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Multiple sclerosis (MS) is a chronic inflammatory immune-
mediated disease in which demyelination and degeneration of
nerve fibers in the central nervous system disrupt the trans-
mission of nerve signals from the brain and spinal cord to
other parts of the body. The symptoms of MS vary among
patients, in their severity and duration, and can include pain,
fatigue, sensory disturbances, vision problems, muscle weak-
ness and spasticity, sphincter dysfunction, and impaired coor-
dination and cognition [1, 2].

AlthoughMSmore commonly occurs in young adults aged
between 20 and 40 years [3], approximately 2–10% of all
patients with MS will experience disease onset during child-
hood or adolescence [4, 5]. Pediatric-onset MS, defined as the
onset of MS before 18 years of age, occurs in fewer than 1 in
100,000 children per year; the medium age at onset is 15 years
and >90% of patients are ≥10 years of age [6–8].

Pediatric-onset MS typically follows a relapsing-remitting
course, in which patients experience relapses of MS followed
by periods of stability, with a twofold to threefold higher rate
of relapse than in adults [9, 10]. As a consequence, children
with MS tend to reach disability milestones at a younger age
than adults with MS [8].

In pediatric MS, we are as close as possible to the biolog-
ical onset of the disease, and therefore, treatment received at
this early stage is particularly important to determine the long-
term outcome of the patient.

For adults with relapsing-remitting MS, several disease-
modifying therapies are available as traditional first-line treat-
ments, including interferonβ and glatiramer acetate; however,
their efficacy and safety in the pediatric MS population re-
mains to be evaluated in prospective, randomized clinical tri-
als [11]. Notably, the optimal treatment strategy for pediatric-
onset MS is currently unknown, and a considerable proportion

of pediatric patients are undertreated. First-line treatments are
often suboptimal due to the high level of disease activity in
patients with pediatric-onset MS, and switching to alternative
treatment strategies may be required. In a recent analysis of
288 newly diagnosed pediatric MS patients, approximately
two-thirds of patients were not treated within the first year of
diagnosis [12]. Interferons and glatiramer acetate were the
most commonly initiated treatments, although almost one-
third of patients experienced early treatment failure and
discontinued or switched within 6 months of treatment
initiation.

Natalizumab is a potential treatment option for pediatric
MS patients with an aggressive course or those with an inad-
equate response to first-line agents [13]; however, it is associ-
ated with an increased risk of progressive multifocal
leukoencephalopathy (PML) and patients must be monitored
closely [14].

Fingolimod (Gilenya®, Novartis), which acts on
sphingosine-1-phosphate receptors by modulating lympho-
cyte trafficking and chemotactic responses [15], was the first
disease-modifying therapy to be approved, in 2018, for the
treatment of MS in pediatric patients by the United States
Food and Drug Administration and the European Medicines
Agency [16, 17]. Approval was based on the results of the
randomized, phase 3 trial PARADIGMS. PARADIGMS (pub-
lished in 2018) demonstrated the superior efficacy of oral
fingolimod 0.5 mg per day to intramuscular interferon β-1a
30 μg per week in 215 patients with relapsing MS who were
aged 10 to 17 years [18]. Over the 2-year treatment period,
significantly lower rates of relapse and of new or newly en-
larged lesions on magnetic resonance imaging (MRI) were
identified in patients treated with fingolimod compared with
interferon β-1a.

In pediatric patients (aged 10 years and over), the recom-
mended daily oral dose of fingolimod is dependent on body
weight; 0.25 mg orally once daily for patients ≤40 kg and
0.5 mg orally once-daily for patients >40 kg [16, 17].

To achieve optimal outcomes, early diagnosis and appro-
priate treatment of pediatric MS patients is imperative. When
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to initiate therapy and the choice of first-line treatment are
widely discussed topics in the management of these patients.
In this supplemental issue of Neurological Sciences, medical
professionals based in Italy describe their experiences of the
effectiveness and safety of fingolimod from the pediatric MS
compassionate use program.

Several cases reported here highlight the effectiveness and
safety of fingolimod in children with active MS and an inad-
equate response to oral or injected first-line agents. Notably,
fingolimod was efficacious as a second-line treatment in a 14-
year-old female diagnosed with pediatric-onset MS who had
initially undergone treatment with interferon β-1a but experi-
enced radiologic progression within 3 months of initiating
treatment, and clinical relapse after 9 months. In this case
report, described by Amidei and colleagues, the patient was
switched to second-line treatment with fingolimod due to the
high clinical and radiological disease activity she had experi-
enced despite 12 months of treatment with interferon β-1a.
Fingolimod reduced the accumulation of lesions onMRI, with
only two new minor brain lesions after 5 months of treatment.
The patient was asymptomatic at 11 months after starting
fingolimod and has subsequently experienced clinically and
radiologically stability. Clinically stable disease has been
maintained over the 2-year treatment period, with no
treatment-related adverse events reported to date.

Zanetta and colleagues describe two cases of children with
relapsing-remitting MSwho experienced marked clinical ben-
efit from second-line treatment with fingolimod. For both case
reports, fingolimod treatment was well-tolerated, and neither
patient has experienced any relevant clinical and/or hemato-
logic adverse events. In the first case report, a female diag-
nosed with MS at 13 years of age initiated treatment with
interferon β-1a but experienced subsequent clinical relapse,
characterized mainly by increased gait disturbances and the
presence of neuroradiologic disease activity, shown by an
increase of lesional load on brain MRI. The patient was
switched to natalizumab; however, her risk of developing
PML increased after 20 infusions, and, for safety reasons,
she discontinued natalizumab and initiated fingolimod
0.5 mg daily. The patient has received fingolimod for 29
months and has experienced neither clinical relapse nor the
presence of neuroradiologic disease activity.

The second case report from Zanetta and colleagues de-
scribes a 15-year-old female diagnosed with MS who had
responded inadequately to first-line treatment with di-
methyl fumarate; neuroradiologic disease activity was
identified by follow-up brain MRI after 1 month of
treatment, with three new brain lesions identified after
6 months. After switching to fingolimod 0.5 mg daily,
t h i s p a t i e n t e x p e r i e n c e d b o t h c l i n i c a l a n d
neuroradiologic disease stabilization. The patient has re-
ceived fingolimod for 33 months and remains free from
disease activity.

The case report by Immovilli and colleagues also demon-
strates the effectiveness of second-line treatment with
fingolimod after interferon β-1a treatment failure in an ado-
lescent female with MS. In this case report, the patient was
diagnosed with MS at the age of 13 years and was initially
treated with interferonβ-1a for 2 years but relapsed, withMRI
showing a new cerebral enhancing lesion and a new cervical
lesion in the left dorsal column segments C5 and C6. The
patient was switched to natalizumab, which was not well-
tolerated after only two infusions and was subsequently
discontinued. Fingolimod 0.5 mg/day orally was initiated
(the patient’s body weight was 67 kg). Brain and cervical
MRI after 1.5 years of active treatment showed no new, en-
larging, or enhancing lesions compared with the rebaseline
MRI, which was obtained after 7 months of active treatment.
At her 2.5-year follow-up visit, the patient was still receiving
active fingolimod treatment and has shown no clinical or ra-
diological activity, giving the patient a status of no evidence of
disease activity (NEDA 3), which is predictive of no disease
progression at 7 years after initiating fingolimod treatment
[19]. Importantly, fingolimod has been well-tolerated and
has not interfered with daily-life activities.

Valeriani and colleagues present two case studies in
pediatric-onset MS and discuss the benefits of early switching
to fingolimod following relapse on first-line treatment. A sub-
optimal response to first-line glatiramer acetate in a 16-year
old female with a confirmed diagnosis of severeMS prompted
escalation to fingolimod 0.50 mg/day orally as second-line
therapy. Notably, the patient did not have any symptoms
while receiving glatiramer acetate; however, MRI of the brain,
brain stem, and cervical spinal cord identified new lesions
after 1 year of treatment. An MRI scan after 1 year of
fingolimod showed no further disease progression and neuro-
logical examination of the patient was normal (Expanded
Disability Status Scale (EDSS) = 0). The patient has not ex-
perienced any adverse events and has continued with
fingolimod treatment. The second case report describes a 17-
year-old female with MS who was initially treated with inter-
feron β-1a for 2 years but then switched to second-line treat-
ment with fingolimod (0.50 mg/day orally) when a follow-up
MRI showed a new brain lesion. A follow-upMRI scan after 1
year and 5 months since starting fingolimod showed no signs
of disease progression, and neurological examination was un-
remarkable (EDSS = 0). The patient has continued fingolimod
treatment, which has been well-tolerated.

Together, these six case reports highlight the need for
prompt escalation to second-line therapies, such as
fingolimod, following relapse to first-line treatment. This is
particularly important for patients with pediatric-onset MS as
appropriate treatment is imperative to optimize outcomes.

Due to the highly active and aggressive course of pediatric-
onset MS, early initiation of effective disease-modifying
drugs is imperative to prevent the accumulation of irreversible
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disability and to preserve both physical and cognitive func-
tioning [20]. However, the optimal treatment approach is un-
clear and discussions are ongoing regarding the effectiveness
of treatment escalation or the early initiation of a highly active
therapy, such as fingolimod, as a first-line treatment. In the
case report by Capobianco, the higher-efficacy disease-modi-
fying therapy, fingolimod, was used as a first-line treatment in
a female who was diagnosed with highly active relapsing-
remitting MS at the age of 14 years. Fingolimod, which was
initiated within 1 year from the first recorded symptom, has
stabilized the disease course and no disease progression has
been observed since starting treatment. Notably, the patient’s
EDSS score improved from 6.0 at first presentation to 2.0 after
1 year of treatment, clinical relapses have been absent, and
MRIs performed after 3 and 12 months of fingolimod treat-
ment have shown no evidence of disease activity.

Fingolimod was also used successfully as a first-line treat-
ment in a 12-year-old male with severe MS in a case study
presented by Valeriani and colleagues. The patient, who was
initially admitted with optic neuritis in the left eye, with an
EDSS score of 2, was diagnosed with aggressive MS follow-
ing anMRI scan showing evidence of numerous infratentorial
and spinal lesions. First-line fingolimod 0.25 mg/day orally
was initiated within 3 months of diagnosis and has been well-
tolerated throughout the treatment period. Subsequent MRI
scans after 6 and 11 months of treatment showed no sign of
disease progression. Neurological examination was normal at
the last follow-up visit (EDSS = 0) and fingolimod treatment
continues.

The successful outcomes of both case reports add further
support to the use of first-line fingolimod as a highly active
treatment option in pediatric patients with aggressive MS.

Data are currently lacking on the long-term (i.e., >2 years)
safety and efficacy of fingolimod in children with MS.
Borriello and Pozzilli present two cases of children with
pediatric-onset MS who achieved sustained clinical benefit
from treatment with fingolimod for more than 2 years. The
first case report describes an 11-year-old male with relapsing-
remitting MS who was a participant in the PARADIGMS
study and was treatment-naïve at the time of fingolimod initi-
ation. This patient has since received prolonged treatment
with first-line fingolimod for 5 years and has remained clini-
cally stable throughout, with no adverse events reported.
Annual MRI scans have shown no new lesions or radiological
lesion progression, and there has been no change in neurolog-
ical status since diagnosis (EDSS = 2).

The second case describes a 12-year-old female with
relapsing-remitting MS who was switched to fingolimod 2
years after being diagnosed with pediatric-onset MS and after
experiencing two relapses within 8-months of starting inter-
feron β-1a. Since starting fingolimod, the patient has had no
relapses or new or active MRI lesions in more than 3 years of
treatment with fingolimod, her EDSS score has decreased

from 3 to 2, and she has remained clinically stable. For both
patients, treatment with fingolimod was well-tolerated.

These case reports suggest that, in pediatric patients with
MS, prolonged treatment (i.e., >2 years) with fingolimod can
be used safely as first-line or second-line therapy, with pa-
tients experiencing clinical benefits such as the prevention of
relapse and lesion load accrual, achieving/maintaining clinical
stability, and delayed disease progression.

Administration of the first fingolimod dose has been asso-
ciated with a dose-dependent, transient asymptomatic brady-
cardia within the first 6 h post-dose in a small number of
predisposed patients [21–23]. Hence, it is vital for electrocar-
diogram (ECG) monitoring of a patient’s heart rate during the
initial 6 h after the first administration of fingolimod. Petruzzo
and Lanzillo describe the case of a 17-year-old female with
relapsing-remitting MS who experienced asymptomatic bra-
dycardia with a Mobitz type I second-degree atrioventricular
block at approximately 5.5 h after receiving her first dose of
fingolimod. This patient had experienced persistent radiolog-
ical activity despite 3 years of treatment with high-dose inter-
feron β-1a and was subsequently switched to fingolimod
0.5 mg orally. No cardiac symptoms were observed during
pre-treatment assessments, cardiovascular examination was
normal, 12-lead ECGwas unremarkable (heart rate of 76 beats
per minute (bpm)), and there was no significant cardiovascular
disease in her history. At approximately 5.5 h after adminis-
tration of the first dose of fingolimod, a second-degree atrio-
ventricular block (Mobitz type I) was identified by ECG. The
patient’s heart rate was 54 bpm at nadir, which continued until
the end of the 6-h monitoring period requiring extended over-
night monitoring during which the patient remained asymp-
tomatic and treatment was not required. Her ECG reverted to
sinus rhythm with a normal PR interval at approximately 12 h
post the first dose of fingolimod, and no adverse cardiac
events were reported at the 1-month and 3-month follow-up
visits (heart rate of 72–76 bpm). This case report highlights
the importance of heart rate monitoring during the first 6 h
post-administration of the first fingolimod dose. Despite a
generally reassuring safety profile of fingolimod in pediatric
MS patients, there is a real need for more real-life data on
adverse events of fingolimod in pediatric MS patients in order
to better understand the risks involved during treatment.

In conclusion, fingolimod appears to be an effective and
safe therapeutic agent for the management of the highly active
and aggressive disease course of pediatric-onset MS. This is
further supported by its oral route of administration, effective-
ness, and good tolerability.

The case reports presented here highlight the effectiveness
and safety of fingolimod as a first-line or second-line treat-
ment option in pediatric-onset MS in daily clinical practice.
Although data to guide treatment choice are currently limited,
the experiences of fingolimod from cases within the pediatric
MS compassionate use program will ultimately further our
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understanding of the role of fingolimod in the pediatric MS
population.
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