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IMPORTANCE Availability of new disease-modifying therapies (DMTs) and changes
of therapeutic paradigms have led to a general improvement of multiple sclerosis (MS)
prognosis in adults. It is still unclear whether this improvement also involves patients
with pediatric-onset MS (POMS), whose early management is more challenging.

OBJECTIVE To evaluate changes in the prognosis of POMS over time in association with
changes in therapeutic and managing standards.

DESIGN, SETTING, AND PARTICIPANTS Retrospective, multicenter, observational study. Data
were extracted and collected in May 2019 from the Italian MS Registry, a digital database
including more than 59 000 patients. Inclusion criteria were MS onset before age 18 years,
diagnosis before January 2014, and disease duration of at least 3 years. Exclusion criteria
were primary progressive MS, Expanded Disability Status Scale (EDSS) score of at least
8 one year after onset, unavailability of diagnosis date, and less than 2 EDSS score
evaluations. Eligible patients were 4704 patients with POMS. According to these criteria,
we enrolled 3198 patients, excluding 1506.

EXPOSURES We compared time to reach disability milestones by epoch of MS diagnosis
(<1993, 1993-1999, 2000-2006, and 2007-2013), adjusting for possible confounders linked
to EDSS evaluations and clinical disease activity. We then analyzed the difference among the
4 diagnosis epochs regarding demographic characteristics, clinical disease activity at onset,
and DMTs management.

MAIN OUTCOMES AND MEASURES Disability milestones were EDSS score 4.0 and 6.0,
confirmed in the following clinical evaluation and in the last available visit.

RESULTS We enrolled 3198 patients with POMS (mean age at onset, 15.2 years; 69% female;
median time to diagnosis, 3.2 years; annualized relapse rate in first 1 and 3 years, 1.3 and
0.6, respectively), with a mean (SD) follow-up of 21.8 (11.7) years. Median survival times to
reach EDSS score of 4.0 and 6.0 were 31.7 and 40.5 years. The cumulative risk of reaching
disability milestones gradually decreased over time, both for EDSS score of 4.0 (hazard ratio
[HR], 0.70; 95% CI, 0.58-0.83 in 1993-1999; HR, 0.48; 95% CI, 0.38-0.60 in 2000-2006;
and HR, 0.44; 95% CI, 0.32-0.59 in 2007-2013) and 6.0 (HR, 0.72; 95% CI, 0.57-0.90;
HR, 0.44; 95% CI, 0.33-0.60; and HR, 0.30; 0.20-0.46). In later diagnosis epochs, a greater
number of patients with POMS were treated with DMTs, especially high-potency drugs, that
were given earlier and for a longer period. Demographic characteristics and clinical disease
activity at onset did not change significantly over time.

CONCLUSIONS AND RELEVANCE In POMS, the risk of persistent disability has been reduced by
50% to 70% in recent diagnosis epochs, probably owing to improvement in therapeutic and
managing standards.
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T reatment of pediatric-onset multiple sclerosis (POMS)
is based on the use of disease-modifying therapies
(DMTs) tested in adults.1-3 These medications have

shown a strong effect in reducing relapse rate and short-term
increase of disability of patients with POMS in many observa-
tional trials,2 with a protective effect on magnetic resonance
imaging (MRI) lesion accumulation in some of them.4-8 Only
fingolimod has been tested in a randomized clinical trial (RCT),
showing higher efficacy on both clinical and MRI outcomes
compared with interferon beta.9 Some observations suggest
that outcomes are better when patients are treated earlier and
with more efficacious DMTs.10-13

In the last few decades, the availability of new and increas-
ingly powerful therapies,14 the refinement of MS diagnostic
criteria,15-19 and changes of therapeutic paradigms (early DMTs
initiation, definition of treatment failure, and early shift to more
powerful DMTs in nonresponders)20-23 have led to a general
improvement of the disease course.24 So far, in adult MS, the
risk of reaching a persistent disability is gradually decreasing
over time25-28; however, this finding has not yet been demon-
strated in the POMS population, whose management is lim-
ited by a low number of approved DMTs before age 18 years29

and possibly by other factors, such as frequent cognitive
impairment,30 involvement of the family in therapeutic deci-
sions, and risk of low adherence to therapies.31-33

Our study has been designed to evaluate whether the dis-
ease course of POMS has changed over time in association with
changes of therapeutic and managing standards. We sought to
evaluate how time to reach a persistent disability has changed
in a large cohort of patients with POMS, comparing 4 consecu-
tive diagnosis epochs.

Methods
This was a retrospective, multicenter, observational study.
We analyzed data extracted from the Italian MS Registry,34

a project in continuity with the existing Italian MS Database
Network set up from 2001, that included more than 59 000
patients in May 2019. Inclusion criteria were MS onset before
age 18 years, confirmed MS diagnosis before January 2014, and
disease duration of at least 3 years at last observation. Exclu-
sion criteria were having primary progressive or undefined MS
course, crucial errors in data entry (eg, date of onset before date
of birth), Expanded Disability Status Scale (EDSS) score of at
least 8 one year after the onset of disease (outliers), missing
diagnosis date, and less than 2 EDSS score evaluations. The
Italian MS Register34 was approved by the ethical committee
at the Azienda Ospedaliera–Universitaria–Policlinico of Bari
and by the local ethics committees in all participating cen-
ters. For POMS, patients (if ≥18 years) or their parents signed
an informed consent that allowed us to use clinical data for
research purposes.

As primary analysis, we compared time to reach disabil-
ity milestones from MS clinical onset by consecutive epochs
of diagnosis, which were divided into 4 periods: before 1993,
from 1993 to 1999, from 2000 to 2006, and from 2007 to 2013.
Diagnosis is the moment in which patients are taken in care

by a neurologist and possibly can be treated; thus, the epochs
we chose approximately correspond to the time of approval
of pivotal DMTs in Italy (interferons beta in 1996-1998,35-37

glatiramer acetate in 2002,38 and natalizumab in 200738). We
set a span of 7 years to have enough patients in each group,
and we mandated diagnosis prior to 2014 to reduce right-
censored data in the most recent diagnosis epoch. Disability
milestones were EDSS score of 4.0 (impairment to walk)
and 6.0 (need of a walking aid), confirmed in the subsequent
clinical evaluation and in the last available visit. This strict
criterion was adopted to detect a likely irreversible disability
worsening. The medical assistance to patients with MS in
Italy is almost exclusively delivered by qualified MS centers,
where neurological examination and EDSS score are per-
formed by neurologists experienced in MS care. As second-
ary analyses, we compared diagnosis epochs by demographic
characteristics, clinical disease activity at onset, and DMTs
management.

The following variables were collected: sex, age at
onset, age at diagnosis, type of clinical onset (monofocal/
polyfocal), time from onset to diagnosis, annualized relapse
rate (ARR) in first 1 and first 3 years of disease, EDSS score
at diagnosis, disease duration at first EDSS evaluation and at
last follow-up, period of EDSS assessment (time between first
and last EDSS score collected), EDSS score evaluations per
year (number of EDSS scores collected/period of EDSS assess-
ment), patients treated with DMTs, type of DMTs, time to start
DMTs from onset, percentage of time spent receiving DMTs
([total time receiving DMTs/disease duration at last follow-
up] × 100), and EDSS score at first DMTs. All time variables were
expressed in years. Disease-modifying therapies were classi-
fied as first-lines (interferons, glatiramer acetate, dimethyl
fumarate, and teriflunomide), second-lines (natalizumab, fin-
golimod, ocrelizumab, rituximab, alemtuzumab, and cladrib-
ine), and immunosuppressors (low potency: azathioprine and
methotrexate; high potency: mitoxantrone and cyclophos-
phamide). Bone marrow transplant (BMT), high-potency im-
munosuppressors, and second-line drugs were also classified
as high-efficacy DMTs. Low-potency immunosuppressors,
intravenous immunoglobulin, and first-lines were classified

Key Points
Question Has the risk of developing a persistent disability
improved over time in pediatric-onset multiple sclerosis (MS) in
relation to changes in MS therapeutic and management standards?

Findings In this study analyzing more than 3000 patients with
pediatric-onset MS, there was a 50% to 70% reduction of the
risk of reaching a persistent disability in later diagnosis epochs,
paralleled by a greater and longer use of disease-modifying
therapies, especially of high-potency drugs. Demographics and
clinical disease activity at onset did not change significantly
over time.

Meaning An increase of approved disease-modifying therapies
before age 18 years and a continuous upgrade in therapeutic
management will further improve the prognosis of patients with
pediatric-onset MS.
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as low-efficacy DMTs. High-potency immunosuppressors,
BMT, alemtuzumab, and cladribine were also classified as
induction therapies.

Total time receiving DMTs was calculated by adding each
period in which patients received any continuative treatment
(first-lines, low-potency immunosuppressors, intravenous
immunoglobulins, natalizumab, and fingolimod) for at least
6 months. For induction therapies, the time receiving treat-
ment was considered after the first dose/cycle until the last
observation or until the subsequent DMTs were started. Data
about DMTs adherence were not available.

Statistical Analyses
We used IBM SPSS release 23.0 for MAC (IBM Corp); P values
reported were 2-tailed, and a P value of .05 or less was
considered statistically significant. Distribution of variables
was evaluated by visual inspection of histograms and by
Kolmogorov-Smirnov test. Comparison of independent
samples was performed using the following statistics: χ2 for
categorical variables, analysis of variance with post hoc t test
for interval variables with normal distribution, and Kruskal-
Wallis with post hoc Mann-Whitney U test for interval vari-
ables with nonnormal distribution. Post hoc multiple com-
parison tests were corrected by Bonferroni.

The cumulative probability of reaching disability mile-
stones (EDSS score ≥4.0 and ≥6.0; 2 separate analyses) was
stratified for the 4 diagnosis epochs, and it was estimated by
Kaplan-Meier curves, making the comparison with log-rank
test. Cases not reaching EDSS steps 4.0 or 6.0 were censored
at the time of last evaluation. We then ran a Cox proportional-
hazards model with time to reach disability milestones as the
outcome and diagnosis epoch as the main independent vari-
able (<1993 was taken as reference). The model was adjusted
for 7 possible confounders: 3 linked to EDSS score detection
(EDSS score evaluations per year, period of EDSS assessment,
and disease duration at first EDSS evaluation) and 5 linked to
disease activity (age at onset, sex, ARR in the first 3 years, type
of clinical onset, and time from onset to diagnosis). Univari-
ate and multivariate analyses were performed, estimating
the hazard ratio (HR) and the relative 95% CI. Multicollinear-
ity between interval-independent variables was tested by
correlation matrix with Pearson and Spearman rank tests. If
the correlation coefficient was greater than 0.8 we omitted
1 of the collinear variables. We did not use variable selection
procedures. We checked proportionality assumption by log-
minus-log survival plots.

As a post hoc sensitivity analysis, we adjusted the Cox
model additionally for the MS center where the patient was fol-
lowed up (categorical variable). Finally, we performed a sub-
group analysis of patients with MS diagnosis during pediatric
age, representing those who could be exposed earlier to DMTs.

Results
As of May 2019, the Italian MS Registry included 59 278 pa-
tients, of whom 4704 (7.9%) had MS onset before age 18 years.
According to our inclusion and exclusion criteria, we en-

rolled 3198 patients with POMS (Figure 1), coming from 82 dif-
ferent MS centers in Italy. Distribution of patients among
diagnosis epochs was 619 (19%) prior to 1993, 785 (25%) from
1993 to 1999, 934 (29%) from 2000 to 2006, and 860 (27%)
from 2007 to 2013. A total of 1506 of 4704 patients were ex-
cluded; of these, 610 because of missing diagnosis date and/or
having less than 2 EDSS evaluations. We compared these 610
patients with those included to detect a possible selection bias:
patients excluded for missing values had a lower ARR (first year:
mean [SD], 1.14 [0.46] vs 1.31 [0.67]; first 3 years: 0.48 [0.36]
vs 0.60 [0.46]; P < .001) and were much less treated (patients
receiving a DMT: 43% vs 9%; P < .001). Additionally, the dis-
tribution of excluded patients among diagnosis epochs was
quite homogeneous, although significantly different than the
included (25%, 21%, 29%, and 25% in <1993, 1993-1999, 2000-
2006, and 2007-2013, respectively, vs 19%, 25%, 29% and 27%;
P = .02). There were no differences in the other baseline char-
acteristics (eTable 1 in the Supplement).

Clinical and demographic characteristics of included pa-
tients are shown in the Table. The overall female to male ratio
was 2.2 in the whole cohort and 1.2 in patients with MS onset
at younger than 10 years. Mean (SD) disease duration at last
observation was 21.8 (11.7) years.

The median survival time to reach EDSS score of at least
4.0 and EDSS score of at least 6.0 was 31.7 years (95% CI, 30.6-
32.7) and 40.5 years (95% CI, 38.6-42.4). The cumulative risk
of reaching disability milestones was significantly different
stratifying by diagnosis epoch, and the adjusted Cox model con-
firmed that this risk gradually decreased in recent diagnosis
epochs (Figure 2).

In univariate analyses (eTable 2 in the Supplement), EDSS
score evaluations per year, period of EDSS assessment, age at
onset, male sex, and ARR in the first 3 years were directly as-
sociated with the risk of reaching disability milestones, while
disease duration at first EDSS evaluation and time from onset

Figure 1. Recruitment of Patients With Pediatric-Onset
Multiple Sclerosis (MS)

59 278 Patients in the 
Italian MS registry

4704 Patients with 
pediatric-onset MS

3198 Patients with pediatric-
onset MS included

1506 Excluded patients
510
406
98
77
14
3

258
773

Diagnosis after December 2013
Follow-up <3 y after onset
Reported primary progressive course
Undefined MS course
Crucial errors in data entry
EDSS score ≥8 one y after onset
Missing diagnosis date
Less than 2 EDSS evaluations

We included in this study 3198 patients with pediatric-onset MS from the
Italian MS registry, with more than 59 000 patients with MS at May 2019.
Each excluded patient could have more than 1 exclusion criterion.
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to diagnosis were inversely associated. In multivariate analy-
ses (eTable 2 in the Supplement), 3 adjusting variables re-
mained significantly associated with the outcomes (EDSS score
≥4.0 and ≥6.0): disease duration at first EDSS evaluation
(HR, 0.91; 95% CI, 0.89-0.91; and HR, 0.89; 95% CI, 0.88-
0.91), period of EDSS assessment (HR, 0.90; 95% CI, 0.89-
0.92 and HR, 0.90; 95% CI, 0.88-0.92), and male sex (HR, 1.16;
95% CI, 1.02-1.32). Multicollinearity was not significant, and
post hoc sensitivity analysis gave similar results.

Finally, we compared demographic characteristics, clini-
cal disease activity at onset, and DMTs management among
the 4 diagnosis epochs (Figure 3). Sex ratio and mean age at
onset remained unchanged over time. The ARR in the first years
of the disease grew slightly in the latest diagnosis epochs, while
EDSS at diagnosis and at first DMTs decreased. Type of clini-
cal onset (polyfocal/monofocal) did not change over time. The
percentage of patients starting DMTs in pediatric age signifi-
cantly increased over time (n = 35 [6%], n = 87 [11%], n = 246

[26%], and n = 335 [39%] in <1993, 1993-1999, 2000-2006, and
2007-2013; P < .001). The time from MS onset to diagnosis
and to DMTs initiation was shorter in the later diagnosis ep-
ochs; in 2007 to 2013, the patients were diagnosed and started
DMTs nearly at the same time. In later diagnosis epochs, pa-
tients with POMS received DMTs in a significantly higher
number, and time spent receiving treatment was longer com-
pared with previous diagnosis epochs. As shown in Figure 4,
first-line injectables were the most-used DMTs at any time,
while low-potency immunosuppressor use decreased after
2000. Treatment with high-efficacy drugs gradually in-
creased: high-potency immunosuppressors were used mainly
before 1993, while second-line treatments, such as natali-
zumab and fingolimod, became the first choice in the later di-
agnosis epochs. High-efficacy induction treatments (ie, BMT
and alemtuzumab) were rarely used. Type of first DMTs used
can be found in eFigure 1 in Supplement 1. Median disease du-
ration at first EDSS evaluations decreased over time (19.2 years
in <1993, 12.6 years in 1993-1999, 7.6 years in 2000-2006,
and 3.8 years in 2007-2013; P < .001), while median period of
EDSS assessment was lower before 1993 vs 1993 to 1999 (11.3
years vs 12.1 years; P = .03), then it significantly decreased
(10.3 years and 5.7 years in 2000-2006 and 2007-2013, re-
spectively; P < .001). The EDSS score evaluations per year
increased gradually (median: 1.5, 1.8, 2, and 2.3; P < .001).

Subgroup of Patients With Pediatric Diagnosis
Patients with POMS with a pediatric diagnosis numbered 1300
(41% of the entire cohort). Distribution of these patients among
diagnosis epochs was 259 (20%) prior to 1993, 259 (20%) from
1993 to 1999, 368 (28%) from 2000 to 2006, and 414 (32%)
from 2007 to 2013. Patients with pediatric diagnosis had a
higher clinical disease activity and were accordingly more
treated with respect to the rest of the cohort (ie, patients with
POMS with adult diagnosis) (eTable 3 in the Supplement). Mean
(SD) disease duration at last observation was 16.1 (9.4) years.
The median survival time to reach EDSS at least 4.0 and at least
6.0 was lower for patients with pediatric diagnosis than those
with adult diagnosis (27.8 years; 95% CI, 25.7-29.8 years and
35.2 years; 95% CI, 31.7-38.6 years vs 32.8 years; 95% CI, 31.7-
33.8 years and 41.1 years; 95% CI, 38.8-43.2 years; P < .001).
Similar to the overall cohort, the risk of reaching disability mile-
stones decreased over time for EDSS scores of at least 4.0 in
the adjusted Cox model (eFigure 2 in Supplement 1). How-
ever, for EDSS scores of at least 6.0, the latest diagnosis epoch
(2007-2013) did not reach statistical significance, but the num-
ber of events was very low. In univariate analyses, fewer vari-
ables were significantly associated with outcomes; multivar-
iate analyses results were similar to those of the whole cohort
(eTable 4 in Supplement 1). The trend of changes in demo-
graphics, clinical disease activity at onset, and DMTs manage-
ment among diagnosis epochs was very similar to that of the
overall cohort (eFigure 3 in Supplement 2). The percentage of
patients starting DMTs in pediatric age was higher than the rest
of the cohort (53% vs 1%; P < .001; eTable 3 in the Supple-
ment), and it significantly increased over time (12%, 32%, 66%,
and 79% in <1993, 1993-1999, 2000-2006, and 2007-2013,
respectively; P < .001).

Table. Clinical and Demographic Characteristics of the Included Cohorta

Clinical and
demographic characteristics

Cohort, mean (SD)
[range]

No. 3198

Female, No. (%) 2215 (69)

Age, y

At onset 15.2 (2.5) [2-17]

At diagnosis 22.1 (8.7) [2-69]

Time from onset to diagnosis, median (IQR), y 3.2 (0.5-10.5)

Patients with a polyfocal onset, No. (%) 370 (12)

ARR, mean (SD) [median]

First year from onset 1.3 (0.7) [1.0]

First 3 y from onset 0.6 (0.4) [0.3]

EDSS score at diagnosis, median (IQR)b 1.5 (1.0-2.0)

Disease duration at first EDSS evaluation, y,
median (IQR)

9.5 (2.5-19)

EDSS score evaluations per year, median (IQR) 1.9 (1-3)

Period of EDSS assessment, y, median (IQR) 8.5 (4-14.5)

Patients treated with any DMTs, No. (%) 2829 (88)

Age at first DMT, y 25.6 (10.2) [3-72]

Patients starting DMTs in pediatric age, No. (%) 703 (22)

Proportion of time spent taking DMTs,
median (IQR), %

49 (26-74)

EDSS at first DMT, median (IQR)c 2.0 (1.0-3.0)

Patients treated with high-efficacy DMTs, No. (%) 1286 (40)

Age at first high-efficacy DMT, y 28.8 (9.7) [5-62]

Proportion of time spent taking high-efficacy
DMTs, median (IQR), %

22 (9-38)

Abbreviations: ARR, annualized relapse rate; DMTs, disease-modifying
therapies; EDSS, Expanded Disability Status Scale; IQR, interquartile range.
a Mean and SD are shown for continuous variables with a normal distribution;

median and IQR for variables with a nonnormal distribution. The percentage
of time spent taking DMTs is [total time taking DMTs/disease duration at last
follow-up] × 100.

b EDSS score evaluated ±6 months from diagnosis (data available on
1342 patients).

c EDSS score evaluated ±3 months from DMTs initiation (data available on
1728 patients).
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Discussion

Our study shows that in POMS, the risk of reaching a persis-
tent disability has been significantly reduced by 50% to 70%,
confirming what observed in adult MS. To our knowledge,
this is the largest POMS cohort that has ever been analyzed,
including more than 3000 patients. Considering that the num-
ber of patients with MS in Italy was estimated to be around
122 00039 in 2019, the total number of POMS cases should have
been about 9500 (8%).

In our cohort, most patients (59%) received diagnosis in
adult age, probably because international diagnostic criteria
for POMS only became available in 2007.40 The sex ratio
(female to male) was 2.2 (1.2 in children younger than 10 years),
similar to previous reported ranges (1.24-3.2541-53 in general
and 0.8-1.845,46,52 in children younger than 12-13 years). A total
of 88% of patients were treated with DMTs, of these, 40% with

high-efficacy drugs. Considering the whole cohort, only 22%
started DMTs in pediatric age, but this percentage increases
to 53% in the subgroup with pediatric diagnosis. In Italy, as in
many other countries, prescription of DMTs at younger than
18 years was likely restricted by a regulatory gap for inject-
able first-line refundability; also, natalizumab was formally ap-
proved for use in patients aged 12 to 17 years in Italy in 2014.

Clinical disease activity was characterized by a mean ARR
of 1.3 in the first year, of 0.6 in the first 3 years; median sur-
vival time to reach EDSS scores of at least 4.0 and at least 6.0
was 31.7 years and 40.5 years. Previous observational studies
reported an ARR in the first 1 to 2 years that ranged 0.54 to
2.742,47,49-55 (only 1 study reported an ARR of 0.2 in the first 5
years43) and a time to reach EDSS 4.0 and 6.0 that ranged from
20 to 31 years43,45,50 and 19.4 to 30.8 years43,47,50; some stud-
ies also reported the time to switch to secondary progressive
phase, that ranged 14.6 to 32 years.43,44,47,50 Therefore, ARR
of our entire cohort was similar to previous observations, while

Figure 2. Time to Reach Disability Milestones from MS Onset Compared by Diagnosis Epochs

0
0 20 30 40 50 60

100

80

Cu
m

ul
at

iv
e 

su
rv

iv
al

 p
ro

ba
bi

lit
y,

 %

Time, y

60

40

20

10

Time to reach EDSS ≥4, Kaplan-Meier plotA

No. at risk
<1993
1993-1999
2000-2006
2007-2013

619
785
934
880

597
717
816
442

459
463
297
140

223
140
111

81

69
27
27
15

13
4
5
1

0
0
1
0

0
0 20 30 40 50 60

100

80

Cu
m

ul
at

iv
e 

su
rv

iv
al

 p
ro

ba
bi

lit
y,

 %

Time, y

60

40

20

10

Time to reach EDSS ≥6, Kaplan-Meier plotC

No. at risk
<1993
1993-1999
2000-2006
2007-2013

619
785
934
860

606
735
835
452

511
527
323
148

290
166
123

64

91
39
35
19

17
6
8
1

0
0
1
0

<1993
1993-1999
2000-2006
2007-2013

Diagnosis epochs

<1993
1993-1999
2000-2006
2007-2013

Diagnosis epochs

Log-rank test: P = .005

Log-rank test: P <.001

0 20 30 40 50 60

100

80

Cu
m

ul
at

iv
e 

su
rv

iv
al

 p
ro

ba
bi

lit
y,

 %

Time, y

60

40

20

0

10

Time to reach EDSS ≥4, Cox proportional hazards modelB

0 20 30 40 50 60

100

80

Cu
m

ul
at

iv
e 

su
rv

iv
al

 p
ro

ba
bi

lit
y,

 %

Time, y

60

40

20

0

10

Time to reach EDSS ≥6, Cox proportional hazards modelD

1 [Reference]
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A and C, Kaplan-Meier survival plots, stratified by diagnosis epochs. Number of
total events (ie, number of patients who reached the Expanded Disability Status
Scale [EDSS] milestone) was 1046 (32%) for EDSS score of at least 4 and
628 (20%) for EDSS score of at least 6. B and D, Survival plots derived from the
multivariable Cox proportional hazard models (adjusted for EDSS evaluations

per year, period of EDSS assessment, disease duration at first EDSS evaluation,
age at onset, sex, annualized relapse rate in the first 3 years, type of clinical
onset, and time from onset to diagnosis) with hazard ratios (HR) and relative
95% CI. Diagnosis epoch before 1993 was taken as reference.
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the risk of disability worsening was lower. The latter finding
could depend on a selection bias of highly active patients in
previous studies, often characterized by a small sample size
and lack of selective inclusion criteria. Actually, the group we
excluded for missing values had a milder disease, and these
patients likely escaped from previous studies too because they
did not need medical management. Moreover, some of the
earliest publications in pediatric MS (prior to the introduc-
tion of MRI, genetic testing, and standardized diagnostic
criteria) could have included patients with other neurologic
disorders different from MS.

The better long-term outcome we found could depend on
differences in treatment rates too. Time to reach disability mile-
stones in our cohort was very similar to that reported by
McKay et al45 (31 and 40 years to reach EDSS 4 and 6) and, simi-
lar to our study, their patients were highly treated (94.7%, of
whom 71.6% were treated with second-line therapy).45 Hard-
ing et al43 reported a worse prognosis (23.2 and 30.8 years to
reach EDSS 4 and 6), but only 34% received DMTs. Finally, in
the study of Alroughani et al,44 time to reach SPMS was 14.6
years; although in this cohort, treatment rate was similar to ours
(82%, of which 46% with natalizumab or fingolimod), it also
included patients had negative prognostic factors: a high mean

(SD) relapse rate (3.4 [2.1]), and an onset with cerebellar/
brainstem or spinal cord symptoms in 67%.56,57

Similarly to what has been observed in adult patients with
MS,25-28 we found a gradual reduction of the risk of reaching
a moderate/severe disability over time in POMS. This was more
evident for reaching an EDSS of at least 6, while we found a
sort of slowdown for reaching EDSS of at least 4 after the year
2000. The reason for the latter result is not clear, but it has to
be considered that the EDSS is not a linear measure of disabil-
ity, and while step 4.0 is more influenced by functional sys-
tem scores, step 6.0 is totally dependent on motor impair-
ment, thus representing a different type of disability.58,59

Analyses of patients with pediatric diagnosis gave similar re-
sults, except for time to reach EDSS of at least 6.0 in diagnosis
epoch 2007 to 2013 (HR, 0.47; 95% CI, 0.18-1.17; P = .10); how-
ever, these were affected by a low statistical power owing
to right-censoring (ie, a very low number of events owing to
insufficient follow-up).

The gradual decrease of disability risk corresponded to an
increased use of DMTs over time, especially the most effica-
cious (ie, natalizumab and fingolimod), while disease activ-
ity at onset did not change significantly. Moreover, in recent
diagnosis epochs, patients with POMS started earlier and con-

Figure 3. Clinical Disease Activity at Onset, Time to Diagnosis, and Disease-Modifying Therapy (DMT) Management Compared by Diagnosis Epochs
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Annualized relapse rate is expressed as means, number of patients treated as
percentage, and all the other variables as medians, including the proportion of
time spent taking DMT treatment ([total time taking DMTs/disease duration at
last follow-up] × 100). For all the variables reported in the figure, statistical
tests used to evaluate the variation among the 4 diagnosis epochs (χ2, analysis
of variance, or Kruskal-Wallis test) gave significant results, with P values less
than .001. Post hoc tests for multiple comparisons (6 for each variable:
χ2, Mann-Whitney, or t test, all corrected by Bonferroni) were all significant

(P < .05), except for the comparisons reported as not significant in A and B.
a Expanded Disability Status Scale (EDSS) score evaluated ±6 months from

diagnosis; data available on 70 patients (<1993), 261 patients (1993-1999),
473 patients (2000-2006), and 538 patients (2007-2013).

b EDSS score evaluated ±3 months from DMT initiation; data available on
244 patients (<1993), 383 patients (1993-1999), 551 patients (2000-2006).
and 550 patients (2007-2013).
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tinued taking DMTs longer compared with the past. Based on
these results, our hypothesis is that improvement of POMS
prognosis probably depends on changing therapeutic stan-
dards in MS. In fact, patients with pediatric diagnosis, who were
the most active and early treated, had a lower HR for reaching
EDSS of at least 4.0 in the most recent diagnosis epoch (HR,
0.35; 95% CI, 0.19-0.63).

In univariate analyses, almost all tested variables were sig-
nificantly associated with the outcomes, reinforcing the in-
ternal validity of our study. In multivariate analyses, male sex
was an independent risk factor of disability accumulation, in
line with previous finding in adult56 and pediatric MS.60

Period of EDSS assessment and disease duration at first EDSS
evaluation were inversely associated with disability risk. For
the first, we assume that the shorter the period of EDSS as-
sessment, the higher the probability of interpreting a tran-

sient worsening fluctuation of the EDSS as persistent. This
could be especially true for pediatric patients, who have a
higher ability to recover from damages.43,45,61,62 For the sec-
ond, patients who received a delayed EDSS evaluation prob-
ably seemed to reach disability milestones later than patients
assessed earlier. This finding was more evident in the oldest
diagnosis epoch (about 19 years between disease onset and the
first EDSS). Causes of this delay could be start of EDSS collec-
tion mainly after DMTs initiation, delayed by 16 years in pre-
1993 diagnosis epoch, and entering the first EDSS score after
2001, when the database was created.

Limitations
Main limitations of our study included lack of MRI data, lack
of cognitive assessment, recall bias owing to retrospective
design (higher for the oldest diagnosis epoch), and right-

Figure 4. Changes in Specific Disease-Modifying Therapy (DMT) Management Among Diagnosis Epochs
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A, Median times to start DMTs from onset. Dotted lines indicate rarely used
therapies (<5% of patients treated). Generally, time to start DMTs significantly
decreased over time (P < .001; Kruskal-Wallis test), except for bone marrow
transplant (BMT) (P = .85) and for low-potency immunosuppressors (IS)
(P = .58). B, Percentage of patients who used a specific type of DMTs, indicating
the absolute number of patients above each column. The most used DMTs at
all times were first-line injectables (copolymer [glatiramer acetate] [COP]/
interferon beta [IFN]), while the use of low-/high-potency IS gradually
decreased over time. Second-line treatment (natalizumab [NAT] and fingolimod
[FTY]) were the most used options after first-line treatments in later diagnosis
epochs. Changes in the use of DMTs among diagnosis epochs were all significant

(P < .05; χ2 test) except for BMT (P = .29). C, Median proportion of time spent
taking DMT treatment ([total time receiving DMTs/disease duration at last
follow-up] x 100). Time spent taking low-/high-potency IS, BMT, and
intravenous immunoglobulin [IVG] did not change over time (P > .10;
Kruskal-Wallis test), while it significantly changed for all other DMTs (P < .01).
In particular, time spent receiving second-line treatment increased in recent
diagnosis epochs (especially receiving NAT and FTY). Time spent taking
first-line injectables (COP/IFN) gradually increased from pre-1993 to 2000 to
2006, then it decreased in 2007 to 2013, probably owing to the availability of
many other DMTs. ALZ indicates alemtuzumab; CLA, cladribine; DIM, dimethyl
fumarate; OCR, ocrelizumab; RTX, rituximab; TER, teriflunomide.
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censoring, the latter being particularly evident in the sub-
group of patients with pediatric diagnosis. Right-censoring may
have resulted in an overestimation of effect (ie, a better prog-
nosis) in the latest diagnosis epoch, but the evidence of a
gradual improvement over time in the risk of severe disabil-
ity makes us confident of our results. Finally, the particular de-
sign of this study cannot definitively exclude other possible
causes for the reduction of disability risk, such as a general im-
provement in health care, clinical assessment, and other thera-
peutic interventions (eg, physiotherapy). However, improve-
ment of prognosis secondary to inclusion of milder patients
in later epochs is unlikely because clinical disease activity at
onset has not changed significantly over time. Anyway, in-
cluding treatment-related variables in the multivariate model
would have introduced a major indication bias (ie, differ-
ences of clinical characteristics related to prognosis of treated

and untreated patients),63 which is hard to fix with the avail-
able data. According to other authors,25,26,28 the statistical ap-
proach we chose is less affected by this bias, putting together
different aspects of treatment management (eg, DMTs degree
of potency, timing of treatment initiation, and persistence
on therapy).

Conclusions
In POMS, the risk of persistent disability has been reduced by
50% to 70% within the past few decades, probably owing to
improvement in therapeutic and managing standards. In the
coming years, an increase of approved DMTs before age 18 years
and upgrades in drug safety may lead to a further improve-
ment of prognosis in this population.
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