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Timing is everything:
Clinical evidence supports pre-symptomatic
treatment for spinal muscular atrophy
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Two new studies by Strauss et al. demonstrated safe and effective pre-symptomatic delivery of gene therapy
in children with spinal muscular atrophy (SMA).1,2 These results highlight the importance of newborn
screening programs and early therapy delivery for SMA.
Spinal muscular atrophy (SMA) arises

from homozygous loss of the Survival Mo-

tor Neuron 1 (SMN1) gene. This causes

degeneration of lower motor neurons

and muscle atrophy, as well as an array

of systemic defects. In most cases, pa-

tients suffer from the severe subtype of

the disease, SMA type I. Without treat-

ment, symptoms present within six

months after birth and no major motor

milestone is reached. Historically, infants

would not survive past the age of two. Hu-

mans have an additional copy of SMN1,

called SMN2, which is alternatively

spliced and only produces about ten

percent of the full-length, functional

SMN protein. Copy number of SMN2

varies in SMA patients, making this gene

an important modifier of disease severity.

The past decade has brought tremen-

dous therapeutic advances for treating

SMA. Three therapies are now available,

each with a distinct mechanism of action

and delivery strategy, and each providing

a precious disease-modifying treatment.3

Nusinersen (Spinraza), an antisense

oligonucleotide targeting SMN2, was

approved by the FDA in December 2016.

Onasemnogene abeparvovec (Zolgen-

sma) was approved a couple of years later

and is a gene-replacement therapy. Also

targeting SMN2, the small molecule risdi-

plam (Evrysdi) is the most recently

approved SMN-dependent therapy for

SMA. The elevated price tag of these

treatments ($2.1 million for a single injec-

tion of Zolgensma, $750 000 for the first

year of treatment with Spinraza, and up

to $340 000 per year for Evrysdi) is in
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part justified by their lifesaving and life-

quality-improving capacity. While pa-

tients who respond well to treatment

reach motor milestones never thought

possible, benefits can vary widely. Now

that such treatments are available, impor-

tant questions surrounding the optimal

timing and route of administration need

to be addressed.

A growing number of studies indicate

that SMA has a strong developmental

component. Indeed, the SMN protein is

crucial for—and expressed at high levels

throughout—development in the nervous

system, with levels decreasing after

birth.4 A wealth of preclinical data has

shown that the therapeutic time-window

to treat SMA is narrow.5 Pathological de-

fects have been described prenatally

and point to developmental phenomena

underlying motor neuron degeneration

and systemic phenotypes.6,7 In mouse

models, early treatment increases the

chances of extending survival and

improving motor functions. In the clinic,

interim results from the phase II

NURTURE trial already provided precious

information confirming this effect in SMA

patients.8 Starting nusinersen treatment

pre-symptomatically in infants with two

or three copies of SMN2 provided signifi-

cantly improved outcomes compared

to treatment initiated in symptomatic

patients.

Twin papers published in Nature

Medicine in June 2022 describe the re-

sults of SPR1NT, a phase III clinical trial

for onasemnogene abeparvovec.1,2 This

single-dose intravenous gene-replace-
Cell Reports Med
ticle under the CC BY-NC-ND license (http://cr
ment therapy delivers anSMN1 transgene

using a modified AAV9 vector. In

SPR1NT, the treatment was tested for

safety and efficacy in pre-symptomatic in-

fants at risk of developing SMA type I or II

(with two or three copies of SMN2,

respectively). This study follows up the

original trial for onasemnogene abeparvo-

vec in 15 symptomatic SMA type I pa-

tients.9 Following prenatal or newborn

genetic confirmation of biallelic deletion

of SMN1, 14 infants with two copies of

SMN2 and 15 infants with three copies

of SMN2 were treated at %6 weeks of

life, before symptom onset. The results

from SPR1NT show that neonates treated

pre-symptomatically achieved greater

and earlier developmental milestones

than untreated patients and patients

treated once symptomatic. While the co-

horts were small, the findings are un-

equivocal: treatment needs to be started

as early as possible to maximize thera-

peutic benefits.

Newborn screening (NBS) is likely to be

key for the delivery of such early treat-

ment, but many countries who have the

therapies available do not yet include

SMA in their NBS programs. Australia,

Belgium, Canada, Germany, Italy, Japan,

and Taiwan have all implemented NBS

programs for SMA as have 46 states in

the US.1,10 All infants included in the

SPR1NT trial were screened by NBS or

prenatal testing. As well as increasing

therapeutic efficacy, another benefit of

pre-symptomatic treatment—and thus

NBS—may be to alleviate the high finan-

cial costs arising from living with severe
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SMA. For example, one study investi-

gating Australian NBS programs revealed

that the cost of NBS coupled with early

gene therapy fell well within accepted

thresholds for willingness-to-pay.10

The publications by Strauss et al. pro-

vide the first direct clinical evidence that

pre-symptomatic treatment with gene

therapy enhances its therapeutic efficacy

in infants with SMA type I and II. This

should encourage the SMA community

and stakeholders to consider pre-symp-

tomatic timing as optimal for therapy de-

livery and provide support to convince

policy makers of the importance and

value of NBS for SMA.

DECLARATION OF INTERESTS

T.H.G. has provided consultancy and advisory

services concerning SMA therapies to Roche and

Novartis. T.H.G. is chair of the clinical & scientific

advisory board of SMA Europe.

REFERENCES

1. Strauss, K.A., Farrar, M.A., Muntoni, F., Saito,

K., Mendell, J.R., Servais, L., McMillan, H.J.,

Finkel, R.S., Swoboda, K.J., Kwon, J.M.,

et al. (2022). Onasemnogene abeparvovec for

presymptomatic infants with two copies of

SMN2 at risk for spinal muscular atrophy

type 1: the Phase III SPR1NT trial. Nat. Med.
2 Cell Reports Medicine 3, 100725, August 16
28, 1381–1389. https://doi.org/10.1038/

s41591-022-01866-4.

2. Strauss, K.A., Farrar, M.A., Muntoni, F., Saito,

K., Mendell, J.R., Servais, L., McMillan, H.J.,

Finkel, R.S., Swoboda, K.J., Kwon, J.M.,

et al. (2022). Onasemnogene abeparvovec for

presymptomatic infants with three copies of

SMN2 at risk for spinal muscular atrophy: the

Phase III SPR1NT trial. Nat. Med. 28, 1390–

1397. https://doi.org/10.1038/s41591-022-

01867-3.

3. Chaytow, H., Faller, K.M., Huang, Y.T., and

Gillingwater, T.H. (2021). Spinal muscular atro-

phy: from approved therapies to future thera-

peutic targets for personalized medicine. Cell

Reports Medicine 2. 100346. https://doi.org/

10.1016/j.xcrm.2021.100346.

4. Ramos, D.M., d’Ydewalle, C., Gabbeta, V.,

Dakka, A., Klein, S.K., Norris, D.A., Matson,

J., Taylor, S.J., Zaworski, P.G., Prior, T.W.,

et al. (2019). Age-dependent SMN expression

in disease-relevant tissue and implications for

SMA treatment. J. Clin. Invest. 129, 4817–

4831. https://doi.org/10.1172/jci124120.

5. Govoni, A., Gagliardi, D., Comi, G.P., and

Corti, S. (2018). Time is motor neuron: thera-

peutic window and its Correlation with Patho-

genetic mechanisms in spinal muscular atro-

phy. Mol. Neurobiol. 55, 6307–6318. https://

doi.org/10.1007/s12035-017-0831-9.

6. Kong, L., Valdivia, D.O., Simon, C.M., Has-

sinan, C.W., Delestree, N., Ramos, D.M.,

Park, J.H., Pilato, C.M., Xu, X., Crowder, M.,

et al. (2021). Impaired prenatal motor axon
, 2022
development necessitates early therapeutic

intervention in severe SMA. Sci. Transl. Med.

13, eabb6871. https://doi.org/10.1126/sci-

translmed.abb6871.

7. Motyl, A.A.L., Faller, K.M.E., Groen, E.J.N.,

Kline, R.A., Eaton, S.L., Ledahawsky, L.M.,

Chaytow, H., Lamont, D.J., Wishart, T.M.,

Huang, Y.T., and Gillingwater, T.H. (2020).

Pre-natal manifestation of systemic develop-

mental abnormalities in spinal muscular atro-

phy. Hum. Mol. Genet. 29, 2674–2683.

https://doi.org/10.1093/hmg/ddaa146.

8. De Vivo, D.C., Bertini, E., Swoboda, K.J., Hwu,

W.L., Crawford, T.O., Finkel, R.S., Kirschner,

J., Kuntz, N.L., Parsons, J.A., Ryan, M.M.,

et al. (2019). Nusinersen initiated in infants dur-

ing the presymptomatic stage of spinal

muscular atrophy: interim efficacy and safety

results from the Phase 2 NURTURE study.

Neuromuscul. Disord. 29, 842–856. https://

doi.org/10.1016/j.nmd.2019.09.007.

9. Mendell, J.R., Al-Zaidy, S., Shell, R., Arnold,

W.D., Rodino-Klapac, L.R., Prior, T.W., Lowes,

L., Alfano, L., Berry, K., Church, K., et al.

(2017). Single-dose gene-replacement ther-

apy for spinal muscular atrophy. N. Engl. J.

Med. 377, 1713–1722. https://doi.org/10.

1056/nejmoa1706198.

10. Shih, S.T., Farrar, M.A., Wiley, V., and Cham-

bers, G. (2021). Newborn screening for spinal

muscular atrophy with disease-modifying ther-

apies: a cost-effectiveness analysis. J. Neurol.

Neurosurg. Psychiatry 92, 1296–1304. https://

doi.org/10.1136/jnnp-2021-326344.

https://doi.org/10.1038/s41591-022-01866-4
https://doi.org/10.1038/s41591-022-01866-4
https://doi.org/10.1038/s41591-022-01867-3
https://doi.org/10.1038/s41591-022-01867-3
https://doi.org/10.1016/j.xcrm.2021.100346
https://doi.org/10.1016/j.xcrm.2021.100346
https://doi.org/10.1172/jci124120
https://doi.org/10.1007/s12035-017-0831-9
https://doi.org/10.1007/s12035-017-0831-9
https://doi.org/10.1126/scitranslmed.abb6871
https://doi.org/10.1126/scitranslmed.abb6871
https://doi.org/10.1093/hmg/ddaa146
https://doi.org/10.1016/j.nmd.2019.09.007
https://doi.org/10.1016/j.nmd.2019.09.007
https://doi.org/10.1056/nejmoa1706198
https://doi.org/10.1056/nejmoa1706198
https://doi.org/10.1136/jnnp-2021-326344
https://doi.org/10.1136/jnnp-2021-326344

	Timing is everything: Clinical evidence supports pre-symptomatic treatment for spinal muscular atrophy
	References


