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AbStra t Spinal muscular atrophy (SMA) is a neurodegenerative disease leading to motor disability, progressive respiratory failure and
ultimately death. Its incidence is estimated at approximately 1/7,600 births in the Polish population. Owing to effective,
modern treatment methods, SMA may be nowadays considered a chronic disease. Early and effective diagnosis based on
newborn screening, followed by the implementation of one of the three available therapies, makes it possible to slow down
the disease progress and to acquire further motor development skills by patients. Comprehensive care including nutrition,
diagnosis of respiratory, gastrointestinal, and musculoskeletal disorders, and rehabilitation remain a challenge for the health
care system. In the paper we discuss basic issues on the aetiology, inheritance patterns and typical clinical picture of SMA,
the principles of neonatal screening in Poland, the treatments available as part of the drug therapy program (nusinersen,
risdiplam, onasemnogene abeparvovec), as well as everyday care and health prevention in patients diagnosed with SMA.
Special attention was paid to physiotherapy and motor improvement. An important task of primary care physicians is
to actively search for possible complications of the disease and adverse effects of treatment methods, and to implement the
vaccination programme. Individuals with SMA will constitute an increasing percentage of patients in general practice offices,
which is why close cooperation between general practitioners, paediatricians and neurologists is extremely important
to ensure comprehensive and coordinated care.
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Streszczenie Rdzeniowy zanik miesni (spinal muscular atrophy, SMA) w swoim naturalnym przebiegu jest choroba neurodegeneracyjna,
prowadzaca do niepetnosprawnosci ruchowej, postepujacej niewydolnosci oddechowej i ostatecznie zgonu. Szacuje sig,
ze czgstos¢ wystepowania tej choroby w populacji polskiej wynosi okofo 1/7600 urodzen. Obecnie skuteczne, nowoczesne
metody leczenia pozwalaja traktowaé SMA jako chorobe przewlekla. Wezesna i efektywna diagnostyka prowadzona w oparciu
o noworodkowy przesiew populacyjny, a nastepnie wdrozenie jednej z trzech dostepnych terapii umozliwia spowolnienie
procesu chorobowego i nabywanie przez pacjentéw kolejnych umiejetnosci rozwoju ruchowego. Kompleksowa opieka
dotyczaca odzywienia, diagnozowania zaburzen ukladu oddechowego, pokarmowego i mig$niowo-szkieletowego oraz
rehabilitacji pozostaje wyzwaniem dla systemu ochrony zdrowia. W artykule oméwiono podstawowe zagadnienia dotyczace
etiologii i dziedziczenia SMA, typowego obrazu klinicznego choroby, zasad funkcjonowania w Polsce badan przesiewowych
noworodkéw, terapii dostepnych w ramach programu lekowego (nusinersen, rysdyplam, onasemnogen abeparwowek),
a takze codziennej opieki nad pacjentami z rozpoznaniem SMA i stosowanej u nich profilaktyki zdrowotnej. Waznym
zadaniem lekarzy podstawowej opieki zdrowotnej jest aktywne poszukiwanie mozliwych powiktan choroby i dziatan
niepozadanych stosowanych lekéw oraz realizowanie programu szczepien. Pacjenci z SMA beda stanowi¢ coraz wigkszy
odsetek chorych w gabinetach lekarzy rodzinnych, dlatego wyjatkowo istotna jest $cista wspotpraca pomiedzy lekarzami
rodzinnymi, pediatrami i neurologami w kwestii pelnej i skoordynowanej opieki.

Stowa kluczowe: rdzeniowy zanik miesni, rehabilitacja, terapia genowa, badania przesiewowe noworodkéw
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INTRODUCTION

tive, inheritable disease with progressive weakness of

muscles due to degeneration of the alpha motor neu-
rons of the spinal cord anterior horn cells”. The proximal
muscle groups of the upper and lower limbs are initially in-
volved, followed by the respiratory muscles, ultimately lead-
ing to death in the natural course of the disease. Over the
past decade, enormous progress has been made in the treat-
ment of SMA, changing its status from a potentially fatal
to chronic disorder.
The estimated global incidence of SMA is 1/11,000 births.
The disease is inherited in an autosomal recessive manner,
with one in 40-67 people being carriers of a mutated copy
of the SMNT1 (surviving motor neuron 1) gene®®. The intro-
duction of universal newborn screening allowed to estimate
the incidence of SMA in Poland at about 1 in 7,000 births,
which is consistent with the data for the German popula-
tion (1:6,910)39.
At a molecular level, SMA is caused by a biallelic deletion of
exon 7 of the SMNI gene located on the long arm of chro-
mosome 5 (5q11.2-q13.3) in the vast majority of cases (ap-
proximately 96%). The mutation ceases the production of
functional SMN protein, which is necessary for the prop-
er functioning of motor neurons. The SMN2 gene, a para-
log of the SMN1 gene located in the centromeric area of the
same chromosome, allows for producing a small amount of
stable SMN protein®. The number of SMN2 copies varies
among SMA patients, and when it is multiplied (e.g. via the
duplication mechanism), delayed symptom onset and their
slower progress are usually observed®. Point mutations are
responsible for SMA in only a small percentage of cases.
SMA has been classified into five types based on the clini-
cal course and age at disease onset. Type 0 is a rare and the
most severe form with the earliest onset. Mothers of chil-
dren with this type of SMA usually report decreased foetal
movements, and these children are born with severe hypo-
tonia, respiratory failure and the need for mechanical ven-
tilation. Children with type 1 SMA (the most common)
experience symptom onset in the first six months of life.
As a result of rapidly increasing muscle weakness, patients
do not reach the milestone of sitting independently, and if
left untreated, they usually require invasive ventilation in
the second six months of life”. This type of SMA was until
recently considered the most common genetic cause of early
infant death. Children with SMA type 2 reach the develop-
mental milestone of sitting independently, but cannot walk
unassisted, and the onset of symptoms is usually between
7 and 18 months of age. In SMA type 3, the first symptoms
appear after walking begins, and in the rare type 4, muscle
weakness occurs in adulthood®.
Currently, owing to screening tests and the possibility of
implementing treatment before obvious clinical symp-
toms occur, the described classification is becoming histor-
ical. Patients with SMA live much longer and their quality
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of life is improving. However, the need to organise multi-
disciplinary care and face the problems typical of patients
with chronic neuromuscular disease remains a challenge.
The aim of this paper is to introduce general practitioners and
paediatricians to issues related to the care of SMA patients.

UNIVERSAL NEWBORN SCREENING

In accordance with the Governmental Newborn Screening
Programme, SMA screening began in April 2021.
Subsequent provinces were gradually included in the
screening, with all Polish newborns covered by the screen-
ing programme from April 2022. As in other screening
tests (e.g. for cystic fibrosis or phenylketonuria), capillary
blood is collected onto filter paper on day 3 of life. The first
step is to perform the DNA amplification using the poly-
merase chain reaction (PCR) supplemented by high-res-
olution melting (HRM), which allows for the detection
of a homozygous deletion of exon 7 of the SMNI gene in
the tested blood. Due to the risk of false positive results,
MLPA (multiplex-ligation dependent probe amplifica-
tion) verification is performed for invalid or questionable
samples®. The inability to differentiate between hetero-
zygous deletion and a point mutation of the second al-
lele is a limitation of the screening. It is therefore estimat-
ed that 1-2 SMA children will be missed in screening per
year in Poland. The Screening and Metabolic Diagnostics
Department and the Medical Genetics Department of the
Institute of Mother and Child in Warsaw are institutions
responsible for performing the analyses. Almost 106,000
newborns had been screened by 7 June 2024, including
103 positive tests, which allowed to estimate the incidence
of SMA at 1 in 7,602 (data not published yet, obtained
by courtesy of Professor Monika Gos). Positive tests are
reported to provincial diagnostic and treatment centre
in the patient’s place of residence or the nearest neigh-
bouring province, which immediately notifies the parents
and invites them to report with the child to the hospi-
tal to discuss the result, perform clinical evaluation and
collect venous blood samples for verification. The list of
centres is available on the websites of the National Health
Fund (Narodowy Fundusz Zdrowia, NFZ) and the SMA
Foundation?. The screening results are available around
8 days of the child’s life (median; SD 3.65), the confir-
matory test is available on day 14 (median; SD 4.94; data
by courtesy of Professor Monika Gos). According to Polish
law, written consent from a parent or legal guardian is
needed to perform all of the analyses described (genetic
tests). It should be remembered that in the case of home
births, the blood is collected by the midwife attending
the delivery or community midwife/nurse, and the prop-
er outpatient screening should be supervised by a gener-
al practitioners (GP). According to the assumptions of
the European Alliance for Newborn Screening in Spinal
Muscular Atrophy, all European countries should be
included in screening by the end of 2025¢Y.
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THERAPEUTIC OPTIONS FOR SMA PATIENTS

At the beginning of 2019, the first Polish drug programme
for SMA patients was launched, enabling treatment with
nusinersen. Since 1 September 2022, the programme has
been expanded and three therapies are currently reim-
bursed by the NFZ: in addition to the already mentioned
nusinersen, risdiplam and onasemnogene abeparvovec
can be used (Tab. 1)1, Each of these drugs increases SMN
levels.

Nusinersen has been used in clinical practice for the lon-
gest time. The mechanism of action of this antisense oligo-
nucleotide (ASO) is to increase exon 7 inclusions in surviv-
al motor neuron 2 (SMN2) mRNA transcripts. By binding
to the intronic splicing silencer site in pre-mRNA, the drug
displaces splicing factors, which ultimately keeps exon 7 in
the SMN2 mRNA and enables the production of a func-
tional SMN protein. Nusinersen cannot cross the blood-
brain barrier and is thus administered intrathecally, by lum-
bar puncture®. The initial, so-called loading doses, are
given on days 0, 14, 28 and 63, and then every 4 months.
The recommended dose is 12 mg (5 mL), independently of
the patient’s body weight. Patients are usually admitted for
a one-day hospital stay to run basic tests to exclude possi-
ble contraindications to lumbar puncture, and after drug
administration and observation, they are discharged home.
The administration of nusinersen can be technically chal-
lenging, especially in patients with severe scoliosis or obe-
sity, and usually requires light sedation. The most common
adverse reactions are related to the drug administration and
include post-puncture headaches, vomiting, and back pain.
When qualifying a patient for nusinersen treatment, pe-
ripheral blood counts, aminotransferase activity, and coag-
ulation parameters should be assessed, as well as urinaly-
sis should be done.

A similar mechanism of action is exhibited by risdiplam,
which corrects the SMN2 pre-mRNA splicing process.
It is available as an oral suspension administered once a day
after a meal, with the dosage depending on body weight
(0.15 mg/kg in children under 2 months of age, 0.20 mg/kg

. - Onasemnogene
Treatment Nusinersen Risdiplam abeparwowek
Tvbe Antisense Small AAV9-based
» oligonucleotide | molecule gene therapy
Increases SMN protein Delivers
Mechanism of action |  production by influencing a functional
SMN2 splicing SMN transgene
Route of
administration Intrathecal Oral Intravenous
4loading doses,
Dosage then every Every day Single dose
4 months
The need for
glucocorticoids No No Yes

Tab. 1. Available treatment methods for SMA
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in children up to 2 years, 0.25 mg/kg in older children and
5 mg for 20 kg). Common adverse reactions include diar-
rhoea, rash, headache and fever. Before commencing treat-
ment, patients routinely undergo basic laboratory tests:
blood count with differential, aminotransferase activity
and bilirubin.

In contrast to the two described drugs, onasemnogene
abeparvovec is a single-dose, intravenous therapy admin-
istered at a dose dependent on body weight. The human
SMN transgene is delivered in the capsid of AAV9 (adeno-
associated virus 9), residing as episomal DNA in the nucle-
us of motor neurons, and providing an alternative source of
long-term SMN protein expression®. AAV9 can cross the
blood-brain barrier and is not pathogenic to humans. Anti-
AAVO9 titres (the drug is not administered in patients with
titres >1:50), aminotransferase activity, bilirubin, platelet
count and troponin I are measured before administrating
onasemnogene abeparvovec. The most frequently report-
ed adverse reactions include transient increases in hepat-
ic aminotransferase activity, vomiting, thrombocytopenia,
fever and elevated troponin I. In order to reduce the risk of
hepatotoxicity, glucocorticoids are used at a dose equiva-
lent to 1 mg/kg of prednisolone for a month, starting from
the day preceding the drug administration, and then grad-
ually reduced.

SMN2 copy number is one of determinants for therapeutic
decisions. Patients with < 3 SMN2 copies can receive any of
the three drugs mentioned. Nusinersen or risdiplam may
be given to patients with 4 SMN2 copies who also meet the
other qualification criteria®¥. Detailed qualification crite-
ria for each treatment are available in the current appendix
to the SMA drug programme (B.102.FM).

All of the above-mentioned therapies have shown high ef-
ficacy confirmed in several clinical trials and by the real-
world evidence (RWE)*'9. Regardless of the type of treat-
ment used, the time of its implementation is extremely
important, as emphasised by the term “time is motor neu-
ron” that can be found in the literature, which also illus-
trates the neurodegenerative nature of the disorder('”.
Myostatin inhibitors (including apitegromab and taldef-
grobep) have been a relatively new group of drugs used as
adjunctive therapy. Myostatin is a protein from the family of
growth differentiation factors (GDFs) responsible for con-
trolling the growth of muscle tissue. Therefore, the inhibi-
tor increases muscle mass. The preliminary results of ongo-
ing clinical trials are promising“®.

THE ROLE OF THE GP AND PAEDIATRICIAN
IN THE CARE OF A CHILD WITH SMA

It is of key importance that GPs are familiar with SMA
symptoms. In the coming years, GPs and paediatricians will
continue to provide care to children who are not included in
newborn screening due to their age, deliberate resignation
from the test, or its false negative result (among other things
due to the presence of point mutations). The presence of the
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following symptoms should prompt the physician to extend
the diagnosis, refer the patient to a paediatric neurologist or
to hospital if significantly severe abnormalities occur:
o delay or failure to achieve gross and fine motor milestones;
« loss of previously achieved milestones;
« weakness of proximal limb muscles;
« hypotonia, weak limb movements, “frog” position, inabil-
ity to lift head;
« fatigue during feeding;
* quiet crying;
o lack of tendon-periosteal reflexes;
« finger tremors and tongue fasciculations.
Patients diagnosed with SMA who are included in the treat-
ment programme are regularly monitored by doctors from
their treatment centres. However, it should be remembered
that a GP is a specialist handling patients with developmen-
tal problems, infections or the need for active prevention
of infections. In order to develop practical treatment stan-
dards, SMA patients have been classified as walkers, sitters
and non-sitters*?.
In terms of nutrition, the role of a GP is primarily to reg-
ularly monitor weight and height gains. The use of SMA-
specific growth percentile charts may be considered in
children with long-term history of the disease and se-
vere symptoms®?. Dietary recommendations for walking
children do not differ significantly from the advice in the
healthy population; however, special attention should be
paid to obesity prevention and vitamin D supplementation.
In contrast, non-sitters often develop dysphagia and require
nutritional, gastroenterological and dietetic care, as well
as feeding with a gastric tube or percutaneous endoscop-
ic gastrostomy (PEG). Constipation is a common problem,
in which case pharmacological treatment includes the use
of macrogols, phosphates enema and, optionally, lactulose.
Respiratory symptoms of SMA become particularly evident
during infection. Recurrent symptoms of respiratory infec-
tion should raise a suspicion of aspiration!. Respiratory
screening in non-sitters primarily includes physical exami-
nation and non-invasive measurement of blood oxygen us-
ing a pulse oximeter. In the case of suspected hypoventila-
tion, capnometry and polysomnography are used as part of
detailed diagnosis. Some patients require non-invasive pos-
itive pressure ventilation, usually initially at night and dur-
ing infection, or constant ventilation through a tracheosto-
my tube. In addition to manual therapy, cough assisters are
used in physiotherapy. Sitting and walking children are as-
sessed for cough effectiveness, and recommended spirom-
etry as part of specialist check-ups.
Orthopaedic problems mainly include spinal and thorac-
ic deformities, joint contractures and hip instability"?2.
Scoliosis occurs primarily in patients with SMA type 1 and
2, and its incidence in untreated children is estimated at
60-90%. Posture assessment should be a routine ele-
ment of check-ups in patients with family history of SMA.
Bone densitometry is recommended as part of the extend-
ed diagnosis.
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In cases of doubt, the attending GP should have the contact
details of a centre responsible for treating the patient. It is
good practice to include data on the diagnosis and treat-
ment used, as well as the contact details of the treatment
centre in the child’s medical record book.

ACTIVE PREVENTION OF DISEASES
IN CHILDREN WITH SMA

Although SMA is a progressive neurodegenerative dis-
order, it is crucial to implement the current Vaccination
Programme in this group of patients?*. It is reccommend-
ed to administer diphtheria-tetanus-acellular pertussis
vaccine (DTPa), polyvalent vaccines (5-in-1 or 6-in-1 vac-
cine), as well as additional vaccinations against meningo-
cocci (group B, groups A, C, W-135, and Y), chickenpox
and annual vaccinations against influenza.

Patients treated with nusinersen and risdiplam should be im-
munised according to general rules. According to the Polish
Society of Vaccinology; at least a two-week interval should be
maintained between BCG vaccination and gene therapy due
to the need to combine it with glucocorticoids in patients re-
ceiving onasemnogene abeparvovec®. Other attenuated (so-
called live) vaccinations are also not recommended during
steroid therapy. Therefore, the rationale behind vaccination
against rotaviruses should be considered. Once glucocorti-
coid treatment is completed, there are no contraindications
to active immunisation with live vaccines.

From the beginning of April 2024, the group of patients el-
igible for the RSV infection prevention programme using
palivizumab has been expanded to include SMA children
up to 2 years of age, regardless of the treatment used.

REHABILITATION OF SMA PATIENTS

Since the introduction of pharmacological treatment for
SMA patients, there has been much evidence showing that
appropriately adjusted and regularly applied physiotherapy
can have a beneficial effect on slowing down disease pro-
gression. It is believed that the functional loss in SMA pa-
tients may be related to increasing joint contractures, signif-
icant and dynamic increase in scoliosis or excessive weight
gain®. Therefore, physiotherapy in SMA should be tailored
to the individual needs and functional status of the patient,
taking into account the benefits of using orthopaedic devic-
es, orthoses and individualised exercises®.

In the group of children without clinical symptoms of SMA,
the aim of physiotherapy is to maintain the child’s asymp-
tomatic status and individualised neurostimulation of de-
velopment. For this purpose, physiotherapeutic approaches
involving early developmental support are recommend-
ed, such as maintaining proper body symmetry, exercises
to build proper muscle tone and respiratory efficiency, and
to support verticalisation and the ability to walk correctly.
In the case of significant deformities of the feet and spine,
the use of corsets and orthoses is advised®.
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Non-sitters require physiotherapy for training the sitting
position, using individually adapted seats and orthopaedic
equipment in the form of corsets, as well as respiratory ther-
apy, stretching exercises to minimise joint contractures, ver-
ticalisation and gait therapy using robotic assisted technolo-
gies. Additionally, the use of lower limb orthoses (e.g. night
orthoses for at least 60 minutes) and the prevention of hip
joint dislocations and scoliosis (using corsets), as well as
chest physiotherapy are important in the prevention of mus-
cle contractures!*2739,

It should be a particular goal of physiotherapy in sitting
patients to build performance in this position, as well as
to prevent scoliosis and deformations in the lower limbs.
This may be achieved with regular use of corsets and ankle
foot orthosis (AFO) or knee ankle foot orthosis (KAFO).
Verticalisation training using verticalisers for at least 60
minutes per day is also advised, and strong recommenda-
tions include respiratory therapy, positioning the patient in
individually tailored seats, as well as stretching and joint
mobility exercises. Exercises to increase muscle capacity and
strength are also used. Active or electric wheelchairs should
be considered to improve or enable mobility. Additionally,
gait therapy utilising, for example, robotic-assisted technol-
ogies, can play an important therapeutic role®?.

In the group of walking patients, a model of physiother-
apy aimed at enhancing the aerobic capacity and muscle
strength of the upper and lower limbs, as well as training
and improving independent or assisted walking are recom-
mended. Water physiotherapy, using cycloergometers or
treadmills, as well as hippotherapy, yoga and technology-
assisted physiotherapy are recommended. Respiratory ther-
apy, as well as stretching exercises and increasing joint mo-
bility should not be omitted. In the case of joint deformities
or scoliosis, orthopaedic appliances in the form of orthoses
and corsets are recommended 7.

Regular orthopaedic check-ups with X-ray and verticalisa-
tion using AFO or KAFO are recommended to prevent hip
dislocations and scoliosis. In patients with scoliosis (Cobb
angle: 15-20°), corsets and regular orthopaedic check-ups
are recommended. The optimal frequency of physiothera-
py in SMA patients is 3-5 days per week.

CARE FORTHE FAMILY OF AN SMA PATIENT

SMA patients need multi-specialist, long-term care, regu-
lar visits to doctors’ offices and hospitals, as well as intensive
rehabilitation, which often requires the involvement of the
entire family and reorganisation of their daily lives.
Considering the autosomal recessive inheritance of the dis-
ease, it is necessary to provide genetic counselling to fami-
ly members, patient’s siblings in particular. Clinical genetic
counselling may prompt prenatal diagnosis in the mother
of the affected child to quickly implement treatment in the
event of giving birth to an SMA child.

GPs and paediatricians play an extremely important role in
the care of SMA patients. The survival time of these patients

PEDIATR MED RODZ Vol. 21 No. 1, p. 29-34

is significantly longer; however, new challenges occur with
age. The success of and satisfaction with treatment require
continuous and effective cooperation between the patient,
the general practitioner and other specialists.
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