has a
low probability of escalating to HET within the first
year, corresponding to a NPV of 97.1% in the training
cohort. Conversely, a patient with a TES = 1.34 has a
38.3% risk of escalation within the same period. Our
findings are supported by the inclusion of an inde-
pendent internal validation set and an external valida-
tion cohort (RISM), which replicated results despite
some differences with the OFSEP training set, such as
higher EDSS and a lower MRI and clinical activity in
RISM. This confirms the generalizability of TES
across independent data sets. Because the outcome is
treatment escalation due to insufficient efficacy, TES
may partly reflect clinical decision-making and
should be interpreted as a prognostic model of real-
world treatment trajectories rather than intrinsic dis-
ease aggressiveness.

TES reflects control of early inflammatory activity
(relapses and MRI lesions), which are key short-term
drivers in POMS, where disability progression is typi-
cally slower.!%2> TES, thus, may help frame future
research on individualized treatment stratification in
POMS based on these acute-phase parameters.

As expected for a baseline-only model, predictive
performance declined over time, possibly reflecting
that early escalation is driven by inflammatory activ-
ity rather than long-term progression.*!9

However, it should support, but not replace, clinical
judgment. It does not account for other factors that
influence treatment, such as safety, comorbidities,
treatment accessibility, patient tolerance, or patient

and family preferences. Therefore, decisions must
remain shared between clinicians, children/adoles-
cents, and their families.26:27

Several limitations should be acknowledged. Selected
MRI variables required imputation in OFSEP, and
lesion location was unavailable in RISM, requiring
scenario-based analyses. Accordingly, the external
evaluation relied on assumptions for a missing predic-
tor. Although predictive performance remained con-
sistent across scenarios, this should be interpreted as
validation under assumptions rather than full replica-
tion of the original model specification. Younger chil-
dren were under-represented. As with any prognostic
model, recalibration may be required in other settings,
including evolving therapeutic strategies or biomarker
availability.

Prospective studies will be necessary to determine
whether TES can support individualized treatment
strategies in clinical practice.

Conclusion

TES is a baseline-only prognostic tool for early esca-
lation risk after MET initiation in POMS. It may pave
the way for future clinical translation pending pro-
spective validation. It may inform risk discussions
when considering MET initiation by identifying
patients with a low probability of early escalation
(rule-out strategy). It does not replace clinical judg-
ment, nor does it imply that delaying HET is safe or
equivalent to early initiation when clinically indi-
cated. Further validation, including biomarker inte-
gration, is needed to refine its clinical utility within its
scope as a short-term, inflammation-driven prognos-
tic model.
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