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Abstract

Background: Multiple sclerosis (MS) is an inflammatory and demyelinating dis-
ease of the central nervous system that may have a pediatric onset. This study aims
to provide a characterization of a pediatric-onset MS (POMS) population followed at
our center in the 9-year period prior to the PARADIGMS study, which resulted in the
first formal approval of a drug to treat POMS.

Material and Methods: We performed a retrospective, observational and uni-
centric study. We included data from the records of patients with an MS diagnosis
confirmed before the age of 18, according to the McDonald 2010 diagnostic criteria,
from 1st January 2010 onwards.

Results: In a group of 32 patients, 30 (73.3% female) fulfilled the inclusion criteria, with
a mean age at diagnosis of 15.5+2.2 years and median value of Expanded Disability Sta-
tus Scale (EDSS) score at diagnosis of 1.5. All the cases had relapsing-remitting MS and in
43.3% optic nerve involvement was the first clinical manifestation. At diagnosis, magnetic
resonance imaging showed gadolinium-enhancing lesions in 50% of the cases and the
study of cerebrospinal fluid revealed oligoclonal bands in 85.7%. Interferon beta-1a was
the most frequent first treatment option. In a mean follow-up of 4.1+2.5 years, the treat-
ment was changed in 67.9% of cases. On the last visit, the median EDSS score was 1.5.

Conclusion: Our results are in line with contemporaneous research. As well as
contributing an important descriptive analysis of this population’s characteristics, it
also provides a window of opportunity for further prospective analyses regarding
potential treatment paradigm changes.

Resumo

Introducdo: A esclerose multipla (EM) é uma doenga inflamatéria e desmielinizante
do sistema nervoso central que pode ter inicio em idade pediatrica. Este estudo tem
como objetivo a caracterizagdo de uma populagdo de doentes com EM de inicio em
idade pediatrica (POMS) acompanhada no nosso centro no periodo de 9 anos, antes
da publicacdo do estudo PARADIGMS, de que resultou a aprovacdo formal de um
primeiro farmaco para tratamento da POMS.

Material e Métodos: Estudo retrospectivo, observacional e unicéntrico, incluindo dados
das criangas e adolescentes com diagnéstico de EM confirmado antes dos 18 anos de ida-
de, a partir da data de 1 de Janeiro de 2010, de acordo com os critérios de McDonald 2010.
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Resultados: Identificaram-se 32 pacientes, dos quais 30 (73,3% do género feminino)
preencheram os critérios de inclusdo, com idade média ao diagndstico de 15.5+2.2
anos e valor mediano na pontuagdo da Escala de Incapacidade Expandida (EDSS) de
1,5. Todos os casos eram formas surto-remissao. Em 43,3% deles, o envolvimento
do nervo optico foi a primeira manifestagdo clinica. Ao diagnédstico, a ressonancia
magnética mostrou lesdes com realce apds administracdo de gadolinio em 50% dos
casos e o estudo do liquido cefalorraquidiano revelou bandas oligoclonais em 85,7%.
O interferdo beta-1a foi a primeira opgdo de tratamento mais frequentemente usada.
Apds uma média de seguimento de 4,1£2,5 anos, o tratamento foi alterado em 67.9%
dos casos. Na Ultima consulta efetuada, a pontuacdo mediana na EDSS foi de 1,5.

Conclusdo: Os nossos resultados estdo em linha com o que se encontra publicado.
Para além de uma anélise descritiva das caracteristicas desta populacao, este estudo
permite uma abordagem prospectiva adicional, que verse sobre potenciais mudancas

no paradigma de tratamento destas criangas e adolescentes.

Introduction

Pediatric-onset multiple sclerosis (POMS) has been
increasingly recognized as having some distinctive fea-
tures from adult-onset multiple sclerosis (MS), with a
more inflammatory component and higher relapse
rates, but slower progression.'”

Diagnosis in childhood is currently based on the In-
ternational Pediatric Multiple Sclerosis Study Group
(IPMSSG) criteria,® which incorporate the McDonald
criteria,” but can be challenging due to several clinical
entities having similar findings. The 2017 revised Mc-
Donald criteria’ have proven to be equally applicable to
POMS and MS in adults, providing a simplified means to
reach the diagnosis at onset and over time.®?

While the classic first-line treatment for pediatric MS

has been interferon-beta or glatiramer acetate, '

more
recent drugs, namely natalizumab, dimethylfumarate and
fingolimod, are often used in pediatric MS with similar
short-term safety, tolerability, and side effect profiles to
adults.'® In fact, with the publication of the PARADIGMS
study (Trial of Fingolimod versus Interferon Beta-la in
Pediatric Multiple Sclerosis), fingolimod became the first
drug to be used in the treatment of POMS with the for-
mal approval of the regulatory authorities.'' This brought
a confident change in the therapeutic approach to this
condition in children and adolescents, and gave an incen-
tive to better define its pathophysiology, particularly in
this age group. Clinicians will now be able to compare
the pre-approval and post-approval phases, in order to
measure and reflect on their therapeutic choices.

With this study, we aimed to perform a biodemogra-
phical and clinical characterization of patients with POMS

followed at a pediatric reference center in our country, in
order to evaluate the approach used with these patients
before the existence of any formal approval for the phar-
macological therapy of this condition.

Material and Methods

We performed a cross-sectional unicentric study,
including patients with a confirmed diagnosis of MS
established at pediatric age (under 18 years old), ac-
cording to the 2012 IPMSSG® and 2010 McDonald crite-
ria,'? followed at the Centro Hospitalar e Universitario
de Coimbra in the period between January 2010 and
December 2018. We excluded patients without subse-
quent follow-up or in which an alternative diagnosis was
established.

This study was approved by the National Commis-
sion for Data Protection and by the Ethics Committee of
our institution. It followed the principles of the Declaration
of Helsinki 2013, national legislation for clinical research

and good clinical practice norms (ICH-GCP).

Procedures

We collected data from patients’ clinical records, in-

cluding:

I) Biodemographical characteristics: birth date, gender,
educational level, current body mass index, age at
menarche (for female patients), family history of MS
and practice of physical exercise (current, at the time
of the last appointment and/or in the past, i.e. any
physical exercise previous to the last appointment);

2) Clinical data: age at first clinical manifestation and
at MS diagnosis, first clinical manifestation, pheno-
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type classification of disease, Expanded Disability
Status Scale (EDSS) score at diagnosis and in the
last consultation, past medical and surgical history,
current and past disease-modifying drugs (DMDs)
(drug, duration of the treatment and reason for
discontinuation), other current treatments, num-
ber of relapses and treatment of relapses;

3) Complementary exam results: first magnetic
resonance imaging (MRI), presence of anti-myelin
oligodendrocyte glycoprotein (anti-MOG) or anti-
aquaporin 4 (anti-AQP4) antibodies, visual evoked
potentials, presence of oligoclonal bands in the
cerebrospinal fluid (by isoelectric focusing) and
presence of antibodies against cytomegalovirus
(CMV) and Epstein-Barr virus (EBV).

We defined physical exercise as any body movement
generated by the contraction of skeletal muscles that
raises energy expenditure above the resting metabolic
rate and which is planned, structured, and repetitive
(more than three times per week).

A relapse was defined as the existence of new neuro-
logical symptoms or signs lasting for more than 24 hours,
in the absence of concurrent disease. Different relapses
were defined by having an interval of time greater than
30 days between them. Therapeutic ineffectiveness was
defined as follows: occurrence of two relapses in one
year under therapy; or identification of at least 5 new T2
lesions on consecutive MRIs performed under therapy;
or identification of 2 new gadolinium-enhancing lesions
also on consecutive MRIs under therapy. By protocol,
this MRI evaluation is performed on an annual basis. The
same team of neuroradiologists was responsible for the

analysis of all images.

Statistical analysis

We performed a descriptive analysis of clinical and
biodemographical characteristics. Qualitative vari-
ables were displayed as absolute value and percentage,
and quantitative variables as minimum and maximum
mean=standard deviation.

The normality of the variables was assessed using the
Kolmogorov-Smirnov test for physical exercise in child-
hood, current physical exercise and number of relapses,
and the Shapiro-Wilk test for age at menarche, age at
diagnosis and number of relapses in female patients. A
Mann-Whitney U test was performed to evaluate the

correlation between the number of relapses and current

or past physical exercise. The analysis of a possible cor-
relation between age at menarche and age at diagnosis
was assessed by the Spearman coefficient. All analyses
were performed with IBM SPSS® statistics 25 software.

Results

We identified 32 patients, from which 2 were exclud-
ed due to the absence of subsequent follow-up. Our
sample (n=30) had a mean diagnosis age of 15.4+2.2
years and the time between the first clinical manifes-
tation and diagnosis was 0.4+0.7 years (Table 1). The
female:male ratio was 2.75:1. A positive family history
for MS was present in 6 patients (20.0%). Mean follow-
up time was 4.1+2.5 years and | patient died during
follow-up from causes unrelated to MS (car accident).

Table 1. Biodemographical characteristics and initial diag-
nostic workup.

Mean+SD

‘ N (%)

Biodemographical characteristics

Age at diagnosis 30 (100%) 15.4+2.2 years
Age at first clinical
manifestation 30 (100%) 15.0£2.4 years

Female gender 22 (73.3%)

Age at menarche 21 (70.0%) 12.7+1.4 years

BMI at last visit 27 (90.0%) | 21.0+2.5 kg/m?

Family history of MS 6 (20.0%)
Past physical exercise 9 (30.0%)
Current physical exercise 6 (20.0%)
Initial diagnostic workup

Brain MRI 30 (100%)
Spinal cord MRI 14 (46.7%)
Erlsst ?\RSI DIT criteria on 18 (60.0%)

Lumbar puncture 21 (70.0%)

Oligoclonal bands 18 (85.7%)

N: number of patients; SD: standard deviation; BMI: body
mass index; MRI: magnetic resonance imaging; DIS: dis-
semination in space; DIT: dissemination in time.

During the initial diagnostic workup, all patients
(n=30) underwent brain MRI and 14 were also sub-
mitted to spinal cord imaging (Table 1). Dissemination
in space (DIS) and dissemination in time (DIT) criteria
were found in 18 (60.0%) and DIS criteria in 9 (30.0%)
of the patients. Oligoclonal bands were present in |18
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(85.7%) of those who had a lumbar puncture (per-
formed in 21 patients).

The application of the 2017 McDonald criteria to our
cohort would have allowed us to make a POMS diag-
nosis in | patient who presented a first demyelinating
event that, at the time, was only considered to be a
clinically isolated syndrome. Nevertheless, that patient
developed a second relapse months later, resulting in a
diagnosis of clinically definite POMS.

Regarding the seasonal distribution of the patients’
birth, 11 (36.6%) were born in the autumn months
(September, October and November), 8 (26.7%) in the
winter (December, January and February), 8 (26.7%) in
the spring (March, April and May) and 3 (10.0%) in the
summer (June, July, August).

In our cohort, 10.0% of the patients attended ele-
mentary school, 33.3% went to high school, 16.7% did
a technical or professional course, 33.3% got a universi-
ty degree and data on 6.7% remain unknown. However,
26 patients did not finish their studies yet.

Regarding their past medical history, more than
25.0% of patients were diagnosed with another im-
mune-mediated condition: atopic dermatitis (13.3%),
asthma (3.3%), chronic sinusitis (3.3%) and both asth-
ma and allergic rhinitis (6.7%).

Involvement of the optic nerve or spinal cord were
the most common first clinical manifestations, occurring
in 13 and 12 of the patients, respectively. Another 4 pa-
tients had brainstem relapses and | patient had a corti-
cal presentation, consisting of a focal seizure, present-
ing with right head deviation and left upper limb tonic
posture.

Table 2. Use of DMDs during follow-up.

During follow-up, serologic tests were performed
for EBV (n=11) and CMV (n=12). Immunity was con-
firmed for EBV in 10 cases (90.9%) and for CMV in 5
(41.7%). Anti-MOG and anti-AQP4 antibodies were
studied in two patients, with negative results. Visual
evoked potentials were performed in two patients, both
with optic neuritis at presentation, revealing an increase
of latency for P100 wave in | patient and a normal result
in the other.

A DMD was initiated in 28 patients (93.3%) (Table
2). Two patients did not start taking a DMD: in one case
it was a personal/family decision and in the other it was
due to a medical team decision. The first choice in the
majority of cases was first-line injectable drugs (60.0%).
Two patients from our sample were included in a clini-
cal trial, so their treatment remains unknown. DMD
treatment was changed in |9 patients (67.9%) during
follow-up (the change occurred after 16 months, on av-
erage). One patient was treated with cyclophosphamide
800 mg/m? for 12 months as an induction treatment, fol-
lowed by interferon beta-la. The most common reason
for treatment discontinuation was ineffectiveness and
the majority of side effects documented were related
to skin reactions to the injection of subcutaneous drugs.
Only | patient complained of abdominal pain with di-
methylfumarate. This information is summarized in Ta-
ble 2, which also contains DMDs currently in use.

The mean follow-up time was 4.1 +2.5 years and the
mean number of relapses during follow-up was 2.2+ | 4.
The majority of the relapses involved the spinal cord
(40%) or the optic nerve (32.3%). Additionally, 18.5%
of them involved the brainstem, 7.7% simultaneously

Number of patients as Number of patients as Mean duration Reason for

DMD first DMD current DMD of use discontinuation
n (%) n (%) m (SD) n

Interferon beta-1a 9 (30.0%) 7 (24.1%) 30.2(17.7) | pneffectiveness 3
Interferon beta-1b 2 (6.7%) - 24.7 (14.3) Ineffectiveness 2
Glatiramer acetate 7 (23.3%) - 186 (11.4) |  Ineffectiveness 3
Dimethylfumarate - 7 (14.1%) 9.0 Side effects 1
Natalizumab 6 (20.0%) 6 (20.7%) 27.0(23.0)|  pneffectiveness 2
Fingolimod 1(3.3%) 5(17.2%) 1.0 Ineffectiveness 1
Cyclophosphamide 1(3.3%) - 12.0 Safety 1

DMD: disease-modifying drug; n: number of patients; m: months; SD: standard deviation.
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affected the optic nerve and the brainstem and 1.5%
were exclusively attributed to a cortical topography.

The treatment choice for relapses was mainly in-
travenous methylprednisolone (78.5%), with a typical
regimen of 500-1000 mg once daily for 3-5 days. Intra-
venous immunoglobulin and plasmapheresis were used
in | case (1.59%). In 13 relapses (20.09%) no treatment
was needed.

The median EDSS score at the last visit was 1.5 (mini-
mum: 0; maximum: 3), as it was at the time of diagnosis
(minimum: |; maximum: 3.5).

Current physical exercise practice was reported in 6
patients (20.0%) and past physical exercise in 9 (30.0%).
However, no correlations were found between past or
current physical exercise and the number of relapses in
our sample. The mean age at menarche in our cohort was
12.7 years. No correlations were found between age at

menarche and age at diagnosis in female patients (p>0.05).

Discussion

We described a cohort of patients with POMS, fo-
cusing on relevant clinical aspects, in order to better
understand clinical practice at our center, particularly in
terms of therapeutic intervention, before the existence
of any formal approval for a drug at pediatric age. The
mean age at diagnosis and female predominance were
in accordance with previous studies, particularly reflect-
ing the reality of the pediatric population in Portugal.®
Our patients had a higher prevalence of a positive fam-
ily history for MS (20.0% vs 6%-13.5% in international
studies and 2% in another Portuguese study),® which
may reflect regional differences yet to be explored (our
center is the reference hospital for the whole central re-
gion of Portugal, with a population of 2 216 569 million,
according to the latest data published by the National
Statistical Institute).'®

Portugal is a sunny country and the analysis of a very
young population was an opportunity to explore the pos-
sible relationship between the month of birth, as an indi-
rect variable related to neonatal vitamin D levels, and the
later diagnosis of POMS. Vitamin D deficiency has been
associated with more susceptibility to MS, including in
pediatric patients, although the reasons are still not fully
understood.'*!* Interestingly, approximately two thirds of
our patients were born in the autumn or winter months,
during which the number of hours of sunshine per day

is reduced, further supporting the hypothetical role for

seasonal changes in MS susceptibility.'® Even so, it is im-
portant to note that all children are supplemented with
vitamin D in the first year of life, in Portugal, as recom-
mended by the national child health program.

The mean age at menarche in our cohort was similar
to the general Caucasian population in the United States
of America and did not correlate with age at diagnosis,
not supporting, at least in our cohort, a role for hormo-
nal factors in the early onset of the disease.'” Serology
for EBV, a pathogen often considered a risk factor for
MS, was positive in 90.9% of the patients tested, which
is in line with what is known about the epidemiology of
this viral infection and its possible contribution to im-
mune-mediated diseases such as MS.'® However, sero-
logy for CMV was positive in only 41.7% of the patients
tested, confirming other studies that there is no positive
association between this pathogen and MS."?

In our cohort, 20.0% of the patients reported the
current practice of physical exercise, and its benefits
in MS are well established.” This is an interesting topic
for future research, since the pediatric population usu-
ally presents high levels of physical activity, in order to
understand to what extent exercise can modulate the
course of the disease. We did not observe relevant dif-
ferences in the characteristics of the disease when com-
paring children with high levels of physical activity to
those with lower levels in our population. However, the
follow-up time was relatively short and longer obser-
vation periods would be necessary to infer whether or
not physical exercise had any immunomodulating effect
in addition to the DMDs. Associated immune-mediated
diseases affecting the respiratory system were very fre-
quent in our cohort, confirming the fact that there is an
aggregation of these diseases in susceptible individuals,
requiring assertive and regular medical control. We did
not find any specific environmental explanation for the
predominance of diseases affecting the respiratory sys-
tem in our population.

The first clinical manifestation involved the optic nerve in
43.3% of the cases and the spinal cord in 40.0%, which is in
agreement with previous reports.’ An initial MRl study of the
brain and spinal cord supported the diagnosis, with DIS and
DIT criteria in 60.0% of the cases, leading to an early diagno-
sis shortly after the first clinical manifestation appeared. Oli-
goclonal bands were also an important part of the diagnostic
workup and were present in the majority of cases (85.7%),

although in lower numbers than was reported in adult-onset
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MS (98%).5 It is important to mention that in the last few
years we have been working on raising awareness of POMS
in the pediatric departments of smaller hospitals in our re-
gion in order to achieve the early diagnosis of the disease
and recognition of the clinical manifestations that may cor-
respond to first relapses. In fact, we have observed a much
earlier referral of these children recently, which naturally
translates into an increasingly early diagnosis.

Regarding treatment options, and since this work
concerns clinical practice before the approval of any
drug for the specific treatment of POMS, of a total of
30 patients, 28 initiated DMDs (one refused the medical
proposal and, in another case, it was the option of the
clinical team to postpone the start of any therapeutic in-
tervention). Treatment of pediatric MS carries significant
challenges due to insufficient evidence, particularly before
the publication of studies conducted in pediatric popula-
tions, and this point has been included in discussions with
the children and their caregivers. The first choice in most
cases was interferon beta (36.7%) or glatiramer acetate
(23.3%), in accordance with what is found in the litera-
ture.>*!%2! Even so, in the last few years, there have been
some cases in which oral treatment options were also dis-
cussed by the medical team at the time of diagnosis, but
families often ended up making their decisions based only
on the safety data associated with drugs due to concerns
about the short time on the market of the oral treatments
and the lack of knowledge of possible long-term adverse
effects in children.

During the follow-up (mean 4.1+2.5 years), |9 pa-
tients (67.8%) had to change their treatment and the
most common reason for discontinuation was disease
worsening. After the classic first-line injectable drugs, na-
talizumab was the main choice, but it is of note that 20%
of our patients, presenting a breakthrough disease, start-
ed their treatment with this monoclonal antibody. This
was due to the aggressiveness of the disease, particularly
in imaging terms, as is common in the pediatric popula-
tion, which usually has quite a significant lesion load.?

Natalizumab and interferon-beta were discontinued
due to personal choice in 33.3% and 18% of the cases
exposed, respectively. In the case of natalizumab, this
was due to positive serology for John Cunningham Virus
after 2 years of treatment. Although these children had
not been treated previously with any immunosuppres-
sant, physicians decided to discontinue the use of na-

talizumab, fearing the main treatment-associated com-

plication — progressive multifocal leukoencephalopathy.
After natalizumab withdrawal, most patients started
on oral fingolimod. Regarding interferon-beta, patients
complained that they did not tolerate an injectable
treatment, a common problem and concern in a young
population. Local side effects were always considered
worse than the flu-like syndrome associated with the
use of interferons. One patient was treated with cyclo-
phosphamide 800 mg/m? for 12 months, as an induction
treatment, due to a severe MRI lesion load presented at
diagnosis, before natalizumab was available. The disease
was controlled and treatment was followed by interfer-
on beta-|a for safety reasons. This treatment approach
had been previously reported in the literature.?

The mean relapse number was 2.2+1.4 during a
mean time of follow-up of 4.1 £2.5 years. The majority
of relapses involved the optic nerve (32.3%) or spinal
cord (40.0%), similar to what was observed in the ini-
tial manifestation, but the involvement of the brainstem
increased to 18.5% of the cases. Treatment of relapses
was usually with methylprednisolone, but in 18.5% of
the cases no treatment was administered, particularly
in relapses with mild symptoms or without immediate
medical evaluation. Progression of the disease, as meas-
ured by the difference between the first and last mean
EDSS scores, was minimal and, despite a relatively short
follow-up time, this supports the notion that progres-
sion in POMS is less significant than in adults.

This study has some limitations due to its retrospec-
tive and unicentric nature. Furthermore, the relatively
small number of included patients does not allow a ro-
bust association analysis for the different variables to be
performed. Nevertheless, it was the first to describe in
detail the characteristics of such a specific cohort of MS
patients in our region. It has also laid the foundation for a
prospective registry that is being set up at our center and

that is expected to be generalized to the whole country.

Conclusion

After the publication of the results of the PARADIGMS
study, which led to the formal approval of the use of fingoli-
mod to treat POMS, our approach to the disease changed.
We began to inform patients and their families of the exis-
tence of a formally indicated treatment for this clinical condi-
tion, and this is reflected in the therapies currently prescribed
in new diagnoses of POMS. The study we have presented

provides a detailed analysis of the characteristics of the po-
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pulation with POMS that we diagnosed and followed at our
center before this moment of change. In a few years’ time,
we would like to repeat this same protocol to search for any
differences that may (or may not) be identified in relation to
this very specific population of patients with MS. B
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