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− Consultancy and educational activities for Biogen, Novartis, and Roche

− Chair of the Data Safety Monitoring Board for Biogen and Genethon
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History and Drug Development for SMA
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Spinal Muscular Atrophy (SMA) – Therapeutic Approaches

Splicing modification of SMN2 to increase

production of full-length SMN protein

− Antisense oligonucleotide (Nusinersen, Spinraza®)

Intrathecal administration every 4 month

− Small molecule (Risdiplam, Evrysdi®)

Oral application once daily

Addition of intact SMN1 gene

− AAV9 based gene therapy 

Onasemnogene abeparvovec, Zolgensma®

one-time intravenous application
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Cartegni et al. Nature Rev Genet 2002



Clinical trials for pre-symptomatic treatment

− NUTURE study started 2015 and enrolled 15 presymptomatic infants with 2 and 10 infants with 3 

copies of SMN2 treated pre-symptomatically with nusinersen (Crawford et al. Musc Nerve 2023)

− SPR1NT study started 2018 and enrolled 14 infants with 2 copies and 15 children with 3 copies of 

SMN2 treated pre-symptomatically with onasemnogene abeparvovec (Strauss et al. Nat Med 2022)

− RAINBOWFISH study started 2019 and enrolled 5 infants with 2 copies of SMN2 and 18 infants with 3 

or more copies of SMN2 treated pre-symptomatically with risdiplam (Servais et al. WMS 2024)
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Clinical trials for pre-symptomatic treatment
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Newborn screening for SMA – technical approach

− Genetic test for homozygous deletions of SMN1 (sensitivity about 95%)

− Quantitative PCR of DNA extracted from dry blood spot (DBS)

− Heterozygous carriers are not detected

− Specificity of the assays almost 100%

− Costs per sample around 5 EUR (about 50 000 EUR to detect a single case)
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Newborn screening for SMA – approach for positive cases

− Positive Screening confirmed by MLPA with determination of SMN2 copy number

− Treatment initiation dependent on SMN2 copy number

− Patients with ≤ 3 SMN2 copies ➜ immediate treatment initiation

− Patients with 4 SMN2 copies ➜ recommendation revised to timely treatment

− Patients with >4 SMN2 copies ➜ watch and wait strategy
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Newborn screening for SMA – 4 copies of SMN2
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Newborn Screening for SMA – real world experience
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Regional pilot project for newborn screening

276 infants born between Jan 2018 and Sept 2021

Parallel control group comparing patients diagnosed 

by screening and those diagnosed clinically

Schwarz et al. JAMA Pediatrics 2024



Newborn Screening for SMA – real world experience
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Newborn Screening for SMA – real world experience
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Newborn screening for SMA – cost effectiveness
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Newborn screening for SMA – implementation
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Newborn screening for SMA – implementation
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https://www.sma-screening-alliance.org/map



Conclusions and Challenges

− Clinical trials for all three disease modifying treatments have shown that treatment initiation in 

the pre-symptomatic phase is associated with significantly better outcome.

− Real-world experience with newborn screening has shown that about 30-40% of patients with 2 

SMN2 copies are already symptomatic when diagnosed and this is associated with poorer 

outcome.

− Cost effectiveness of newborn screening for SMA has been shown for several European countries.

− Additional efforts are needed to further make NBS and treatments available to all infants and to 

reduce the time between diagnosis and treatment initiation.

− Patients with 2 copies of SMN2 often remain with significant disease burden. Additional efforts 

are needed to  improve outcome (e.g. early/prenatal tx, bridging tx).

− Long term observational studies are needed to monitor long-term effectiveness and safety of 

NBS and pre-symptomatic treatment initiation in different cohorts.
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Thank you!

SMArtCARE study team Freiburg

Members of the SMArtCARE Steering Committee

Investigators and evaluators at participating centres

Clinical Trials Unit Freiburg

Harald Binder, Michelle Pfaffenlehner, Max Behrens

Institute of Medical Biometry and Statistics (IMBI)
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All contributing patients and families

Biogen, Novartis, and Roche

for their support
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