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Abstract

In this review the most important aspects of pediatric multiple sclerosis are presented and compared with the adult
form. Some findings appear peculiar of pediatric MS:

a. Clinical manifestations are similar in adolescents and adults with MS, however in very young subjects MS
frequency at onset is similar in males and females, with a higher frequency of brainstem/cerebellar
involvement and acute polysymptomatic/ADEM like onset;

b. The course is relapsing-remitting in the large majority of patients, with a high relapse rate;

. Mild or severe disability is reached after a longer interval, but at a lower age compared to adult MS;

d. The frequency of cognitive dysfunction is relatively high, with a quick deterioration but also the capability to
partially recover with time;

e. MRI'is fundamental for diagnosis and prognosis: the pattern of MRI has some peculiar aspects in pediatric MS
patients: i) the classic diagnostic criteria cannot be fulfilled, ii) lesion load is more relevant, iii) lesions are less
destructive, have a more pronounced inflammatory pattern and have enhanced capability to recover with time;

f. Diagnostic criteria of adults can be applied to patients with less than 18 years, but with limitations for subjects
with less than 12 years and ADEM-like onset;

g. The approach in differential diagnosis is particular complex and many disorders with clinical manifestations in
the pediatric age must be considered: in this context it is important to pay attention to clinical, MRl and CSF
red flags. Anti-MOG abs syndrome has been recently identified and should be carefully considered in patients
with Acquired Demyelinating Syndrome;

h. CSF oligoclonal bands are less frequent in pediatric MS patients, their presence in patients with Acquired
Demyelinating Syndrome is strongly correlated to the risk of MS;

i. The interplay between genetic and environmental factors determine the risk of developing MS;

j. MS has a more pronounced inflammatory pattern (as suggested by the high relapse rate and the most
relevant inflammatory pattern at brain MRI);

k. The treatment is based on the approach used for adults: as MS has a strong impact on patients and
their family the model of care should involve a team with specialized neurologists, pediatricians and
neuro-pediatricians, nurses, psychologists, social workers and specialists of rehabilitative medicine.
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Background

Multiple sclerosis (MS) typically starts between 20-40
years of age, but it is increasingly recognized in young
subjects, before 18 years of age: according to literature
data about 3—10% of all MS cases have their first mani-
festations in childhood or adolescence [1, 2]. According
to the definition of the International Pediatric MS Study
Group, the pediatric onset applies to patients with less
than 18 years of age, having in mind that children (arbi-
trarily defined as aged less than 10—12 years) can present
some different clinical and laboratory features, requiring
a particular care when applying diagnostic criteria and
planning treatment interventions [1-3].

The incidence of cases with a first acute episode of
presumed inflammatory cause (otherwise called Acquired
Demyelinating Syndrome —ADS-) per year varies from 0.6
to 1.9 per 100,000, in relation to different geographic areas
(Holland [4], Canada [5], USA [6]) and probably to the
methods of cases ascertainment. Some recent studies
[7, 8] have reported a higher incidence, up to 2.85/
100,000 for pediatric-MS (ped-MS) cases in Sardinia
(Italy) [7].

Many factors have contributed to increase the interest
towards pediatric MS, mainly: the closer collaborations
among specialists (neurologists, neuropediatricians, pe-
diatricians), the definition of shared diagnostic criteria,
the possibility to use effective medications, and, from a
scientific point of view, the possibility to better explore
risk factors as pediatric patients are closer to the real
onset of the disease, compared to adults.

In addition to numerous studies carried out in North-
America and Europe, recent studies have been published
on pediatric cohorts of selected populations (Hispanic
North-Americans) [9] or from other countries such as
Turkey, Kuwait, Iran, Brazil, Marroch, Korea and Japan
[10-17], indicating an increased interest in this area of
clinical research. Many papers have been recently
published giving a better definition of incidence, clinical
aspects, pathophysiology, immunology, neuroimaging and
treatment: a summary of these studies is provided by a
recent publication of the International Pediatric MS Study
Group [18].

The objective of this presentation is to summarize the
most important advances on ped-MS research and to offer
a guidance among the most meaningful contributions,
with a focus on the basic question, whether ped-MS form
is the same disease of the adult form or not.

Clinical aspects: how similar to adult MS?

Many reviews are available describing clinical features of
ped-MS [1, 2, 4, 19, 20]; the objective here is to highlight
the peculiar and distinctive aspects of this form com-
pared to the adult one.
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As in adult MS, females are more frequently affected
than males with a ratio of about 3:1, but in subjects less
than 10-12 years f/m ratio is about 1:1 [19, 21-25], sug-
gesting that sex hormones can have a role in facilitating
MS onset during puberty [26—28]. Hormones can also
facilitate the development of relapses, as they are
more frequent during the peri-menarche compared to
post-menarche period [28]. Experimental studies have
confirmed the role of sex hormones in the develop-
ment of EAE [26].

Symptoms at presentation are in general similar to
those observed in adults [1, 19, 20] but two findings are
described as typical of ped-MS:

— the ADEM-like onset (acute polysymptomatic onset
with encephalopathy) especially in children [1, 29, 30];

— the frequent initial presentation with symptoms
indicating cerebellar or brainstem involvement
[10, 17, 19, 21].

In addition, very young patients, in general with age <
12, are likely to present a polysymptomatic onset, a high
number of relapses, a more severe clinical involvement,
and a worse prognosis [10, 17, 19, 21].

The course is progressive in about 10% of patients
with adult-MS but this evolution is exceptional in
ped-MS [1]. Typically ped-MS patients present a
relapsing-remitting (RR) course with an high relapse
rate, at least in the initial phase of disease, about
twice higher than that of the adult form [31, 32], al-
though this finding has not been confirmed in all
studies [10, 11, 21]. Relapse rate as well accumulation
of disability and early shift to progression have been
recognized as factors correlated to a negative progno-
sis [1, 19, 33, 34].

In spite of the high relapse rate, the time to reach mild
or severe disability is longer in ped-MS than in adult-
MS, with a delay of about 10 year; as a counterpart the
age when these levels of disability are reached is about
10 years lower [10, 19, 21, 33-35], raising the question
whether ped-MS is more benign or not with respect to
the adult form; it could be considered more benign if
the time to reach disability is considered, but more
severe if the actual age is taken into account. This issue
will also be discussed further on Conclusions.

In the late years there has been an increasing interest
in exploring the presence and the pattern of cognitive
dysfunction (CD) in ped-MS. Some reviews have
recently summarized the most outstanding aspects of
this issue [36—38], which are summarized below. Briefly:

— CD is found in about 30—-50% of cases, some of
them with a low IQ [38-40], and also in 18% of
subjects at MS onset [40];
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— DPatients with a younger age at MS onset [39, 41, 42],
a longer disease duration [41, 42] and a higher
disability [40, 42] are more at risk of CD;

— the most frequently affected functions are attention,
language (receptive, verbal fluency and naming);
visual-spatial and motor functions, spatial memory,
executive functions and abstract reasoning.

— Language impairment [39] and impairment in
information-processing speed are more pronounced
in pediatric than in adult MS [43];

— fatigue, affective disorders (anxiety, depression),
behavioural problems (somatization, attention
problems) are commonly observed [38, 39, 44, 45];

— psychological and behavioural problems have a
negative impact on executive function [45], and are
strongly associated with CD [46];

— CD has a negative effect on quality of life and is
related to limitations in social, academic and
recreational activities [38, 39];

— social cognition (the capability of inferring another’s
mental state, knowledges, beliefs and emotions) is
also affected, compromising social relationships and
contributing to mental decline [47];

— stable in the short term [48], CD increases in
frequency and severity with time [49-51]. A study
has demonstrated a partial recovery after a phase of
deterioration, anyway remaining more severe
compared to baseline [49], suggesting a better
capability of the brain of children to compensate
brain damage, compared to adults;

— CD is correlated with brain MRI structural (lesion
load, location of lesions) and functional alterations,
detectable with non-conventional techniques [52-55];

— The cognitive background (the so called “cognitive
reserve”) has a significant role in protecting against
cognitive decline [56];

The latest findings (increased severity of CD with time,
effects on social functioning) indicate how severe is the ef-
fect of MS on subjects [57, 58]. Nevertheless, in spite of this
severity, the brain of pediatric patients exibits an high cap-
ability to compensate the damage: this finding is supported
by the possibility to partially reduce the extent of CD in the
long-term, and by studies with functional and non-
conventional MRI demonstrating an higher plasticity of the
brain. It has been demonstrated that the activation of brain
areas after a simple movement of the hand, that is progres-
sively more widespread with progression of MS, is more re-
stricted in pediatric compared to adult MS [59], indicating
a relatively preserved functional organization of the brain;
moreover the pattern of connectivity among brain areas is
more efficient in children, compared to adults (see also
Differential diagnosis: can clinical manifestations and ancil-
lary investigations make the difference? section).
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The issue of cognitive reserve, together with the positive
effect of physical activity on brain plasticity [60, 61] (see
MR a true distinctive pattern in ped-MS? section), un-
derlines the concept of an higher brain plasticity in ped-
MS, indicating that the enrichment and reinforcement of
brain activity help the brain to better compensate the
damage caused by MS [62].

In clinical practice it is advisable to explore the cognitive
function in patients with ped-MS: short batteries have
been proposed [63, 64], the Symbol Digit Modality Test
has the advantage to be effective and easy to use [63].

Diagnosis: are diagnostic criteria of MS applicable
to the pediatric form?

The pediatric form of MS has been included in the last re-
vision of the McDonald diagnostic criteria of MS [65] on
the consideration that most patients presenting a clinically
isolated syndrome (CIS) before 18 years of age have the
same pattern of adult-MS (>2 lesions in 2 of the 4 specific
CNS locations). However 15-20% of pediatric patients,
mostly aged < 11 years, can present with the so called acute
disseminated encephalomyelitis (ADEM) pattern, suggest-
ing caution in applying adult diagnostic criteria in these
subjects, who are required to present 2 or more sub-
sequent non-ADEM like attacks, or 1 non-ADEM like
attack plus accrual of clinically silent lesions on MRI
during the follow up, for the final diagnosis of MS.

The International Pediatric MS Study Group [3] has
incorporated the revised McDonald criteria in the
current classification of pediatric demyelinating disorders,
that includes: patients with ADEM and its multiphasic
form, clinically isolated syndrome (CIS), ped-MS, neuro-
myelitis optica (NMO). The Krupp’s new diagnostic cri-
teria are summarized in Table 1 [29]. Diagnosis of NMO
has been recently revised according to new criteria [30].

The revised McDonald’s criteria have been validated in
cohorts of patients with less than 18 years, confirming
their high sensitivity and specificity, meanwhile confirm-
ing the limitations when applied in patients with less
than 11 years [66, 67].

It is worthy to remind that the pattern of MRI lesions
typical of the adult form cannot always be found in
children and adolescents with suspected (and sometimes
confirmed) MS, a finding that has led to investigate
whether a more specific pattern of lesions can be recog-
nised in patients with suspected MS (Table 2). At present
none of these proposals has been validated.

Spinal cord MRI can also provide further evidence of
dissemination in time and space, although this aspect has
not been systematically evaluated in young patients [68].

Brain MRI helps define the risk of developing MS after
a first demyelinating episode: in a cohort of patients with
ADS Verhey’s criteria (simultaneous presence of one or
more T2 periventricular lesions and one or more T1
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Table 1 Diagnostic criteria for Acquired Demyelinating
Syndromes [2, 3]

cls A first monofocal or multifocal CNS demyelinating
event; encephalopathy is absent, unless due to
fever

Monophasic ADEM - A first polyfocal clinical CNS event with
presumed inflammatory cause

« Encephalopathy that cannot be explained by
fever is present

+ MRI typically shows diffuse, poorly demarcated,
large, >1-2 cm lesions involving predominantly
the cerebral white matter; TI hypointense
white matter lesions are rare; Deep grey mat-
ter lesions (e.g. thalamus or basal ganglia) can
be present

+ No new symptoms, signs or MRI findings after
3 months of the incident ADEM

- New event of ADEM 3 months or more after
the initial event that can be associated with
new or re-emergence of prior clinical and MRI
findings. Timing in relation to steriods is no
longer pertinent.

Multiphasic ADEM

MS Any of the following:

« Two or more nonencephalopathic CNS clinical
events separated by more than 30 days,
involving more than one area of the CNS

- Single clinical event and MRI features rely on
2010 Revised McDonald criteria® for DIS and
DIT [4] (but criteria relative for DIT for a single
attack and single MRI only apply to children
212 years and only apply to cases without an
ADEM onset)

- ADEM followed 3 months later by a
nonencephalopathic clinical event with new
lesions on brain MRI consistent with MS

NMO All are required:
- Optic neuritis
« Acute myelitis
- At least two of three supportive criteria:
« Contiguous spinal cord MRI lesion 23
vertebral segments
« Brain MRI not meeting diagnostic criteria
for MS
« Anti-aquaporin-4 IgG seropositive status

Table 2 Different MRI criteria for diagnosis of MS in pediatric

patients

KIDMUS criteria Callen’s criteria Verhey's criteria

1 of 2: Diagnosis: 2 of 3 2 of 2:

- Lesions perpendicular to - 22 T2 weighted - 1 periventricular
long axis of the corpus lesions lesions
callosum - 2 periventricular - 1 hypointense

- Sole presence of well lesions lesions on T1
defined lesions - 21 Brain stem images

lesion

MS vs ASEM, 2 of 3:

- Absence of a diffuse
bilateral lesion
pattern

- Presence of black
holes

- 22 periventricular
lesions
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hypointense lesions) were associated with an increased
likelihood of MS diagnosis, with an high sensitivity and
specificity; conversely the presence of contrast enhance-
ment, cerebral white matter, intracallosal and brainstem
lesions was not associated with an increased risk of MS
[69]. The predictive role of Verhey’s criteria has been
validated in a large cohort of children with ADS [70]. Any-
way, meeting or not the 2010 McDonald criteria at onset
does not correlate with subsequent clinical course [71].

CSF examination, to detect intrathecal IgG synthesis,
is not formally included among diagnostic criteria,
nevertheless it can give an additional considerable con-
tribution for diagnosis in patients at their first clinical
episode, in addition to MRI [29, 72, 73].

Differential diagnosis: can clinical manifestations
and ancillary investigations make the difference?
The differential diagnosis is particularly complex in
children and adolescents with suspected MS as many
diseases with onset in the pediatric age must be consid-
ered. As for adult form the criterion of “no better ex-
planation” is required for the final diagnosis of MS.

Many conditions can mimic MS clinically, such as
systemic lupus erythematosus (SLE), Bechet disease,
neurosarcoidosis, angiitis of the CNS, tumors, infections,
neurometabolic, hereditary disorders and many others: a
complete list is reported and discussed in the work of
Rostasy et al. [74].

Atypical manifestations or symptoms such as seizures,
headache, psychosis, cranial neuropathy, persistent or re-
current visual loss, retinopathy, peripheral neuropathy,
progressive or recurrent encephalopathy, spastic paraple-
gia should induce to consider diagnostic alternatives as
summarized in Table 3 [75].

The course of ped-MS is typically relapsing-remitting,
the progressive evolution being exceptional. So far, an
atypical presentation with an hyperacute, or subacute or
progressive onset should advice to explore alternative
diagnoses [1] (Table 4), although the final diagnosis of
MS cannot be excluded if supported by appropriate
laboratory findings.

In clinical practice ADEM is a frequent diagnostic
problem as it can be difficult to differentiate from MS,
and possibly being the first presentation of MS in some
patients, especially the youngest. The demographic,
clinical and laboratory findings summarized in Table 5
(from Krupp et al. modified) can help to differentiate the
two disorders, having in mind that patients ADEM must
be carefully followed for the possible risk of a subse-
quent MS.

Serum autoantibodies to myelin peptides could be
helpful to distinguish ADEM from relapsing-remitting
MS. In a study [76] ADEM was associated to IgG auto-
antibodies targeting epitopes derived from myelin basic
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Table 3 Clinical red flags for alternative diagnosis [74, 85]
Red flags

Seizures

Diagnosis to consider

- Vasculitis

- tumor

- infection

- NMDA-receptor encephalitis

- Vasculitis

- Susac syndrome (visual/hearing loss)
- infection

- venous thrombosis

- cerebral edema

- idiopathic intracranial hypertension

Headache

- vasculitis

- SLE

- GM2 gangliosidosis

- Susac syndrome

- corticosteroid therapy

Psychosis

- neuroborelliosis
- neurosarcoidosis
- Bechet disease

Cranial neuropathy

Visual loss - LHON

- Psychogenic
Recurrent optic neuropathy - NMO

- LHON

- CRION

retinopathy - Susac syndrome

- Mitochondrial encephalopathy

- Charcot Marie-Tooth disease
- neuroborelliosis
- Guillain-Barré Syndrome

Peripheral neuropathy

Progressive/relapsing - Leukodystrophies
encephalopathy - Mitochondrial encephalopathy
- CADASIL
Spastic paraplegia - NMO
- Tumor, vascular disorders
- SLE

- neurosarcoidosis
- Hereditary spastic paraplegia

SLE systemic lupus erythematosus, NMO neuromyelitis optica, LHON Leber
hereditary optic neuropathy, CRION, chronic inflammatory optic neuropathy,
CADASIL cerebral autosomal dominant arteriopathy with subcortical infarcts
and leukoencephalopathy

Table 4 Diagnostic alternatives in relation to clinical evolution
(from ref [1], modified)

ONSET

Hyperacute

CONSIDER also

- Vascular disorders
- Trauma
- Toxic/infectious aetiologies

Acute or subacute - Infectious aetiologies
- Vascular/reumatological diseases
- Malignancies

- Macrophage-activation syndrome

- Inherited metabolic disorders
- Nutritional deficiencies (B12)
- Vascular disorders

Insidious, progressive
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protein, proteolipid protein, myelin-associated oligodendro-
cyte basic glycoprotein and alpha-B-crystallin; by contrast,
IgM autoantibodies targeting myelin basic protein, proteoli-
pid protein, myelin-associated oligodendrocyte basic glyco-
protein and oligodendrocyte-specific protein resulted
associated to MS.

MRI, with the technique of susceptibility-weighted
imaging, can also help discriminate ADEM from ped-
MS [77].

Antibodies (Abs) to myelin oligodendrocytes glycopro-
tein (anti MOG Abs) have been detected in patients with
ADEM, ADEM followed by attacks of optic neuritis, re-
current optic neuritis, transverse myelitis, ADS and
could define a particular subset of patients with ADS
[78-83]. They were present in about 35% of cases in a
large cohort of patients with ADS, across all its clinical
phenotypes [78]; anti-MOG positive patients rarely
showed CSF oligoclonal bands (OBs) and MRI abnor-
malities, and had a lower risk of progression to MS after
1 year (13% vs 38%). In this study the risk of MS in the
follow up was 4 fold higher in negative vs positive anti-
MOG Abs patients, particularly if positive for CSF OBs.
Other 2 studies have found anti-MOG Abs in about 18%
of patients with ADS, in some NMO seronegative pa-
tients, in patients with ADEM/encephalopathy and in
subjects with isolated ON [81, 82]. So far, anti-MOG
positive patients seem to have a distinct clinical pheno-
type, with lower progression to MS.

A complete review on autoantibodies in ADS was pub-
lished in a recent issue of this journal [83].

CSF examination provides meaningful data for differ-
ential diagnosis. OBs are rarely observed in conditions
such as ADEM and NMO, that more frequently show
increased cells pleocytosis. Determination of lactate and
lactate/pyruvate ratio is recommended if suspicion of
mitochondrial encephalopathy, CSF culture, viral/bacter-
ial antibobies, cytology if suspicion of infections, neo-
plasms [75].

CSF analysis can show an increased white blood cells
count, especially in children [84].

Whilst OBs are detected in more than 90% of adults
with MS, they are less frequent in patients with ped-MS
(in 40-70% of cases), particularly in children [2].

Two recent studies, one including patients with ON at
presentation, the other one including patients with ADS,
have shown that OBs are linked to a higher risk of sub-
sequent MS, in addition and independently from the
presence of lesions at brain MRI [72, 73].

As already stated, brain MRI has an irreplaceable role
in diagnosis and prognosis, but it also provides helpful
information for differential diagnosis. Cases of transverse
myelitis, spinal infarction, acute disseminated encephalo-
myelitis, fever-induced refractory epileptic encephalopathy
in school-aged children, small-vessel vasculitis, Griscelli
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Table 5 Criteria to differentiate ADEM from MS (from ref. [29] modified)
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Typical features

ADEM

MS

Demographic

Prior flu-like illness
Symptoms

= Seizures

= Encephalopathy

= Discrete event

MRI:
= Large lesions involving gray and white matter
* Enhancement

= Longitudinal MRI findings

More frequent in young subjects
(<10-12 years); no gender
predilection

Very frequent

Variable
Required in definition

A single event can fluctuate over
the course of 12 weeks

Frequent
Frequent

Lesions typically either resolve or
show only residual findings

More frequent in adolescents;
girls more affected than boys

Variable

Rare
Rare early in the disease

Discrete events separated by
at least 4 weeks

Rare
Frequent

Typically associated with
development of new lesions

CSF
= Pleocytosis Variable rare, white blood cell count
almost always < 50
= Oligoclonal bands Variable Frequent
syndrome type 2, cysticercosis, vitamin B12 deficiency and — lesions are less destructive and/or have a greater

chronic relapsing inflammatory optic neuropathy have
been described highlighting the unusual clinical and radio-
logic features that should be considered in differential
diagnosis of ped-MS [85]. Other relevant red flags are:
absence of T2 weighted lesions, failure to document T2
lesion accrual, presence of meningeal gadolinium en-
hancement, visible cortical lesions, focal cortical volume
loss, long extending spinal cord lesions in spinal MRI [2].
In relation to the prevalent site of white matter involve-
ment or the selective involvement of white matter tracts,
or to spinal cord involvement, other alternative conditions
should be considered [74] (Table 6).

Extensive lesions, greater than 3 spinal cord segments,
are more likely related to ADEM or NMO.

MRI: a true distinctive pattern in ped-MS?

Brain MRI offers the possibility to study in vivo the
characteristics of lesions, their structure and evolution,
with insights on the pathological substratum. Studies with
conventional and non-conventional MRI have shown
some peculiar aspects of lesions of ped-MS patients:

— lesions are more frequently found in the cerebellum/
brainstem [86, 87], leading to an impaired age-
expected cerebellar growth [88];

— lesions have more pronounced inflammatory aspects
suggested by the large edematous aspect of lesions,
and by the frequent enhancement after gadolinium
injection, especially in children, with a frequent
capability to recover and disappear with time
[86, 87, 89, 90];

reparative capacity, as they show a greater recovery
of T1 intensity with time [86];

— studies with non-conventional MRI have shown a
less severe structural damage and a better capability
to compensate brain damage and to promote
remyelination [91-95];

— gray matter involvement is lower and cortical lesions
are less, at least initially, in pediatric compared to
adult MS, but thalamus is typically involved
bilaterally [96—101];

— lesions at brain MRI correlate with CD and clinical
outcome [52, 97];

— demyelinating lesions have a severe effect on brain
development, reducing brain volume and skull
size [102, 103];

Pathobiology and pathophysiology: common risk
factors for a fairly rare disease?

With respect to adult MS, the pediatric form offers the
unique possibility to better explore environmental factors
associated to the risk of developing MS and relapses, as
confounding factors occurring along the course of MS are
less present [104].

Studies in children and adolescents have pointed out
that an increased risk of MS is related to previous expos-
ure to passive smoking [105], to Epstein-Barr virus
(demonstrated by two independent studies [106, 107]),
and to BMI [108]. Obesity in childhood or at 20 years of
age has been confirmed as a risk factor in a cohort of
1235 adult MS patients [109], and further increases the
risk in patients with previous EBV infection [110] and
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Table 6 Diagnostic alternatives in relation to the pattern of lesions on brain MRI (from ref. [74], modified)

Region of white matter involvement Clinical conditions Letter: It permits to identify
the occurrence of the same
disease in other rows

Frontal - Alexander disease a
- metachromatic leukodystrophy b
- megalencephalic leukoencephalopathy with subcortical cysts
- variant adrenoleukodystrophy

Parieto-occipital - Adrenoleukodystrophy
- Krabbe disease
- paroxisomal disorders e
- mitochondrial disorders

an

Temporal - CADASIL f
- Aicardi-Goutiéres syndrome g
- Cytomegalovirus encephalitis
- megalencephalic leukoencephalopathy with subcortical cysts

Periventricular - Hemophagocitic lymphohisiocytosis b
- metachromatic leukodystrophy h
- leukoencephalopathy with brainstem-spinal cord involvement f
and elevated lactate
- vanishing white matter disease
- CADASIL

Basal ganglia - mitochondrial disorders e
- biotinidase deficiency g
- Wilson disease
- Bilateral striatal necrosis
- Biotin-responsive basal ganglia disease
- Aicardi-Goutiéres syndrome

Thalamus - Malignancies i
- Hepatic encephalopathy |
- Acute necrotizing encephalopathy m
- leukoencephalopathy with thalamus and brainstem involvement n
and elevated lactate
- Fabry disease

Brainstem - Malignancies

- Rhombencephalitis

- Tuberculosis

- Bechet disease

- Alexander disease

- leukoencephalopathy with thalamus and brainstem involvement
and elevated lactate

- leukoencephalopathy with brainstem-spinal cord involvement
and elevated lactate

>3

Involvement of white matter tracts

Corticospinal - adrenoleukodystrophy
- adrenomyeloneuropathy d
- Krabbe disease
- adult-onset leukoencephalopathy with axonal spheroids and
pigmental glia

s}

Dorsal column - leukoencephalopathy with thalamus and brainstem involvement m
and elevated lactate
- vitamin B12/copper deficiency

Subcortical U-fibers - Canavan disease
- Kearns-Sayre syndrome

External capsule/insula - Acute necrotizing encephalopathy |
- CADASIL f

Corpus callosum - Susac syndrome, d
- Krabbe disease

Spinal cord

Hyperintensity - Sarcoidosis
- Systemic lupus erythematosus
- CLIPPERS (chronic lymphocytic inflammation with pontine perivascular
enhancement responsive to steroids)
- infections

Atrophy - leukoencephalopathy with thalamus and brainstem involvement and m
elevated lactate
- Alexander disease
- adult polyglucosan body disease

[}
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carrying the HLA-DRB1*15 allele [111]. Diet has been
investigated as a possible risk factor: in this context the
role of salt-intake has been investigated in a recent pub-
lication, but no correlation was found [112].

Low levels of vitamin D were linked to an increased
risk of MS in two independent studies. However the
supplementation with vitamin D has only a marginal
effect in adult MS patients whose increase in blood level
is lower compared with controls [113].

Life-style and physical activity should be included
among modifiable risk factors. A reduced physical activ-
ity per se [61], or as consequence of factors related to
MS such as ongoing disease activity, perceived limita-
tions, depression and fatigue [60], has found to be re-
lated a higher level of disease activity (more relapses,
more MRI T2 lesions), suggesting a potential protective
effect of strenuous physical activity in this population.
This finding has lead to develop an agenda for promot-
ing further studies on this topic, and to plan interven-
tions for enhancing physical activity in subjects with
ped-MS [61]. Surprisingly, there is a strong analogy with
the approach to cognitive dysfunction management: both
strategies have the objective to reinforce the physical and
mental background (functional reserve) to better protect
from brain loss and to improve brain plasticity.

Hormonal changes during puberty can also facilitate
MS onset as already discussed in Background section.
Female sex involves a risk of MS about twice higher in
patients with ADS [106].

The genetic background has a well known important
role to determine the risk of MS. HLA-DRB1 alleles
were characterized in 266 children presenting with ADS,
64 of them with a final diagnosis of MS [114]: children
harboring DRB1*15 alleles were more likely to be diag-
nosed with MS (OR=2.7), supporting a fundamental
similar genetic contribution to MS risk in both pediatric-
and adult-onset disease. In a large-scale genome-wide
association study 57 genetic risk loci have been identi-
fied in adult patients with MS: the same pattern has
been found in a cohort of 53 MS patients from a cohort
of 188 children with ADS, indicating that the combined
effect of 57 SNPs exceeded the effect of HLA-DRB1*15
alone [115], conferring an increased susceptibility to
pediatric-onset MS compared to monophasic ADS.

The genetic predisposition further enhances the risk
of developing MS in combination with other factors
such as obesity, previous infections, vitamin D status
[110, 111, 116], the latter factor also with a possible
effect on disease activity [117].

At present it is not known whether ped-MS patients
have a higher genetic burden, studies are ongoing to
better evaluate this aspect.

Many alterations of the immune response have been
documented in ped-MS, with findings not so far different
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from those observed in adult MS in spite of the more
immature immune system [2, 118—120].

To conclude, the genetic background plays an import-
ant role, combined with physical and environmental
factors, to determine the risk of MS (see also Table 7),
with pathogenetic mechanisms not so different form the
adult form.

Treatment: borrowing from adulthood, but still
many obstacles to overcome

Differently from adult form, medications for MS have
not been tested in children and adolescents with
randomized controlled trials. Data are only available
from open label observational studies, providing infor-
mation on safety and, in some extent, on effectiveness. It
is desirable to better evaluate the effects of medications
in pediatric MS patients [121], nevertheless many factors
limit the possibility to perform clinical trials in this
population [122]:

— the use of placebo, required by Regulatory
Authorities in some studies,

— the difficulty to propose a trial with a medication
that has been already approved for adults,

— the difficulty, in some cases, to obtain the informed
consent,

— the difficulty to have access to hospital, with loss of
days of school or work (for parents),

— the relative rarity of ped-MS,

— the competition among drugs now available in the
market.

In spite of their intrinsic limitations, observational
studies have provided data on the effect of some first
and second line disease modifying drugs (DMDs); their
indications and limitations have been defined in two
documents of experts [123, 124].

— For the treatment of acute attacks high dose
corticosteroids are recommended
(Methylprednisolone 10-40 mg/kg e.v. for 3-5
consecutive days). For severe cases with poor
recovery in spite of corticosteroids, plasma exchange
can be considered.

— To prevent relapses and progression the use of
DMDs is strongly recommended. IFNB-1a and
Glatiramer acetate are standard treatment, as used
for many years without signals of consistent adverse
events [124-126]. A common and shared approach
is summarized in Fig. 1 (ref 124, modified).

— Among second line therapies, Natalizumab has been
tested in many cohorts of patients with less than
18 years; it is an option for subjects with a very
active evolution or no response to IFNB-1a or GA
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Table 7 Factors related to the risk of developing MS in children and adolescents

Author Study population Risk factor Change in risk
Langer-Gould et al. n. 75, MS onset < 18 years BMI - Overweight x 1.58
- Moderately obese x 1.78
- Extremely obese x 3.76
Mikaeloff et al. n.90, MS onset 10 to <16 years Passive smoking x 249
Banwell et al. n. 49, MS onset < 16 years Remote EBV infection x 2.58
Waubant et al. n. 189, MS onset < 18 years Remote EBV infection X 3.72
Disanto et al. n. 64, MS onset < 16 years >1 HLA-DRB1 alleles x 3.2
McDonald et al. n. 170, MS onset < 18 years Salt intake No effect

Banwell et al. Vitamin D increase + 10 nmol/L 10% reduction

>

63, MS onset < 16 years

Monry et al. n. 110, MS onset < 18 years Vitamin D increase + 10 nmol/L 30% reduction

Waubant et al. 73% reduction

>

189, MS onset < 18 years VCM seropositivity

[123, 124, 127-130]. A limitation in its use is
represented by the risk of a rare but severe adverse
events, the occurrence of progressive multifocal
leukoencephalopathy (PML) due to reactivation of
JCV virus, however this risk can be properly
assessed checking anti-JCV antibodies [121]: the risk
of PML increases closely with the antibodies titre
and the duration of exposure to Natatizumab. In
patients negative for anti-JCV antibodies the risk is
close to 0. Natalizumab has shown a very strong
effect in reducing disease activity and putting

different endpoints: i) Fingolimod (PARADIGMS
study) in a double blind trial vs an active
comparator (this trial has recently closed the
enrollment of patients), having annualized relapse
rate as primary endpoint ii) Dimetylfumarate in a
single blind controlled study vs active comparator
(CONNECT Study), evaluating the proportion of
patients free of new or newly enlarging T2 lesions
iii) Teriflunomide in a double blind trial vs placebo
having the time to first relapse as primary endpoint
(TERIKIDS Study).

patients in the condition of NEDA (No Evidence of
Disease Activity — patients free from relapses,
disease progression, T2 and Gd + lesions at brain
MRI) in the large majority of cases and for a long
time [130].

— Trials are ongoing testing the effect new oral
medications [129], with different study design and

Fingolimod and Dimetylfumarate have been evaluated
in two small observational trials [131, 132]: they resulted
well tolerated, but data are not sufficient for long term
assessment of effectiveness and safety.

Cyclophosphamide, rituximab, mitoxantrone could be
used in selected cases with aggressive MS. Alemtuzumab

~

Diagnosis of multiple sclerosis
active/aggressive presentation
7 \
/ no yes

‘ consider treatment with IFNB or GA ‘

M W

Good * Persistent relapses
tolerability * Increased disability
and safety * MRI activity

/7 \ / ~~
yes r£.< yes ~)
no
/ no
«~
continue Shift from GA to IFNB .
or from IFNB to GA

Shift to 2nd line
treatments (NA)

Evaluate the
risk/benefit ratio

Fig. 1 Diagram showing the main steps in the treatment of pediatric multiple sclerosis (MS)
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has been recently approved for adults with active MS
[121, 123, 124], hemopoietic stems cells transplantation
[133] is proposed for active non-responder patients:
however data are not available in children and adoles-
cents with MS.

As already discussed, diagnosis of MS per se as well as
the possible physical disability have a strong psycho-
logical effect on patients, their parents and family.
Model of care should be centered on patients and their
families, in specialized centers involving neurologists
expert of MS, pediatricians or pediatric neurologists,
specialized nurses, psychologists, social workers and
specialists of rehabilitative medicine, as highlighted in a
recent document of the IPMSSG [134].

The knowledge of a protective role of cognitive reserve
and the evidence that physical activity improves brain
functioning opens new perspectives in the field of
rehabilitation.

Conclusions

There is large body of evidence that MS evolution is
age-dependent, more relapsing in young subjects, more
progressive in older ones, with a different speed to pro-
gress [135].

In ped-MS the basic pathophysiological findings are
similar to those of the adult form, but differently modu-
lated due to the immaturity of the nervous and immuno-
logical systems.

Some aspects seem to be peculiar of ped-MS:

— clinical manifestations are similar in adolescents and
adults with MS; however, in younger subjects male
to female ratio tends to be 1:1, with frequent
brainstem/cerebellar involvement and an acute
polysymptomatic/ADEM-like onset;

— the course is relapsing-remitting in the large majority
of patients, with an high relapse rate;
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the interval to reach mild or severe disability is more
prolonged but the age is lower in ped-MS patients
compared to adults;

the frequency of cognitive dysfunction is relatively
high, with a quick deterioration but also the
capability to recover partially in the long-term
follow-up;

diagnostic criteria can be applied to patients with
less than 18 years, but with limitations for subjects
with less than 12 years and ADEM-like onset;

the approach in differential diagnosis is particular
complex and many disorders with clinical
manifestations in the pediatric age must be
considered: in this context it is important to pay
attention to clinical, MRI and CSF red flags;
anti-MOG Ab syndrome has been recently identified
and should be carefully considered in patients

with ADS;

CSF OBs are less frequent in ped-MS patients, their
presence in patients with ADS being strongly
correlated to risk of MS;

MRI is fundamental for diagnosis and prognosis;
the pattern of MRI has some peculiar aspects in
ped-MS patients: i) the classic diagnostic criteria
cannot be fulfilled, ii) lesion load is more relevant,
iii) lesions more frequently involve the brainstem/
cerebellum, have a more pronounced inflammatory
pattern, iii) lesions can disappear with time, less
frequently evolve to T1 hypo intense lesions,
indicating less structural damage, iiii) lesions are less
destructive, and have enhanced capability to recover
with time;

ped-MS has a more pronounced inflammatory
pattern (as suggested by clinical evolution —
predominant RR evolution with high relapse rate-
and MRI data), nevertheless axonal damage is also
considerable [136].

more severe brain damage

more prominent inflammation

Fig. 2 pediatric MS: more or less benign with respect to the adult form?

better capability to recover
and to compensate brain
damage
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Some findings such as the high relapse rate, the acute
onset with severe symptoms in some patients, the pres-
ence of cognitive dysfunction, the lower age to reach
mild and severe disability, the effect of lesions on brain
tissue and skull size are compatible with a more severe
evolution.

On the contrary some other findings, such as the lon-
ger interval to reach mid/severe disability, the capability
of the brain to recover and compensate brain damage,
seem to suggest a more favorable evolution.

These findings lead to the conclusion that ped-MS is a
more severe disease, compared to the adult form, but
this higher severity is mitigated by the higher capability
of the brain to compensate brain damage and to partially
recover with time (Fig. 2).
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