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Early Predictors of 9-Year Disability in
Pediatric Multiple Sclerosis

Ermelinda De Meo, MD,1,2 Raffaello Bonacchi, MD,1,3 Lucia Moiola, MD,3

Bruno Colombo, MD,3 Francesca Sangalli, MD,3 Chiara Zanetta, MD,3

Maria Pia Amato, MD,4,5 Vittorio Martinelli, MD,3 Maria Assunta Rocca, MD ,1,2,3 and

Massimo Filippi, MD 1,2,3,6,7

Objective: The purpose of this study was to assess early predictors of 9-year disability in pediatric patients with multi-
ple sclerosis.
Methods: Clinical and magnetic resonance imaging (MRI) assessments of 123 pediatric patients with multiple sclerosis
were obtained at disease onset and after 1 and 2 years. A 9-year clinical follow-up was also performed. Cox propor-
tional hazard and multivariable regression models were used to assess independent predictors of time to first relapse
and 9-year outcomes.
Results: Time to first relapse was predicted by optic nerve lesions (hazard ratio [HR] = 2.10, p = 0.02) and high-efficacy
treatment exposure (HR = 0.31, p = 0.005). Predictors of annualized relapse rate were: at baseline, presence of cere-
bellar (β = −0.15, p < 0.001), cervical cord lesions (β = 0.16, p = 0.003), and high-efficacy treatment exposure
(β = −0.14, p = 0.01); considering also 1-year variables, number of relapses (β = 0.14, p = 0.002), and the previous
baseline predictors; considering 2-year variables, time to first relapse (2-year: β = −0.12, p = 0.01) entered, whereas
high-efficacy treatment exposure exited the model. Predictors of 9-year disability worsening were: at baseline, pres-
ence of optic nerve lesions (odds ratio [OR] = 6.45, p = 0.01); considering 1-year and 2-year variables, Expanded Dis-
ability Status Scale (EDSS) changes (1-year: OR = 26.05, p < 0.001; 2-year: OR = 16.38, p = 0.02), and ≥ 2 new
T2-lesions in 2 years (2-year: OR = 4.91, p = 0.02). Predictors of higher 9-year EDSS score were: at baseline, EDSS
score (β = 0.58, p < 0.001), presence of brainstem lesions (β = 0.31, p = 0.04), and number of cervical cord lesions
(β = 0.22, p = 0.05); considering 1-year and 2-year variables, EDSS changes (1-year: β = 0.79, p < 0.001; 2-year:
β = 0.55, p < 0.001), and ≥ 2 new T2-lesions (1-year: β = 0.28, p = 0.03; 2-year: β = 0.35, p = 0.01).
Interpretation: A complete baseline MRI assessment and an accurate clinical and MRI monitoring during the first
2 years of disease contribute to predict 9-year prognosis in pediatric patients with multiple sclerosis.
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During the last decades, pediatric multiple sclerosis
(MS; ie, clinical onset before age 18 years) has been

increasingly recognized, representing from 3 to 10% of
the total MS population.1–3 However, only a few longitu-
dinal studies4,5 have been conducted in these patients.

A higher clinical activity, with higher relapse rate
especially during the first years from disease onset,6,7

paralleled by a higher magnetic resonance imaging (MRI)
activity,8 was reported for pediatric-onset compared with
patients with adult-onset MS. In details, patients with MS
with disease onset in childhood or adolescence not only
experienced more frequent involvement of infratentorial
regions on MRI, but also had higher lesion burden both
at disease onset and on follow-up.8 However, little is
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known about how these early clinical and MRI features
may influence the long-term clinical outcome of these
patients.

In pediatric patients with a clinically isolated syn-
drome (CIS), some clinical factors contributed to predict
the conversion to clinically defined MS.5 In particular,
multifocal onset and female sex were associated with a
higher risk of a short-term second clinical attack, whereas
exposure to disease modifying treatments (DMTs) was
protective.5 In the same cohort, the occurrence of a
relapse after MS diagnosis was the only significant predic-
tor of the Expanded Disability Status Scale (EDSS) score
worsening after 10 years.5

In adult patients with MS, MRI has a fundamental
role not only in disease monitoring but also in predicting
clinical course, but data are lacking for pediatric patients.
For adult patients at their first demyelinating attack,
asymptomatic infratentorial,9–11 spinal cord,10,12,13 and
gadolinium-enhancing (Gd)-lesions10,14 were associated
with the development of clinical disability (measured
using the EDSS) over the first 5 to 7 years after a first
clinical attack.

Considering the paucity of approved DMT in pedi-
atric patients with MS as well as safety concerns about
new highly active drugs, it appears extremely relevant to
identify risk factors for disease progression in these
patients.

Against this background, the aim of this study was to
identify early (at disease onset and within the first 2 years
of disease) clinical and MRI predictors of disease course in
pediatric patients with MS, by studying a large cohort of
these patients. Easily obtainable and reproducible MRI
measures were investigated (number and distribution of
T2-hyperintense lesions, number and distribution of Gd-
lesions, including the cervical cord; presence of tumefactive
lesions, and number of black holes), in order to guarantee
immediate clinical applicability.

Methods
Ethics Committee Approval
Approval was received from the local ethical standards
committee on human experimentation, and written
informed consent was obtained from all participants and
their parents prior to study enrollment.

Subjects
A cohort of 123 pediatric patients with relapsing–
remitting MS,15–17 followed at San Raffaele Hospital,
Milan, Italy, Unit of Neurology, was analyzed. We
included pediatric patients with MS at their first demye-
linating attack with an available neurological evaluation
and 1.5 Tesla brain and cervical cord MRI scan within

3 months from disease onset. Exclusion criteria were: clin-
ical presentation with symptoms of encephalopathy refer-
able to acute disseminated encephalomyelitis according to
published operational criteria15 and a history of other neu-
rological/medical disorders in addition to MS.

Clinical Assessment
Neurological evaluations (with EDSS score rating) at dis-
ease onset and after 1 and 2 years were collected, together
with the last available clinical visit (median follow-up
duration = 9.4 years, interquartile range = 6.9–12.9 years).
DMT exposure and relapses during the whole follow-up
period were recorded. DMT were grouped into moderate-
efficacy (any preparation of interferon-beta and glatiramer
acetate) and high-efficacy (natalizumab and immunosup-
pressants) treatments. Disability worsening was classified
as a confirmed (at a following visit 12 months apart)18

EDSS increase of at least 1.5, 1.0, and 0.5 points for base-
line EDSS scores of 0, 1.0 to 5.0, and more than 5.5,
respectively.

MRI Assessment
Brain (n = 123) and cervical cord (n = 115) 1.5 Tesla
MRI scans obtained in a clinical setting for diagnostic and
follow-up purposes were evaluated by an experienced neu-
rologist. In particular, the MRI scan performed at disease
onset (baseline), and – when available – yearly brain MRI
scans at 1 and 2 years, were analyzed. The number, distri-
bution, and feature (tumefactive vs non-tumefactive
appearance) of T2-hyperintense lesions were recorded on
baseline images, together with the number of new lesions
on 1-year and 2-year scans. For this purpose, multiplanar
fluid attenuation inversion recovery (FLAIR) and
T2-weighted images of the brain, and short tau inversion
recovery (STIR), and/or T2-weighted images of the cervi-
cal cord were used. The number of black holes at baseline,
and the number and distribution of Gd-lesions on base-
line, at 1-year and 2-year scans were measured on post-
contrast, turbo-spin echo T1-weighted scans. Regarding
the distribution of lesions, the involvement of the follow-
ing central nervous system (CNS) regions was evaluated
(Fig 1): periventricular white matter (WM; 2 cutoffs were
used: at least 1 and 3 or more lesions according to the bet-
ter accuracy observed of 3 or more lesions in identifying
patients with MS),19,20 deep gray matter (GM), cortical/
juxtacortical GM/WM, brainstem, cerebellum, optic nerve
(as evaluable in conventional T2-weighted sequences), and
cervical cord.

Statistical Analysis
Chi-squared and Mann–Whitney U tests were used as
appropriate to investigate differences in demographic,
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clinical, and MRI measures at baseline, 1-year, and
2-years, between patients who had worsened and those
who had not at last follow-up. The same comparison was
also performed for clinical measures at last follow-up. Dif-
ferences in demographic, clinical, and MRI measure
between patients who dropped out and those who
remained throughout the follow-up period, as well as
between patients starting moderate and high-efficacy
DMT, were also analyzed.

Stepwise Cox proportional hazard models were used
to identify the independent predictors of time to first
relapse. Multivariable linear regression models were used
to identify independent predictors of annualized relapse
rate (ARR) and of EDSS score at last follow-up. Multivari-
able logistic regression models were used to investigate
independent predictors of disability worsening at last
follow-up. Separate models were built using clinical and
MRI data available at each of the follow-up time points.
Baseline EDSS, age at onset, sex, and the exact interval in
years between onset and the last follow-up visit were
included in the models as potential confounders. A step-
wise variable selection procedure was used. This procedure

is a combination of forward and backward selection
where, in each step, every variable is considered for addi-
tion to or subtraction from the set of covariates based on
an F-test with a p value for inclusion of 0.15.

In summary, 3 different models were constructed for
each outcome variable:

1. Baseline model (n = 123): baseline clinical and MRI
(brain and cervical cord) variables were included. MRI
measures were number, location, and feature of T2-
lesions, number and distribution of Gd-lesions, and
number of black holes;

2. 1-year model (n = 115): baseline predictors plus the
number of relapses and time to first relapse within the
first year, and the change in EDSS score and brain
MRI variables (new T2- and Gd-lesions) after 1 year
were included in the model;

3. 2-year model (n = 105): baseline and 1-year predictors,
plus the number of relapses and time to first relapse
within the first 2 years, and the change in EDSS score
and brain MRI variables (new T2- and Gd-lesions)
after 2 years were included.2

FIGURE 1: Lesion distribution. The pictures are representative of the 7 brain regions considered in the study. Lesions located in
the following compartments (highlighted by white circles and arrows) were detected on fluid-attenuated inversion recovery
(FLAIR) magnetic resonance imaging (MRI) sequences: (A) optic nerve; (B) periventricular region (1 lesion); (C) periventricular
region (3 or more lesions); (D) cortical/juxtacortical region; (E) cerebellum; (F) deep gray matter; (G) brainstem; and (H)
cervical cord.
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For each multivariable linear regression model, R is
reported, as the proportion of the variance of dependent
variable determined by the independent variable(s)
included in the model. For multivariable logistic regres-
sion models, the model fit is reported using model C-
statistic and accuracy. Statistical analysis was performed
with R software (version 3.6.1). Statistical significance is
reported as p < 0.05.

Data Availability
The data set used and analyzed during the current study is
available from the corresponding author on reasonable
request.

Results
Clinical Features and Course
One hundred twenty-three (89 girls and 34 boys) pediat-
ric patients with MS with baseline clinical and MRI evalu-
ations were included. Of them, 115 underwent clinical
and MRI follow-up evaluations exclusively after 1 year,
and 105 after 1 and 2 years. No significant differences in
demographic, clinical, and MRI features were observed
between patients who dropped out and those who
remained in the follow-up period (data not shown). Over
the 9-year follow-up period, 13 of 123 (11%) pediatric
patients experienced disability worsening and one of them
developed secondary progressive MS, whereas no signifi-
cant EDSS changes were observed in the whole group
(EDSS at last follow-up 1.0, range = 0.0–7.0, p = 0.89).
Figure 2 summarizes EDSS scores in patients worsened
and not worsened at last clinical follow-up.

Baseline Clinical and MRI Features
Baseline clinical and MRI features of the study cohort are
summarized in Table 1. Optic nerve involvement was
observed in 15 of 19 (74%) patients experiencing clinically
manifest optic neuritis and in 10 of 104 (10%) patients
asymptomatic for optic neuritis. No significant differences
were found between patients worsened and not worsened at
follow-up except for the mean number of cervical cord Gd-
lesions. Table 2 summarizes the main clinical and MRI
changes occurring after 1 and 2 years of follow-up. All the
patients enrolled started a DMT at diagnosis (63%
interferon-beta, 13% glatiramer acetate, 19% natalizumab,
and 5% immunosuppressant). Compared with pediatric
patients with MS starting moderate-efficacy DMT, patients
starting high-efficacy DMT were older (p = 0.01), had
higher EDSS score (p = 0.006), and more extensive brain
and cervical cord involvement at MRI (p ranging from
<0.001 to 0.04; see Table S1 in Supplementary Material
for all comparisons). Four patients switched from moderate
to high-efficacy DMT during the first 2-year follow-up

period. During the 9-year follow-up period, 30 of 123
(24%) patients switched to higher-efficacy treatment, of
which 5 patients worsened clinically.

One-Year Clinical and MRI Features
During the first year from the disease onset (n = 115), 31
patients (27%) had at least one clinical relapse, 5 patients
(4%) had disability worsening, 51 patients (44%) at least
one new T2-lesion, and 29 patients (25%) had at least
one Gd-lesion on brain MRI.

Two-Year Clinical and MRI Features
During the second year from the disease onset (n = 105),
24 patients (23%) had at least one clinical relapse,
5 patients (5%) had disability worsening, 53 patients
(50%) had at least one new T2-lesion, and 30 patients
(29%) had at least one Gd-lesion on brain MRI. Totally,
during the first 2 years from the disease onset (n = 105),
38 patients (36%) had at least one clinical relapse,
10 patients (10%) had disability worsening, 53 patients
(50%) had at least one new T2-lesion, and 30 patients
(29%) had at least one Gd-lesion on brain MRI.

Worsened patients at 9-year follow-up had a higher
number of new brain T2-lesions and greater EDSS change
at 1 and 2 years compared with not worsened ones. No
significant differences were found in terms of relapses. See
Table 2 for all comparisons.

Early Predictors of Time to First Relapse
and ARR
The median time from disease onset to first relapse was
1.7 years (range = 0.2–13.7). Optic nerve involvement

FIGURE 2: EDSS score at longest follow-up in pediatric
patients with multiple sclerosis (MS). Pediatric patients with
MS not worsened at last follow-up are represented in
histograms with gray filling, whereas those worsened at
follow-up are represented in histograms with black filling.
EDSS = Expanded Disability Status Scale.
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TABLE 1. Main Baseline Clinical and MRI Features of the Study Cohort Grouped by Clinical Status at 9 yr
Follow-up

All pediatric patients with
multiple sclerosis

Pediatric patients with
multiple sclerosis not
worsened at FU

Pediatric patients with
multiple sclerosis worsened
at FU p

Number of patients 123 110 13 -

Girls/boys 89/34 78/32 11/2 0.47

Mean age (range), yr 14.4 (7.3–17.9) 14.4 (7.3–17.9) 14.3 (9.8–17.0) 0.91

Median EDSS (range) 1.5 (0.0–6.0) 1.5 (1.0–4.0) 1.0 (0.0–6.0) 0.15

Treatment, n (%) IFN/GA/NAT/IS 77 (63)/16 (13)/23 (19)/7
(5)

68 (62)/13 (12)/23 (21)/6
(5)

9 (69)/3 (23)/0 (0)/1 (8) 0.26

Clinical presentation, n (%)

Polyfocal 35 (28) 30 (29) 5 (38) 0.88

Visual 14 (11) 10 (9) 4 (31) 0.12

Brainstem 32 (26) 31 (29) 1 (8) 0.13

Sensitive 30 (24) 28 (25) 2 (15) 0.92

Pyramidal 9 (7) 8 (6) 1 (8) 0.67

Cerebellar 2 (2) 2 (2) 0 (0) 1.00

Mean number of brain T2-lesions (range) 30.5 (3–180) 29.5 (3–167) 42.0 (3–180) 0.55

T2-lesion location, n (%)

Optic nerve 25 (20) 20 (18) 5 (38) 0.10

Periventricular (1 lesion) 99 (80) 89 (81) 10 (77) 1.00

Periventricular (> = 3 lesions) 84 (68) 75 (68) 9 (69) 0.70

Cortical/juxtacortical 69 (56) 62 (56) 7 (54) 1.00

Deep gray matter 38 (31) 34 (31) 4 (31) 1.00

Cerebellum 63 (51) 54 (49) 9 (69) 0.13

Brainstem 68 (55) 59 (54) 9 (69) 0.21

Cervical spinal cord 67 (63) 61 (55) 6 (46) 0.80

Presence of black holes, n (%) 51 (41) 47 (43) 4 (31) 0.66

Mean number of black holes (range) 3.2 (0–35) 3.1 (0–35) 4.1(0–21) 0.66

Presence of tumefactive lesions, n (%) 25 (20) 23 (21) 2 (15) 1.00

Presence of brain Gd+ lesions, n (%) 71 (58) 65 (59) 6 (46) 0.78

Mean number of brain Gd+ lesions
(range)

3.0 (0–23) 3.0 (0–23) 5.5 (0–20) 0.87

Presence of cervical spinal cord Gd+
lesions, n (%)

24 (21) 24 (23) 0 (0) 0.17

Mean number of cervical spinal cord
lesions (range)

1.1 (0–6) 1.0 (0–5) 1.4 (0–6) 0.55

Mean number of Gd+ cervical spinal cord
lesions (range)

0.2 (0–3) 0.3 (0–3) 0 (NA) 0.05

EDSS = Expanded Disability Status Scale; FU = follow-up; GA = glatiramer acetate; Gd+ = gadolinium enhancing; IFN = interferon;
IS = immunosuppressant; MRI = magnetic resonance imaging; NA = not applicable; NAT = natalizumab.
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(hazard ratio [HR] = 2.10, 95% confidence interval
[CI] = 1.12–3.91, p = 0.02) and high-efficacy DMT expo-
sure (HR = 0.31, 95% CI = 0.12–0.72, p = 0.005) were
the independent predictors of time to first relapse (Fig 3).
Among patients with MRI optic nerve involvement but
asymptomatic for optic neuritis, only 1 of 10 (10%)
patients experienced clinically manifest optic neuritis as first
relapse. At baseline, the presence of cerebellar lesions and
the exposure to high-efficacy DMT predicted lower ARR,
whereas that of cervical cord lesions was associated with
higher ARR. In the 1-year model, the same baseline vari-
ables were confirmed as predictors of ARR. Furthermore, a
positive association between the number of relapses during
the first year of disease and ARR was observed. In the
2-year model, the time to first relapse and the number of
relapses during the first 2 years were the independent pre-
dictors of ARR, together with the baseline predictors except
for high-efficacy DMT exposure. Table 3 summarizes the
results of ARR models.

Early Predictors of 9-Year Disability Worsening
At baseline, the presence of lesions in the optic nerve and
brainstem was associated with a higher probability of
9-year EDSS worsening. In the 1-year model, EDSS

change during the first year of disease was the only inde-
pendent predictor of 9-year disability worsening (Table 4).
In the 2-year model, EDSS change during the first 2 years
of disease as well as the detection of at least 2 new brain
T2-lesions during the same period were the independent
predictors of 9-year disability worsening.

Early Predictors of EDSS Score at 9-Year
Follow-up
At baseline, EDSS score, the presence of brainstem lesions,
and the number of cervical cord lesions predicted a higher
9-year EDSS score; whereas the presence of brain or cervi-
cal cord Gd-lesions was associated with a lower 9-year dis-
ability (Table 5). In the 1-year model, baseline EDSS score,
brainstem, and brain Gd lesions (these last ones, although
not-reaching statistical significance) confirmed their role.
Furthermore, 1-year EDSS change and detection of at least
2 new brain T2-lesions were associated with higher EDSS
score at 9 years. In the 2-year model, the EDSS change at
2 years joined the 1-year model predictors.

Discussion
This longitudinal study was aimed to assess the relevance
of specific early clinical and MRI features for 9-year

TABLE 2. Main Clinical and Brain MRI Changes Over the Follow-up Period Grouped by Clinical Status at 9 year

All pediatric patients
with multiple sclerosis

Pediatric patients
with multiple
sclerosis not
worsened at FU

Pediatric patients
with multiple
sclerosis worsened
at FU p

Median follow-up duration (IQR), yr 9.4 (6.9–12.9) 8.3 (6.8–13.6) 10.0 (8.1–10.7) 0.32

Mean time to first relapse (SD), yr 2.3 (2.5) 2.3 (2.5) 2.2 (2.4) 0.23

Annualized relapse rate (SD) 0.3 (0.4) 0.3 (0.4) 0.3 (0.3) 0.75

Median EDSS at follow-up (range) 1.0 (0.0–7.0) 1.0 (0.0–4.0) 2.5 (1.0–7.0) <0.001

Mean number of 1-yr new T2 lesions (range) 1.4 (0–15) 1.3 (0–15) 2.0 (0–6) 0.05

Mean number of 1-yr new Gd+ lesions (range) 0.6 (0–10) 0.5 (0–5) 1.3 (0–10) 0.54

Mean number of 1-yr relapses (range) 0.3 (0–3) 0.3 (0–3) 0.5 (0–2) 0.33

1-yr EDSS change (range) −0.3 (−3–2) −0.4 (−3–1.5) 0.4 (−1–2) <0.001

Mean number of 2-yr new T2 lesions (range) 2.0 (0–15) 1.9 (0–15) 3.1 (0–7) 0.01

Mean number of 2-yr new Gd+ lesions (range) 0.8 (0–13) 0.7 (0–8) 2.1 (0–13) 0.38

Mean number of 2-yr relapses (range) 0.7 (0–6) 0.7 (0–6) 0.9 (0–2) 0.10

2-yr EDSS change (range) −0.2 (−2.5–2) −0.4 (−2.5–1) 0.7 (−0.5–2) <0.001

EDSS = Expanded Disability Status Scale; FU = follow-up; Gd+ = gadolinium enhancing; IQR = interquartile range; MRI = magnetic resonance imag-
ing; SD = standard deviation.
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clinical outcomes in pediatric patients with MS. The pur-
pose was to aid in the definition of prognosis and in the
selection of a personalized treatment plan as soon as
possible.

Time to first relapse was selected as the first out-
come measure, considering the existing differences
between pediatric and adult patients with MS: in particu-
lar, the higher disease activity as well as the longer time to

FIGURE 3: Risk of a first relapse in pediatric patients with multiple sclerosis (MS) with and without optic nerve lesions.
(A) Survival curves of time from disease onset to first relapse in pediatric patients with MS with and without optic nerve lesions.
Pediatric patients with MS with optic nerve lesions are represented in black, whereas patients without optic nerve lesions are
represented light gray. (B) Survival curves of time from disease onset to first relapse in pediatric patients with MS on moderate-
and high-efficacy disease modifying treatments (DMTs). Pediatric patients with MS on moderate-efficacy DMT are represented in
light gray, whereas patients on high-efficacy DMT are represented in black. DMTs = disease modifying treatments; ON = optic
nerve.

TABLE 3. Multivariable Linear Regression Models Investigating Early Clinical and MRI Predictors of Annualized
Relapse Rate in Pediatric Patients With Multiple Sclerosis

Coefficient 95% CI p R2 (adjusted R2)

Baseline (n = 123) 0.17 (0.15)

Presence of cerebellar lesions −0.15 −0.25 to 0.05 <0.001

Presence of cervical spinal cord lesions 0.16 0.05 to 0.26 0.003

High- versus moderate-efficacy DMT −0.14 −0.25 to −0.03 0.01

Baseline – 1 yr (n = 115) 0.26 (0.22)

Number of 1-yr relapses 0.14 0.05 to 0.23 0.002

Presence of cerebellar lesionsa −0.16 −0.26 to −0.06 0.002

Presence of cervical spinal cord lesionsa 0.15 0.05 to 0.25 0.004

High- versus moderate-efficacy DMT −0.12 −0.23 to 0.01 0.04

Baseline - 2 yr (n = 105) 0.26 (0.22)

Time to first relapse −0.12 −0.20 to −0.02 0.01

Number of 2-yr relapses 0.06 0.01 to 0.12 0.02

Presence of cerebellar lesionsa −0.12 −0.22 to −0.01 0.03

Presence of cervical spinal cord lesionsa 0.10 0.00 to 0.21 0.04

CI = confidence interval; DMT = disease modifying treatments; MRI = magnetic resonance imaging.
aAt baseline.
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TABLE 4. Multivariable Logistic Regression Models Investigating Early Clinical and MRI Predictors of EDSS
Worsening after 9 yr

Odds ratio 95% CI p C-statistic Accuracy

Baseline (n = 123) 0.79 91%

Presence of optic nerve lesions 6.45 1.48 to 30.49 0.01

Presence of brainstem lesions 6.17 0.97 to 122.48 0.10

Baseline - 1 yr (n = 115) 0.90 93%

1-yr EDSS change 13.40 3.27 to 96.81 <0.001

Baseline - 2 yr (n = 105) 0.96 90%

1-yr EDSS change 26.05 4.32 to 345.76 <0.001

2-yr EDSS change 16.38 1.99 to 228.36 0.02

> = 2 new T2 lesions in 2 yr 4.91 0.73 to 46.58 0.02

CI = confidence interval; EDSS = Expanded Disability Status Scale; MRI = magnetic resonance imaging.

TABLE 5. Multivariable Linear Regression Models Investigating Early Clinical and MRI Predictors of EDSS Score
at 9 yr

Coefficient 95% CI p R2 (adjusted R2)

Baseline (n = 123) 0.42 (0.39)

Baseline EDSS 0.58 0.41 to 0.75 <0.001

Presence of brainstem lesions 0.31 0.01 to 0.61 0.04

Number of cervical spinal cord lesions 0.22 −0.02 to 0.46 0.05

Number of Gd+ cervical spinal cord lesions −0.41 −0.77 to −0.05 0.02

Presence of brain Gd+ lesions −0.29 −0.60 to 0.01 0.05

Baseline - 1 yr (n = 115) 0.66 (0.64)

Baseline EDSS 0.96 0.80 to 1.12 <0.001

1-yr EDSS change 0.71 0.54 to 0.89 <0.001

> = 2 new T2 lesions in 1 yr 0.28 0.03 to 0.52 0.03

Presence of brain Gd+ lesionsa −0.22 −0.46 to 0.03 0.08

Brainstem lesionsa 0.17 −0.07 to 0.41 0.15

Baseline - 2 yr (n = 105) 0.73 (0.71)

Baseline EDSS 0.97 0.83 to 1.13 <0.001

1-yr EDSS change 0.79 0.62 to 0.96 <0.001

2-yr EDSS change 0.55 0.21 to 0.88 <0.001

> = 2 new T2 lesions in 2 yr 0.35 0.11 to 0.60 0.01

Presence of brain Gd+ lesionsa −0.19 −0.44 to 0.06 0.13

CI = confidence interval; EDSS: Expanded Disability Status Scale; Gd+ = gadolinium enhancing; MRI = magnetic resonance imaging.
aAt baseline.
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clinical worsening in pediatric patients with MS.1 In the
present study, optic nerve involvement on brain MRI was
the only independent predictor of a shorter time to first
relapse. Apparently, this result may contrast with previous
findings that patients with CIS presenting with optic neu-
ritis have a lower number of asymptomatic brain lesions
on MRI, and thus a better prognosis, compared with
other CIS presentations.21,22 However, our finding has a
number of explanations. First, we only included patients
with a diagnosis of MS, and by consequence an abnormal
brain MRI scan. Indeed, in the previous studies, the
benign prognosis of patients presenting with optic neuritis
was driven by the subgroup without significant brain MRI
lesions, which was not obviously represented in our
study.22,23 Second, optic nerve involvement on MRI may
have different implications, compared with clinically man-
ifest optic neuritis.24,25 Importantly, these results do not
seem to be affected by selection bias, given that only one
patient (out of 10) with MRI optic nerve involvement but
asymptomatic for optic neuritis experienced clinically
manifest optic neuritis as the first relapse.26 Finally, optic
nerve involvement on MRI at the time of diagnosis may
be associated with a shorter asymptomatic period, because
the lesion is usually clinically manifest, and earliest phases
of disease have been associated with a higher clinical activ-
ity in pediatric patients with MS.6

The exposure to high-efficacy DMT was the only
independent predictor of longer time to first relapse. This
is not surprising given the differences in efficacy profile
and time needed to obtain clinical and MRI benefits
reported for the distinct DMT classes.27–29 This result is
also particularly encouraging, as these patients had more
severe clinical and MRI disease parameters at onset, com-
pared with patients receiving moderate-efficacy DMT.

The second outcome variable, ARR over the first
9 years of disease, was in part predicted by baseline lesion
distribution. In details, cerebellar lesions were associated
with lower ARR, whereas cervical cord lesions were associ-
ated with higher ARR. These associations also remained
significant when short-term follow-up variables were
included in the multivariable models. Considering the typ-
ical involvement of infratentorial regions and higher ARR
of pediatric compared with adult patients with MS,30 the
association of lesions in the cerebellum with lower ARR
may be puzzling. However, recent studies demonstrated
that the cerebellum differentiates itself from other
infratentorial structures in MS, by showing similar lesion
frequencies compared with supratentorial regions.31 This
finding, considering the preferential lesion location in
pediatric patients with MS in those regions with more
complete myelin maturational processes,30 could be attrib-
uted to a later cerebellar maturation (compared with the

remaining infratentorial structures) occurring during late
childhood and adolescence.31–33 In this perspective, it is
tempting to speculate that the relationship between cere-
bellar lesions and lower ARR could be due to later mye-
lination in the cerebellum.31 Indeed, the later myelination
may protect this region at younger ages, which have been
associated with a higher ARR compared with adolescence,
when brain maturation is more advanced, and disease fea-
tures become more similar to adults (eg, lower ARR). The
association between spinal cord lesions and ARR confirms
the results of previous studies in adult patients with MS,
in which the presence of asymptomatic spinal cord lesions
was significantly predictive of an increased risk of future
relapse.34 Furthermore, the presence of asymptomatic spi-
nal cord lesions was previously found to be a significant
predictor of a first clinical attack in radiologically isolated
syndrome35–37 and of conversion to clinically defined MS
in patients with CIS.36

In addition, some short-term follow-up measures
significantly contributed to explain 9-year ARR. We
found a consistent association between the number of
relapses over the first 2 years and time to first relapse with
ARR. These data suggest the persistence of inflammatory
activity over the first years of disease in spite of DMT be
highly indicative of a more active disease, with a higher
ARR over 9 years. In light of these findings, close observa-
tion of clinical and radiological disease activity during the
first 2 years of disease helps in the definition of an early
personalized therapeutic strategy, considering long-term
benefits and risks ratio.38 Once again, a protective role
was found for high-efficacy DMT exposure over the first
year of disease. However, this effect was lost in the 2-year
model, underscoring the existence of an early critical win-
dow in which the biology of disease can be modified for
longer-term benefit.39 Moreover, the protective role of
high-efficacy DMT exposure might partially be conveyed
by the number of relapses in the first 2 years of disease.

With the aim of exploring disability accrual, we
investigated the 9-year EDSS worsening and score.
According to recent data suggesting that disability regres-
sion post progression is quite frequent among younger
patients with MS,18 we considered 12-month confirmed
disability in order to reduce a potential overestimation of
disability accrual. Our results confirmed the predictive role
of baseline EDSS score and of clinically eloquent site
involvement (such as the optic nerve, brainstem, and spi-
nal cord) for these 9-year outcomes. Regarding the former,
the notion that higher baseline EDSS scores are associated
with a higher risk of subsequent clinical worsening has
also been reported for adult patients with MS.40 Regard-
ing the latter, different explanations may be valid for each
CNS regions. For the optic nerve, there are no previous
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studies aimed at directly exploring the prognostic value of
MRI abnormalities of this compartment. Nevertheless,
both symptomatic and asymptomatic lesions of the optic
nerve were associated with retinal neuro-axonal loss on
optical coherence tomography in patients with CIS.25 In
turn, different optical coherence tomography metrics have
been associated with long-term clinical disability.41,42

Accordingly, our results provided an evidence of a direct
association of MRI lesions in this clinically eloquent area
with long-term disability, underscoring the role of neu-
roaxonal degeneration in clinically eloquent areas of the
CNS as an important driver of disability in MS.43–46 In
line with this hypothesis, we found an association between
9-year disability worsening and baseline brainstem (pres-
ence of lesions) and spinal cord (number of not enhancing
lesions) involvement, which contain long-distance WM
pathways critical for balance and locomotion. Although
there are no available longitudinal studies in pediatric
patients, a significant association was found between
lesions in the brainstem and spinal cord with short-
term9–13,47 and long-term47 EDSS changes in adult
patients with CIS.

In the opposite direction, we found that Gd-lesions
on baseline MRI have a protective role against 9-year dis-
ability in pediatric-onset patients with MS. This result, in
line with recent long-term studies,40,48 contrasts with
findings observed in adult patients with MS, in whom
Gd-lesions were a negative prognostic factor for long-term
clinical disability.47 However, pediatric patients with MS
are known to have more frequent Gd-lesions than adults,8

with a frequency that reduces with age.49 This trend is
paralleled by a decrease in remyelination capability with
age,50–52 which underlays the shorter time needed to reach
clinical disability in adult patients compared with pediatric
patients.1 Of course, a more severe acute inflammatory
activity at disease onset could stimulate myelin repair and
delay chronic inflammation processes typical of the pro-
gressive phase of disease.53 As a matter of fact, increased
levels of neural growth factors54 and increased regulatory
T lymphocyte levels55 have been found during relapses. In
this perspective, our findings underscore once again the
pathophysiological differences between pediatric and adult
patients with MS. In addition, they point at the existence
of an early critical window, in which treatment strategies
need to be optimized as soon as possible, in order to pro-
tect patients’ brain from the establishment of chronic neu-
roinflammatory processes, which probably represent the
main determinant of disability accrual.

Finally, we also explored the role of a short-term
follow-up in the prediction of 9-year clinical disability. As
we could expect, the same as for baseline EDSS, it was
also its short-term increase that provided a significant

contribution in determining 9-year outcome. These
results, together with the association found between
9-year clinical disability and the detection of at least
2 new T2-lesions at 2 years, underscore the relevance of
clinical and MRI monitoring during the first years of dis-
ease in predicting long-term disease evolution.56 It is
interesting to observe that, opposite to data in adult
patients with MS, there was no association between
high-efficacy DMT exposure and 9-year disability in
pediatric patients with MS. This finding underscores the
existence of distinctive pathophysiological mechanisms of
damage and repair in pediatric MS, which likely explain
the more favorable clinical course in spite of higher dis-
ease activity.

This study has a few limitations. First, an inherent
limitation to all longitudinal observational studies is drop-
out of subjects over time, although it was relatively low in
the present study. The second one is represented by the
absence of a standardized MRI protocol, which did not
allow us to quantify brain and spinal cord atrophy, known
to play an important role in determining clinical disability.
In addition, optic nerve lesion assessment was performed
on conventional brain MRI sequences, which have sub-
optimal sensitivity despite their common use for this pur-
pose in a real-world setting. Third, we have no cognitive
data for our cohort. Further long-term longitudinal stud-
ies, including cognitive data, should improve the identifi-
cation of early prognostic predictors, given the paramount
importance of long-term cognitive outcomes for pediatric
patients with MS.

In conclusion, by using clinical and easy obtainable
MRI measures, we identified early predictors of 9-year dis-
ease course. High-efficacy DMT exposure over the first
year of disease reduced disease activity over the 9-year
follow-up. Baseline cervical cord, brainstem, and optic
nerve involvement by lesions have a major role in
predicting 9-year outcomes, both in term of disease activ-
ity and disability worsening, underscoring the need for
complete CNS MRI assessment at baseline. In addition,
an accurate clinical and MRI monitoring during the first
2 years of disease has proven to represent a powerful tool
for counseling patients about long-term prognosis and per-
sonalizing treatment strategies.

Author Contributions
E.D.M. and M.F. contributed to study concept, drafting/
revising the manuscript, data collection and analysis.
L.M., B.C., F.S., and C.Z. contributed to patients’ enroll-
ment and data collection and analysis. R.B., M.P.A.,
V.M., and M.A.R. contributed to drafting/revising the
manuscript, data collection, and analysis.

1020 Volume 89, No. 5

ANNALS of Neurology



Potential Conflicts of Interests
Nothing to report.

References
1. Renoux C. Natural history of multiple sclerosis with childhood onset.

N Engl J Med 2007;356:2603–2613.

2. Mikaeloff Y, Adamsbaum C, Husson B, et al. MRI prognostic factors
for relapse after acute CNS inflammatory demyelination in child-
hood. Brain 2004;127:1942–1947.

3. Banwell B, Ghezzi A, Bar-Or A, et al. Multiple sclerosis in children:
clinical diagnosis, therapeutic strategies, and future directions. Lan-
cet Neurol 2007;6:887–902.

4. Mikaeloff Y, Caridade G, Assi S, et al. Prognostic factors for early
severity in a childhood multiple sclerosis cohort. Pediatrics 2006;118:
1133–1139.

5. Iaffaldano P, Simone M, Lucisano G, et al. Prognostic indicators in
pediatric clinically isolated syndrome. Ann Neurol 2017;81:729–739.

6. Gorman MP, Healy BC, Polgar-Turcsanyi M, Chitnis T. Increased
relapse rate in pediatric-onset compared with adult-onset multiple
sclerosis. Arch Neurol 2009;66:54–59.

7. Benson LA, Healy BC, Gorman MP, et al. Elevated relapse rates in
pediatric compared to adult MS persist for at least 6 years. Mult Scler
Relat Disord 2014;3:186–193.

8. Waubant E, Chabas D, Okuda DT, et al. Difference in disease burden
and activity in pediatric patients on brain magnetic resonance imag-
ing at time of multiple sclerosis onset vs adults. Arch Neurol 2009;
66:967–971.

9. Minneboo A, Barkhof F, Polman CH, et al. Infratentorial lesions pre-
dict long-term disability in patients with initial findings suggestive of
multiple sclerosis. Arch Neurol 2004;61:217–221.

10. Swanton JK, Fernando KT, Dalton CM, et al. Early MRI in optic neuri-
tis: the risk for disability. Neurology 2009;72:542–550.

11. Tintore M, Rovira A, Arrambide G, et al. Brainstem lesions in clini-
cally isolated syndromes. Neurology 2010;75:1933–1938.

12. Brownlee WJ, Altmann DR, Alves Da Mota P, et al. Association of
asymptomatic spinal cord lesions and atrophy with disability 5 years
after a clinically isolated syndrome. Mult Scler 2017;23:665–674.

13. Arrambide G, Rovira A, Sastre-Garriga J, et al. Spinal cord lesions: a
modest contributor to diagnosis in clinically isolated syndromes but
a relevant prognostic factor. Mult Scler 2018;24:301–312.

14. Di Filippo M, Anderson VM, Altmann DR, et al. Brain atrophy and
lesion load measures over 1 year relate to clinical status after 6 years
in patients with clinically isolated syndromes. J Neurol Neurosurg
Psychiatry 2010;81:204–208.

15. Krupp LB, Tardieu M, Amato MP, et al. International pediatric multi-
ple sclerosis study group criteria for pediatric multiple sclerosis and
immune-mediated central nervous system demyelinating disorders:
revisions to the 2007 definitions. Mult Scler 2013;19:1261–1267.

16. Polman CH, Reingold SC, Banwell B, et al. Diagnostic criteria for
multiple sclerosis: 2010 revisions to the McDonald criteria. Ann Neu-
rol 2011;69:292–302.

17. Thompson AJ, Banwell BL, Barkhof F, et al. Diagnosis of multiple
sclerosis: 2017 revisions of the McDonald criteria. Lancet Neurol
2018;17:162–173.

18. Kalincik T, Cutter G, Spelman T, et al. Defining reliable disability out-
comes in multiple sclerosis. Brain 2015;138:3287–3298.

19. Barkhof F, Filippi M, Miller DH, et al. Comparison of MRI criteria at
first presentation to predict conversion to clinically definite multiple
sclerosis. Brain 1997;120:2059–2069.

20. Ruet A, Arrambide G, Brochet B, et al. Early predictors of multiple
sclerosis after a typical clinically isolated syndrome. Mult Scler 2014;
20:1721–1726.

21. Tintoré M, Rovira A, Rio J, et al. Is optic neuritis more benign than
other first attacks in multiple sclerosis? Ann Neurol 2005;57:
210–215.

22. Tintore M, Rovira À, Río J, et al. Defining high, medium and low
impact prognostic factors for developing multiple sclerosis. Brain
2015;138:1863–1874.

23. Fisniku LK, Brex PA, Altmann DR, et al. Disability and T2 MRI lesions:
a 20-year follow-up of patients with relapse onset of multiple sclero-
sis. Brain 2008;131:808–817.

24. Davion JB, Lopes R, Drumez É, et al. Asymptomatic optic nerve
lesions: an underestimated cause of silent retinal atrophy in MS.
Neurology 2020;94:e2468–e2478.

25. London F, Zéphir H, Drumez E, et al. Optical coherence tomogra-
phy: a window to the optic nerve in clinically isolated syndrome.
Brain 2019;142:903–915.

26. Zimmermann HG, Knier B, Oberwahrenbrock T, et al. Association of
Retinal Ganglion Cell Layer Thickness with Future Disease Activity in
patients with clinically isolated syndrome. JAMA Neurol 2018;75:
1071–1079.

27. Ghezzi A, Comi G, Grimaldi LM, et al. Pharmacokinetics and pharma-
codynamics of natalizumab in pediatric patients with RRMS. Neurol
Neuroimmunol Neuroinflamm 2019;6:e591.

28. Killestein J, Polman CH. Determinants of interferon β efficacy in
patients with multiple sclerosis. Nat Rev Neurol 2011;7:221–228.

29. Davis MD, Ashtamker N, Steinerman JR, Knappertz V. Time course
of glatiramer acetate efficacy in patients with RRMS in the GALA
study. Neurol neuroimmunol Neuroinflamm 2017;4:e327.

30. Absinta M, Rocca MA, Moiola L, et al. Brain macro- and microscopic
damage in patients with paediatric MS. J Neurol Neurosurg Psychia-
try 2010;81:1357–1362.

31. Weier K, Fonov V, Aubert-Broche B, et al. Impaired growth of the
cerebellum in pediatric-onset acquired CNS demyelinating disease.
Mult Scler 2016;22:1266–1278.

32. De Meo E, Meani A, Moiola L, et al. Dynamic gray matter volume
changes in pediatric multiple sclerosis: a 3.5 year MRI study. Neurol-
ogy 2019;92:e1709–e1723.

33. Simmonds DJ, Hallquist MN, Asato M, Luna B. Developmental
stages and sex differences of white matter and behavioral develop-
ment through adolescence: a longitudinal diffusion tensor imaging
(DTI) study. Neuroimage 2014;92:356–368.

34. Zecca C, Disanto G, Sormani MP, et al. Relevance of asymptomatic
spinal MRI lesions in patients with multiple sclerosis. Mult Scler 2016;
22:782–791.

35. Okuda DT, Mowry EM, Cree BA, et al. Asymptomatic spinal cord
lesions predict disease progression in radiologically isolated syn-
drome. Neurology 2011;76:686–692.

36. Sombekke MH, Wattjes MP, Balk LJ, et al. Spinal cord lesions in
patients with clinically isolated syndrome: a powerful tool in diagno-
sis and prognosis. Neurology 2013;80:69–75.

37. Okuda DT, Siva A, Kantarci O, et al. Radiologically isolated syn-
drome: 5-year risk for an initial clinical event. PLoS One 2014;9:
e90509.

38. Freedman MS. Induction vs. escalation of therapy for relapsing multi-
ple sclerosis: the evidence. Neurol Sci 2008;29:S250–S252.

39. Harding K, Williams O, Willis M, et al. Clinical outcomes of escalation
vs early intensive disease-modifying therapy in patients with multiple
sclerosis. JAMA Neurol 2019;76:536–541.

40. Cree BA, Gourraud PA, Oksenberg JR, et al. Long-term evolution of
multiple sclerosis disability in the treatment era. Ann Neurol 2016;
80:499–510.

May 2021 1021

De Meo et al: Pediatric Multiple Sclerosis Prognosis



41. Martinez-Lapiscina EH, Arnow S, Wilson JA, et al. Retinal thickness
measured with optical coherence tomography and risk of disability
worsening in multiple sclerosis: a cohort study. Lancet Neurol 2016;
15:574–584.

42. Rothman A, Murphy OC, Fitzgerald KC, et al. Retinal measurements
predict 10-year disability in multiple sclerosis. Ann Clin Transl Neurol
2019;6:222–232.

43. Minneboo A, Uitdehaag BM, Jongen P, et al. Association between
MRI parameters and the MS severity scale: a 12 year follow-up study.
Mult Scler 2009;15:632–637.

44. Saidha S, Al-Louzi O, Ratchford JN, et al. Optical coherence tomog-
raphy reflects brain atrophy in multiple sclerosis: a four-year study.
Ann Neurol 2015;78:801–813.

45. Ferguson B, Matyszak MK, Esiri MM, Perry VH. Axonal damage in
acute multiple sclerosis lesions. Brain 1997;120:393–399.

46. Trapp BD, Peterson J, Ransohoff RM, et al. Axonal transection in the
lesions of multiple sclerosis. N Engl J Med 1998;338:278–285.

47. Brownlee WJ, Altmann DR, Prados F, et al. Early imaging predictors
of long-term outcomes in relapse-onset multiple sclerosis. Brain
2019;142:2276–2287.

48. Goodin DS, Traboulsee A, Knappertz V, et al. Relationship between
early clinical characteristics and long term disability outcomes:
16 year cohort study (follow-up) of the pivotal interferon β-1b trial in
multiple sclerosis. J Neurol Neurosurg Psychiatry 2012;83:282–287.

49. Filippi M, Wolinsky JS, Sormani MP, et al. Enhancement frequency
decreases with increasing age in relapsing-remitting multiple sclero-
sis. Neurology 2001;56:422–423.

50. Brown RA, Narayanan S, Arnold DL. Imaging of repeated episodes
of demyelination and remyelination in multiple sclerosis.
Neuroimage Clin 2014;6:20–25.

51. Ghassemi R, Brown R, Narayanan S, et al. Arnold DL. Normalization
of white matter intensity on T1-weighted images of patients with
acquired central nervous system demyelination. J Neuroimag 2015;
25:184–190.

52. Ghassemi R, Brown R, Banwell B, et al. Quantitative measurement of
tissue damage and recovery within new T2w lesions in pediatric- and
adult-onset multiple sclerosis. Mult Scler 2015;21:718–725.

53. Mahad DH, Trapp BD, Lassmann H. Pathological mechanisms in pro-
gressive multiple sclerosis. Lancet Neurol 2015;14:183–193.

54. Caggiula M, Batocchi AP, Frisullo G, et al. Neurotrophic factors and
clinical recovery in relapsing-remitting multiple sclerosis. Scand J
Immunol 2005;62:176–182.

55. Steinman L. Immunology of relapse and remission in multiple sclero-
sis. Annu Rev Immunol 2014;32:257–281.

56. Rotstein DL, Healy BC, Malik MT, et al. Evaluation of no evidence of
disease activity in a 7-year longitudinal multiple sclerosis cohort.
JAMA Neurol 2015;72:152–158.

1022 Volume 89, No. 5

ANNALS of Neurology


	 Early Predictors of 9-Year Disability in Pediatric Multiple Sclerosis
	Methods
	Ethics Committee Approval
	Subjects
	Clinical Assessment
	MRI Assessment
	Statistical Analysis
	Data Availability

	Results
	Clinical Features and Course
	Baseline Clinical and MRI Features
	One-Year Clinical and MRI Features
	Two-Year Clinical and MRI Features
	Early Predictors of Time to First Relapse and ARR
	Early Predictors of 9-Year Disability Worsening
	Early Predictors of EDSS Score at 9-Year Follow-up

	Discussion
	Author Contributions
	Potential Conflicts of Interests
	References


