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Abstract

Objective: Clinical studies in childhood multiple sclerosis (MS) are very limited compared with adults. Although first-line injection therapies are well tolerated
in this patient group, there are difficulties in the long-term treatment of patients due to the difficulty and adverse effects of injections for children. Oral therapies
are better tolerated for use and adverse effects compared with injection therapies. This study aimed to evaluate the clinical features and treatment outcomes of
patients aged under 18 years with relapsing-remitting MS (RRMS) who received fingolimod treatment.

Materials and Methods: In this study, the clinical records of 22 patients with RRMS who received fingolimod treatment were examined. The patients were
prospectively followed up between February 2015 and December 2018. The patients were evaluated in terms of relapse rate, Expanded Disability Status Scale
(EDSS) scores, brain and cervical magnetic resonance imaging, and adverse effects before and after fingolimod treatment.

Results: The median age of 13 (59%) female and 9 (41%) male patients was 18 (range: 10-21) years. The median fingolimod treatment duration was 2.5 (range:
1.3-3.9) years. The median age of disease onset was 13 (range: 8-17) years. Fifteen patients (68%) received a first-line treatment prior to fingolimod. The reason
for switching to fingolimod was inefficacy in 33%, adverse effects in 40%, and both in %27 of patients. In 32% of patients, fingolimod was started as a first-line
treatment. A total of three patients had recurrent relapses under treatment with fingolimod. The median annualized relapse rate (ARR) before fingolimod was 1.9
(range: 0.3-8.0), and the ARR with fingolimod was O (range: 0-2.0) (Wilcoxon’s signed-rank test; p<0.001). The median EDSS was 1.5 (range: 1.0-4.0) before
fingolimod, and the EDSS after treatment was 1.5 (range: 1.0 to 5.0) (Wilcoxon’s signed rank test; p=0.3). None of the patients had any adverse effects during the
first dose monitoring.

Conclusion: Our study shows that fingolimod is an effective and safe treatment alternative in childhood MS.
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Oz

Amag: Cocukluk ¢ag: multipl sklerozunda (MS) klinik ¢aligmalar erigkinlere gére ¢ok sinirlidir. Bu hasta grubunda birinci basamak enjeksiyon tedavileri her ne
kadar iyi tolere edilseler de enjeksiyonun ¢ocuklar icin olugturdugu zorluk ve yan etkiler nedeni ile hastalarin uzun siireli tedavisinde zorluklar yaganmaktadir.
Enjeksiyon tedavileri ile kargilagtirildiginda oral tedaviler kullanim ve yan etki agisindan genel olarak daha iyi tolere edilmektedir. Bu ¢aligmanin amaci, 18 yas
altinda fingolimod tedavisi almis olan atakli-yineleyici MS’li (RRMS) hastalarin klinik dzelliklerini ve tedavi sonuglarini degerlendirmeketir.

Gere¢ ve Yontem: Bu calismada fingolimod tedavisi almig 22 RRMS hastasinin klinik kayitlari incelendi. Hastalar Subat 2015 ve Aralik 2018 tarihleri
arasinda prospeketif olarak takip edildi. Hastalar fingolimod tedavisi 6ncesi ve sonrast atak siklig1, Genisletilmis Engellilik Durum Olgegi (EDSS) skorlar1, kraniyal
ve servikal manyetik rezonans goriintiilemeleri ve yan etkiler bakimindan degerlendirildi.

Bulgular: Caligmaya alinan 13 (%59) kiz ve 9 (%41) erkek hastanin ortanca yaslar1 18 (degisim araligi: 10-21) idi. Hastalarin fingolimod tedavisi aldiklart
stirenin ortancast 2,5 (degisim araligr: 1,3-3,9) yildi. Hastalik baglangi¢ yast ortancast 13 (degisim aralii: 8-17) idi. On bes hasta (%68) fingolimod dncesinde
birinci basamak tedavi almigti. Daha 6nce tedavi almis olan hastalarin %33’tinde etkisizlik, %40’inda yan etkiler, %27sinde ise yan etki ve etkisizlik sebebiyle
fingolimoda gegildi. Hastalarin %32’sinde fingolimod ilk basamak tedavi olarak bagland:i. Fingolimod tedavisi altinda toplam ii¢ hastada tekrarlayan ataklar
izlendi. Hastalarin fingolimod 6ncesinde yillik atak sikligi (ARR) ortancasi 1,9 (degisim araligi: 0,3-8,0) iken fingolimod tedavisiyle ARR siklig1 O (degisim
araligi: 0-2,0) idi (Wilcoxon’in isaretli sira testi; p<0,001). Fingolimod 6ncesinde EDSS ortancast 1,5 (deZisim araliZi: 1,0-4,0) iken, tedavi sonrasindaki EDSS 1,5
(degisim araligi: 1,0-5,0) idi (Wilcoxon'in isaretli sira testi; p=0,3). Ilk doz monitorizasyonu sirasinda hastalarin higbirinde yan etki izlenmedi.

Sonug: Calismamiz fingolimodun ¢ocukluk ¢agi MS’inde etkin ve giivenli bir tedavi alternatifi oldugunu desteklemektedir.

Anahtar Kelimeler: Cocuk ve ergen multipl skleroz, fingolimod, gercek yasam verisi
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Introduction

The prognosis of patients with multiple sclerosis (MS) in the
pediatric age group (<18 years) can vary considerably. Although
most studies have shown that MS in childhood has more frequent
relapses than in adults, some studies have demonstrated that the
number of relapses, especially in the first five years, is lower than
in adults, and that the Expanded Disability Status scale (EDSS) is
more stable in the early period (1,2,3).

Although the course of the disease is slower, the age of
disability and secondary progression in pediatric patients with MS
is approximately 10 years earlier than in adults, and the prognosis
of patients is poorer than with adult MS (3,4). In our previous
study, which evaluated 143 patients who received their diagnosis
at the age of 16 years in the Neurology Department of Istanbul
University, it was observed that the number of relapses in the
first five years was less frequent, especially under 12 years of age,
but that the patients reached irreversible disability and secondary
progression at a much earlier age than adults (5).

Despite the insufficiency in the number of placebo-controlled
randomized trials, new-generation therapies used in adults are also
used in pediatric patients. The efficacy, safety, patient compliance,
and long-term adverse effects of these drugs in pediatric MS remain
unclear in terms of how patients should be monitored (6,7). First-
line treatment by injection is generally prefered in this age group;
however, injection-related adverse effects and their low efficacy
limit the use of these drugs. The European Drug Agency supports
the use of injection therapies in patients aged over 12 years,
although the United States Food and Drug Administration (FDA)
has not yet approved for them for patients aged under 18 years (8).
Although there is no randomized controlled double-blind study in
terms of efficacy and safety, interferon beta and glatiramer acetate
have been the most widely used first-line therapies in children to
date.

Fingolimod treatment is more prominent in terms of both
adverse effects and efficacy compared with injection therapies
because it is better tolerated and is more effective than injection
therapies (9,10). Fingolimod binds to the sphingosine-1-phosphate
receptor and prevents the transmigration of lymphocytes from
lymph nodes. Peripheral lymphocyte depletion is believed to
prevent damage to the central nervous system. However, recent
findings support the effect of the drug through peripheral
lymphocyte depletion and by altering the lymphocyte composition.
Although fingolimod is generally well tolerated, it can rarely cause
serious adverse effects such as bradycardia, lymphopenia, macular
edema, infections, and elevated transaminases (11). Although
these adverse effects are monitored by specific protocols, there is
uncertainty as to how to monitor the pediatric population.

There are very few studies on fingolimod, a treatment that is
expected to find more and more use in childhood in the coming
years. Our study was planned to partially eliminate this lack of
data.

Materials and Methods

Twenty-two patients aged under 18 years with relapsing-
remitting MS (RRMS) who were started on fingolimod treatment
between February 2015 and December 2018 were included in
the study. Patients were selected among patients diagnosed as
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having definite MS according to the 2010 McDonald and 2013
International Pediatric MS study group criteria. Age, sex, age of
disease onset, age of initiation of fingolimod treatment, disease
control therapy used before fingolimod treatment, MS Severity
score (MSSS), and cerebrospinal fluid (CSF) findings were recorded.

The annualized relapse rate (ARR) before and after fingolimod
treatment and EDSS scores of the patients were compared using
Wilcoxon’s signed-rank test. Statistical significance was accepted
if the p-value was less than 0.05.

Results

The data of 13 (59%) girls and nine (41%) boys were obtained.
The median age of the patients in December 2018 was 18 (range:
10-21) years. The median age of disease onset was 13 (range: 8-17)
years and the median duration of disease till the initiation of
fingolimod treatment was 0.8 (range: 0.2-4.6) years. The median
MSSS value at the last follow-up examination was 3.3 (range: 1.8-
8.4) (Table 1).

Ten patients underwent CSF examinations and all had positive
CSF oligoclonal bands (pattern 2).

Fifteen (68%) patients had previously received first-line
treatment; three patients used glatiramer acetate and 12 patients
used interferon beta. One patient had previously used both
interferon beta and dimethyl-fumarate. The most common adverse

Table 1. Demographic and clinical characteristics of the

patients

Female/male (n=22) 13/9

13 (8-17)
429

Age at onset of illness!
Duration of disease, years!
Initial symptom

Motor

Sensory

Motor + sensory

Optic neuritis
Polysymptomatic

Brainstem

e i Y A B ) N Y

Cerebellar
14.5 (8.3-17.5)
2.5 (1.3-3.9)

Age of initiation of fingolimod!
Duration of use of fingolimod,
years!

1.9 (0.3-8.0) vs. 0 (0-2.0)
(p<0.001)2

1.5 (1.0-4.0) vs.
1.5 (1.0-5.0) (p=0.30)2

Number of patients with 1
lymphopenia (<200/mm?3)

Annualized relapse rate (before
vs. after fingolimod)?!

Expanded Disability Status Scale
(before vs. after fingolimod)!

Number of patients with new 2

T2 and contrast-enhancing T1

lesions

IDistributions are given as median (range).

2p values were calculated using Wilcoxon’s signed-rank test.

ARR: Annualized relapse rate, EDSS: Expanded Disability Status scale
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effects during injection treatments were injection site reaction,
severe flu-like symptoms, and pathologic fatigue. The treatment
was switched to fingolimod due to recurrent relapses in five
patients (33%), adverse effects in six (40%) patients, and recurrent
relapses and adverse effects in four (27%) patients. Fingolimod was
started as the first-line treatment in seven (32%) patients.

During follow-up, only three patients had relapse. One of these
patients was a nine-year-old girl who was treated with natalizumab
following 1.4 years of fingolimod treatment for frequent relapses
and radiologic progression. Although the other two patients had
mild sensory attacks, fingolimod was continued.

The median ARR after fingolimod was O (range: 0-2), whereas
the median ARR was 1.9 (range: 0.3-8) in the pre-treatment year
(Wilcoxon’s signed-rank test; p<0.001). The median EDSS scores
before and after fingolimod treatment were 1.5 (range: 1-4) and
1.5 (range: 1-5), respectively (Wilcoxon’s signed-rank test; p=0.3).

No adverse effects were observed during the first dose
monitoring. In a 13-year-old boy, the minimum heart rate at the
first dose was 53/minute and 58/minute at the 6th hour. During
the follow-up of the same patient, bradycardia disappeared. In an
eight-year-old male patient, the lymphocyte count decreased to
200/mm3, so his treatment was continued at 0.5 mg every other
day and the patient remained stable under this treatment. Except
for this extreme example, it was observed that the lymphocyte
count of the other patients was higher than 300/mm3. No macular
edema was observed in any patients.

Patients had at least two brain and cervical spinal cord magnetic
resonance imaging (MRIs). Except for two patients, no new lesions

Duman Tlki et al.; Fingolimod Therapy for Pediatric RRMS

were detected in MRIs after fingolimod treatment. One of the
patients who were radiologically active was an 18-year-old girl,
and the other was a nine-year-old patient who had frequent clinical
relapses and was switched to natalizumab treatment (Figure 1).

Fingolimod treatment was well tolerated and patients did not
develop serious infections.

Discussion

Fingolimod is an effective and safe treatment for adult patients
with MS (8,9). Until recently, this treatment, which did not have
sufficient data in pediatric patients with MS, was the first oral
treatment approved by the FDA in May 2018 in pediatric patients
by the PARADIGMS study completed in 2018 (12). Fingolimod
treatment was approved only for adult patients in Turkey in April
2011, but it still can be used in a limited group of patients through
application for off-label use.

Many phase 2 and phase 3 studies are currently underway
in children with RRMS. Only some of these have come to the
publication stage. In one of these studies, FOCUS, dimethyl-
fumarate was administered to 22 pediatric patients with MS.
The eight-week and 24-week results of this phase 2 trial have
been published recently (13). Accordingly, dimethyl-fumarate
was found to be effective on MRI activity and clinical status,
with an adverse effect profile similar to that of adults. Another
ongoing trial is a trial with teriflunomide. The TERIKIDS
trial, which included 165 patients, including Turkish patients
with MS, was designed as a placebo-controlled, double-blind,
randomized 96-week trial (14). In another ongoing study

Figure 1. I) Magnetic resonance imaging (MRI) images before fingolimod use (a and b). One year after starting fingolimod, no new lesion was observed

on control MRI (c). II) MRI images before fingolimod use (a and b). The treatment was switched to natalizumab due to new diffusion-restricting lesion

in control MRI (c)
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(CONNECT trial), dimethyl-fumarate is compared with
interferon beta-1a (15). This study is expected to be completed
in 2020. Finally, the results of the LEMKIDS trial, a phase 3
trial involving 50 patients, are expected to be published by
2025 (16).

In the first placebo-controlled phase 3 trials of fingolimod, the
FREEDOMS and FREEDOMS-2 trials, adult patients with MS
were treated with doses of 0.5 mg and 1.25 mg for 24 months
(9,10). In the FREEDOMS study, it was observed that the
ARR decreased by 54% at a low dose and 60% at a high dose
compared with placebo in patients receiving active treatment. In
addition to the improvement in all radiologic parameters, a 37%
reduction in six-month disability progression and a 35% decrease
in brain atrophy showed the efficacy of fingolimod. Although
the FREEDOMS-2 study showed similar efficacy to the results
of the FREEDOMS study, the effect of treatment on disability
could not be demonstrated. Although there was no difference in
efficacy between the two doses of fingolimod in both studies, it
was observed that the adverse effect profiles were better in favor of
the low dose. Fingolimod was compared with an active treatment,
interferon beta-1a 30 pg, for the first time in the TRANSFORMS
trial in 342 adult patients with MS. The ARR in the fingolimod
group was 51% lower than in the placebo group. There was no
difference between the drugs in terms of disability (17).

In the subgroup analysis of these three studies, fingolimod
was found to be more effective in terms of frequency of relapses
and MRI lesions when started early (disease duration <3 years)
(18). Although there is some idea that the increased efficacy of
fingolimod at early initiation may be related to age, immune
system or early disease burden, there is no accepted clear
explanation. In another subgroup analysis, the reduction in the
mean ARR before 40 years of age was significantly higher than
that after 40 years (64% vs. 35%) compared with placebo (19).
Although these studies included patients in the 18-55 age range,
these results in subgroup analyses may suggest that some drugs,
such as fingolimod, may be more effective when started at an early
age than in older patients.

The first study of fingolimod use in children aged under 18
years was reported in 2015 from Brazil. In this study, 17 patients
with RRMS were treated for a mean of 8.6 months. Among these
patients, it was reported that only one patient experienced a new
relapse after 14 months of fingolimod use, and the other patients
remained relapse-free and developed no serious adverse effects
(20). In an observational study conducted in Germany in which
natalizumab and fingolimod were given to high-activity pediatric
patients with MS, there were 23 patients using fingolimod, seven
of whom had previously used natalizumab and were switched to
fingolimod. In the fingolimod group, the rate of relapse reduction
was 75%, with a reduction in the number of new T2 lesions of
81% and a decrease in the number of contrast-enhancing T1
lesions of 93% (21).

In a recent study on the use and outcome of disease-
regulating therapies introduced after 2005 in pediatric patients
with MS, efficacy and short-term adverse effects were evaluated
in patients receiving drugs such as fingolimod, natalizumab,
dimethyl-fumarate, teriflunomide, daclizumab, rituximab, and
alemtuzumab. Among these drugs, the most adverse effects were
seen in dimethyl-fumarate users. The most common of these adverse
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effects were gastrointestinal symptoms and transient flushing,
similar to adults. In a group of 1019 patients, 37 patients, 14 of
whom were treatment naive, received fingolimod, and one patient
had arrhythmia during the first dose. In general, the short-term
adverse effects of fingolimod are not different from adults (22).

The PARADIGMS study, a single-phase 3 trial in which
fingolimod was tested in pediatric MS studies, included 215
pediatric patients aged 10-18 years from a total of 25 countries
(20). The 0.5 mg/kg dose of fingolimod (0.25 mg/day to those
below 40 kg) was compared with interferon beta-1a (intramuscular,
once a week). The mean duration of drug use in the study was
18 months. At the end of the study, the mean ARR was 0.67 in
the interferon beta group and 0.12 in the fingolimod group. In
addition, 86% of the patients receiving fingolimod treatment for
24 months remained relapse-free. Compared with the patients
receiving interferon, it was found that the number of new T2
lesions decreased by 53% and the number of new contrast-
enhancing T1 lesions by 66%. There was a 77% difference in
3-month disability progression. All adverse effects were 95% in
interferon beta-1a group and 88% in fingolimod group. However,
severe adverse effects (seizures, agranulocytosis, second-degree
atrioventricular block, hypersensitivity) were found to be more
frequent in the fingolimod group (17.8%) than in the interferon
beta-1a group (9.3%).

Although there are methodologic differences between our
study and other studies in which fingolimod was tried in pediatric
RRMS, there are similarities in terms of results. Of the 22 patients
included in our study, only three relapses were observed in the
long term, suggesting that fingolimod is at least as effective as the
treatment in the adult population. The fact that the mean follow-
up period (2.7 years) of the patients included in our study was
longer than that of the Brazilian cohort and PARADIGMS studies
supports data showing that fingolimod is also effective in the long
term. In addition, although the mean age of the patients in our
study was similar to other studies, the presence of a patient aged
under 10 years increases the importance.

When evaluated in terms of adverse effects, the absence of
significant adverse effects except lymphopenia and first-dose
bradycardia indicates that fingolimod is a safe treatment alternative
in the pediatric population.

The fact that our study was an open-label, observational study,
and the relatively small number of cases are the limitations of
the study. The absence of a 0.25 mg dose in Turkey and the drug
being in the form of capsules caused the administered dosage to
be the same as the adult dosage (0.5 mg/day). However, in the
PARADIGMS study, the dose of fingolimod was 0.25 mg in
children under 40 kg. Therefore, in a child under the age of 10
years, the standard dose had to be reduced to 0.5 mg every other
day due to lymphopenia at the level of 200/mm3.

Study Limitations

To our knowledge, there are no data on the efficacy, compliance,
and adverse effects of fingolimod use for more than two years in
children with RRMS. In this age group, it is important to evaluate
the long-term efficacy, safety, compliance, and adverse effects of
fingolimod (such as macular edema, effects on the developing
immune system).
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Conclusion

In conclusion, this open-label observation study reveals that
fingolimod is a safe, highly therapeutic, and effective treatment
option in children with RRMS and can be used as a first-line
treatment in pediatric patients with high clinical activity.
However, it is clear that larger, prospective and long-term real-life
studies are needed to assess the safety and efficacy of fingolimod
in children.
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