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Introduction

Multiple sclerosis (MS) is a chronic autoimmune neurode-
generative disease where demyelination and axonal loss in 
the central nervous system (CNS) play a role in the patho-
genesis. Often presenting attacks and remissions, its course 
also includes an insidious progression. In about 5%–10% of 
individuals with MS, the disease has an onset before the age 
of 18 years.1–4 Looking from another perspective, 15%–45% 
of those who experience a demyelinating event in childhood 
are diagnosed with MS.5 The incidence of pediatric-onset 
MS (POMS) in the general population was shown as 
0.64/100.000 and 0.09/100.000 for <10 years, and 
2.64/100.000 for the population aged 14–15 years.6 The 
prevalence of MS before puberty is close to equal between 
girls and boys, while the female predominance observed in 
adult-onset MS (AOMS) is also observed in POMS starting 
after puberty.7–9

CNS demyelination presents clinically with optic neuri-
tis, brainstem syndrome, transverse myelitis, or supratento-
rial findings for all age groups. In the first demyelinating 
event, the onset may be in one or multiple regions. The most 
important limiting factor in the very young POMS group 
(<10 years) is the pediatric patient’s inability to distinguish 
or fully express complaints such as sensory symptoms, 
blurred vision, or double vision. This limiting effect only 
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applies to the very young age group (<10 years), but when 
it is combined with the presentation with encephalopathy 
and seizures more frequently than the adult group, there is 
more than one difficulty in diagnosing MS in the pediatric 
group.9

The course of POMS and adult MS shows some clinical 
differences. The rate of having a second attack after the first 
clinical event—clinically isolated syndrome—is approxi-
mately 80% in children and around 45% in adults,10–13 but 
the time to the second event is similar in all age groups. 
POMS usually has a more aggressive onset than in adults. In 
addition, complete recovery after the first clinical event is 
more common in POMS patients than in the adult group 
(88.6% and 74.9%, respectively).8,14 It should be noted that 
the majority of the publications mentioned here are from 
northern European and American countries and may contain 
regional differences depending on environmental and genetic 
factors.

Comparisons of POMS and AOMS show various results. 
The annual number of attacks is described as similar, or 
higher in POMS.9,11,15–17 While the frequency of relapsing-
remitting MS (RRMS) is over 95% in the POMS group, 85% 
of the patients in the AOMS group are defined as RRMS.1,16 
Progressive onset is seen in only 1%–3% of patients in the 
POMS group, compared to about 10% in adults.9,17 In a study 
conducted with 186 POMS patients, a secondary progressive 
course was found in 5.38% of the study group.18 In addition, 
the transition period to secondary progressive MS in POMS 
was 10 years longer than in adults.19 Again, in connection 
with this, the time to reach the Extended Disease Status 
Scale (EDSS) 4 was found to be significantly longer in the 
POMS group than in the adult group (31 and 24.5 years, 
respectively).8 However, in a disease that starts at a much 
earlier age and lasts for a relatively long time, it is predicted 
that the turning point of disability will naturally be reached 
earlier in POMS.20,21 Despite a highly active disease course 
at baseline in POMS, they show a slower increase in disabil-
ity than patients with adult-onset disease. This is thought to 
be due to greater plasticity of the developing brain.22 The 
rate of cognitive impairment seen in adult-onset MS patients 
and POMS is similar but on a large range as 30%–75%.23–25 
Cognitive areas affected in the POMS group are information 
processing speed, working memory, visual perceptual learn-
ing and memory, executive vision and attention, and resem-
ble AOMS. However, unlike adults, difficulties in perceiving 
and expressing language can be seen in POMS.25

Compensation mechanisms and plasticity in the child's 
brain are different compared to adults, and the volume of 
gray and white matter in the brain continues to change 
regionally throughout childhood.26–28 In children diagnosed 
with RRMS, there is a marked decrease in total brain vol-
ume, especially gray matter and thalamus, and this effect has 
been shown to persist throughout adolescence.29 This can be 
explained by neurodegeneration in addition to the underly-
ing active and chronic inflammation. On the other hand, 

brain development can be negatively affected even in acute 
disseminated encephalomyelitis, which often presents with a 
single attack in childhood.30 These data show the importance 
of making an early diagnosis of MS and starting an effective 
treatment in childhood.

The increase in the incidence and diagnosis of POMS can 
be evaluated as a result of the correct analysis of the data 
obtained for many years. This review aimed to emphasize 
the place of fingolimod in the treatment management of the 
subgroup, which may have an aggressive course, in individu-
als with POMS who occasionally have difficulties in the 
treatment management as well as the difficulties in the diag-
nosis process.

Search methods

The search strategy in the Medline/PubMed database was 
(“Multiple Sclerosis and “pediatric Multiple Sclerosis”[Title/
Abstract] and “fingolimod and “Treatment”[Title/Abstract]). 
In all, 84 articles were found when searched in PubMed with 
these keywords. Original articles with high level of evidence 
related to POMS treatment, articles containing case series 
with close designs, and articles containing real-life data were 
included in the review. Also phase 3 studies of fingolimod 
were included in the review. Two reviewers independently 
scanned and selected abstracts, and fully read all potentially 
eligible articles. Disputes were resolved through a discussion 
with a third reviewer until consensus was reached. For data 
extraction and management, two reviewers evaluated all arti-
cles independently and excluded non-relevant ones, result-
ing in 60 articles included.

Treatments in pediatric-onset multiple 
sclerosis

Although the etiopathogenesis of MS is basically similar in 
POMS and AOMS, age is an important variable. Response to 
disease-modifying drugs (DMDs) can be expected to be the 
same (or better) in POMS and AOMS when MS is associated 
with higher inflammatory activity and better ability to com-
pensate for brain injury in younger individuals.31 There is a 
slight difference in annual relapse rate (ARR) between boys 
and girls. Pre-treatment ARR is reported to be higher in 
females and post-treatment reduction in ARR was signifi-
cantly more noticeable in males.32

There is not enough information to establish a treatment 
guide in the management of POMS and most of the data are 
derived from retrospective studies, case series, and rare ran-
domized controlled trials (RCTs). A large number of new 
agents approved for the treatment of AOMS in the last two 
decades by the European Medicines Agency (EMA) and the 
US Food and Drug Administration (FDA) have not been 
approved for use in POMS. For POMS, limited safety and 
efficacy data exist and RCTs studies are needed. Only fin-
golimod and teriflunomide are approved in Europe for 
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children.33–38 Teriflunomide, fingolimod, dimethyl fumarate, 
rituximab, natalizumab, ocrelizumab, and alemtuzumab are 
used as primary/secondary or tertiary care in different posi-
tions in each country. Individualized treatment should also 
be considered in the POMS group. In addition to the educa-
tion level of patients and their families, their preferences, 
disease activity, and prognostic parameters are among the 
most important factors in determining the treatment.

In previous studies on treatments used in POMS, both the 
recurrence risk and new radiological activity were found to 
be higher in injectable DMDs (iDMDs) than in newer DMDs 
(nDMDs). Indeed, Krysko et  al. found lesion burden and 
contrast-enhancing lesions to be lower in the nDMD group.39 
However, in the study of Solmaz et al., an increase in disease 
activity was observed in both the iDMD and nDMD groups 
at the end of 2 years. Abdel-Mannan et al., on the other hand, 
compared two treatment groups for attack frequency and 
found that the frequency of attacks remained constant in the 
nDMD group compared to the iDMD group.40 A study which 
followed large numbers of POMS cases for nearly 20 years 
showed that the time to reach different milestone EDSS 
points had decreased significantly in recent years. This can 
be attributed to early initiation of highly effective drugs in 
the pediatric age.41

Apart from classifying treatment options as injectable and 
newer, there is another classification based on effectiveness, 
which has been discussed in recent years and tried to reach a 
consensus. According to the 2015 British Association of 
Neurologists guidelines, DMDs are considered in two broad 
classes. Accordingly, drugs that reduce attacks by more than 
50% are regarded as high-effective treatments, and those that 
reduce attacks by 30%–50% as intermediate-effective treat-
ments.42 While prevention of attacks is considered in this 
classification based on RCTs, there is another approach that 
focuses on ARR. RR ⩽ 0.5 corresponds to high efficacy, 
while RR > 0.5 and ⩽ 0.7 correspond to moderate efficacy. 
Samjoo et al. reviewed newly emerging DMDs in terms of 
efficacy in 2021. In all, 18 DMDs were evaluated in this 
study and, based on previous approaches (efficacy on relapse 
prevention), the high efficacy class included alemtuzumab, 
cladribine, natalizumab, and ofatumumab, while the inter-
mediate efficacy class included dimethyl fumarate, fingoli-
mod, glatiramer acetate, interferon-beta (IFN-β) preparations, 
ocrelizumab, ozanimod (both doses), and teriflunomide. For 
the second classification approach (approach based on ARR), 
the probability of fingolimod to be highly effective treat-
ments is ⩾50% compared to 99% for alemtuzumab, natali-
zumab, ocrelizumab, and ofatumumab. In the light of all this 
information, the treatment and management of POMS are 
accompanied by many difficulties including safety issues of 
more concern than in the adult group, particularly because of 
the expected longer duration of treatment. Both the high dis-
ease activity in the POMS group and the positive effect of 
early treatment on long-term outcomes in this group have 
drawn attention to the use of fingolimod in the POMS group 

in recent years. Fingolimod has been shown to be effective in 
many studies and has been used safely in the AOMS group 
for many years. This makes it easier to use in the POMS 
group with high disease activity. In this review, the efficacy 
and safety data for the use of fingolimod in the POMS group 
are discussed with current RCTs and case reports.17,18,43 
Studies of fingolimod, siponimod, and ofatumumab in still 
ongoing pediatric MS may also provide important data on 
both safety and efficacy (NCT04926818). The treatment 
management of the POMS group seems to evolve toward 
both early and effective treatments.

Fingolimod in pediatric-onset multiple 
sclerosis

PARADIGMS trial

The PARADIGMS trial, the first randomized controlled 
trial completed in pediatric patients, was conducted between 
June 2013 and August 2016 under the supervision of the 
FDA and EMA, and a total of 80 centers from 25 countries 
participated.44 Among the patients aged 10–17 who were 
diagnosed according to the IPMSSG criteria, those who had 
one attack in the last year or two attacks in the last 2 years or 
at least one enhancing lesion in the last 6 months were 
included in the study. The study was carried out for 2 years 
as two parallel-group, double-blind, randomized trial 
including active drug and IFN-β-1a treatments. One of the 
most important limitations of the study was the exclusion of 
patients under 10 years of age. Therefore, its use in daily 
clinical practice was restricted and led to the approval only 
in the older age group.

Real-world data

The first retrospective study in childhood was published by 
Fragoso et al. in 2015 and included 17 patients with a follow-
up period of 8.6 months (range: 1–18 months).45 The second 
study was performed by Huppke et  al. in Germany and 
examined 27 POMS patients. In this study, clinical and radi-
ological findings of 23 patients were compared before and 
after fingolimod treatment.46

One of the largest cohorts investigating POMS and dis-
ease-modifying therapies detected 37 patients using fingoli-
mod accounting for 5% of the whole cohort and 14% of users 
of nDMDs.10 A recent study from Turkey found higher rates: 
13% of the patients were under fingolimod treatment, 
amounting to 38% of the nDMD users.47 Unfortunately, data 
are limited as these studies did not emphasize drug efficacy 
and safety (Table 1).

Besides these studies, there are some case series and 
reports in the literature about fingolimod treatment. These 
are limited by non-uniform presentation of clinical/radio-
logical findings and side effects, and variable follow-up of 
patients.
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Effectiveness of fingolimod

Concerning the PARADIGMS study, 8 (7.5%) of 107 
patients who received fingolimod and 26 (24.4%) of 108 
patients who received IFN-β-1a discontinued before the end 
of the study. While no early discontinuation due to inefficacy 
was observed in the fingolimod group, 13 patients in the 
IFN-β-1a group were withdrawn from the study for this 
reason.

Effect of fingolimod on relapse rate.  As the primary endpoint, 
the number of attacks per year after 2 years was 0.12 in the 
fingolimod group and 0.67 in the interferon group at PARA-
DIGMS. The rate of patients who did not have an attack was 
85.7% in the fingolimod group and 38.8% in the interferon 
group.

According to the results of Fragoso, patients had an aver-
age of 2.8 attacks per year before fingolimod, while only 
one patient developed an attack after treatment.45 Huppke 
et  al. demonstrated a 75% decrease in the attack rate. 
Examination of case reports and series showed attacks in 4 
of 17 patients.46,48–55

Effect of fingolimod on disability progression.  Disability assess-
ment was best performed in the PARADIGMS study. The 
mean baseline EDSS scores were 1.5 in the fingolimod group 
and 1.6 in the IFN β-1a group. The proportion of patients 
whose EDSS increased for 3 months was found to be 77.2% 
less in the fingolimod group than those receiving interferon.

Fragoso et al. demonstrated that eight patients had main-
tained their initial EDSS level while nine patients have 
improved.45 Similarly, none of the patients had worse EDSS 
score after fingolimod in case reports.48–55

Effects of fingolimod on magnetic resonance imaging lesion 
load.  Recently, the effect of fingolimod versus IFN β-1a on 

magnetic resonance imaging (MRI) outcomes and post hoc 
analyses of MRI data from the PARADIGMS study was pub-
lished.56 The number of new or enlarged T2 lesions was 4.39 
in the fingolimod group compared to 9.27 in the interferon 
group. Regarding enhancing lesions, there were 0.44 in the 
fingolimod group and 1.28 in the interferon group per imag-
ing (p < 0.001). Similarly, the proportion of patients free of 
new/enlarging T2 lesions was higher in fingolimod-treated 
patients compared with those treated with IFN β-1a (16.0% 
versus 3.9%, p = 0.011).57

Fragoso et  al. demonstrated that a new T2 lesion was 
found in only one of 12 patients who underwent follow-up 
imaging.45 Huppke et al. found an 81% decrease in the num-
ber of new T2 lesions, and a 93% decrease in the number of 
enhancing lesions, demonstrating the superiority of fingoli-
mod treatment over conventional treatments.46

Effect of fingolimod on brain atrophy.  The loss of brain volume 
was evaluated only in PARADIGMS and this rate was −48% 
in the fingolimod group and −80% in the interferon group, 
and significantly less atrophy development was observed at 
the treatment arm.

Effect of fingolimod on health-related quality of life.  The Pediat-
ric Quality of Life scale and its Emotional, Social and School 
Functioning subscales were performed in all study partici-
pants at PARADIGMS showing a significant effect on all of 
the Pediatric Quality of Life scale and subscale scores, 
except for Social Functioning.56

Safety of fingolimod

When the PARADIGMS study was evaluated in terms of the 
side effect profile, the total number of side effects was 
slightly higher in the interferon group (fingolimod 88.8% 
versus interferon 95.3%). However, the number of patients 

Table 1.  Real-world data studies on pediatric MS and fingolimod.

Effectivity data for fingolimod 
in POMS

Number of the 
patients

Treatment duration 
(months)

ARR before 
fingolimod

ARR after 
fingolimod

EDSS 
progression

Number of patient 
with attack

Fragoso et al.45 17 8.6 2.8 0.05 8 stable
9 improved

1

Huppke et al.46a 16 11.6 1.69 0.42 NA NA
Gontika et al.48 7 36 1.8 0.74 0 4
Zanetta et al.49 2 24 NA NA 0 0
Borriello et al.50 2 44 1.5 0 0 0
Capobianco et al.51 1 24 1 0 0 0
Petruzzo et al.52 1 NA NA NA NA NA
Ferilli et al.53 3 14 NA 0 0 0
Immovili et al.54 1 24 2 0 0 0
Amidei et al.55 1 24 2 0 0 0

NA: not applicable.
aSixteen patients only pretreated with a first-line DMD are shown.
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requiring treatment interruption due to side effects was 12 in 
the fingolimod group, compared to 3 for interferon. Three 
patients in the fingolimod group and two patients in the 
interferon group were permanently withdrawn from the 
study due to side effects. Also, serious side effects were more 
common in the fingolimod group (fingolimod 16.8% versus 
interferon 6.5%). Some of these side effects were seizures in 
six patients, leukopenia in two patients, macular edema, 
agranulocytosis, arthralgia, bladder spasm, dyspepsia, auto-
immune uveitis, alanine transaminase and gamma-glutamyl 
transpeptidase elevation, second-degree atrioventricular 
(AV) block, dysuria, gastrointestinal system necrosis (intus-
susception or colon necrosis), hypersensitivity vasculitis, 
weakness, rectal tenesmus, and small intestine obstruction in 
one patient (Table 2).

The proportion of children who had epileptic seizures in 
PARADIGMS was substantially higher than what was 
known in adults’ clinical trials such as FREEDOMS and 
TRANSFORMS studies. This is probably due to the general 
characteristics of the pediatric population since children are 
more prone to seizures. However, this should be kept in mind 
when starting fingolimod in the pediatric group.

Effects on the cardiovascular system.  Sphingosine 1 phosphate 
receptors are expressed in myocytes, sinus node, and AV 
node cells. With the stimulation of these receptors, potas-
sium ions pass into the cell and slow the heart rate and con-
duction rate. Therefore, transient and mostly asymptomatic 
bradycardia, and even slowing of AV conduction (though 
less frequently) can be observed in most patients at the first 
dose of fingolimod therapy. The first dose must be adminis-
tered in a hospital setting to monitor bradycardia and detect 
AV block. Second-degree heart block has been reported in a 
case in childhood.52

Effects on the retina.  Sphingosine 1 phosphate receptors 
expressed in vascular endothelial cells play an important role 

in regulating vascular permeability and protecting endothe-
lial barrier integrity. One of the side effects that occur due to 
the deterioration of this balance is macular edema. In FREE-
DOMS and TRANSFORMS studies, which concern adult 
patients, macular edema was detected in 0.7%. When studies 
involving childhood are evaluated, macular edema was 
detected in only one patient in the PARADIGMS study 
(28/10,000).

Effects on the liver enzymes.  Also in FREEDOMS, liver func-
tion tests increased three times in 8% of the patients and five 
times in 1.8% but returned to normal within 2 months after 
the treatment was interrupted. Similarly, a low rate of asymp-
tomatic alanine transaminase increases was found in pediatric 
studies.41,48 Only one retrospective study pointed out a patient 
that had to stop medication due to liver enzyme elevation.58

Lymphocyte count and effects on infection.  The mechanism of 
action is to keep lymphocytes in lymph nodes, but lympho-
penia occurs as side effect. If the lymphocyte levels decrease 
below 200 cells/μL in the follow-up of the patients, tempo-
rary interruption of the treatment should be considered. In 
general, lymphocyte levels return to normal after about 
2 months. However, the waiting time after drug withdrawal 
should be carefully monitored for disease reactivation or 
rebound due to drug withdrawal and this period should be 
kept as short as possible. Studies with a larger population of 
adult patients have shown that the decrease in lymphocyte 
count does not significantly increase the risk of infection.

Recently, temporal profile of lymphocyte counts and rela-
tionship with infections were published covering 4 years of 
PARADIGMS extension study. Study group absolute lym-
phocyte count rapidly reduced to 29.9%–34.4% of baseline 
values within 2 weeks of fingolimod treatment and stabilized 
at this level. Only three patients had levels below 0.2 × 109/L 
and opportunistic infections were not observed nor was there 
an increase in the infection risk.59

Table 2.  Fingolimod-related side effects and related studies.

Safety data for fingolimod in 
POMS

Side effects in studies

PARADGIMS study44 Seizures in six patients
Leukopenia in two patients
Macular edema, agranulocytosis, arthralgia, bladder spasm, dyspepsia, autoimmune uveitis, alanine 
transaminase and gamma-glutamyl transpeptidase elevation, second-degree AV block, dysuria, 
gastrointestinal system necrosis (intussusception or colon necrosis), hypersensitivity vasculitis, weakness, 
rectal tenesmus, and small intestine obstruction in one patient

Cardiovascular system Second-degree heart block has been reported in a case52

Macular edema One patient44

Liver enzymes Asymptomatic elevation48

Lymphocyte count and 
infections

No increased risk of infection46

Cough, urinary tract infection44

PML No reported cases58  

PML: progressive multifocal leukoencephalopathy.
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Hamdy et al. reported a patient who stopped fingolimod 
due to blood count abnormality.58 In the study conducted by 
Huppke et al., three patients had transient lymphopenia, one 
patient had transient cough, and one patient had urinary tract 
infection.46

PML risk.  PML is a rare opportunistic infection seen as a 
result of JCV activation. It has become an important side 
effect with the use of more effective drugs in the treatment of 
MS. Its rate in the general population is 0.2/100,000 people. 
When Berger et al. evaluated fingolimod data up to August 
2017, they found that fingolimod was used in approximately 
217,000 patients, corresponding to a total of 480,000 patient-
years. Based on these data, the current risk of PML was 
found to be 0.069/1000 patients.60 However, no PML due to 
fingolimod use in childhood was detected so far.

Malignancy.  Basal cell carcinoma cases have been reported 
in patients treated with fingolimod in AOMS. In both the 
FREEDOMS study and the FREEDOMS II study, it was 
reported that more basal cell carcinoma developed in patients 
receiving fingolimod than placebo. It is essential to be alert 
to skin lesions and a medical evaluation of the skin should be 
performed at the start of treatment, and then at least annually. 
No cancers were reported in PARADIGMS or other studies 
performed on children. The JCV seroprevalence was 60% 
seropositivity in the adult population, compared to 33.3% in 
the pediatric group, and seroconversion increases with age. 
This may result in a lower risk of drug-induced PML in pedi-
atric patients compared to adult patients.61–63

Limitations

The main goal in this review is to show the effectiveness of 
fingolimod, which has been used in AOMS for many years, 
with real-life data, and not to pose a serious adverse event in 
terms of security. In fact, before a treatment option can be 
used in the POMS group, it is necessary to gain experience 
and data accumulation in adults. Based on this fact, in this 
review, we summarize both the phase studies and post-mar-
keting studies of fingolimod, which is the first oral agent 
approved in POMS, and to draw more attention to the use of 
fingolimod in the POMS group. However, in this review, 
data on the treatment of POMS group younger than 10 years 
of age (missing data), which can progress aggressively, could 
not be given. The most important limitation of this review is 
the inability to include all articles on pediatric MS and its 
treatment. Because the designs of the studies were based on 
different parameters, it was not possible to analyze the com-
mon data obtained from the studies. In addition, case reports 
based on individual experiences are not included as they may 
shift the focus of the article. This is actually a limitation that 
is always encountered as a general problem. In addition, the 
lack of long-term studies of fingolimod in POMS may war-
rant a later update of this review.

Conclusion

When many adult MS studies and limited POMS studies are 
evaluated together, fingolimod appears to significantly reduce 
the annual attack rate and has positive effects on MRI lesion 
activity and brain atrophy compared to injectable treatments. 
Long-term studies and real-life data from larger numbers of 
patients are needed to support initial encouraging safety and 
efficacy data in the POMS group. Although the importance of 
starting effective treatments in the early period is known even 
in AOMS, treatment management in POMS cannot be per-
formed at the same pace. Reasons for this include the lack of 
long-term safety data for children and issues with health 
insurance coverage, which may hinder accelerated access to 
effective treatments. Therefore, it may be important to peri-
odically review and draw attention to all data.
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