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ABSTRACT

The International Pediatric Multiple Sclerosis Study Group held its inaugural educational program, “The World of Pediatric MS: A Global Update,” in September 2014 to discuss advances
and challenges in the diagnosis and management of pediatric multiple sclerosis (MS) and other
neuroinflammatory CNS disorders. Highlights included a discussion on the revised diagnostic
criteria, which enable the differentiation of MS, acute disseminated encephalomyelitis, neuromyelitis optica, and other neuroinflammatory disorders. While these criteria currently identify
clinical and MRI features for a particular diagnosis, advances in biomarkers may prove to be useful
in the future. An update was also provided on environmental factors associated with pediatric MS
risk and possibly outcomes, notably vitamin D deficiency. However, optimal vitamin D intake and
its role in altering MS course in children have yet to be established. Regarding MS outcomes, our
understanding of the cognitive consequences of early-onset MS has grown. However, further
work is needed to define the course of cognitive function and its long-term outcome in diverse
patient samples and to develop strategies for effective cognitive rehabilitation specifically tailored to children and adolescents. Finally, treatment strategies were discussed, including a need
to consider additional drug treatment options and paradigms (escalation vs induction), although
treatment should be tailored to the individual child. Of critical importance, clinical trials of newer
MS agents in children are required. Although our understanding of childhood MS has improved,
further research is needed to have a positive impact for children and their families. Neurology®
2016;87 (Suppl 2):S110–S116
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GLOSSARY
ADEM 5 acute disseminated encephalomyelitis; ADS 5 acute demyelinating syndrome; AQP4 5 aquaporin-4; CI 5 confidence interval; CIS 5 clinically isolated syndrome; DMT 5 disease-modifying treatment; EDSS 5 Expanded Disability Status
Scale; EMA 5 European Medicines Agency; FDA 5 Food and Drug Administration; IPMSSG 5 International Pediatric MS
Study Group; MOG 5 myelin oligodendrocyte glycoprotein; MS 5 multiple sclerosis; NMO 5 neuromyelitis optica; NMOSD 5
neuromyelitis optica spectrum disorder; RDA 5 Recommended Dietary Allowance.

Advances in our understanding of epidemiology, pathogenesis, and treatment in multiple sclerosis (MS) have been rapid in the last few years and will have a positive effect for children with
the disease. Such progress in the diagnosis and management of pediatric MS and neuroinflammatory disorders includes the following:
1. Revised diagnostic criteria for MS, acute disseminated encephalomyelitis (ADEM), and neuromyelitis
optica (NMO) across the age spectrum.
2. Improved understanding of the cognitive consequences of MS onset during childhood.
3. Additional drug treatment options, including immunosuppressant, immunomodulatory, and oral medications, and awareness of the need for clinical trials of these agents in children.
From the Department of Neurology (E. Wassmer), Birmingham Children’s Hospital, UK; Partners Pediatric MS Center (T.C.), Massachusetts
General Hospital, Harvard Medical School, Boston; Department of Neurology (D.P.), Children’s Hospital of Eastern Ontario, University of
Ottawa, Canada; Department NEUROFARBA (M.P.A.), Section Neurosciences, University of Florence, Italy; Division of Neurology (A.W.),
Perelman School of Medicine (B.B.), The Children’s Hospital of Philadelphia, University of Pennsylvania; Divisione di Neurologia 2–Centro Studi
Sclerosi Multipla (A.G.), Ospedale di Gallarate, Italy; Department of Neurology (R.Q.H.), MS Centre ErasMS, Erasmus MC, Rotterdam, the
Netherlands; Lourie Center for Pediatric MS (L.B.K.), Stony Brook Children’s, Stony Brook University, NY; Departments of Pediatrics and
Neurology (N.M.), Yale University School of Medicine, New Haven, CT; Department of Pediatric Neurology (K.R.), Children’s Hospital Datteln,
University Witten/Herdecke, Germany; National Reference Center for Inflammatory Diseases of the Brain (M.T.), Hôpitaux Universitaires ParisSud, University Paris-Sud, France; Department of Neurology (S.T.), National Pediatric Hospital Dr. Juan P. Garrahan, Ciudad de Buenos Aires,
Argentina; Pediatric MS Center (E. Waubant), UCSF Benioff Children’s Hospital, and Neurology Department, UCSF, San Francisco, CA; and the
Department of Neurology (A.J.K.), Royal Children’s Hospital, Parkville, Australia.
Go to Neurology.org for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.
S110

© 2016 American Academy of Neurology

ª 2016 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

4. Consideration of environmental and dietary
changes that may be of benefit to patients with
MS, including vitamin D supplementation.

To discuss these areas of clinical and research
development, challenges, and their effect upon
children with MS, the International Pediatric
MS Study Group (IPMSSG) held its inaugural
educational program “The World of Pediatric
MS: A Global Update.”
The IPMSSG has more than 200 members.
The members are clinicians and researchers treating or studying children with MS. The MS
International Federation sponsored the group.
More information regarding the IPMSSG can
be found on its Web site (www.ipmssg.org).
METHODS Participants. The meeting was held on September 9, 2014, in Boston, Massachusetts, funded by the US
National MS Society, the Italian MS Society, and MS International Federation. The symposium brought together 72 IPMSSG
members from 19 countries to learn from each other and share
experience and expertise in the field of pediatric MS.

Table

Agenda of “The World of Pedatric MS: A Global Update”

Am I missing something? Is it MS? Is it NMO?
MS and NMO diagnostic criteria
Prognostic markers in pediatric MS
Differential diagnosis
Role of brain biopsy
Role of myelin oligodendrocyte glycoprotein antibodies
“Vitamin D: To D or not to D?”
Vitamin D levels in the clinical context
Clinician’s views of vitamin D supplementation (premeeting survey results)
Issues relating to monitoring and management strategies
Cognition: How can we help?
Cognitive issues in pediatric MS
Clinical and neuroimaging correlates
Contribution of fatigue and depression to cognitive impairment
Future research perspectives
MS treatments in 2 steps
Advantages and challenges of early disease-modifying treatment
Induction therapy, lessons learned in rheumatology
Role of MRI in therapeutic decisions
Defining inadequate treatment response
Clinical trials in pediatric MS and the IPMSSG response
Current and future trials
Challenges in clinical trials: Design, regulatory issues, treatment response, safety, and
tolerability
MRI and cognition as future outcome measures

Abbreviations: IPMSSG 5 International Pediatric MS Study Group; MS 5 multiple sclerosis;
NMO 5 neuromyelitis optica.

Agenda. Five workgroups prepared 5 different topics, which
were presented and discussed at the meeting (table).

Diagnosis
of MS has traditionally been made by clinical examination, using criteria supported by MRI. In children,
the diagnostic criteria have only in recent years been
defined and revised.1 ADEM and NMO need to be
differentiated from MS. The recent advances in biomarkers (such as antibodies) may prove to be useful in
diagnosis in the future.
The 2007 IPMSSG published consensus definitions
for pediatric inflammatory demyelinating syndromes.2
In 2007, the main goal was to define common terminology with respect to the diagnosis for MS, ADEM,
and NMO and establish a classification system to facilitate collaborative research studies. Some questioned the
inclusion of encephalopathy in the criteria for ADEM.
However, the presence of encephalopathy and polyfocal
neurologic symptoms (ADEM presentation) in children
younger than 12 years has been shown to accurately
predict a monophasic course and low MS risk.3
In 2013, the IPMSSG revised the definitions,
which included changes to the classification of relapses after ADEM.1 It was appreciated that other phenotypes of relapsing demyelinating disease occur such
as ADEM followed by recurrent ON without other
brain lesions (ADEM-ON) (as discussed in “Acute
disseminated encephalomyelitis: Updates on an
inflammatory CNS syndrome,” p. S38). The revised
IPMSSG definitions for MS enable an MS diagnosis
at time of first attack, if baseline MRI findings satisfy
dissemination in space and time criteria, as per the
McDonald 2010 criteria for MS.
Children with MS diagnosed at the time of a first
attack according to the 2010 criteria do not experience
more frequent relapses4 and do not develop earlier physical disability when compared to patients with pediatric
MS who did not meet criteria at the time of the first
attack.5 Prognostic factors for a more severe course
include a shorter interval between 1st and 2nd MS attacks, low serum 25(OH) vitamin D level,6 and incomplete recovery from a severe 1st attack.7,8
Data to predict response to treatment in pediatric
patients with MS (e.g., frequency of relapses or MRI
characteristics) are not yet available. In the future, the
group agreed that it would be desirable to develop
prognostic markers in order to individualize immunomodulatory treatment.
The IPMSSG consensus definitions include criteria for NMO.1 NMO criteria require that brain MRI
characteristics are atypical for MS.9 The International
Panel of NMO Diagnosis recommends that children
and adults be allocated into 2 groups based on the
aquaporin-4 (AQP4) antibody status measured
with a cell-based assay: NMO spectrum disorder
DISCUSSION Diagnosis of MS and NMO.
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(NMOSD) with AQP4 antibodies or NMOSD
without AQP4 antibodies. There are some differences
between pediatric and adult NMO (as discussed in
“Neuromyelitis optica spectrum disorders in children
and adolescents,” p. S59).
Pathology and diagnosis of demyelination. When typical
clinical symptoms and consensus MRI criteria are
met in pediatric patients with MS, a brain biopsy is
not required to establish the diagnosis. Brain biopsy
helps establish a diagnosis for children with an atypical severe acute demyelinating syndrome (ADS).10
The histopathologic results in children with clinically
isolated syndrome (CIS) and MS are similar to findings in adults, characterized by an even more prominent perivascular and parenchymal inflammation
with mainly T cells (CD8 . CD4), few B cells and
plasma cells, in addition to an abundance of macrophages/microglia. Other important features include
confluent demyelination with active signs of remyelination, acute axonal damage limited relative to
the extent of demyelination, and activated astrocytes.
Interestingly, children with NMO show inflammation
with eosinophilic granulocytes, confluent demyelination, and axonal and oligodendrocyte loss. In addition, children with NMO and AQP4 antibodies
reveal dystrophic astrocytes and loss of the protein
AQP4 and upregulation of myelin oligodendrocyte
glycoprotein (MOG) protein. One important difference in children with ADEM is that the inflammation is predominant and axons are relatively
preserved.
Autoantibodies and diagnosis. Autoantibodies have
recently gained attention because of the role of AQP4
antibodies in the diagnosis and pathogenesis of
NMO.11 B-cells have long been implicated in various
inflammatory-demyelinating diseases. Oligoclonal bands
are a frequent finding in children with CIS/MS. Recently
a number of articles were published examining the
frequency of MOG antibodies in serum of children
with ADS.12 MOG is expressed on the outermost
surface of the myelin sheath. MOG antibodies
induce complement mediated cytotoxicity in vitro.
There is some preliminary evidence suggesting potential
pathogenicity.13,14 Pooled data suggest that 25% of
children with acute demyelination have MOG
antibodies, and the presence of such anti-MOG
antibodies occurs in ADEM, recurrent optic
neuritis, in some children with AQP4-negative
NMOSD, and less commonly in children experiencing
the first attack of MS.15,16 The spectrum of MOGassociated diseases in childhood needs to be further
defined and more research is required to determine
diagnostic and therapeutic implications.
Cognition. Cognitive impairment is common in adults

with MS.17 This has been studied less frequently in
S112
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children.18–20 Cognitive impairment may differ in children as their burden of disease activity (clinical and
MRI) is higher, but there is possibly better brain plasticity and ability for compensation in children.
Research questions to be addressed are whether the
development of MS during ongoing cerebral maturation leads to increased vulnerability of cognitive dysfunction or whether increased brain plasticity offers
relative protection. Cognitive impairment in children
with MS is estimated to occur in around 30% of the
cases, especially in the young child. The pattern of
cognitive dysfunction is similar to adults with deficits
of information processing speed, memory, and executive functions.17 Different is the involvement of language with MS. Mild linguistic deficits can have great
functional consequences especially with regards to academic achievements. The future study of large cohorts
of patients with MS coupled with sensitive outcome
measures and age-matched controls may help better
define the nature and course of cognitive dysfunction
in this age group and relative risk factors for varying
developmental trajectories.
There may be a dissociation between physical and
cognitive disability.21 Overall accrual of irreversible
motor disability is slower in children than adults,
but cognitive dysfunction can occur early in children,
has been documented in CIS, and may progress in the
absence of motor disability. The course of cognitive
decline in MS has varied across different reports.22–25
Uniform sensitive assessment measures and longer
periods of follow-up in large patient samples could
clarify issues pertinent to rate of decline, relative risk
factors, and effects on academic function. Psychosocial difficulties are frequent and contribute to cognitive dysfunction: fatigue is reported in 20%–50%,
depression varies from 6% to 30%,26–30 and other
psychiatric disorders such as anxiety can also occur.31
Fatigue and depression can impair the child’s academic and daily functioning and quality of life.
Early identification of these cognitive and psychosocial issues is important so that these can be addressed
at home and school. Whether early disease-modifying
treatment (DMT) preserves cognitive function remains unclear. The development of cognitive rehabilitation techniques tailored to the needs of children is
another major undertaking. Finally, MRI research in
this field is in an early phase.32 Cognitive dysfunction
has been associated with lesion load in the brain and
corpus callosum and thalamic atrophy. Functional
MRI studies may help understand underlying mechanisms and measure the effectiveness of cognitive
rehabilitation.
Vitamin D and MS. In adult-onset MS, studies have

shown that serum 25(OH)D levels are lower in
patients with MS as compared to healthy controls33–35
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and vitamin D levels appear to be lower during times of
clinical relapse as compared to remission.34 Higher 25
(OH)D levels have also been associated with reduced
relapse risk,36,37 developing new or enhancing brain
MRI lesions, and disability progression in adults with
MS.38,39
A Canadian national prospective cohort study in
pediatric patients with incident demyelination
showed that a low serum 25(OH)D level at first presentation was associated with increased risk of subsequent MS diagnosis (hazard ratio [HR] 1.1, 95%
confidence interval [CI] 1.00–1.25, for every 10
nmol/L decrease).3 A US study suggested that relapse
risk in pediatric patients with either MS or CIS was
inversely related to serum 25(OH)D level with a 34%
decrease in relapse risk for every 10 ng/mL (25 nmol/
L) increase in serum vitamin D level (incidence risk
ratio 0.66, 95% CI 0.46–0.95).6 These observations
have led to ongoing clinical trials of vitamin D supplementation to confirm whether vitamin D changes
the disease course.
The optimal amount of vitamin D intake for pediatric patients with MS remains unclear. The Recommended Dietary Allowance (RDA) for vitamin D
suggested by the National Institute of Medicine is
600 IU/day for all individuals over 1 year of age. This
RDA was established to target a serum 25(OH)D
level of 50 nmol/L, which was determined with particular concern for maintaining bone health and preventing rickets, not for modulating immune
function. Optimal vitamin D intake for improving
MS course in children has yet to be established.
Overall, the group agreed that vitamin D3 doses
between 600 and 4000 IU are likely safe. Establishing
age-related oral vitamin D doses that are able to raise
serum levels into the desired range, determining optimal frequency and timing of doses with respect to season, and establishing the safe range of supplemental
oral vitamin D doses in children with MS will only
occur through carefully designed prospective studies
and randomized clinical trials.
Disease-modifying treatments. Current treatment op-

tions for first-line immunotherapy in relapsingremitting MS include interferon-b and glatiramer
acetate40 (as discussed in “Pediatric multiple
sclerosis: Conventional first-line treatment and
general management”). However, some patients will
experience breakthrough disease with these drugs.
Escalation is a therapeutic strategy in which drugs
with low risk are first utilized and, if needed, drugs
with increasing toxicity are successively adopted.41
The current concept of escalation therapy in MS
involves switching patients who fail first-line
therapy to more effective and riskier treatments
(e.g., natalizumab), although these drugs have not

been formally evaluated in children. Standardized
algorithms and consensus definitions are required to
monitor treatment outcome, to determine treatment
failure, and to structure proceeding from one level of
therapy to another.
A definition of inadequate treatment response is
challenging.42 Current metrics used in adult MS
include clinical relapses, MRI disease activity (new
or enhancing or enlarging lesions), and accrual of
irreversible disability (measured via Expanded Disability Status Scale [EDSS]). Considering that children rarely demonstrate sustained significant EDSS
worsening, a treatment response algorithm combining clinical relapses and MRI findings appears reasonable. In view of the fact that treatment-naive pediatric
patients with MS have an annualized relapse rate of
0.9–3.2 in the first 2 years, and that first-line DMTs
should provide a reduction in relapses of 30%–40%,
an annual relapse rate of .1 may represent an insufficient treatment response. There is often marked
MRI disease activity in children with MS and a mean
of 9 new lesions in the first 6 months of follow-up has
been described in a Canadian pediatric MS cohort.43
It is currently unclear how many new or contrastenhancing lesions should be considered as a marker
for inadequate treatment response.
As in other autoimmune disorders, the group discussed that we may need to consider the concept of
induction therapy at onset for some patients with
highly active disease at risk of disability.
Induction represents an approach in which powerful immunosuppressant drugs are used from the
beginning to treat the disease with objectives of stopping the disease activity early, resetting the immune
system, and avoiding epitope spreading, preventing
irreversible structural damage. An aggressive immunosuppressant should be considered for a limited time
to gain control of disease, followed by maintenance
therapy with lower risk drugs (e.g., glatiramer acetate
or interferon-b) for patients with active disease and
who are at risk for early accumulation of disability.
This treatment strategy has been understudied and at
this point has never been documented to work even
in adult MS.
There was general agreement that treatment decisions should be tailored to the needs and status of the
child and taken after discussion with the young person and his or her family.
Treatment trials. There is a lack of evidence on the use

of DMTs in children with MS.40 The US Food and
Drug Administration (FDA) has not approved any
therapies for pediatric MS. The European Medicines
Agency (EMA) has approved limited use of interferon
in adolescents with MS. Around 40% of children
with MS discontinue treatment due to medication
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intolerance, side effects, or relapses. There is a need
for novel treatments. Several new drugs have shown
efficacy in phase III trials and have been approved or
will be for adults with MS. Both EMA and FDA
mandate pediatric studies for new medicinal products. A waiver is possible when it is not appropriate
to develop certain medicines in children: the disorder
only occurs in adulthood, a study is not feasible, or
the treatment is unsafe or ineffective in childhood. In
the United States, the Best Pharmaceuticals Act for
Children provides for voluntary pediatric drug assessments and the FDA is able to issue written requests
for pediatric studies. The incentive for industry to
conduct these studies is an additional 6 months of
market exclusivity.
Several challenges were identified for clinical trials
in pediatric MS, including the small number of children, as this is a rare disorder. Ideally, one trial design
should be used for all countries. Study designs considered are randomized controlled trials with an active
comparator or placebo. Placebo will reduce number
of patients needed to power the study, but is unacceptable to some regulatory agencies, patients, and
clinicians, especially if the study duration is long.44
The outcome measures used in adult trials are not
necessarily sensitive in measuring disability in children. The rigor and intensity with frequent clinic
visits and blood samples make the implementation
of studies difficult. Strategies to increase knowledge
about clinical trial conduct among pediatric MS practitioners were discussed.
There has been progress in our understanding of
childhood MS and neuroinflammatory disorders;
however, further research is required to understand
the diagnostic and therapeutic implications of these
advances.
The revised definitions and diagnostic criteria
enable ADEM and NMO to be differentiated from
MS. MS diagnosis is now possible at time of first
attack, if MRI findings satisfy McDonald 2010 criteria. MRI features aid in the differentiation of MS,
ADEM, and NMO. Serum antibodies directed
against AQP4 provide diagnostic support for
NMO, while the clinical and therapeutic importance
of antibodies against MOG remains to be clarified.
Cognitive impairment, depression, and fatigue are
all important facets of MS in children, and development of rehabilitative and therapeutic strategies for
cognitive impairment and fatigue, and identification
and care of emotional issues, are relevant for all pediatric patients with MS. Clinical trials of vitamin D
supplementation are required to better determine
whether vitamin D supplementation influences disease activity and at what doses.
Current treatments for first-line immunotherapy
in paediatric MS include interferon-b and glatiramer
S114
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acetate. Escalation strategies may be beneficial for
children with inadequate treatment response. For
some children with an aggressive disease evolution,
induction therapy may need to be considered.
There is limited evidence of DMTs in children
with MS. Both Europe and the United States mandate pediatric studies for new medicinal products.
Although several challenges for clinical trials in pediatric MS have been identified, there are strategies
being implemented to address these, and there is
a strong desire within the pediatric MS community
and the IPMSSG for further research.
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