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vidence of benefit is often viewed differently by regulators, clinicians, and patient communities.
This is especially true in rare disease. Newborn screening (NBS) for spinal muscular atrophy (SMA)

has been gradually implemented worldwide, yet is not universally available.1 There is no doubt that ini-
tiating disease-modifying therapy (DMT) earlier in newborns who will otherwise develop symptoms of
SMA in infancy or childhood results in improved outcomes.2 The magnitude of this benefit is dependent
on SMN2 copy number, clinical condition at treatment onset, and time to treatment initiation. In this
context, improving the processes to remove barriers for rapid diagnosis confirmation and treatment on-
set is key. However, not all newborns identified with SMA will develop symptoms in childhood; this is
especially true for those with 4 or more copies of SMN2. While genetic confirmation of SMA is relatively
easy and approximately 96% of patients can be diagnosed with simple qualitative assays,1  SMN2 copy
number determination requires quantitative methods that are not easily implemented in most laborato-
ries. A discrepancy of up to 69% between laboratories3,4 or even within the same laboratory in the as-
sessment of copy numbers has been shown, especially with higher SMN2 copy numbers, which calls for
in-depth research into the impact of the SMN2 genotype on response to treatment.5 In the 4% of indi-
viduals with SMA who have mutations not detectable by polymerase chain reaction–based NBS, diag-
nostic delays will possibly get longer with reduced experience of clinicians to recognize early signs of
SMA. Whole-genome sequencing–based NBS could potentially enable detection of these individuals in
the future.
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Weighing the potential for harm and creating a realistic health economic model are dependent on good
data. The best evidence would be generated from the perfect counterfactual model, where time travel
would enable the same infants to undergo or not undergo NBS and have the outcome measured, but
this is unattainable. Without time travel, the method used to ensure the 2 experimental groups are in-
terchangeable is randomization. Short of this, presymptomatic SMA pivotal trials have used a historic
comparator group of symptomatic infants. While this approach provides a clinically intuitive comparison
point, especially when objective outcomes are used, there is a risk of bias limiting the internal validity
of these studies. Historic cohorts differ substantially from the experimental group—as clinical standards
have significantly evolved over time, time to diagnosis has potentially shortened, and historic cohorts
would not include newborns who did not develop symptoms in childhood. In addition, approximately
40% of infants identified by NBS with 2 copies of SMN2 present with symptoms at the time of treat-
ment2,6 and would not have been included in presymptomatic trials.

In rare disease, there is lost opportunity to inform clinical decisions when data are not systematically
captured from clinical encounters. While registry data can be fraught with methodological challenges
that often reduce their consideration in regulatory decisions, the Registry Evaluation and Quality
Standards Tool (REQUEST) is available to guide evidence developers to optimize their data quality and
ensure their data can be used for this purpose.7 SMARTCARE provides a platform to collect longitudinal
routine clinical data on patients with SMA in Germany, Austria, and Switzerland and presents an excel-
lent model. It is financed by industry, with explicit contracts giving the investigators full oversight and
ownership of the data generated and published while enabling industry to fulfill their duty in continu-
ing long-term data collection after approval.

The SMARTCARE study group present an important addition to the body of evidence supporting NBS
for SMA by looking at real-world effectiveness of NBS.8 Effectiveness will include infants who are treat-
ed late and are already symptomatic, ie, infants who would have otherwise been excluded from the
presymptomatic clinical trials. When counseling families of infants identified through SMA NBS pro-
grams or when building a health economic model for these programs, it is important to consider poten-
tial outcomes based on effectiveness studies rather than efficacy in presymptomatic treatment trials.
Although no randomized trial of newborns with SMA will ethically ever be conducted, a parallel group
comparison within comparable populations with similar health care access is the best available evidence
to inform these decisions. In Germany, a pilot NBS program in 2 regions enabled a nonrandomized ex-
perimental cohort study at a time when the registry platform was already in place to capture outcomes
systematically. The authors rightfully argue that infants born across Germany were interchangeable and
the care standards were reasonably similar across the country. While the NBS cohort demonstrated
clear benefit compared with the clinical symptom onset (CSO) cohort (40% of patients with NBS can
walk independently at 18 months compared with 5% in the CSO cohort), none of the infants in the NBS
cohort who already demonstrated symptoms before treatment initiation attained independent ambula-
tion by 18 months. Shortening time to treatment in infants with 2 SMN2 copies is needed to optimize
outcomes, as many have motor neuron loss beginning in the third trimester of pregnancy. Treatment
choice in both cohorts showed approximately two-thirds receiving onasemnogene abeparvovec either
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by itself or after a bridge with nusinersen (28 of 44 in the NBS cohort and 138 of 190 in the CSO
cohort), with a greater number of adverse events noted in the CSO cohort, some needing hospitaliza-
tion. Although most countries provide no further DMTs accessed after onasemnogene abeparvovec,
with expected long-term effects in nonreplicating motor neurons, longer-term follow-up of the
SMARTCARE cohorts will be valuable to demonstrate variations in treatment choices after onasemno-
gene abeparvovec.

The SMARTCARE study also contributes data that can inform the estimation of direct medical cost-sav-
ing in the group of patients identified by NBS. Of note, data to inform estimation of nonmedical or indi-
rect costs, which account for a major part of SMA-related costs, were not reported. The cost of DMTs
for SMA is very high; however, the cost of symptom management over a lifetime is even higher.9

Patients identified by NBS in Germany were approximately 10 times less likely to receive no ventilatory
support at the end of follow-up vs 8.4% in the other group who required permanent ventilation sup-
port. Increased cost in patients after symptom onset and not through NBS will also result from hospi-
talizations, which are 3.8 times more frequent. Similar estimation can be conducted on the cost of nu-
tritional support, which was 12 times less frequent in the NBS group in Germany. Equipment needs can
be estimated by the percentage of patients who have achieved and maintained the ability to walk inde-
pendently, which is approximately 4 times higher in the NBS group. It is very likely that other direct
costs will be similarly favorable for the NBS cohorts in the future, such as scoliosis management, which
will be incurred at a later age. Altogether, these data support the recent health economic models that
demonstrated a negative incremental cost-effectiveness ratio of SMA NBS when compared with costs
associated with delayed diagnosis after symptom onset. In other words, years of life and quality of life
saved by NBS not only do not cost money but also save money for the community.10-14

Immediate implementation of NBS in countries where DMT is available for SMA constitutes a medical,
ethical, and economic emergency. It is also a matter of equity, as diagnostic delays are impacted by
both geographic and socioeconomic factors and NBS offers more equitable access to diagnosis and care.
The next step is the identification of patients with point mutations, which can be achieved by whole-
genome sequencing, a method of screening that is currently implemented in several pilot studies.15 For
couples who choose to carry the affected pregnancy, noninvasive in utero testing could lead to thera-
peutic trials for in utero treatment or to elective late prematurity to allow treatment initiation before
permanent loss of motor neurons occurs.16 The worldwide universal implementation of NBS, as well as
optimization of the current NBS strategy, will be driven by evidence-based consensus. This carefully
conducted SMARTCARE study unequivocally demonstrates the middle-term benefit of NBS at both the
individual and community levels.

Corresponding Author: Maryam Oskoui, MDCM, MSc, Montreal Children’s Hospital, 1001 Décarie Blvd,
Room B05.2248, Montreal, QC H4A 3J1, Canada (maryam.oskoui@mcgill.ca).

Back to topArticle Information

Advertisement

26/08/2024 10:02 Universal Newborn Screening for Spinal Muscular Atrophy | Neurology | JAMA Pediatrics | JAMA Network

https://jamanetwork.com/journals/jamapediatrics/fullarticle/2817306?guestAccessKey=928ad8fe-0d43-49f3-a3e0-358d98d30318&utm_source=jps&utm_mediu… 3/8

mailto:maryam.oskoui@mcgill.ca


1.

2.

3.

4.

5.

6.

7.

Published Online: April 8, 2024. doi:10.1001/jamapediatrics.2024.0489

Conflict of Interest Disclosures: Dr Oskoui reported grants from Roche, Novartis, and Biogen outside
the submitted work. Dr Dangouloff reported grants for Project NBS SMA from Biogen, Roche, and
Novartis, and lecture fees from Novartis, Roche, and Biogen outside the submitted work. Dr Servais re-
ported personal fees and grants from Roche, Biogen, Novartis, Scholar Rock, BioHaven, and Zentech,
and personal fees from Illumina outside the submitted work. No other disclosures were reported.

Dangouloff  T , Vrščaj  E , Servais  L , Osredkar  D ; SMA NBS World Study Group.  Newborn screen-
ing programs for spinal muscular atrophy worldwide: where we stand and where to go.    Neuro-
muscul Disord. 2021;31(6):574�582. doi:10.1016/j.nmd.2021.03.007
PubMed | Google Scholar | Crossref

Aragon-Gawinska  K , Mouraux  C , Dangouloff  T , Servais  L .  Spinal muscular atrophy treatment in
patients identified by newborn screening: a systematic review.    Genes (Basel). 2023;14(7):1377.
doi:10.3390/genes14071377
PubMed | Google Scholar | Crossref

Schorling  DC , Becker  J , Pechmann  A , Langer  T , Wirth  B , Kirschner  J .  Discrepancy in redeter-
mination of SMN2 copy numbers in children with SMA.    Neurology. 2019;93(6):267�269.
doi:10.1212/WNL.0000000000007836
PubMed | Google Scholar | Crossref

Dangouloff  T , Boemer  F , Dideberg  V , Caberg  JH , Servais  L .  Reader response: discrepancy in re-
determination of SMN2 copy numbers in children with SMA.    Neurology. 2020;95(3):144�145.
doi:10.1212/WNL.0000000000009907
PubMed | Google Scholar | Crossref

Abiusi  E , Costa-Roger  M , Bertini  ES , Tiziano  FD , Tizzano  EF ; all participants.  270th ENMC
International Workshop: Consensus for SMN2 genetic analysis in SMA patients 10�12 March,
2023, Hoofddorp, the Netherlands.    Neuromuscul Disord. 2024;34:114�122.
doi:10.1016/j.nmd.2023.12.008
PubMed | Google Scholar | Crossref

Pane  M , Donati  MA , Cutrona  C ,  et al.  Neurological assessment of newborns with spinal muscu-
lar atrophy identified through neonatal screening.    Eur J Pediatr. 2022;181(7):2821�2829.
doi:10.1007/s00431�022�04470�3
PubMed | Google Scholar | Crossref

Allen  A , Patrick  H , Ruof  J ,  et al.  Development and pilot test of the registry evaluation and
quality standards tool: an information technology-based tool to support and review registries.  
 Value Health. 2022;25(8):1390�1398. doi:10.1016/j.jval.2021.12.018

References

26/08/2024 10:02 Universal Newborn Screening for Spinal Muscular Atrophy | Neurology | JAMA Pediatrics | JAMA Network

https://jamanetwork.com/journals/jamapediatrics/fullarticle/2817306?guestAccessKey=928ad8fe-0d43-49f3-a3e0-358d98d30318&utm_source=jps&utm_mediu… 4/8

http://dx.doi.org/10.1016/j.nmd.2021.03.007
https://www.ncbi.nlm.nih.gov/pubmed/33985857
https://scholar.google.com/scholar_lookup?title=Newborn%20screening%20programs%20for%20spinal%20muscular%20atrophy%20worldwide%3A%20where%20we%20stand%20and%20where%20to%20go.&author=T%20Dangouloff&author=E%20Vr%C5%A1%C4%8Daj&author=L%20Servais&author=D%20Osredkar&publication_year=2021&journal=Neuromuscul%20Disord&volume=31&pages=574-582
https://doi.org/10.1016/j.nmd.2021.03.007
http://dx.doi.org/10.3390/genes14071377
https://www.ncbi.nlm.nih.gov/pubmed/37510282
https://scholar.google.com/scholar_lookup?title=Spinal%20muscular%20atrophy%20treatment%20in%20patients%20identified%20by%20newborn%20screening%3A%20a%20systematic%20review.&author=K%20Aragon-Gawinska&author=C%20Mouraux&author=T%20Dangouloff&author=L%20Servais&publication_year=2023&journal=Genes%20%28Basel%29&volume=14&pages=1377
https://doi.org/10.3390/genes14071377
http://dx.doi.org/10.1212/WNL.0000000000007836
https://www.ncbi.nlm.nih.gov/pubmed/31235659
https://scholar.google.com/scholar_lookup?title=Discrepancy%20in%20redetermination%20of%20SMN2%20copy%20numbers%20in%20children%20with%20SMA.&author=DC%20Schorling&author=J%20Becker&author=A%20Pechmann&author=T%20Langer&author=B%20Wirth&author=J%20Kirschner&publication_year=2019&journal=Neurology&volume=93&pages=267-269
https://doi.org/10.1212/WNL.0000000000007836
http://dx.doi.org/10.1212/WNL.0000000000009907
https://www.ncbi.nlm.nih.gov/pubmed/32690780
https://scholar.google.com/scholar_lookup?title=Reader%20response%3A%20discrepancy%20in%20redetermination%20of%20SMN2%20copy%20numbers%20in%20children%20with%20SMA.&author=T%20Dangouloff&author=F%20Boemer&author=V%20Dideberg&author=JH%20Caberg&author=L%20Servais&publication_year=2020&journal=Neurology&volume=95&pages=144-145
https://doi.org/10.1212/WNL.0000000000009907
http://dx.doi.org/10.1016/j.nmd.2023.12.008
https://www.ncbi.nlm.nih.gov/pubmed/38183850
https://scholar.google.com/scholar_lookup?title=270th%20ENMC%20International%20Workshop%3A%20Consensus%20for%20SMN2%20genetic%20analysis%20in%20SMA%20patients%2010-12%20March%2C%202023%2C%20Hoofddorp%2C%20the%20Netherlands.&author=E%20Abiusi&author=M%20Costa-Roger&author=ES%20Bertini&author=FD%20Tiziano&author=EF%20Tizzano&publication_year=2024&journal=Neuromuscul%20Disord&volume=34&pages=114-122
https://doi.org/10.1016/j.nmd.2023.12.008
http://dx.doi.org/10.1007/s00431-022-04470-3
https://www.ncbi.nlm.nih.gov/pubmed/35522315
https://scholar.google.com/scholar_lookup?title=Neurological%20assessment%20of%20newborns%20with%20spinal%20muscular%20atrophy%20identified%20through%20neonatal%20screening.&author=M%20Pane&author=MA%20Donati&author=C%20Cutrona&publication_year=2022&journal=Eur%20J%20Pediatr&volume=181&pages=2821-2829
https://doi.org/10.1007/s00431-022-04470-3
http://dx.doi.org/10.1016/j.jval.2021.12.018


8.

9.

10.

11.

12.

13.

14.

15.

16.

PubMed | Google Scholar | Crossref

Schwartz  O , Vill  K , Pfaffenlehner  M ,  et al; SMARTCARE Study Group.  Clinical effectiveness of
newborn screening for spinal muscular atrophy: a nonrandomized controlled trial.    JAMA Pediatr.
Published online April 8, 2024. doi:10.1001/jamapediatrics.2024.0492
Article | Google Scholar | Crossref

Dangouloff  T , Botty  C , Beaudart  C , Servais  L , Hiligsmann  M .  Systematic literature review of
the economic burden of spinal muscular atrophy and economic evaluations of treatments.    Or-
phanet J Rare Dis. 2021;16(1):47. doi:10.1186/s13023�021�01695�7
PubMed | Google Scholar | Crossref

Dangouloff  T , Hiligsmann  M , Deconinck  N ,  et al.  Financial cost and quality of life of patients
with spinal muscular atrophy identified by symptoms or newborn screening.    Dev Med Child
Neurol. 2023;65(1):67�77. doi:10.1111/dmcn.15286
PubMed | Google Scholar | Crossref

Shih  STF , Keller  E , Wiley  V , Farrar  MA , Wong  M , Chambers  GM .  Modelling the cost-effective-
ness and budget impact of a newborn screening program for spinal muscular atrophy and severe
combined immunodeficiency.    Int J Neonatal Screen. 2022;8(3):45. doi:10.3390/ijns8030045
PubMed | Google Scholar | Crossref

Wang  T , Scuam  P , Byrnes  J , Downes  M .  Cost-effectiveness analysis of gene-based therapies
for patients with spinal muscular atrophy type I in Australia.    J Neurol. 2022;269(12):6544-
6554. doi:10.1007/s00415�022�11319�0
PubMed | Google Scholar | Crossref

Weidlich  D , Servais  L , Kausar  I , Howells  R , Bischof  M .  Cost-effectiveness of newborn screen-
ing for spinal muscular atrophy in England.    Neurol Ther. 2023;12(4):1205�1220.
doi:10.1007/s40120�023�00489�2
PubMed | Google Scholar | Crossref

Dangouloff  T , Thokala  P , Stevenson  MD ,  et al.  Cost-effectiveness of spinal muscular atrophy
newborn screening based on real-world data in Belgium.    Neuromuscul Disord. 2024;34:61�67.
doi:10.1016/j.nmd.2023.11.013
PubMed | Google Scholar | Crossref

The Lancet.  Genomic newborn screening: current concerns and challenges.    Lancet.
2023;402(10398):265. doi:10.1016/S0140�6736(23)01513�1
PubMed | Google Scholar | Crossref

Parks  M , Court  S , Bowns  B ,  et al.  Non-invasive prenatal diagnosis of spinal muscular atrophy
by relative haplotype dosage.    Eur J Hum Genet. 2017;25(4):416�422. doi:10.1038/ejhg.2016.195
PubMed | Google Scholar | Crossref

26/08/2024 10:02 Universal Newborn Screening for Spinal Muscular Atrophy | Neurology | JAMA Pediatrics | JAMA Network

https://jamanetwork.com/journals/jamapediatrics/fullarticle/2817306?guestAccessKey=928ad8fe-0d43-49f3-a3e0-358d98d30318&utm_source=jps&utm_mediu… 5/8

https://www.ncbi.nlm.nih.gov/pubmed/35277336
https://scholar.google.com/scholar_lookup?title=Development%20and%20pilot%20test%20of%20the%20registry%20evaluation%20and%20quality%20standards%20tool%3A%20an%20information%20technology-based%20tool%20to%20support%20and%20review%20registries.&author=A%20Allen&author=H%20Patrick&author=J%20Ruof&publication_year=2022&journal=Value%20Health&volume=25&pages=1390-1398
https://doi.org/10.1016/j.jval.2021.12.018
http://jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2024.0492
https://jamanetwork.com/journals/jamapediatrics/fullarticle/2817302
https://scholar.google.com/scholar_lookup?title=Clinical%20effectiveness%20of%20newborn%20screening%20for%20spinal%20muscular%20atrophy%3A%20a%20nonrandomized%20controlled%20trial.&author=O%20Schwartz&author=K%20Vill&author=M%20Pfaffenlehner&publication_year=2024&journal=JAMA%20Pediatr&volume=&pages=
https://doi.org/10.1001/jamapediatrics.2024.0492
http://dx.doi.org/10.1186/s13023-021-01695-7
https://www.ncbi.nlm.nih.gov/pubmed/33485382
https://scholar.google.com/scholar_lookup?title=Systematic%20literature%20review%20of%20the%20economic%20burden%20of%20spinal%20muscular%20atrophy%20and%20economic%20evaluations%20of%20treatments.&author=T%20Dangouloff&author=C%20Botty&author=C%20Beaudart&author=L%20Servais&author=M%20Hiligsmann&publication_year=2021&journal=Orphanet%20J%20Rare%20Dis&volume=16&pages=47
https://doi.org/10.1186/s13023-021-01695-7
http://dx.doi.org/10.1111/dmcn.15286
https://www.ncbi.nlm.nih.gov/pubmed/35673937
https://scholar.google.com/scholar_lookup?title=Financial%20cost%20and%20quality%20of%20life%20of%20patients%20with%20spinal%20muscular%20atrophy%20identified%20by%20symptoms%20or%20newborn%20screening.&author=T%20Dangouloff&author=M%20Hiligsmann&author=N%20Deconinck&publication_year=2023&journal=Dev%20Med%20Child%20Neurol&volume=65&pages=67-77
https://doi.org/10.1111/dmcn.v65.1
http://dx.doi.org/10.3390/ijns8030045
https://www.ncbi.nlm.nih.gov/pubmed/35892475
https://scholar.google.com/scholar_lookup?title=Modelling%20the%20cost-effectiveness%20and%20budget%20impact%20of%20a%20newborn%20screening%20program%20for%20spinal%20muscular%20atrophy%20and%20severe%20combined%20immunodeficiency.&author=STF%20Shih&author=E%20Keller&author=V%20Wiley&author=MA%20Farrar&author=M%20Wong&author=GM%20Chambers&publication_year=2022&journal=Int%20J%20Neonatal%20Screen&volume=8&pages=45
https://doi.org/10.3390/ijns8030045
http://dx.doi.org/10.1007/s00415-022-11319-0
https://www.ncbi.nlm.nih.gov/pubmed/35980467
https://scholar.google.com/scholar_lookup?title=Cost-effectiveness%20analysis%20of%20gene-based%20therapies%20for%20patients%20with%20spinal%20muscular%20atrophy%20type%20I%20in%20Australia.&author=T%20Wang&author=P%20Scuffham&author=J%20Byrnes&author=M%20Downes&publication_year=2022&journal=J%20Neurol&volume=269&pages=6544-6554
https://doi.org/10.1007/s00415-022-11319-0
http://dx.doi.org/10.1007/s40120-023-00489-2
https://www.ncbi.nlm.nih.gov/pubmed/37222861
https://scholar.google.com/scholar_lookup?title=Cost-effectiveness%20of%20newborn%20screening%20for%20spinal%20muscular%20atrophy%20in%20England.&author=D%20Weidlich&author=L%20Servais&author=I%20Kausar&author=R%20Howells&author=M%20Bischof&publication_year=2023&journal=Neurol%20Ther&volume=12&pages=1205-1220
https://doi.org/10.1007/s40120-023-00489-2
http://dx.doi.org/10.1016/j.nmd.2023.11.013
https://www.ncbi.nlm.nih.gov/pubmed/38150893
https://scholar.google.com/scholar_lookup?title=Cost-effectiveness%20of%20spinal%20muscular%20atrophy%20newborn%20screening%20based%20on%20real-world%20data%20in%20Belgium.&author=T%20Dangouloff&author=P%20Thokala&author=MD%20Stevenson&publication_year=2024&journal=Neuromuscul%20Disord&volume=34&pages=61-67
https://doi.org/10.1016/j.nmd.2023.11.013
http://dx.doi.org/10.1016/S0140-6736(23)01513-1
https://www.ncbi.nlm.nih.gov/pubmed/37481265
https://scholar.google.com/scholar_lookup?title=Genomic%20newborn%20screening%3A%20current%20concerns%20and%20challenges.&publication_year=2023&journal=Lancet&volume=402&pages=265
https://doi.org/10.1016/S0140-6736(23)01513-1
http://dx.doi.org/10.1038/ejhg.2016.195
https://www.ncbi.nlm.nih.gov/pubmed/28120840
https://scholar.google.com/scholar_lookup?title=Non-invasive%20prenatal%20diagnosis%20of%20spinal%20muscular%20atrophy%20by%20relative%20haplotype%20dosage.&author=M%20Parks&author=S%20Court&author=B%20Bowns&publication_year=2017&journal=Eur%20J%20Hum%20Genet&volume=25&pages=416-422
https://doi.org/10.1038/ejhg.2016.195

