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Spinal muscular atrophy (SMA) is a genetic neuromuscular progressive disorder that is
currently treatable. The sooner the disease-modifying therapies are started, the better
the prognosis. Newborn screening for SMA, which is already performed in many
countries, has been scheduled to begin in the near future. The development of a well-
organized program is paramount to achieve favorable outcomes for the child who is
born with the disease and for the costs involved in health care. We herein present a
review paper hoping to point out that SMA neonatal screening is urgent and will not
increase the cost of its care.

A atrofia muscular espinhal (AME) é uma doenca genética neuromuscular progressiva
tratavel atualmente. Quanto antes o tratamento com as terapias modificadoras da
doenca for iniciado, melhor serd o progndstico. A triagem neonatal para a AME, ja
implementada em vérios paises, estd programada para iniciar no Brasil em um futuro
proximo. O desenvolvimento de um programa bem organizado é fundamental para
que se alcance um resultado favoravel para as criangas que nascem com a doenca e para
os custos envolvidos nos cuidados de satide. Apresentamos um artigo de revisdo na
esperanca de enfatizar que a triagem neonatal para a AME é urgente e ndo aumentard
os custos relacionados aos cuidados.
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Newborn screening for spinal muscular atrophy

INTRODUCTION

Newborn screening (NBS) is a set of preventive actions aimed
at diagnosing diseases that lead to severe deficits if left
untreated, preferably at a presymptomatic stage. It goes far
beyond a diagnostic test: it is a very well-structured program
that includes timely diagnosis, timely treatment, and spe-
cialized follow-up.! The early detection of treatable congen-
ital diseases though NBS prevents severe disability and
death, which is a great achievement for those who are
affected and their families.> Successful NBS requires the
diagnosis and initiation of treatment in the first days or
weeks of life, before the onset of clinical manifestations,.>

Over the last decade, several therapeutic approaches have
been developed that have changed the natural history of
spinal muscular atrophy (SMA). Currently, there are three
medications for SMA approved by the United States Food and
Drug Administration (FDA) and in several countries (nusin-
sersen, onasemnogene abeparvovec, and risdiplam), with
the best results being obtained with early treatment. Unfor-
tunately, there is no evidence that patients treated after the
onset of symptoms can develop normally, which reinforces
the importance of early diagnosis and treatment, ideally in
the presymptomatic phase.*

Recently, many pilot studies on NBS for SMA have been
launched worldwide, and some countries have already in-
cluded SMA in the NBS.? The expansion of the NBS in Brazil
was recently approved, which will include SMA in the
forthcoming future.

The current review summarizes information about this
disease and about the impact of early diagnosis to benefit
from the best therapeutic window, which results in the best
prognostic scenario. Cost studies' have shown that, through
this initiative, the costs are rather limited than expanded.
The authors of the present review provide their opinion and
reflect on the obstacles that could be anticipated and need to
be previously planned for, to establish the program in a large
and uneven country such as Brazil.

SPINAL MUSCULAR ATROPHY

The disease is rare, but it is the main genetic cause of
infant mortality

Spinal muscular atrophy linked to chromosome 5q (SMA 5q)
is an autosomal recessive disease caused by mutations on
chromosome 5 in the SMN1 gene that lead to reduced
expression of the survival motor neuron (SMN) protein.
This causes progressive degeneration of alpha-motor neu-
rons in the spinal cord and brainstem, with muscle atrophy
and weakness of the limb, trunk, and the bulbar and respira-
tory muscles. The worldwide incidence of SMA is of ~ 1 in
14,300 live births.® Among the general population, the
frequency of carriers of the SMN1 gene mutation ranges
from 1 in 38 to 1 in 72, with a panethnic mean of 1 in
54.5-% Although SMA 5q is a rare disease, it is the main
genetic cause of infant mortality and the second most
frequent neuromuscular disease in childhood.'® The high
prevalence of carriers in the population means that most of
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the time there is no history cases of the disease in the family,
which would accelerate the diagnosis.

Genetics in SMA is well established and known

About 95% of patients with SMA 5q have homozygous
deletions of both exons 7 and 8 or only of exon 7 of the
SMN1 gene. About 5% of patients carry an SMN1 point
mutation and a deletion in the other SMNT allele, or, rarely,
biallelic small-point mutations in any of the SMN1 exons. De
novo mutations occur at a relatively high rate (~ 2%) due to
the instability of this 5q region."" In a Brazilian cohort study
with 450 patients with SMA, Mendonga et al.'" found that
89.3% of the patients presented homozygous exon 7-SMN1
deletion, and 10.7% were compound heterozygous for the
common deletion in one allele and a point mutation in the
other allele. The SMN2 gene copy number is one of the
important factors of phenotypic severity and has an inverse
correlation in SMA patients.® Most patients with type-1 SMA
(80%) have 1 or 2 copies of SMN2, 78% of those with type-2
SMA have 3 copies of SMN2, and 93% of the patients with
type-3 SMA have 3 or 4 copies of SMN2.'?

Pathophysiology begins in utero, before the clinical
manifestations

Skeletal muscle atrophy and weakness are caused by disrup-
tion of the entire motor unit. The initial stages of the disease
are characterized by impairments and slowing in develop-
ment that affect the motor neuron (cell body, axon, excitato-
ry synaptic inputs in the neuromuscular junction, axon
radial growth, and myelination) and myofibers, which are
replaced by fibrous adipose tissue.'>~'° Studies on autopsy
tissues of type-1 SMA patients suggested impairments in the
radial growth of motor axons during mid-gestation.'* This
early loss of motor neurons corresponds to high levels of
cerebrospinal fluid and blood neurofilaments, which are
neuronal-specific cytoskeletal proteins released from neu-
rons during degeneration. All of this evidence suggests that
the disease starts very early, in utero, before the onset of clear
clinical signs.'®

Clinical classification of SMA

The disease has a phenotypic spectrum classified by age at
onset and maximum motor milestone achieved. More than
half of the patients present the severe phenotype of type-1
SMA, with onset of symptoms within the first 6 months of
age, with a “floppy infant” presentation. These infants fail to
achieve the free-sitting milestone, and, without drug treat-
ment and ventilator support, they may experience death in
early infancy, with a life expectancy lower than 2 years. Type-
2 SMA has a milder course, with onset of symptoms between
6 and 18 months of age. Per definition, these patients do
manage free sitting, but not independent walking. The latter
is achieved in patients with type-3 SMA, in whom symptom
onset occurs during infancy or adolescence. They achieve
independent walking, although they usually lose this ability
throughout their lives. In addition, some classifications
define type-0 and type-4 SMA, with prenatal onset or a
very mild phenothype respectively.’~1°
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Diagnostic tests are available and accurate
Electromyography and muscle biopsy are no longer routinely
performed in cases of suspected SMA, for they were gradu-
ally replaced by genetic testing. SMN1 deletions and the
SMN2 copy number can be determined by quantitative real-
time polymerase chain reaction (PCR), multiplex ligation-
dependent probe amplification (MLPA), digital PCR, and
next-generation sequencing techniques. For the quantifica-
tion of the SMN2 copy number, MLPA is considered the gold
standard. Newborn screening identifies ~ 95% of patients
with SMA through the MLPA test, although it is not able to
identify those with a point mutation on 1 of the alleles, which
requires gene sequencing techniques, additionally. After
genetic confirmation of the disease, parents should receive
genetic counseling to receive explanations on the genetic
basis of SMA and the risk of recurrence in their children.?°
Genetic counseling must be carried out by professionals with
specific training, such as genetic counselors or medical
geneticists, and must also be provided to all carriers identi-
fied by the NBS.

Early treatment trials

New therapies (with nusinersen, onasemnogene abeparvo-
vec, and risdiplam), which can dramatically modify the
natural history of SMA, have been studied in different clinical
trials as well as in the real world.

Many clinical trials have shown that early treatment of
SMA is crucial to maximize the therapeutic effects. Approxi-
mately 30 to 60% (depending on the stage of treatment
initiation and the patient’s baseline functional status) of
children with type-1 SMA treated after the onset of disease
manifestations achieve the ability to sit independently, and
only individual patients acquire the ability to walk with help.
The chance of achieving a new milestone is lower the later
the treatment starts. In conclusion, if any treatment is
started when signs or symptoms of the disease are already
present, the benefits obtained from the medications are not
the same, and all patients will present some type of
impairment.21

On the other hand, clinical trials with presymptomatic
patientszz’23 have shown better results, with individuals

ES

Table 1 Clinical trials with “presymptomatic
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developing as normal children regarding motor development
or having mild symptoms of the disease. »Table 1 summa-
rizes the presymptomatic clinical trials that have been
carried out. Therefore, every effort should be made to diag-
nose and to treat SMA in the presymptomatic period.

Therapeutic window in SMA patient not identified by
symptoms (NIS)

The results from clinical trials conducted in presymptomatic
babies cannot apply to the overall population of children
identified by NBS, as the outcomes for patients who become
symptomatic before treatment are much less favorable than
the outcomes for those treated before clinically-manifested
SMA. That difference in outcomes confirms the urgency for
rapid treatment of infants diagnosed with SMA, especially
those with two copies of SMN2.

A systematic review® of articles published up to Janu-
ary 2023 on the evolution of patients after NBS for SMA
presented the results of 153 patients with 2 or 3 copies of
SMN2, and the treatment was started at the mean ages of 23
and 52 days respectively. All of the patients, except for 1, with
3 copies of SMIN2 treated before the age of 42 days presented
with normal motor development. Half of the patients with 2
copies of SMN2 presented symptoms of SMA at the 1st
treatment. Of the subjects treated “presymptomatically”,
61% showed no motor delay at a mean age of 15 months,
but 36% presented clear motor impairment. Among the
patients with 2 copies of SMN2, 8% had nutritional support
and 12% used non-invasive ventilation at the last follow-up.”
These data indicate the urgency of starting treatment as soon
as possible, ideally within the first 14 days of life, especially
in individuals with 2 copies of SMN2.

Even in patients treated “presymptomatically” different
outcomes may be observed. While nearly all of those with 3
copies of SMN2 demonstrate normal development, 1/3 of the
patients with 2 copies of SMN2 still show motor delays, and
some present mild feeding and respiratory impairments.?*2>
Thus, the term presymptomatic needs to be better under-
stood, since “presymptomatic” does not mean that these
patients do not present motor neuron degeneration or signs
of the disease.

spinal muscular atrophy patients®

Clinical trial number/therapy Subjects Endpoint Publication
NCT02386553/ Participants: 25; Time until death or respiratory De Vivo et al. (2019)22
Nusinersen 2 SMN2 copies =15; intervention; Crawford et al. (2023)23
3 SMN2 copies=10 Motor function, and safety
NCT03505099/ Participants: 29 Achieve sitting alone; Strauss et al. (2022)24
Onasemnogene Two SMN2 copies=14 5 seconds/30 seconds; Strauss et al. (2022)25
abeparvovec Three SMN2 copies =15 Survival;
Walking alone
NCT03779334/ Participants: 25 Sitting without support; Finkel et al. (2023)26
Risdiplam Two SMN2 copies Manifesting clinical signs;
Three SMN2 copies Time until death or permanent
ventilation;
Motor milestones

Note: *Absence of clinical signs or symptoms during screening.
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Studies?” show that some patients, even without muscle
weakness or hypotonia, may present some clinical signs of
the disease, such as absence of reflexes, fasciculations, or
compound muscle action potential (CMAP) amplitude <
2mV. Unfortunately, these patients will not progress as
well with treatment, and some motor impairment can be
expected.?” These data reinforce what the authors?” refer to
as “urgency neurogenetics”, with the need to treat “pre-
symptomatic” SMA patients as soon as possible because of
the rapid loss of motor neurons in the first weeks of life.

Recently, swallowing abnormalities presenting as early as
3 months of age have been described in patients treated in
the presymptomatic stage, who need to be carefully man-
aged.?® Also, considering the cognitive development, they
can present lower cognitive scores, which are related to the
lower number of SMN2 copies.?®

There are many gaps in our understanding of early and
“presymptomatic” SMA. In 2022, Finkel and Benatar? pro-
posed the concept of phenoconversion for SMA patients
identified by NBS programs: the “presymptomatic” stage
includes patients in the clinically-silent and prodromal
stages who, later, will convert to the symptomatic or clini-
cally-manifest stage (=Figure 1). Clinically-silent patients
are those without symptoms, whose motor examination has
been regarded as normal by an experienced pediatric neu-
rologist. Prodromal disease encompasses those individuals
who present subtle symptoms and/or findings on examina-
tion that are consistent with SMA but are not definitive. The
terms paucisymptomatic and oligosymptomatic have some-
times been used to describe these patients, while symptom-
atic SMA is the term reserved for those individuals with
definite clinical findings that are typical of SMA. The
authors>® emphasize that the clinical identification of phe-
noconversion may be difficult, and they have proposed the
importance of the use of biomarkers which could identify
these stages as well as the timing of phenoconversion,
especially in patients with 2 SMN2 copies.

In conclusion, for an optimal response, the treatment
should be introduced when motor neurons are still viable.
That is the idea summed up by the expression time is
motoneuron.>! Unfortunately, in severe and extremely severe
forms, the prenatal SMN deficit is significant, and it is not
possible to fully restore physiological processes after birth.

The treatment after NBS
The current consensus is that all patients screened in the NBS
with 2 or 3 SMN2 copies should be treated, but recommen-
Symptomatic

— Pre-symptomatic ———— —

Clinically silent

Prodromal

I

Phenoconversion

Figure 1 Concept of phenoconversion for spinal muscular atrophy
(SMA) patients identified by newborn screening (NBS).3°
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dations regarding the treatment and management of
patients with 4 copies of SMN2 have been a subject of
discussion. The therapeutic window for the mild and very
mild forms has not yet been defined.3?

In the 1st expert consensus statement, published in
2018,>3 only half of the experts were supportive of early
treatment of patients with 4 copies of SMN2; therefore, a
wait-and-see strategy was recommended. Two years later,
the same working groupz‘4 published a revision in which 11
of the 12 experts on the panel recommended the early
treatment of children with 4 copies of SMN2. Based on the
limited available data, it is very likely that early treatment
will ensure normal motor development.” There is no con-
sensus and little data supporting the treatment of patients
with four or more than four copies.

The timing for treatment is important

In SMA, especially type-1 SMA, the symptoms appear very
quickly, and it is not uncommon for presymptomatic babies
evaluated at short intervals, such as 1 week, to show clear
signs and symptoms of the disease, like hypotonia or atypical
diaphragmatic breathing pattern. As long as there are no
markers that could differentiate early progressors from later
progressors, even a few days can make a difference, especial-
ly in patients with 2 copies of SMN2.?

Publications that share experiences from countries with
NBS for SMA have warned of the high percentage of patients
with 2 copies of SMN2 already showing symptoms of the
disease at the time of screening, raising the question that
even NBS is too late for patients with 2 copies. For example,
the rate of patients with 2 copies of SMN2 in the NBS who
already had symptoms of the disease reached 40% in Italy>>
and 47%% in Germany.z'6

In Germany,” out of 21 SMA patients identified in NBS
projects, only 12 (57%) presented completely-normal
development, reaching motor milestones in time and
having no bulbar or respiratory problems. Two patients
(9.5%) needed feeding via gastric tube, and 1 patient (4.8%)
had respiratory problems. Children with baseline CMAP
amplitude higher than 3 mV developed normally, reached
milestones within the normal age range, and did not show
any symptoms of SMA. The presence or absence of deep
tendon reflexes did not show a correlation with the
outcome in these patients.37

Therefore, the start of treatment in patients who under-
went NBS must be immediate, being considered a neurologi-
cal emergency, especially in newborns with 2 copies of
SMNZ2.

Economic burden of SMA and NBS impact

Cost and quality of life studies®® indicate that SMA has a
significant impact on the daily lives of patients and their
families, as well as on society, which bears the cost of health
care. The annual costs involving type-1 SMA range from
$75,047 to $196,429, not including the costs of disease-
modifying drug. The annual costs of late-onset SMA of types
2, 3, and 4, which are often pooled in health care cost
estimates, range from $27,157 to $82,474.38
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Previous studies>®~#0 have investigated the costs associ-
ated with the SMA treatment and the differences in costs
depending on the stage in which the treatment begins. The
overall costs were lower for patients who received treatment
after early testing compared to those who were treated after
presenting with symptoms.39'40 This highlights the impor-
tance of early patient identification and treatment in reduc-
ing the total societal costs of SMA, particularly where
treatments are available for both presymptomatic and post-
symptomatic patients.

Six medico-economic analyses have evaluated all the data
on lifetime and have shown that SMA NBS, when coupled
with early treatment, is cost-effective compared to late
treatment following clinical diagnosis.>~*4

NEWBORN SCREENING

What criteria are used to include a disease in the NBS?
In general, the criteria commonly used in screening pro-
grams follow those proposed by James Wilson and Gunnar
Jungner in 1968,% and are recommended by the World
Health Organization (WHO):%6

» The natural history of the disease must be well known;

« It is possible to identify the disease before the onset of
clinical manifestations;

 The possibility of treatment at an early stage should bring
greater benefits, compared to treatment after the clinical
manifestation of the disease;

» Existence of an adequate test for diagnosis at an early
stage, capable of being incorporated into routines for
diagnosing other diseases already incorporated in neona-
tal screening tests;

» The incidence of the disease must be high in the
population;

 The cost-to-benefit ratio of population screening must be
considered as well as its effectiveness; and

» There must be broad acceptance by the population.

NBS for SMA around the world

The rapid approval of multiple treatment options for SMA
over a short period has excited the community and chal-
lenged providers to implement new standard-of-care mod-
els. Prior to the approvals of the new therapies for SMA, the
treatment paradigms had evolved from a primarily palliative
or reactive approach to a more proactive care model with
attention to a multitude of needs, including respiratory,
nutritional, and orthopedic needs.?’ Consensus statements
on the standard of care, initially published in 2007 and
revised in 2018, reflect these changes.*’*° The effort to
include SMA in the NBS increased after the approval of
nusinersen and due to the growing evidence of better out-
comes in patients with earlier treatment.?? At the moment,
one of the most significant developments in the new models
of care for SMA is the implementation of NBS, which has been

Becker et al.

carried out in an increasing number of countries. In 2018, the
Advisory Committee on Heritable Disorders and Genetic
Diseases in Newborn and Children (ACHDNC), which is
part of the United States Department of Health and Human
Services, recommended the inclusion of SMA on the Recom-
mended Uniform Screening Panel (RUSP), and several Amer-
ican states have implemented NBS programs for SMA,
actually covering 100% of infants born in the United States.>°
In Europe, the SMA Newborn Screening Alliance was created
with the aim of implementing neonatal screening for SMA
across all European countries by 2025.°"

In this context, NBS programs for SMA have been imple-
mented in Taiwan, the United States, Belgium, Germany, Italy,
Australia, Canada, Japan, and, recently, Ukraine.>2-3>:36:52-62

Screening tests for SMA commonly involve the extraction
of DNA from samples of dried blood spot (DBS) and the use
of real-time quantitative PCR to determine the presence or
absence of the responsible gene, SMN1, although PCR and
digital PCR are also used.>* The diagnosis of SMA is con-
firmed based on the results of the MLPA assay using a
newly-collected blood sample (=Figure 2). In =Table 2,
information about NBS for SMA in various countries is
summarized.

Although rapid advances in therapeutics and genetic
screening technologies have driven recommendations for
pilot NBS for SMA programs in select jurisdictions, the
implementation of this type of screening continues to lag
globally. As of 2021, only 9 countries had implemented NBS
for SMA, with fewer than 2% of newborns across the world
screened for the condition.”*

| DBS sampling |
I

I Screening test based on q°PCR |

SMN1 absent?

1
; Yes:
NBS staff — child neurologist — parents
I

Pre-test counseling:
Informed consent signature
Clinical evaluation
Fresh blood drawing

I Confirmation test (MLPA) |

SMN1 absent?

No, false positive? |

Yes: molecular prognosis
Post-test counseling, clinical
re-evaluation

| SMN2<37? |

No, follow-up

| Yes, treatment | |

Figure 2 Workflow for the NBS program for SMA (modified by Abiusi
etal., 2023).3°
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Table 2 Details on NBS for SMA in different countries

Becker et al.

Region Countries Starting year % NB Screened
Americas United States (P) 2016 61-70%
Canada (P) 2020 31-40%
Europe Germany (P) 2018 11-20%
Belgium (P) 2018 45%
Italy (P) 2019 11-20%
Russia (P) 2019 <10%
Asia Taiwan (W) 2014 81-90%
Japan (P) 2020 < 10%
Oceania Australia (P) 2018 21-40%

Abbreviations: NB, newborn; NBS, newborn screening; P, part of country;

Source: Dangouloff et al. (2021 ).54

NBS in Brazil

In Brazil, the NBS started in 1976 through isolated initiatives.
The creation of the National NBS Program (Programa Nacio-
nal de Triagem Neonatal, in Portuguese) in 2001 has provided
a new perspective in the public health system,®> which was
implemented in all states by their Health Departments.
Currently, the Brazilian NBS program includes phenylketon-
uria, congenital hypothyroidism, sickle cell disease/other
hemoglobinopathies, cystic fibrosis, congenital adrenal hy-
perplasia, and biotinidase deficiency. The blood test is col-
lected between the third and fifth days of life at primary
health care settings or maternity hospitals.%

According to the NBS indicators made available by the
Brazilian Ministry of Health,> although the national cover-
age rate was of 82.53% in 2020, if we consider tests collected
up to the fifth day of life, the coverage drops to 58.3% in the
same year, and the median age of the newborn in days on the
date of the first medical appointment varied between 30 and
54 days.°

In May 2021, the Brazilian Congress enacted a law (no.
14,154) that expanded the screening from 6 to more than 50
diseases in 5 steps, including SMA, which should be part of
Brazilian NBS shortly. The steps published in this document
are:%®

 Step 1: phenylketonuria and other hyperphenylalanine-
mia, congenital hypothyroidism, sickle cell disease and
other hemoglobinopathies, cystic fibrosis, congenital ad-
renal hyperplasia, biotinidase deficiency, congenital
toxoplasmosis;

* Step 2: galactosemics, aminoacidopathies, urea cycle dis-
orders, fatty acid beta oxidation disorders;

* Step 3: lysosomal diseases;

* Step 4: primary immunodeficiencies; and

» Step 5: SMA 5q.

Currently, however, not all Brazilian states are in the same
step of the NBS. Most of states are in step 1 and some of them
are including new diseases in their NBS, in different sequen-
ces, based on their realities. To date, only the Federal District
of Brasilia and 1 out of the 26 Brazilian states (Minas Gerais)

Arquivos de Neuro-Psiquiatria  Vol. 82 No. 10/2024 © 2024. The Author(s).
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have already included SMA in the NBS, and 2 pilot studies
have been conducted.®’

What could be the challenges of NBS for SMA?
Several countries that have implemented NBS for SMA have
initiated the program through pilot studies, like the United
States, Germany, Belgium, Italy, and Australia. While in these
pilot studies a single laboratory performed the NBS using its
own well-established method and the notification and fol-
low-up care of the families was provided by few well-
connected centers, transition to a nationwide NBS program
could bring some new challenges. With appropriate prepa-
ration, it is possible to extend NBS without significant losses
in speed or quality.1

Dangouloff et al.>* reported the main obstacles encoun-
tered during the implementation of NBS for SMA: lack of
financial resources (55-68%), organizational issues (33-
21%), lack of equipment (22-29%), lack of government sup-
port (44-30%), and lack of human resources (11-29%). More-
over, they described the measures that could support NBS for
SMA: resources and support of the government (66-67%),
clear professional consensus at a national level (22-32%),
cost-benefit analysis (55-70%), long-term follow-up data on
the treatment of presymptomatic patients (55-53%), and
assistance with implementation practicalities.54

In Brazil, many of these obstacles and measures could be
quite similar. However, given the size of the country, we need
to understand that needs could be variable in different
regions. Currently, the Brazilian NBS has different levels of
coverage and steps of disease screening because of this
heterogeneity, and the inclusion of SMA 5q in the NBS should
be planned and organized respecting these regional pecu-
liarities. However, the main problems we should consider in
Brazil are:

* The SMN2 copy number assessment: it requires quantita-
tive methodologies that are not easily implemented in
most laboratories. Along these lines, surprising discor-
dance among laboratories (of around 40%) has been
reported. The development of shared guidelines to opti-
mize and standardize the reliability of SMN2 copy number
assessment among referral laboratories is very important,
as well as strengthening of the SMN2 collaborative
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networks between laboratory and clinical settings before
NBS implementation.®®

» Time required to receive the result of the screening test: it
can be variable based on the local organization for collec-
tion of the sample and laboratory structure;

» Time required to schedule the first appointment: it can be
variable based on the local organization in terms of
contacting the positive patients and laboratory structure.
At this stage, parents will be notified about the result and
significance of the screening test, they will receive infor-
mation about the disease, and the baby will be clinically
evaluated. A second sample will be collected for confir-
matory testing;

» Time required to receive the result of the confirmatory
test: it can be variable based on the local organization and
laboratory structure;

* Time required to schedule the second appointment: it can
also be variable based on the local conditions, availability
of the therapies, hospital structure and environment
conditions. At this stage, the parents will be informed
about the result of confirmatory test and about the
treatment based in the new therapies to support the
decision of which therapy to prescribe;

* Who will be treated and with which medication: although
most countries currently still treat babies screened with 1
to 3 copies of the SMN2 gene, there is a tendency to include
patients with 4 copies. It is important that this topic be
discussed with experts and defined as soon as possible, as in
the Federal District of Brasilia and in the state of Minas
Gerais screening for SMA has already started. The choice of
medication choice should be based on the Clinical Protocols
and Therapeutic Guidelines (Protocolos Clinicos e Diretrizes
Terapéuticas, PCDT, in Portuguese) of the National Com-
mittee for the Inclusion of Technology within the Brazilian
Unified Health System (Comissdo Nacional de Incorporac¢dao
de Tecnologias no Sistema Unico de Satide, CONITEC, in
Portuguese).69 Nevertheless, the faster the medication is
started, the better the prognosis;

* Maintenance of the treatment based on the therapy
chosen: we should consider the regular supply of thera-
pies that are continuous based on environmental and
economic conditions; and

» Follow-up of the patients: we should consider the avail-
ability of multidisciplinary teams in the follow-up of SMA
patients and environmental conditions.

In conclusion, the diagnostic journey in the case of a rare
disorder is usually very long and hard, especially considering
that SMA is a neurodegenerative disorder with a catastrophic
natural history. In order to achieve the best therapeutic
window in SMA, the diagnostic delay can be overcome
with a well-established SMA NBS program, which could yield
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remarkable therapeutic benefits for the patients and their
families, even if it is established with limited financial funds
in a more cost-effective way.

The Brazilian NBS needs to be developed based on the
conditions of each region, but it is also necessary to under-
stand the importance of starting the treatment as soon as
possible, ideally until 14 days of life, especially for patients
with 2 SMN2 copies. Implementing screening without en-
suring a complete program with access to early diagnosis and
treatment for asymptomatic babies would not only be ex-
pensive for the health system but mainly catastrophic for
babies and their families.

Expectations regarding the efficacy of the treatment
efficacy of screened babies must be aligned as soon as
possible between parents and pediatricians, who should
expalin that some patients could present some motor delay
or signs of weakness. It is extremely important that SMA
patients can be clinically monitored and treated in special-
ized reference centers.
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