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Identifying predicto rs of long-ter m outcomes in pediatric multiple scleros is (MS) is crucial for tailoring

an early and effective treatment, but only a few longitu din al studies have explored clinical and

conventional magnetic reso nance imaging (MRI) predicto rs of relap se risk and disability prog ress ion in

pediatric MS [1]. Key facto rs associated with the risk of a second clinical attack includ e female sex,

older age at onset, multifocal presen tatio n, and optic nerve involvemen t. Pr ed ictors of long-ter m

disability accu mu latio n includ e older age at onset, multifocal onset, sp inal cord/infraten tor ial

involvemen t, higher relap se rate, and greater T2-hyperintense wh ite matter (WM) les ion burd en .

Clin ical and conventional MRI assessments do not fully captu re the smoldering pathological processes

that begin early also in pediatric MS, thus the integr ation of advanced MRI measures may imp rove

early disease characterization, prog nostication, and personalized treatment planning in pediatric MS.

In this st udy we aimed to ident ify early clin ical and MRI predictors of long-term clin ical

outcomes in pedia tric MS, by integrating clinical and conv entiona l MRI measures (e.g., brain and

sp inal cord les ions) with advanced MRI techniques , including volum et ric analy sis, choroid plexus

metrics , and micro struct ural assessment of no rm al-appearing white matt er (NAWM).

• Hig her infratentorial les ion count, the presence of sp inal cord les ions , lower thala mic volum e,

and greater CP volum e at ba seline predicted shorter time to first relapse

•Hig her EDSS score, higher brain T2-hy perintense WM LV, the presence of spinal cord les ions ,

and higher CP volum e were associated with increased risk of recurrent relapses

• HE-DMT signif icantly reduced the risk of relapses and delayed the time to first relapse,

highlighting the benefit of early aggressive therapy

• Yo unger age and lower NAWM FA predicted earlier 6-m CDW, with lower NAWM FA being

also associated with greater EDSS wo rsening at long-term follow-up

• Our findings undersco re the prog nostic value of integrating advanced MRI metrics (e.g.,

NAWM micro struct ure, thala mic atrophy, CP volum e) with clinical measures in pedia tric MS

• Early ident ification of high-risk pa tients can inform tailored treatment st ra tegies , po tentially

improving long-term clin ical outcomes

DISCLOSURES
M. Margoni repor tsgrants and per sonal fees from Sanofi Genzyme, MerckSerono, Roche, Biogen and Novartis. A. Meani, E. Pagani have nothing to disclose. P. Preziosa received
speaker honoraria from Roche, Biogen,Novartis, Merck, Br istol Myers Squibb, Genzyme, Hor izon and Sanofi, he has receivedresear ch support from Italian Ministry of Health and
Fondazione Italiana Scleros iMultipla. L. Moiola receivedcompensation for speaking activities, travel grant, and par ticipationin advisor yboard from Biogen,Br istol-Myers Squibb,

Novartis, Roche, Sanofi-Genzyme, Merck-Serono, Biogen, and Alexion. M. Pozzato received grants and per sonal fees from Roche, Merck Serono, Janssen-Cilag, Sanofi, Biogen,
Novartis, Amgen, Alexion, Almir all. E. Tavazzi receivedhonoraria for speaking from BiogenIdec, Br istol-Meyers-Squibb. F. Mattioli has nothing to disclose. V. Torri Clerici acted
asanAdvisor yBoard member of Biogen Idec and Novartis and receivedfunding for travelling and honoraria for speaking or writingfrom Teva, Novartis, Genzyme, Almir all. She

received support for resear ch project by Almir all. M. Filippi is Editor-in-Chief of the Journal of Neurology, Associate Editor of Human Brain Mapping, Neurological Sciences , and
Radiology, receivedcompensation for consulting services from Alexion, Almir all, Biogen,Merck, Novartis, Roche, Sanofi, speaking activities from Bayer, Biogen,Celgene, Chiesi
Italia SpA, Eli Lilly, Genzyme, Janssen, Merck-Serono, Neophar med Gentili, Novartis, Novo Nor disk, Roche, Sanofi, Takeda, and TEVA, par ticipation in Advisor y Boards for

Alexion, Biogen, Br istol-Myers Squibb, Merck, Novartis, Roche, Sanofi, Sanofi -Aventis, Sanofi-Genzyme, Takeda, scientif ic direction of educational events for Biogen, Merck,
Roche, Celgene, Br istol-Myers Squibb, Lilly, Novartis, Sanofi-Genzyme, he receives resear ch support from Biogen Idec, Merck-Serono, Novartis, Roche, the Italian Ministry of
Health, the Italian Ministry of University and Research, and Fondazione Italiana Scleros iMultipla. M.A. Rocca receivedconsulting fees from Biogen,Br istol MyersSquibb, Roche;

and speaker honoraria from Alexion, Biogen,Br istol Myers Squibb, Celgene, Hor izon Therapeutics Italy, MerckSerono SpA, Mitsubishi-Tanabe Phar ma, Neuraxpharm, Novartis,
Roche, Sandoz, and Sanofi . She receives resear ch support from the MS Society of Canada, the Italian Ministry of Health, the Italian Ministry of University and Research, and
Fondazione Italiana Scleros i Multipla. She is Associate Editor for Multiple Scleros is and Related Disorders; and Associate Co-Editor for Europe and Africa for Multiple Scleros is

Journal.

METHODS
• Subjects. 70 pediatric-onset MS patients and 23 age- and sex-matched healthy controls (HC).

• Clinica l assessment (baseline and follow-up). (A) Expanded Disability Status Scale (EDSS) score; (B)

definition of MS clinical phenotypes (relapsing-remitting or secondary progressive); (C) recording of relapses;

(D) ongoing disease-modifying treatment (DMT): (moderat e-efficac y [ME-DMT] : inte rfe ron-beta , g lat irame r ac etat e,

te ri flunomide and dimet hyl fuma ra te) ; high-efficac y [HE-DMT]: cyclophosphamide , mi toxantrone , cl adribine,

nata liz uma b, fingolimod, al emtuzumab, ocreli zumab).

• Clinica lassessment (follo w-up).

- 6-month confirmed disability worsening (6m-CDW): 1.5-point incre ase (if basel ine EDSS score=0), 1.0-point

incre ase (if basel ine EDSS score<5.5), or 0.5-point incre ase (if basel ine EDSS score≥5.5) and confi rmed 6 months

apart.

• MRI acquis ition and analysis.

- Brain 3T MRI: (A) dual-echo turbo spin echo: brain T2-hyperintense WM lesion volume (total,

periventricular, juxtacortical, infratentorial, deep WM) [Jim 8.0, Xinapse Systems and in-house impleme nted

method]; (B) three dimensional (3D) T1-weighted: normalized brain, thalamic, cortical and lateral ventricle

volumes [FSL-SIEN Ax2 softw are ]; normalized choroid plexus volume [Jim 8.0, Xinapse Systems]; 3D double

invers ion recovery (DIR): cortical lesion number [Jim 8, Xinapse Systems]; diffusion-weighted imaging: normal-

appearing WM (NAWM) fractional anisotropy (FA), mean (MD), axial (AD) and radial (RD) diffusivities [FSL

and and in-house impleme nted method].

- Spinal cord MRI: the presence of spinal cord lesions was retrospectively evaluated close to the time of

MRI acquis ition by reviewing medical records.

Demo graphic, clinical and MRI variables in pedia tric MS pa tients compared to HC.

Table 1 sh ows the main clinical and MRI characteristics of healthy controls and pediatric MS patients

at baseline.

Table 1 .

Longitudinal findings in in pedia tric MS pa tients.

• The median (inter quartile range [IQR]) follow-up duration was 12.3 (10.1;14.3) years.

• Twenty-six (50%) of patients had the first clin ical relapse within the first 4.7 (95% confidence

interv al [CI] =2.6;7.0) years from ba seline (Fig ure 1).

• The estimated annualized relapse rate was 0.13 (95% CI=0.10;0.17).

• Twenty-five (58%) out of the 43 patients treated with ME-DMTs switched to a HE-DMTs for

efficacy.

Predictors of shorter time to firs t relapse. Table 2 sh ows univariable and multivariable Cox

regression models using time to first clinical relap se as outcome in pediatric MS.

Predictors of EDSS wo rsening at follow-up. A lower NAWM FA predicted a greater EDSS

wo rsening at the las t follow-up (β=-0.26, 95% CI=-0.50;-0.03).

Figure 1. (A) Kapla n-Meie r curve s showing the probabil ity est ima te s of surviving relapses. (B) Avera ge

cumula tive number of rel apses ove r the fol low-up. Dot te d lines are 95% pointwise confidence int erva ls.

Predictors of time to 6m-CDW event. Yo unger age (HR=0.82, 95% CI=0.68;0.98) and lower NAWM

FA (HR=0.67, 95% CI=0.51;0.88) were risk factors indepen dently sh ortening time to a 6m-CDW event.

[1] Margoni  et al., E xpert Rev Neur other. 2022 .

Var iable HC (n=23) Pe diatric  MS (n=52) p

Sex, No. Male (% ) / Fem ale (%) 13 (56) / 10 (44) 19 (37) / 33  (63) 0 .132

Median age at base line (IQR) [years] 14. 1 (11.8;16.2) 15. 1 (14.0 ;16.7) 0 .155

Median age at disease onse t (IQR) [ye ar s] - 13. 5 (11.4;15.0) -

Median dise ase  duration (IQR) [years] - 1.4 (0. 5;2.7) -

Type of onse t,  No. (%)

Monofocal: optic neuri tis / he mi spheri c 

infr atentorial  / spinal

Multi foc al

-

42 (81): 4 (10) / 9 (21) 

/ 20 (48) / 9  (21)

10 (19)

-

Median EDSS sc or e at basel ine  (IQR) - 1.5 (1. 0;1.5) -

Median numbe r of pre vious re lapses (IQR) - 1 (1;2) -

Median fol low-up dur ation (IQ R) [years] - 12. 3 (10.1 ;14.3) -

Median EDSS sc or e at l ast FU (IQR) - 1.0 (0. 0;2.0)

No.  of pati ents wi th EDSS worse ning at l ast F U (%) - 18 (35) -

No.  of pati ents wi th 6m-CDW dur ing FU (% ) 11 (21)

No.  of pati ents wi th ≥1 cl ini cal relapse  during FU (% ) - 36 (69) -

Estimated ARR dur ing FU (95% CI) - 0 .13 (0 .10;0 .17) -

DMTs at basel ine  (%): ME-DMT/  HE-DMT - 43 (83) / 9 (17) -

No.  of switche rs to  HE-DMT (% ) - 25/43 (58) -

Median brain T2-hyperintense WM lesion volum e (IQ R) [m L]* 0.0 (0. 0;0.1) 3.2 (1. 6;6.6) <0.001

Median numbe r of 

T2 -hyperintense 

WM lesions (IQR)

Perive nt ricul ar - 9 (5;15) -

Juxtacorti ca l - 13 (6;34) -

Infrat entoria l - 2 (1;6) -

Deep WM - 5 (2;8) -

Median numbe r of corti cal lesions (IQR) - 0 (0;1)

No.  of pati ents wi th ≥1 spinal  cord lesion (%) - 29 (56) -

EM

NBV (SE ) [mL] 1717 (7) 1687 (8) 0 .004

NCV (SE ) [mL] 731 (7) 706 (5) 0 .008

Norma li zed thala mic  volume (SE) [mL ] 23. 0 (0.2) 22. 2 (0.2) 0 .023

Norma li zed c horoid ple xus volume (SE ) [mL] 2.14 (0 .09) 2.74 (0.09) <0.001

Norma li zed l at eral  ventri cle  volume (SE ) [mL] 14. 7 (1.3) 21. 9 (1.7) 0 .001

NAWM FA# (SE) 0.336 (0.003) 0.323 (0.002) <0.001

NAWM MD# (SE) 0.811 (0.003) 0.820 (0.003) 0 .026

NAWM AD # (SE) 1.118 (0.003) 1.116 (0.003) 0.638

NAWM RD# (SE) 0.657 (0.004) 0.671 (0.004) 0 .009

Comparisons pe rformed by Fisher’s exact test (se x) and Mann-Whitney (age) test s. Age- and sex-adjusted linear models we re
pe rformed for MRI feature s. AR R wa s estima ted wi th a ne gat ive bi nomial regression. *T2-hype rinte nse whit e matt er lesi on

volume wa s log transformed. #MD, AD and RD are expressed in unit s of mm2/s × 10 -3. FA is a dimensionless index.

Abbreviat ions: AD=axial di ffusi vi ty; AR R=a nnual ized relapse rate; 6m-CDW=6-month confirmed di sabi lit y worse ning;

DMT=disease-modifying therapy; EDSS=Expa nded Di sabi lit y Status Scale; FA=fractional anisot ropy; HC =healthy controls;

HE=high effi cacy; IQR=interquartil e range; MD=mea n di ffusi vi ty; ME=moderate effi cacy; mL=mi lli lit er; n=numbe r; NA=normal

appearing; NB V=normal ized brain volume; NC V=normal ized cort ical volume; RD=radial di ffusi vi ty; SE=sta ndard error;
WM=whi te matt er.

Time  to fir st cl ini cal r elapse

Univariable anal ysi s Multivariable anal ysi s

HR (95%  CI) p HR (95%  CI) p

Sex (m al e vs fe male ) 0.81 (0.41;1.61) 0.549

Age  at baseline 0.92 (0.81;1.04) 0.174

Age  at dise ase  onset 0.94 (0.85;1.05) 0.271

Dise ase  duration 1.0 (0. 85;1. 18) 0.962

EDSS score at baseline 1.63 (1.02;2.58) 0.039

No.  of pre vi ous rel apses 1.18 (0.82;1.68) 0.369

Pr evious tre atm ent (yes vs no) 0.61 (0.13;2.89) 0.530

Tr eatment status (HE-DMT vs ME-DMT) 0.60 (0.25;1.46) 0.259 0.20 (0.06;0.68) 0.010

Br ai n T 2-hyperi ntense WM L V* 1.05 (1.01;1.10) 0.019

No.  of T2-

hyperi nte

nse WM 

le sions

Perive nt ricul ar 1.06 (1.01;1.11) 0.027

Juxtacorti ca l 1.01 (1.00;1.02) 0.149

Infrat entoria l 1.10 (1.02;1.18) 0.009 1.09 (1.02;1.18) 0.016

Deep WM 1.00 (0.96;1.06) 0.845

No.  of corti cal l esi ons 1.27 (0.97;1.65) 0.077

Cor d l esions (yes vs no) 2.13 (1.06;4.30) 0.035 2.45 (1.18;5.10) 0.017

NBV° 0.94 (0.88;1.00) 0.047

NCV° 0.97 (0.89;1.05) 0.448

Thal am ic vol ume 0.72 (0.58;0.89) 0.003 0.77 (0.60;0.99) 0.046

Nor mali ze d choroid  ple xus  volume 1.67 (1.04;2.69) 0.034 1.58 (0.93;2.68) 0.088

NAWM F A# 0.76 (0.59;0.97) 0.031

NAWM MD# 1.13 (0.98;1.30) 0.091

NAWM AD# 1.05 (0.92;1.20) 0.482

NAWM RD# 1.14 (1.01;1.29) 0.041

HR s, relat ed 95% CI and p-va lue s from extended Cox regression models are report ed. Tre atment status, modell ed as a time-va rying
covariat e, wa s included in all analyse s. *HR is computed for a 10% increase in T2-hype rinte nse whit e matt er lesi on volume. °HR is

computed for a 10-unit increase in the predictor. #HR is computed for a 0.01-unit increase in the predictor. MD, AD and RD are

expressed in unit s of mm2/s × 10 -3. FA is a dimensionless index.

Abbreviat ions: AD=axial di ffusivi ty; CI=confidence in terva l; DMT=di sease-modifying therapy; EDSS=Expanded Di sabi lit y Status 

Scale; FA=frac tional  anisot ropy; IQR=interquartil e range; MD=mean di ffusi vi ty; ml=mill ili ter; NA=norma l appearing; 

NB V=norma lize d brain volume; NC V=norma lize d cort ical volume; RD=radial di ffusivi ty; WM=whit e matt er.

Predictors of recurrent relapses. Table 3 sh ows univariable and multivariable An dersen-Gill models

for recurrent relap ses risk in pediatric MS.
Recur rent  re lapses

Univariable anal ysi s Multivariable analysi s

HR (95%  CI) p HR (95%  CI) p

Sex (m ale vs fe male ) 0.90 (0.52;1.56) 0 .712

Age  at baseline 0.93 (0.82;1.05) 0 .256

Age  at dise ase  onset 0.95 (0.87;1.04) 0 .283

Dise ase duration 1.01 (0.90;1.14) 0 .864

EDSS score at baseline 1.67 (1.32;2.11) <0.001 1.29 (0 .96;1 .73) 0.086

No.  of pre vious relapses 1.04 (0.74;1.47) 0 .813

Pr evious tre atm ent (yes vs no) 1.30 (0.35;4.86) 0 .693

Tr eatment status (HE-DMT vs ME-DMT) 0.43 (0.21;0.91) 0 .027 0.21 (0 .11;0 .41) <0.001

Br ain T 2-hyperintense WM L V* 1.06 (1.02;1.09) <0.001 1.04 (1 .01;1 .06) 0.013

No.  of T2 -

hyperinte

nse WM 

le sions

Perive nt ricul ar 1.08 (1.03;1.12) <0.001

Juxtacorti ca l 1.02 (1.01;1.02) <0.001

Infrat entoria l 1.08 (1.03;1.13) 0 .002

Deep WM 1.02 (0.98;1.06) 0 .300

No.  of corti cal l esions 1.17 (1.00;1.36) 0 .051

Cor d l esions (yes vs no) 1.85 (1.00;3.40) 0.049 1.52 (0 .95;2.44) 0.081

NBV° 0.96 (0.92;1.01) 0 .149

NCV° 0.98 (0.90;1.06) 0 .640

Thalam ic  volume 0.83 (0.70;0.98) 0 .030

Nor malize d choroid  ple xus  volume 1.46 (1.06;2.02) 0.019 1.35 (1 .00;1.83) 0.054

NAWM F A# 0.80 (0.67;0.95) 0 .012

NAWM MD # 1.14 (1.02;1.29) 0 .026

NAWM AD# 1.07 (0.96;1.20) 0 .213

NAWM RD# 1.14 (1.03;1.26) 0.013

Table 2.

A B

• Ov er the follow-up, 11 (21%) out of 52 patients had a 6m-CDW event (Fig ure 2).

• No patient converted to second ar y prog ress ive MS.

• At las t follow-up, no signif icant overall EDSS changes were observed (median EDSS at baseline

[IQR]=1.5 [1.0;1.5], at follow-up=1.0 [0.0;2.5], p=0.785).

• At las t follow-up, 18 (35%) out of 52 patients had EDSS wo rsening .

• At 5 and 10 years of follow-up, 88% (95% CI=76;95) and 84% (95% CI=71;92) of pediatric MS

patients remained free from 6m-CDW.

Figure 2. Kapla n-Meie r curve s showing the

probabil it y est ima te s of 6m-CDW events . Dot te d

li nes are 95% pointwise confidence int erva ls.

Table 3.

HR s, relat ed 95% CI and p-va lue s from Ande rsen-Gi ll models are report ed. Tre atment status, modell ed as a time-va rying covariat e,
wa s included in all analyse s. *HR is computed for a 10% increase in T2-hype rinte nse whit e matt er lesi on volume. °HR is comput ed for

a 10-unit increase in the predict or. #HR is computed a 0.01-unit increase in the predictor. MD, AD and RD are expressed in unit s of

mm2/s × 10-3. FA is a di mensionl ess index.

Abbreviat ions: AD=axial di ffusi vi ty; CI=c onfidence interva l; DMT=disease-modifying therapy; EDSS=Expa nded Disabi lit y Status

Scale; FA=fractional anisot ropy; IQR=interquartil e range; MD=mea n di ffusivi ty; ml=mill ili ter; NA=normal appearing;

NB V=normal ized brain volume; NC V=normal ized cort ical volume; RD=radial di ffusivi ty; WM=whi te matt er.
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