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Introduction

Approximately 3–5% of multiple sclerosis (MS) patients 
experience their first MS attack during childhood.1–5 First- 
and second-line MS disease-modifying treatments are used 
in children and adolescents.6–9 However, most medication 
use is off-label since therapies shown in clinical adult trials 
to have efficacy and which have been approved for adult 
MS have not been formally evaluated by clinical trials in 
children. In some regions of the world, regulatory approval 
restricts administration of MS disease-modifying therapies 
to patients 12 years and older.

With the recent approval of the first oral disease-modi-
fying medication (fingolimod in the US, Europe, and 
Russia in 2010, and Canada and Australia in 2011), and the 
likely approval of new intravenous, injectable, and oral MS 
therapies in the next few years, practitioners caring for 
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children and adolescents with MS will increasingly face 
challenges in recommending the most appropriate therapy, 
particularly given the lack of therapeutic studies in pediat-
ric MS. Fortunately, this issue has been addressed by the 
American (FDA) and European (EMA) regulatory agen-
cies, which have recently implemented guidelines for the 
inclusion of pediatric investigation plans for new pharma-
cologic agents, with the aim of ensuring safe and appropri-
ate access to promising new therapies for children and 
adolescents.

Therapeutic studies in pediatric MS must take into 
account the small numbers of patients available for inclu-
sion, which will have significant impact on study power 
and design. Pediatric therapeutic trials also face the chal-
lenges of surrogate decision-making by parents, potentially 
more stringent ethical constraints, and a far more limited 
experience with clinical trials relative to adult trial research. 
In this milieu, the International Pediatric MS Study Group 
(IPMSSG) has developed a consensus statement specifi-
cally with regard to the current use and further evaluation 
of existing as well as new MS disease-modifying therapies 
recently approved, or currently in phase III clinical trials in 
adult MS.

Methods

An initial outline for this consensus statement was devel-
oped by the elected Steering Committee of the IPMssG 
(TC, ST, BB, LK, DP, KR, OB, EW, MT, AK, AG) and 
invited speakers (EAY, GC). The IPMSSG is a global net-
work of adult and pediatric neurologists, basic scientists, 
clinicians, and representatives of MS societies and other 
relevant professional organizations, whose unifying vision 
is to optimize worldwide healthcare, education, and 
research in pediatric MS and other acquired inflammatory 
demyelinating disorders of the central nervous system. 
Additional details about the membership and policies of 
the IPMSSG are available on its website (www.ipmssg.
org). Attendees reviewed topics including pediatric MS 
treatment and management, and published data on emerg-
ing MS therapies using Medline or regional medical search 
engines, in languages including English, Spanish, French, 
German, and Russian. Reviewed studies were rated accord-
ing to level of therapeutic evidence (class I – IV), in line 
with AAN guidelines.10 Compiled data were presented to 
this group at a face-to-face meeting on September 26, 2010 
funded by the MS International Federation, National MS 
Society, and Canadian MS Society. A working document 
was developed by the Steering Committee and reviewed 
by external reviewers (AT and CP), and the general mem-
bership of the IPMSSG using online tools (Survey-
monkey). Feedback was provided by reviewers, and only 
items in which consensus was reached were included in 
this document. All IPMSSG members who gave their final 

consent for submission of this manuscript are listed in the 
appendix.

Results

General considerations

•	 This consensus statement refers only to relapsing 
forms of pediatric MS as defined by Krupp et al.11

•	 This statement does not provide guidelines for 
 primary progressive MS in children, since this con-
dition is extremely rare and research in this area is 
lacking.

•	 This consensus statement applies to all patients 
under the age of 18 years.

Disease course of pediatric multiple sclerosis

Although pediatric-onset MS closely resembles adult-onset 
relapsing–remitting MS (RRMS), several features of the 
disease in children should be noted. Children experience 
2–3 times more frequent relapses than adults early in the 
disease course, with annualized relapse rates of 1.12–2.76 
compared with 0.3–1.78 seen in adults.12 Approximately 
one-third of children demonstrate evidence of significant 
cognitive deficits early in the disease course.13,14 In addi-
tion, a longitudinal study found that 75% of patients dem-
onstrated worsening cognitive function on follow-up 
testing at 2 years.15 Accrual of locomotor disability, as 
measured by the Expanded Disability Status Scale score, 
takes longer from first attack in pediatric-onset as com-
pared with adult-onset MS patients.2,16–18 However, pediat-
ric-onset MS patients will reach disability milestones at 
younger ages than their adult-onset counterparts. 
Comparative MRI studies have shown a higher T2 lesion 
burden in children with MS compared with adults,19,20 sup-
porting the concept that MS in children is more inflamma-
tory than that in adults.

First-line disease-modifying therapies
Beta-interferon and glatiramer acetate use in pediatric multi-
ple sclerosis. Beta-interferons and glatiramer acetate 
have been used in adult MS for over 15 years, as first-line 
therapy, and are widely used in the pediatric MS popula-
tion on the basis of class I evidence in adult MS. There are 
a number of class IV published studies outlining short-
term safety profiles as well as efficacy outcomes in pedi-
atric MS patients. (reviewed in Supplementary Tables 1a–d, 
Waubant et al.,21 Mikaeloff et al.,22 Ghezzi et al.,23,24,25 Pohl 
et al.,26 Tenembaum et al.,27 Banwell et al.,28 Kornek et al.29). 
A survey of 42 US physicians found that all used first-line 
therapies for children with MS.30 Other publications have 
documented general use of first-line therapies,30–32 sup-
porting the view that use of first-line therapies in pediatric 
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Supplementary Table 1(a). Summary of first-line pediatric MS therapies (IFN β-1a 30 mcg IM once per week [selected studies]).

IFN β-1a IM Waubant et al.21 Mikaeloff et al.22 Ghezzi et al.23 Ghezzi et al. 200724 Ghezzi et al.25

Study design Retrospective Retrospective Retrospective  
multicenter

Prospective  
multicenter

Prospective  
multicenter

Rating of therapeutic study IV IV IV III III
Number of children (n) 9 13 38 52 77
Age at treatment onset  
(mean, years)

12.7 15.5 12.1 Not reported 11.4

Duration of treatment  
(mean, months)

17 12 23 43 54

Starting dose ⅓ dose 1/9
½ dose 2/9
Full dose 6/9

½ dose 1/13
Full dose 12/13

Full dose Full dose Full dose (within  
1–2 months)

Final (full) dose 8/9 12/13 38/38 52/52 77/77
Annualized relapse rate  
(before/after treatment)

Not reported Not reported 2.4/ 0.4 2.1/0.3 2.5/ 0.4

Discontinuation 2/9 (22%)
Frequent  
attacks

4/13 (31%)
Frequent  
attacks

6/38 (16%)
4 frequent attacks
2 persistent
flu-like symptoms

19/52 (37%)
9 lack of efficacy
4 adverse events
6 other reasons

20 (26%) lost to 
follow-up or  
stopped treatment
23 (30%) shifted to 
other treatments

Adverse events
Flu-like symptoms 4/9 11/13 19/38 (50%) 33% 19 (25%)
Myalgia 2/9 3/13 6/38 (18%) 21% 7 (9%)
Injection site reaction 1/9 2/13 5/38 (12%) 4% 5 (6.5%)
Elevation of liver enzymes Not reported 1/13 2/38 (4.5%) 2 (4%) 4 (5%)

Supplementary Table 1(b). Summary of first-line pediatric MS therapies (IFN β-1a 22 mcg SC or 44 mcg [selected studies]).

IFN β-1a 22 mcg or 44 mcg Pohl et al.26 Tenembaum et al.27 Ghezzi et al.25

Study design Retrospective Prospective single center Prospective multicenter
Rating of therapeutic study IV III III
Number of children (n) 51 24 36
Age at treatment onset (mean, years) 14.6 12.7 12.6
Duration of treatment (mean, months) 22 44.4 59.9
Starting dose 22 mcg = 46/51

44 mcg = 5/51
33–50% dose = 8/24
22 mcg = 16/24

Full dose
(within 1–2 months)

Final (full) dose 22 mcg = 24
44 mcg = 27

22 mcg = 23/24 22 mcg = 36

ARR (mean before/after treatment)  
Relapse free (n, %)

1.9/0.8
21 (41)

1.7/0.04
19 (79)

3.2/1.0
Not reported

Adverse events
Flu-like symptoms (%) 65 58 7.7
Menstrual disorder (menorrhagia, %) 0 11 (1/9 ♀) Not reported
Injection site reaction (%) 71 75 18
Elevation of liver enzymes (%) 35 33 Not reported
Blood count abnormalities (%) 39 8 8
Serious adverse events
Systemic reaction (n) 1 (aged 12 years) 0 Not reported
Depressive mood disorder (n) 1 (aged 12 years) 1 (aged 14 years) Not reported
Juvenile chronic arthritis-like illness (n) 0 1 (aged 15 years)

(DRB1*0404,
DQB1*0301 alleles)

Not reported
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MS (where available) is generally accepted as the stan-
dard of care.30–33 Based on these findings, the IPMSSG 
recommends that all pediatric patients with MS, as defined 
by Krupp et al.,11 should be considered for treatment with 
either a beta-interferon or glatiramer acetate as first-line 
therapy.

Beta-interferon and glatiramer acetate use in clinically isolated 
syndrome. There are no published data regarding the use 
of beta-interferon or glatiramer acetate in children with a 
first demyelinating attack or “clinically isolated syndrome.” 
Several groups have found that the presence of well-defined 
lesions, periventricular and corpus callosum lesions, and 
T1 black holes on MRI obtained at the time of a first attack 
have a high sensitivity in predicting further relapses leading 

to confirmation of MS.34–37 It is therefore recognized that 
children manifesting with a first demyelinating attack with 
these certain clinical and MRI features, which are associ-
ated with a high risk of MS, may benefit from prompt ini-
tiation of therapy in order to delay or modify the severity of 
subsequent relapses.

Titration and dosing. There are only two published studies 
of varied doses of beta-interferons in children with MS.26,27 
There have been no studies of titration schedules in pediat-
ric MS. However, studies in adults have not demonstrated a 
clear weight or body mass index (BMI) relationship with 
beta-interferon dosing. We recommend that children be 
titrated to full dose as tolerated, using adult titration sched-
ules for guidance.

Supplementary Table 1(c). Summary of first-line pediatric MS therapies (IFN β-1b 250 mcg SC [selected study]).

IFN β-1b Banwell et al.28 Banwell et al.28

Study design Retrospective multicenter  
Rating of therapeutic study IV  
Number of children (n) 43  
Age at treatment onset (mean, years) 13  
Duration of treatment (mean, months) 29.2 ± 22.3  
Starting dose 25–50% of full dose = 33/43

Full dose (250 mcg) = 15/43
 

Final (full) dose 250 mcg SC, every other day 41/43  
Adverse events Children aged ≤ 10 years

n = 8
Children aged > 10 years
n = 35

Flu-like symptoms (n, %) 2 (25) 13 (37)
Asthenia (n, %) 0 1 (3)
Injection site reaction (n, %) 2 (25) 7 (20)
Elevation of liver enzymes > twofold ULN (n, %) 5 (62.5) 3/30 (10)
Discontinued IFN beta-1b 3 22
Injection pain 0 1
Lack of efficacy 0 5
Other causes 3 16

Supplementary Table 1(d). Summary of first-line pediatric MS therapies (glatiramer acetate [selected studies]).

Glatiramer acetate Kornek et al.29 Ghezzi et al.24 Ghezzi et al.25

Study design Prospective single center Prospective multicenter Prospective multicenter
Rating of therapeutic study III III III
Number of children (n) 7 9 14
Age at treatment onset (mean, years) 16.6 13.2 13.1
Duration of treatment (mean, months) 24 33 64
Starting dose 20 mg daily 20 mg daily 20 mg daily
Final (full) dose 7 9 14
Annualized relapse rate (before/after  
treatment)

Not reported 2.8/0.25 3.1/0.2

Adverse events
Transient systemic reaction (n, %) 1 (14) 1 (11) 1 (7)
Injection site reaction (n, %) 4 (57) Not reported 2 (14.2)
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Glatiramer acetate in adults is commenced at full dose. 
Although there have been no studies of dose-finding and 
titration in children with MS, clinical practice is to initiate 
at full dose.

Safety monitoring. Retrospective studies have demon-
strated that the short-term safety profile of beta-interferons 
and glatiramer acetate in children is similar to that observed 
in adults.21,24–28 Laboratory testing for these agents should 
be conducted as per product information guidelines. The 
long-term safety profile is an important area of further 
study, since despite reassuring safety data in adults, long-
term safety data including effects on growth and puberty in 
children do not exist.

Inadequate treatment response in pediatric 
multiple sclerosis

There is a lack of global consensus on the definition of 
inadequate treatment response for adult MS. Published 
consensus statements and studies in adult MS have sug-
gested that 1–2 annual relapses or no improvement in 
relapse frequency can be considered as treatment fail-
ures,38–40 or the occurrence of two or more T2 brain MRI 
lesions or one or more Gd+ lesions during the first year of 
treatment.40 In a retrospective study of 258 pediatric MS 
patients, 44% switched to another first- or second-line 
therapy over a 3-year period because of an inadequate 
treatment response as determined by treating physicians.42 
These findings emphasize the high frequency of perceived 
inadequate treatment response in MS and underscore the 
importance of determining a precise definition for inade-
quate treatment response in pediatric MS through prospec-
tive studies. Until such studies can be performed, we 
propose the following working definition, which requires 
evaluation for sensitivity and specificity and may be modi-
fied as more information becomes available.

Proposed working definition for inadequate treatment 
response in pediatric MS:

•	 Minimum time on full-dose therapy 6 months*
AND

•	 Fully compliant on treatment
AND at least one of the following:

•	  Increase or no reduction in relapse rate, or new T2 or 
contrast enhancing lesions on MRI from pre-treat-
ment period

•	  ≥ Two confirmed relapses (clinical or MRI relapses) 
within a 12-month period or less

*Mechanism of action, pharmacokinetics, and pharmacody-
namics of specific agents should be taken into consideration.

Defining inadequate treatment response should be indi-
vidualized to specific patients, and may take into account 

additional features such as relapse symptoms, location, and 
severity. Poor recovery from relapse and disease progres-
sion may also be considered in defining inadequate treat-
ment response; however, it is acknowledged that further 
studies are required to adequately define both in children. 
Rapid cognitive decline should also be taken into account. 
There are currently few data regarding subclinical (MRI) 
disease evolution in pediatric MS and treatment effects, and 
this is an important area for further study. Decisions regard-
ing switching treatment should be balanced with potential 
adverse effects of subsequent treatment.

Therapeutic options for inadequate 
treatment response

In cases of inadequate treatment response, options for 
switching treatments include changing between first-line 
therapies (beta-interferon and glatiramer acetate) or switch-
ing to a second-line agent described below. Studies in adult 
patients treated with interferon have demonstrated that the 
development of sustained serum positivity for neutralizing 
antibodies to beta-interferon is associated with failure to 
respond to interferon therapy.43 Although there are no for-
mal studies of neutralizing antibodies to beta-interferons in 
pediatric MS, the biological nature of the assay suggests 
that the presence of neutralizing antibodies in children with 
relapses while on interferon therapy may be considered as 
an indication for switching to a different non-interferon 
therapy.

Combination use of a baseline disease-modifying ther-
apy and add-on of monthly intravenous high-dose steroids, 
such as methylprednisolone, can be used for short periods 
such as 6–12 months in patients with inadequate response 
to treatment. Complications of prolonged steroid use 
including osteoporosis, hypertension, hyperglycemia, cata-
racts, and increased risk of infection must be taken into 
account when considering combination therapy.

Some patients are candidates for second-line therapy as 
suggested from small cohort studies of natalizumab41,44,45 
and cyclophosphamide46 therapy in pediatric MS (dis-
cussed in more detail below). However, larger studies 
including dosing, pharmacokinetic and pharmacodynamics 
monitoring, as well as long-term safety and efficacy meas-
ures are required to clearly define the roles of these and 
other second-line agents in pediatric MS. Decisions to 
switch to a specific agent will depend on patient character-
istics and a collaborative informed decision made by the 
physician, family, and patient, weighing the risks and ben-
efits of each specific treatment.

Emerging multiple sclerosis therapies

Several new treatments are in the late stages of develop-
ment or early approval in the adult MS population. Some 
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of these agents could have an important role in the man-
agement of pediatric MS, and require further evaluation in 
this population. At present, there is a lack of clarity regard-
ing which therapies should be evaluated in pediatric MS, 
and how to optimally design studies. The IPMSSG has 
agreed on the following guidelines regarding recommen-
dations for use and evaluation of investigational agents in 
pediatric MS.

Recommendations regarding the general use 
and evaluation of investigational agents in 
pediatric multiple sclerosis

The IPMSSG supports the view that appropriate emerging 
therapies should be evaluated in pediatric MS, with the 
hope that new efficacious and reasonably safe treatments 
will be identified, and proposes the following approaches 
listed in Table 1. Specific study designs should be guided 
by the available information regarding the mechanism of 
action of the drug, efficacy data, side effects, and tolerabil-
ity profile, as well as dose-related effects.

See Table 1: Recommendations for the evaluation of 
investigational agents in pediatric MS.

Patient populations

All children with a diagnosis of MS, as defined by Krupp et 
al.,11 should be considered for inclusion in clinical trials of 
pediatric MS. It is recognized that there may be some dif-
ferences in the clinical47 or biological presentation48,49 of 
prepubertal children and postpubertal adolescents with MS. 
In addition, there are some important differences in the 
pediatric immune profile detailed elsewhere,50,51 which 
may be relevant to the mechanisms of action of some 

agents. However, unless there is a clear rationale to exclude 
patients of a specific age group because of safety or effi-
cacy concerns, both children and adolescents should be 
considered for inclusion in investigational MS studies. The 
risks of frequent MRIs potentially requiring anesthesia or 
other monitoring interventions should be considered when 
developing clinical trial designs that include very young 
children.

Pharmacokinetic and pharmacodynamic 
issues

Absorption, distribution, metabolism, and elimination 
(ADME) of drugs can be affected by age-related factors, 
independent of BMI, and are relevant to the dosing of cer-
tain drugs for pediatric MS patients. The FDA statement, 
“Guidance for Industry: General Considerations for 
Pediatric Pharmacokinetic Studies for Drugs and Biological 
Products,” classifies pediatric patients into neonates (birth–
1 month), infant (1 month–2 years), children (2–12 years), 
and adolescents (12–16 years).52 Levels of hepatic metabo-
lizing enzymes may be significantly different in neonates 
and infants compared with adults. However, there are cer-
tain ADME differences in the child and adolescent catego-
ries, which comprise the vast majority of pediatric MS 
patients. Activity of the phase I hepatic enzyme FMO53 can 
differ significantly in children compared with adults. 
Differences in CYP1A2 levels according to sex and Tanner 
staging have been observed.54 There is limited information 
on phase II hepatic enzymes in children and adolescents. 
The renal glomerular filtration rate reaches adult values by 
1 year of age,55 and therefore is less of a concern in pediat-
ric MS patients. The pharmacokinetics of a particular agent 
and potential differences in children and adolescents 

Table 1. Recommendations for the evaluation of investigational agents in pediatric MS.

1.  Exposure of pediatric MS patients to new therapeutic agents should occur in the context of carefully designed clinical trials. 
Off-label use of emerging therapies is generally discouraged, with the hope that pediatric MS patients may be enrolled in well-
controlled, robust clinical trials evaluating appropriate agents.

2.  New and emerging therapies of high potency and potentially serious or life-threatening toxicity should have a reasonable period 
of post hoc safety information from adults before consideration for study in the pediatric age group. Re-examination for pediat-
ric indications emphasizing safety and tolerability in this age group is then reasonable.

3.  For new and emerging therapies with proven efficacy demonstrated by phase III trials in adults and favorable side effect profiles, 
appropriate studies in pediatric MS should be conducted to evaluate safety and efficacy.

4.  Pediatric MS studies could be developed in tandem with phase III adult RRMS trials only if available safety data demonstrate a 
favorable risk/benefit ratio, information exists on drugs with the same or similar mechanism of action, or if sufficient safety data 
in children treated with the drug for other disorders already exist.

5.  Placebo-controlled trials in pediatric MS should be of brief duration and should have rigorous monitoring to ensure a rescue 
strategy for children in the placebo arm who experience rapid accrual of physical, cognitive, or MRI burden of disease.

6.  In situations where use of a specific therapy is restricted to very small patient populations (such as patients with severe or 
refractory MS), a clinical trial may not be feasible. In this situation, a prospective registry of all treated patients should be em-
ployed to capture both short-term and long-term safety and tolerability.

7.  All pediatric MS clinical trials should include a long-term prospective registry to capture information about long-term safety and 
development and fertility parameters.
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 compared with adults must be taken into account when 
considering use and dosing of specific MS therapies.

Pharmacodynamic studies in pediatric MS patients are 
recommended if biological markers related to drug action 
are available. Efficacy of the drug may be influenced by 
differences in either the developing immune system, dis-
cussed below, or in the developing nervous system.

Developing immune system: points for 
consideration

Developmental differences in the immune system between 
children and adults may affect immunotherapy mechanism 
of action or efficacy. The immune system of healthy chil-
dren and adolescents differs in some aspects from adults.50 
Thymic involution starts in puberty and leads to a relative 
decrease in circulating T cells in adults.56 There is a signifi-
cant reduction in repertoire diversity of B and T cells in the 
elderly compared with the young.57–60 The ratio of 
naïve:memory T cells is highest in childhood and decreases 
with age.61 The proportion of HLA-DR+ CD4+ T cells is 
highest in the 6–10-year -old group and declines in 
puberty.62 NK cells are lowest in the neonatal period and 
increase steadily with age.62 The proportion of CD4+CD25hi 
is high in neonates, decreases in the 6–10 years age group, 
and increases again in pubertal and adult groups.62 Some of 
these differences may be relevant to the mechanism of 
action and efficacy of some immunotherapies, and should 
be taken into account when considering use in children and 
adolescents.

Safety and tolerability studies

Studies in pediatric MS should assess safety parameters 
identified in adult MS studies throughout the duration of 
the study period. In addition, a protocol to follow safety 
parameters long-term in pediatric MS patients should be 
developed. When relevant, safety studies of pediatric-age 
animals should also be included in early new drug develop-
ment or as post hoc analyses when appropriate. Studies in 
pediatric MS should assess tolerability and adherence, and 
identify factors that affect both parameters. Development 
of strategies to enhance tolerability and adherence of agents 
in pediatric MS is encouraged.

Efficacy outcome measures

The ultimate goal of disease-modifying therapy (DMT) in 
MS is to prevent relapses and permanent physical and cog-
nitive deficits. Choice of efficacy outcome measures of 
specific therapies may depend on the mechanism of action 
of the agent, effects in adults, and potential unique effects 
in children. The higher relapse rates in children relative to 
adults during the first 3 years of disease12 should be taken 
into account when choosing efficacy outcomes. Since 

cognitive dysfunction is prominent in pediatric MS,13–15 it 
is strongly recommended that the effects of treatment on 
cognitive function be included as outcome measures. 
Additional potential treatment outcomes are MRI measures 
of lesion accrual and cerebral atrophy; however, lack of 
controlled, longitudinal data make estimation of sample 
sizes challenging.

Effects on development and fertility

All studies should assess physical development including 
height, weight, and BMI over the study duration and post-
study long-term. Also, effects on endocrinological matu-
rity, including onset and frequency of menses should be 
assessed. Adequate birth control in postmenarcheal girls 
should be practiced and routine pregnancy tests performed 
while on treatment. The effect or potential effects on fertil-
ity must be evaluated when considering drugs for study. For 
agents for which this is a major concern, strategies to pre-
serve sperm or gonadal function should be strongly 
considered.

Vaccination efficacy

Since children require frequent vaccinations, vaccine safety 
and efficacy while on specific MS disease-modifying treat-
ment needs to be evaluated in pediatric populations. In par-
ticular, guidelines regarding the administration of live 
versus inactivated or peptide vaccine while on specific 
therapy need to be established.

Long-term studies

Long-term studies of safety, tolerability, and compliance in 
pediatric MS patients are recommended for all medications 
being used or evaluated, since children might be exposed to 
MS therapies for the majority of their lives. In particular, 
effects on fertility, and risk of severe and opportunistic 
infections and malignancy need to be assessed. Mechanisms 
to follow safety and adherence in patients long-term should 
be developed in all pediatric MS studies. Ideally, a shared 
prospective data resource that permits long-term shared 
outcome data would facilitate more evidence-based recom-
mendations and lead to earlier identification of any safety 
issues.

Recommendations regarding specific 
second-line and emerging therapies

Natalizumab: Natalizumab (Tysabri®) is approved for the 
treatment of relapsing forms of adult MS based on class I 
studies,63,64 in the US for RRMS, and in Europe for patients 
with inadequate response to first-line immunotherapy or 
severe, rapidly evolving RRMS. Available open-label data 
(class IV) in children with MS suggest that natalizumab, in 
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most cases, reduces clinical and MRI relapses.41,45 However, 
the risk profile must be balanced with potential benefits and 
these factors should be comprehensively discussed with the 
family and patient. The most significant adverse effect is an 
approximately 1:1000 risk of progressive multifocal leu-
koencephalopathy (PML) observed in adult patients. An 
assay to assess exposure to JC virus through the presence of 
serum antibodies is currently being investigated, and may 
stratify patients into low- and high-risk groups for PML.65 
Two large population-based studies have demonstrated that 
children and adolescents have lower rates of JC virus infec-
tion than adults;66,67 however, specific JC virus infection 
rates are unknown in children and adolescents with MS. 
Enhanced understanding of the risk of PML during primary 
JC virus acquisition is required, since this may be particu-
larly relevant to the pediatric MS population. Additional 
questions that need to be addressed regarding natalizumab 
include optimal dosing regimens and pharmacokinetic 
studies in pediatric MS.

Mitoxantrone: Mitoxantrone (Novantrone®) is approved 
for the treatment of worsening adult RRMS on the basis of 
class I studies. Cardiotoxicity has been reported as a severe 
adverse event and there is also an increased risk of leuke-
mia, which may present years after cessation of therapy. 
Two recent studies demonstrated high rates of leukemia: 
1:333 in a cohort of 5472 patients68 and 1:107 patients in a 
cohort of 3220 patients.69 One study of four pediatric 
patients followed between 3.8 and 18 years found no long-
term adverse events.70 Because of its risk profile, the 
IPMSSG discourages the use of mitoxantrone in children.

Cyclophosphamide: Cyclophophamide (Cytoxan®) is 
not approved for the treatment of MS, although pulse cyclo-
phosphamide has been shown to reduce disease activity in 
adult MS in class I studies.71,72 Adults 40 years or under 
were better responders than those over 40 years.72 In a ret-
rospective class IV study of 17 children and adolescents 
with inadequate treatment response to other immunosup-
pressive-immunomodulatory treatments, cyclophospha-
mide treatment reduced relapse rate and halted disease 
progression in the majority of cases.46 There has been 
 considerable experience with cyclophosphamide in other 
pediatric autoimmune diseases73–75 as well as in pediatric 
leukemia, and this experience can inform management  
of children with MS including information regarding 
 dosing and side effects. Patients should be monitored for 
the risk of severe adverse events including infections, 
amenorrhea, sterility, bladder cancer, and other secondary 
malignancies.

Rituximab: Rituximab (Rituxan®) is not approved for 
the treatment of MS, but beneficial effects have been 
reported in a class I phase II study in adult RRMS, showing 
significant reduction of brain lesions and clinical relapses.76 
Reduction in relapse rate has been reported in an adolescent 

treated with rituximab, without significant side effects.77 
Nevertheless, cases of PML have been reported in patients 
with systemic lupus erythematosus (SLE) and other auto-
immune diseases treated with rituximab.78 The possible 
relationship of rituximab treatment and the development of 
PML and other severe infections raises particular concerns 
regarding its use in children. Studies are required to evalu-
ate optimal dosing, safety, and efficacy of rituximab in 
pediatric MS.

Fingolimod: Fingolimod (Gilenya™) was approved for 
adult MS in the US, Europe, and Russia in 2010 and in 
Australia and Canada in 2011. No information regarding 
safety, tolerability, and optimal dosing in children currently 
exists. A pediatric investigation plan for fingolimod in 
pediatric MS patients has recently been approved by the 
EMA, but details of the study design are in process, and 
enrolment of pediatric MS patients has not yet commenced. 
Specific concerns regarding fingolimod use in pediatric MS 
are its effects on thymic T-cell maturation and egress,79 as 
well as infection risk.

Cladribine: This drug was approved in Australia and 
Russia in 2010. However, in 2011, it was voluntarily with-
drawn from the market and is therefore no longer available 
as a treatment for MS.

For the following drugs phase III trials are ongoing or 
are not yet published.

Teriflunomide, BG00012, Laquinimod, Alemtuzumab, 
Daclizumab, Ocrelizumab: in the opinion of the IPMSSG 
there is currently insufficient information in adult MS 
patients to make specific recommendations about use or 
studies of these agents in pediatric MS. Studies in pediatric 
MS could be considered once complete phase III safety and 
efficacy data are available.

Conclusions

Children and adolescents generally experience an inflam-
matory form of MS, and are at risk for serious cognitive and 
physical sequelae. Reports and studies demonstrate that 
beta-interferon and glatiramer acetate are widely used in 
pediatric MS, and are generally accepted as the standard of 
care. Evidence from adult-onset MS strongly supports the 
favorable impact of prompt initiation of therapy on disease 
outcomes. The IPMSSG endorses access for all pediatric 
MS patients to currently approved forms of beta-interferon 
and glatiramer acetate. New therapeutic agents may offer 
improved tolerability and efficacy profiles. Conduct of 
robust clinical studies in pediatric MS patients evaluating 
appropriate new and emerging therapies will be challeng-
ing, but has the high likelihood of providing high-quality, 
evidence-based care of these children. This, in turn will 
ensure that all MS patients, irrespective of age, benefit 
from advances in MS therapeutics.
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