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Summary
Background The advent of disease-modifying treatments (DMT) has changed natural history in 5q Spinal muscular atrophy
(SMA). The aim of this study was to report survival and functional aspects in all the Italian type I children born since 2016.

Methods The study included all symptomatic children with type I SMA born since January 1st, 2016, when DMTs
became available in Italy. All the Italian SMA referral centers provided data on survival and motor, respiratory, and
nutritional status. To compare survival rate pre and post DMTs approval, we also included similar data from SMA I
patients born between January 1st, 2010, and December 31st, 2015. A two-proportion z-test was conducted to
compare the two cohorts. The significance level was set at p < .05.

Findings 241 infants (98%) had type I SMA. Mean follow-up was 3.48 years (SD 2.33). Among type I patients, 42/241
did not survive (25 untreated), while 199 were alive at last follow-up (all treated; mean treatment age 0.6 years), with
25 needing >16 h/day ventilation or tracheostomy with continuous invasive ventilation. 130 of the 199 survivors
(65%) achieved independent sitting, and 175 (87.9%) did not require tube feeding.
*Corresponding author. Pediatric Neurology, Largo francesco Vito 1, Università Cattolica del Sacro Cuore, Rome 00168, Italy.
E-mail address: eugeniomaria.mercuri@unicatt.it (E. Mercuri).
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Interpretation Our study provides a picture of the ‘new natural history’ of type I SMA, confirming the impact of the
new therapies on the progression of type I with longer survival r and has better motor, respiratory and nutritional.
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Research in context

Evidence before this study
Spinal muscular atrophy (SMA) is a progressive
neurodegenerative disorder caused by mutations in the SMN1
gene on chromosome 5q. Natural history studies conducted
before the availability of new treatments reported a very poor
prognosis for type I SMA, with a survival rate of less than 8%
at two years of age. The development of disease-modifying
therapies has dramatically changed the disease course, leading
to significant improvements in survival and motor, respiratory
and bulbar function. We performed a MEDLINE search looking
for all papers reporting clinical findings in type I infants
treated with the available disease-modifying therapies since
2016, the year when the first studies on the therapies were
published. While there were more than 200 studies providing
important information on functional outcomes in clinical
trials and in real-world settings, none of the previous studies
report survival or long term follow up (>4 years) in large
cohorts.

Added value of this study
This study provides a comprehensive analysis of survival and
various functional outcomes for all type I SMA children born
since 2016 within a network encompassing all Italian
reference centers for SMA. Unlike previous studies, our study
provides a broad overview of the impact of new therapies,

examining not only survival rates but also the need for
nutritional and ventilatory support. One of the key strengths
of this cohort study is the absence of selection bias; as it
includes data from all centers in Italy eligible to treat SMA. To
our knowledge, this is the first and only systematic, long-
term, national-level data collection that includes all type I
SMA infants diagnosed since 2016, when the first therapies
became available, without any selection criteria.

Implications of all the available evidence
These findings strongly support the transformative impact of
new therapies on the survival of type I SMA infants,
highlighting a new generation that is not only surviving
longer but also experiencing significantly better motor,
respiratory, and nutritional outcomes. Our findings also
emphasize the critical importance of early diagnosis and
treatment initiation, which are linked to improved survival
and functional outcomes but also demonstrate that in some
cases therapies may offer benefits even at more advanced
stages of the disease. This could have important implications
for clinical guidelines and policies on SMA screening and
treatment access, reinforcing the need for early intervention
while also supporting continued care for those diagnosed
later.
Introduction
Spinal muscular atrophy (SMA) is a progressive neuro-
degenerative disorder caused by mutations in the sur-
vival motor neuron 1 (SMN1) gene.1 Historically 5q
SMA was classified into three main types with pediatric
onset. The most severe form, type I, was associated with
early infantile onset (before six months) and inability to
achieve the ability to sit unsupported. Within the SMA
type I, at least 3 clinical subgroups can be distinguished
based on the severity and time of onset of clinical signs:
1.1 or IA severe weakness from the moment of birth; 1.5
or IB onset of weakness after the neonatal period, but
generally within 2 months; 1.9 or IC onset of weakness
after the neonatal period with acquisition of head
control.2

Recent natural history studies performed in the years
before the advent of the new therapies reported that the
survival at two years was less than 8%3,4 with a reported
prevalence of 0.04–0.28/100000.5 These and other
studies also report that for subjects surviving beyond the
age of one year there is a nearly invariable need for
permanent nutritional and respiratory support.4

The advent of disease-modifying treatments (DMTs)
has radically changed the course of the type I SMA.5–9

Pivotal clinical trials have shown very high survival
values at two-year in type I infants with two copies of
SMN2 treated in the first six months of age.5,6,8 This
result was associated with an improvement in motor
performance: some newborns acquired the independent
sitting position that had never been achieved in un-
treated newborns. These findings have been confirmed
by real world data with cohort studies also reporting
increased survival at the age of two years not only in the
subjects receiving early treatment but also in infants
with more advanced disease treated after the age of six
months.6–13 There is an increasing number of studies
www.thelancet.com Vol 78 December, 2024
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reporting longer follow up but so far there has been
limited attempt to report long term information as part
of a nationwide approach14–16 and to establish the new
natural history of type I SMA taking into consideration
the impact of the new therapies since they became
standards of care.

The aim of this observational retrospective nation-
wide study was to report survival and a number of other
functional aspects, including motor, respiratory and
nutritional aspects, in all the symptomatic type I chil-
dren born since January 1st, 2016 as part of the activities
of a network including all the Italian reference centers
for SMA.

Methods
Study design and participants
The study includes all the centres identified by the
Italian government as referral centers for SMA
throughout the whole nation. All centers have also been
involved in a nation-based registry, International Spinal
Muscular Atrophy Registry (iSMAR)17 originally
including only 5 Italian academic centers in collabora-
tion with UK and US networks, and subsequently
including all the other Italian centers. This registry has a
rigorous collection of data with structured electronic
collection forms (eCRF) and regular training sessions of
the evaluators to ensure quality control. This registry is a
spin-off of a longstanding collaboration among the
Italian SMA centers aimed at collecting natural history
data in Italy since 2004. As part of this collaboration
functional data and major milestones were regularly
collected. ISMAr provided the opportunity to transfer
data collected by the centers before the registry started
into a more structured platform. As part of the activities
of this collaboration, data on type I infants born before
January 1st, 2016 were also available for comparison.

We identified all symptomatic Type I SMA subjects
born since January 1st, 2016, the year the first therapy
became available in Italy. All included infants had ge-
netic confirmation of a SMN1 gene mutation and had
severe hypotonia a and weakness and absence of reflexes
at diagnosis with onset before the age of 6 months. Type
0 infants—those showing antenatal signs of the disease,
such as reduced fetal movement observed between 30
and 36 weeks of gestation and born with contractures
and severe clinical signs—were classified separately. We
did not include asymptomatic patients identified
through newborn screening that has recently become
available in a restricted number of regions in Italy.

Ethics
Approval was granted by the Ethics Committee of Fon-
dazione Policlinico Universitario Agostino Gemelli
IRCCS (coordinating center) (Coordinating center
approval number: 0030504/18) and by each ethic com-
mittee from all the other participating centers. Written
www.thelancet.com Vol 78 December, 2024
informed consent was obtained in all participants/
caregivers. This study was performed in line with the
principles of the Declaration of Helsinki.

Procedures
Each centre was asked to provide details on whether
the children were still surviving (or the age at death)
or if they had more than 16 h/day of non-invasive
ventilation (NIV) or tracheostomy, following the
criteria used in clinical trials and real world data in
treated patients and in a recent population based
analysis study in untreated patients.18 In all patients
tracheostomy was associated with continuous invasive
ventilation and was always inserted according to care
recommendations after failure of non-invasive venti-
lation or failed attempts to extubate. The centers were
also asked to report subjects who had died and had
not been inserted in the registry.

Details on the achievement of major milestone such
as sitting or walking or on the need for respiratory or
nutritional support (gastrostomy tube (GTube) or naso-
gastric tube (NGT)) were also collected. In all patients
tube feeding was always inserted according to care rec-
ommendations, i.e., after clinical or videfluoroscopy
evidence of dysphagia or failure to thrive.

Information on current pharmacological treatments
with DMTs and recent possible changes were also
collected.

Statistical analysis
To allow for survival rate comparison pre and post
DMTs approval, we also included data on the age at
death and age at initiation of NIV >16 h/day or trache-
ostomy insertion in SMA I patients born between
January 1, 2010, and December 31, 2015. A two-
proportion z-test was conducted to compare the pro-
portions of infants who passed away and those surviving
with NIV >16 h/day or tracheostomy with continuous
invasive ventilation between the two cohorts (2010–2015
vs. 2016 onward). The significance level was set at
p < .05.

As part of our registry, in order to avoid duplicates, a
system allowing to generate unique global identifier
numbers is provided to each center and, the results
from each center are centrally reviewed to check for
possible duplicates.

Participants characteristics were described as pro-
portions (percentages) for categorical variables and
means with standard deviation (SD) for continuous
variables.

Role of the funding source
This research was partially funded by grants from the
Italian Ministry of Health (MCP: GR-2018-12365706,
GC: GR-2021-12374579, EM: RF-2019-12370334 and
PNRR-MR1-2022-12376937).
3
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Funders had no role in the study design; in the
collection, analysis, and interpretation of data; in
the writing of the report; and in the decision to submit
the paper for publication.
Results
The cohort of infants born since January 1st, 2016 in-
cludes 247 subjects currently or previously followed in
the 33 participating centers. Each of these infants was
diagnosed after symptomatic presentation to the clinic
and none were identified by newborn screening or
enrolled in this study in a pre-symptomatic state. Of the
247, 241 (98%) were classified as type 1, six (2%) as
type 0.

SMN2 copies were available in 242 of the 247 (98%).
Out of the 242 individuals, 7 (2.89%) had one SMN2
copy, 212 (87.60%) had two, 22 (9.09%) had three, and 1
(0.41%) had four or more SMN2 copies. The mean
length of follow up was 3.48 (SD 2.33), ranging between
0.10 and 8.26 years.

Type 0
Of the six infants with SMA 0 born after 2016, only one—
treated with nusinersen at 30 days of life—was still alive
at the last follow-up. This infant required over 16 h of
daily non-invasive ventilation (NIV) and had a gastro-
stomy tube (GTube) placed, but did not reach any motor
milestones, such as head control, independent sitting,
standing, or walking.

The other five infants did not survive. Three had a
tracheostomy with continuous invasive ventilation,
while two were on NIV for 16 h a day. Only one of these
infants received nusinersen at 15 days of life, while the
families of the other four chose not to pursue DMTs.

Type I
Fig. 1 reports details of survival status in the whole
cohort and in the SMA type I infants. Fig. 2 reports
details of survival status in the type I infants subdivided
by year of birth and treatment status.

Out of the 241 type I infants born after 2016, 199
were still alive at the last follow-up, with a mean age of
4.04 years (SD = 2.13), ranging from 0.12 to 8.26 years.
Of the 42 who did not survive 17 received DMTs, while
Fig. 1: Percentage of survival status in SMA I. Key to figure: Panel A = w
C = whole cohort of untreated SMA I. NIV = non invasive ventilation, T
25 did not undergo any DMT treatment. In all patients
who did not survive, the cause of death was related to
respiratory failure. Table 1 shows the details of the
number of SMA I infants born for each year subdivided
by age at treatment (if any).

Fig. 3 shows percentage of survival status subdivided
by years of follow-up and SMN2 copy number.

Among the 199 surviving type I subjects, 16 have a
tracheostomy with continuous invasive ventilation and
nine require more than 16 h of daily NIV. No additional
patient was ever decannulated or weaned off NIV>16 h/
day. Only one of them was untreated (Table 2).

Among the 199 surviving type I subjects, 19 have a
GTube and five require NGT. Only one of them was
untreated (Table 2).

Among the 199 surviving subjects, 26 (25 treated and
one not treated) did not achieve any motor milestones
such as head control, sitting independently, standing, or
walking. Of the remaining 173 subjects, 135 gained
head control, 130 of these 135 gained the ability to sit
independently, 21 of these 135 gained the ability to
stand, and three of these 135 gained the ability to walk.
All subjects who gained the ability to stand or walk did
not require a tracheostomy with continuous invasive
ventilation or more than 16 h/day of NIV (Table 2).
Supplementary Table S1 shows SMA I percentage of
motor milestones acquired subdivided by smn2 copy
number and treatment status.

Fig. 4 reports the percentage of nutritional status in
the SMA I subjects subdivided by year of birth and
treatment status.

Survival rate pre and post DMTs
Of the 241 type I infants born after 2016, 42 (17%)
passed away (mean age: 1.28 years (SD = 1.70)), while
another 25 (10%) are surviving with NIV >16 h/day or a
tracheostomy with continuous invasive ventilation.

Of the 140 type I infants born between January 1st
2010, and December 31st 2015, 97 (69%) passed away at
a mean age of 1.12 years (SD = 1.80), while another 40
(29%) are surviving with NIV > 16 h/day or a trache-
ostomy with continuous invasive ventilation.

Comparing the two cohorts of treated infants born
after January 1, 2016 and untreated patients born before
2016, the z-test for proportions shows a significant
hole cohort of SMA I, Panel B = whole cohort of treated SMA I, Panel
racheostomy = tracheostomy with continuous invasive ventilation.

www.thelancet.com Vol 78 December, 2024
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Fig. 2: SMA I percentage of survival status subdivided by year of birth and treatment status. Key to figure: NIV = non invasive ventilation,
Tracheostomy = tracheostomy with continuous invasive ventilation.
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difference (z = −10.14, p < 0.001) in the proportion of
infants who passed away, indicating a significantly lower
rate in the post-2016 cohort. A significant difference is
also observed (z = −4.55, p < 0.001) in the proportion of
infants requiring NIV >16 h/day or tracheostomy with
continuous invasive ventilation, favoring the post-2016
group. Additionally, the cumulative z-test (z = −13.22,
p < 0.001) demonstrates a markedly lower combined
proportion of infants passing away or requiring NIV
>16 h/day or a tracheostomy with continuous invasive
ventilation in the post-2016 cohort (27% vs. 97%). These
results hold even when untreated patients born after
2016 are included in the post-2016 cohort.
Discussion
Our results, obtained as part of a nationwide study,
include 247 infants with early onset SMA (241 with type
I) born or referred to one of the participating centers
since 2016, the year when the first therapy became
available. As expected, the number of type 0 infants was
very small (2.48%), and with the exception of one who
required 24/7 ventilation, none survived beyond the age
of 3 months, regardless of whether they had been
treated or not. The type I cohort also included a number
of patients (10%) whose families refused this option and
opted for palliative care. In the near totality of cases,
especially in the first years after the treatments became
available, the families justified their choice fearing that the
long term results available at that time were not enough or
www.thelancet.com Vol 78 December, 2024
that the expected results (increased survival, sitting) would
not be compatible with long term quality of life.

In type I infants the overall survival in the infants
born after 2016 was 80%. If we exclude the small
number of infants who did not receive treatment, sur-
vival in the treated type I infants was around 90%. Not
surprisingly these values are significantly different from
those found in untreated patients born before 2016
followed in our centers. Even if the p-values should be
interpreted with caution because the statistical com-
parisons presented was descriptive, the results are
clearly in favor of DMT treated infants.

There was also a small number of infants requiring
tracheostomy with continuous invasive ventilation. It is
of note that the tracheostomies were more often per-
formed between 2016 and 2020 and much less after
that. Our experience is that in the first years after
treatment became available tracheostomy was often
performed following the criteria used in the pretreat-
ment era, i.e., following any severe respiratory event
requiring intubation as these were considered the initial
sign of an inevitable progressive severe respiratory
deterioration that was unlikely to recover.19 With
increasing evidence of infants treated with DMTs who
could be extubated and transferred to NIV, there has
been a change in attitude with tracheostomy being
considered only in the infants in whom consecutive at-
tempts to transfer to NIV failed.20

The number of treated infants requiring NIV >16 h/
day was also relatively small while the number of night-
5
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Year of
birth

Age at
treatment

Age at
diagnosisa

Infants who
died and
age at deathb

Infants survived
and age at
last follow upb

Duration of
follow upc

Tracheod NIV ≥
16
h/dayd

Gtubed Nusinersend Risdiplamd Onasemnogene
abeparvovecd

Switchd Addd

2016 <6 months (N = 9) 0.4 (0.3)
0.3 (0.2, 1.1)
0 (0%)

3 (33.3%)
1.4 (0.6)
1.2 (1.0, 2.0)

6 (66.7%)
7.2 (0.2)
7.2 (7.0, 7.4)

5.1 (3.2)
7.1 (0.4, 7.4)

0 (0%) 1 (11.1%) 4 (44.4%) 7 (77.8%) 0 (0%) 0 (0%) 2 (22.2%) 0 (0%)

6–12 months (N = 21) 0.5 (0.2)
0.4 (0.2, 0.8)
2 (9.5%)

3 (14.3%)
1.0 (0.3)
1.1 (0.7, 1.2)

18 (85.7%)
6.6 (1.7)
7.1 (2.2, 8.3)

5.8 (2.6)
7.1 (0.6, 8.3)

4 (19.0%) 0 (0%) 9 (42.9%) 13 (61.9%) 4 (19.0%) 0 (0%) 4 (19.0%) 0 (0%)

>12 months (N = 5) 1.0 (1.1)
0.5 (0.3, 3.0)
0 (0%)

2 (40.0%)
7.0 (0.1)
7.0 (6.9, 7.1)

3 (60.0%)
6.4 (1.6)
7.1 (4.6, 7.5)

6.2 (1.3)
6.5 (4.6, 7.5)

3 (60.0%) 1 (20.0%) 3 (60.0%) 2 (40.0%) 0 (0%) 0 (0%) 3 (60.0%) 0 (0%)

Not treated (N = 10) 0.1 (0.1)
0.1 (0.0, 0.4)
0 (0%)

10 (100%)
1.1 (1.4)
0.5 (0.2, 5.0)

0 (0%) 1.0 (1.4)
0.6 (0.2, 5.0)

1 (10.0%) 0 (0%) 1 (10.0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

2017 <6 months (N = 9) 0.3 (0.1)
0.2 (0.2, 0.4)
0 (0%)

0 (0%) 9 (100%)
6.2 (0.8)
6.5 (4.4, 7.1)

6.2 (0.8)
6.5 (4.4, 7.1)

0 (0%) 1 (11.1%) 4 (44.4%) 2 (22.2%) 6 (66.7%) 0 (0%) 1 (11.1%) 0 (0%)

6–12 months (N = 15) 0.5 (0.2)
0.5 (0.2, 1.1)
0 (0%)

0 (0%) 15 (100%)
5.4 (1.6)
6.1 (2.2, 7.1)

5.4 (1.6)
6.1 (2.2, 7.1)

3 (20.0%) 0 (0%) 4 (26.7%) 3 (20.0%) 3 (20.0%) 0 (0%) 9 (60.0%) 0 (0%)

>12 months (N = 7) 0.6 (0.3)
0.7 (0.2, 1.0)
0 (0%)

1 (14.3%)
3.1 (NA)
3.1 (3.1, 3.1)

6 (85.7%)
4.1 (2.1)
4.4 (1.3, 6.4)

4.0 (2.0)
3.2 (1.3, 6.4)

0 (0%) 1 (14.3%) 4 (57.1%) 3 (42.9%) 2 (28.6%) 0 (0%) 1 (14.3%) 1 (14.3%)

Not treated (N = 6) 0.4 (0.5)
0.3 (0.0, 1.3)
0 (0%)

6 (100%)
0.7 (0.4)
0.7 (0.2, 1.2)

0 (0%) 0.7 (0.4)
0.7 (0.2, 1.2)

1 (16.7%) 0 (0%) 1 (16.7%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

2018 <6 months (N = 36) 0.2 (0.1)
0.2 (0.0, 0.4)
1 (2.8%)

3 (8.3%)
2.4 (3.0)
0.9 (0.5, 5.9)

33 (91.7%)
5.1 (1.1)
5.4 (1.2, 6.4)

4.9 (1.5)
5.4 (0.5, 6.4)

4 (11.1%) 2 (5.6%) 14 (38.9%) 7 (19.4%) 2 (5.6%) 10 (27.8%) 9 (25.0%) 8 (22.2%)

6–12 months (N = 9) 0.6 (0.2)
0.6 (0.2, 0.9)
0 (0%)

2 (22.2%)
1.0 (0.3)
1.0 (0.8, 1.2)

7 (77.8%)
4.8 (1.7)
5.4 (1.1, 5.7)

3.9 (2.3)
5.2 (0.8, 5.7)

1 (11.1%) 0 (0%) 2 (22.2%) 5 (55.6%) 1 (11.1%) 0 (0%) 3 (33.3%) 0 (0%)

>12 months (N = 3) 0.4 (0.4)
0.4 (0.2, 0.7)
1 (33.3%)

0 (0%) 3 (100%)
5.1 (0.1)
5.1 (5.0, 5.2)

5.1 (0.1)
5.1 (5.0, 5.2)

0 (0%) 0 (0%) 2 (66.7%) 1 (33.3%) 0 (0%) 1 (33.3%) 1 (33.3%) 0 (0%)

Not treated (N = 5) 0.2 (0.1)
0.1 (0.1, 0.3)
1 (20.0%)

5 (100%)
0.5 (0.2)
0.5 (0.2, 0.7)

0 (0%) 0.5 (0.2)
0.5 (0.2, 0.7)

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

2019 <6 months (N = 17) 0.2 (0.1)
0.2 (0.0, 0.4)
1 (5.9%)

0 (0%) 17 (100%)
4.2 (0.7)
4.3 (2.6, 5.1)

4.2 (0.7)
4.3 (2.6, 5.1)

2 (11.8%) 0 (0%) 10 (58.8%) 5 (29.4%) 0 (0%) 1 (5.9%) 11 (64.7%) 0 (0%)

6–12 months (N = 3) 0.6 (0.2)
0.5 (0.5, 0.9)
0 (0%)

1 (33.3%)
3.1 (NA)
3.1 (3.1, 3.1)

2 (66.7%)
4.8 (0.5)
4.8 (4.4, 5.1)

4.2 (1.1)
4.4 (3.0, 5.1)

0 (0%) 0 (0%) 2 (66.7%) 2 (66.7%) 0 (0%) 0 (0%) 1 (33.3%) 0 (0%)

>12 months (N = 2) 0.9 (0.5)
0.9 (0.6, 1.2)
0 (0%)

0 (0%) 2 (100%)
4.5 (0.8)
4.5 (3.9, 5.0)

4.5 (0.8)
4.5 (3.9, 5.0)

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (50.0%) 1 (50.0%)

Not treated (N = 1) 0.3 (NA)
0.3 (0.3, 0.3)
0 (0%)

1 (100%)
Missing

0 (0%) 0.3 (NA)
0.3 (0.3, 0.3)

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

2020 <6 months (N = 18) 0.2 (0.1)
0.2 (0.0, 0.4)
1 (5.6%)

1 (5.6%)
0.8 (NA)
0.8 (0.8, 0.8)

17 (94.4%)
2.9 (0.8)
3.3 (1.2, 3.8)

2.8 (0.9)
3.3 (0.8, 3.8)

1 (5.6%) 2 (11.1%) 6 (33.3%) 2 (11.1%) 1 (5.6%) 1 (5.6%) 12 (66.7%) 2 (11.1%)

(Table 1 continues on next page)
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Year of
birth

Age at
treatment

Age at
diagnosisa

Infants who
died and
age at deathb

Infants survived
and age at
last follow upb

Duration of
follow upc

Tracheod NIV ≥
16
h/dayd

Gtubed Nusinersend Risdiplamd Onasemnogene
abeparvovecd

Switchd Addd

(Continued from previous page)

6–12 months (N = 6) 0.5 (0.3)
0.5 (0.0, 0.8)
0 (0%)

0 (0%) 6 (100%)
2.9 (1.2)
3.0 (0.7, 4.0)

2.9 (1.2)
3.0 (0.7, 4.0)

0 (0%) 1 (16.7%) 0 (0%) 0 (0%) 0 (0%) 1 (16.7%) 4 (66.7%) 1 (16.7%)

>12 months (N = 2) 0.4 (0.4)
0.4 (0.1, 0.8)
0 (0%)

0 (0%) 2 (100%)
3.2 (0.1)
3.2 (3.2, 3.2)

3.2 (0.1)
3.2 (3.2, 3.2)

0 (0%) 0 (0%) 1 (50.0%) 0 (0%) 1 (50.0%) 1 (50.0%) 0 (0%) 0 (0%)

2021 <6 months (N = 20) 0.2 (0.1)
0.2 (0.0, 0.4)
0 (0%)

1 (5.0%)
2.4 (NA)
2.4 (2.4, 2.4)

19 (95.0%)
2.1 (0.5)
2.0 (1.2, 3.1)

2.1 (0.5)
2.1 (1.2, 3.1)

0 (0%) 0 (0%) 3 (15.0%) 2 (10.0%) 0 (0%) 11 (55.0%) 4 (20.0%) 3 (15.0%)

6–12 months (N = 6) 0.6 (0.1)
0.6 (0.5, 0.8)
0 (0%)

0 (0%) 6 (100%)
1.8 (0.8)
1.6 (1.0, 3.0)

1.8 (0.8)
1.6 (1.0, 3.0)

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 4 (66.7%) 2 (33.3%) 0 (0%)

>12 months (N = 1) 0.3 (NA)
0.3 (0.3, 0.3)
0 (0%)

0 (0%) 1 (100%)
2.5 (NA)
2.5 (2.5, 2.5)

2.5 (NA)
2.5 (2.5, 2.5)

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%)

Not treated (N = 3) 0.5 (NA)
0.5 (0.5, 0.5)
2 (66.7%)

2 (66.7%)
0.5 (0.4)
0.5 (0.2, 0.8)

1 (33.3%)
0.8 (NA)
0.8 (0.8, 0.8)

0.6 (0.4)
0.8 (0.2, 0.8)

0 (0%) 1 (33.3%) 1 (33.3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

2022 <6 months (N = 14) 0.2 (0.1)
0.2 (0.0, 0.4)
0 (0%)

0 (0%) 14 (100%)
1.3 (0.4)
1.4 (0.6, 2.1)

1.3 (0.4)
1.4 (0.6, 2.1)

0 (0%) 2 (14.3%) 3 (21.4%) 2 (14.3%) 0 (0%) 6 (42.9%) 2 (14.3%) 4 (28.6%)

6–12 months (N = 3) 0.7 (0.2)
0.8 (0.5, 0.8)
0 (0%)

0 (0%) 3 (100%)
1.7 (0.5)
1.7 (1.3, 2.2)

1.7 (0.5)
1.7 (1.3, 2.2)

0 (0%) 0 (0%) 0 (0%) 1 (33.3%) 0 (0%) 2 (66.7%) 0 (0%) 0 (0%)

2023 <6 months (N = 9) 0.1 (0.2)
0.1 (−0.2, 0.3)
0 (0%)

0 (0%) 9 (100%)
0.7 (0.3)
0.8 (0.1, 1.1)

0.7 (0.3)
0.8 (0.1, 1.1)

0 (0%) 0 (0%) 2 (22.2%) 1 (11.1%) 1 (11.1%) 4 (44.4%) 3 (33.3%) 0 (0%)

Not treated (N = 1) 0.1 (NA)
0.1 (0.1, 0.1)
0 (0%)

1 (100%)
0.1 (NA)
0.1 (0.1, 0.1)

0 (0%) 0.1 (NA)
0.1 (0.1, 0.1)

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Overall <6 months (N = 132) 0.2 (0.1)
0.2 (−0.2, 1.1)
3 (2.3%)

8 (6.1%)
1.8 (1.8)
1.1 (0.5, 5.9)

124 (93.9%)
3.7 (2.0)
3.7 (0.1, 7.4)

3.5 (2.0)
3.4 (0.1, 7.4)

7 (5.3%) 8 (6.1%) 46 (34.8%) 28 (21.2%) 10 (7.6%) 33 (25.0%) 44 (33.3%) 17 (12.9%)

6–12 months (N = 63) 0.5 (0.2)
0.5 (0.0, 1.1)
2 (3.2%)

6 (9.5%)
1.3 (0.9)
1.1 (0.7, 3.1)

57 (90.5%)
4.9 (2.3)
5.6 (0.7, 8.3)

4.5 (2.4)
5.2 (0.6, 8.3)

8 (12.7%) 1 (1.6%) 17 (27.0%) 24 (38.1%) 8 (12.7%) 7 (11.1%) 23 (36.5%) 1 (1.6%)

>12 months (N = 20) 0.7 (0.6)
0.6 (0.1, 3.0)
1 (5.0%)

3 (15.0%)
5.7 (2.3)
6.9 (3.1, 7.1)

17 (85.0%)
4.5 (1.8)
5.0 (1.3, 7.5)

4.6 (1.7)
5.0 (1.3, 7.5)

3 (15.0%) 2 (10.0%) 10 (50.0%) 6 (30.0%) 3 (15.0%) 3 (15.0%) 6 (30.0%) 2 (10.0%)

Not treated (N = 26) 0.2 (0.3)
0.1 (0.0, 1.3)
3 (11.5%)

25 (96.2%)
0.8 (1.0)
0.5 (0.1, 5.0)

1 (3.8%)
0.8 (NA)
0.8 (0.8, 0.8)

0.7 (0.9)
0.5 (0.1, 5.0)

2 (7.7%) 1 (3.8%) 3 (11.5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Key to table: All calculations regarding age or follow-up duration are provided in years. Switch = subjects who went from nusinersen to risdiplam or Onasemnogene abeparvovec or from risdiplam to nusinersen or Onasemnogene abeparvovec;
Add = subjects who went from Onasemnogene abeparvovec to risdiplam and/or nusinesen; NIV = non invasive ventilation, GTube = gastrostomy tube, Tracheo = tracheostomy with continuous invasive ventilation. aMean (SD), Median [Range],
Missing (%). bn (%), Mean (SD), Median [Range]. cMean (SD), Median [Range]. dn (%)—all data are presented as nusinersen-only, risdiplam-only, onasemnogene-only or switch.

Table 1: Details of the number of SMA I infants born for each year subdivided by age at treatment (if any).
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Fig. 3: SMA I percentage of survival status subdivided by years of
follow-up. Key to figure: The bars represent the total number of
patients at each year of follow-up, regardless of their survival or
treatment status. The “n” values include all subjects, and treatment
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time NIV was still very high, this probably related to the
care recommendations suggesting using it as a pro-
phylactic measure also in the absence of abnormal sleep
studies.

It is of interest that the percentage of event free
survival (i.e., surviving with no tracheostomy or
NIV>16 h/day) was in line with the range reported in
the first clinical trials,21–23 even if the results are not
easily comparable because of different inclusion criteria.
On one hand our real world cohort had theoretically a
lower chance to see an increase in survival after treat-
ment as, at variance with the clinical trials, a significant
number of infants were treated after the age of 6
months, and also included those with respiratory and
bulbar involvement that were excluded from clinical
trials. Furthermore, while in clinical trials event free
survival was assessed at the end of the trial duration,
between 18 and 24 months, the 80% survival in our type
I cohort the mean age of follow up was 3.48 years
(longest follow up at 8.26 years). In 10 of the treated
patients with fatal events or need for tracheostomy with
continuous invasive ventilation or >16 h/day ventilation,
these occurred after the age of two years. On the other
hand, our cohort also included infants with three or
more SMN2 copies, who are more likely to have better
outcome, that were not included in the pivotal trials.
Even when focusing on the infants with two SMN2
copies (87% of our type I cohort) the event free survival
in treated type I infants was around 82% at last follow up
and, only for the ones who reached at least two years of
follow-up, 65%. Further studies, assessing prospectively.

These findings therefore support the impact of
DMTs on survival as also highlighted by the comparison
with the cohort followed in the same centers in the years
immediately preceding the availability of the DMTs. The
much higher survival in our cohort treated with DMTs
cannot be ascribed to possible concomitant improve-
ments in standards of care. In the few infants born after
2016 in whom family opted for palliative care, who
received similar standards of care to the treated ones,
the survival was similar to the one reported before 2016.

We also observed a reduction in the number of in-
fants requiring tube feeding. Until the arrival of new
treatments GTube was often inserted at the first signs of
dysphagia or failure to thrive and in some countries was
performed even before their occurrence as it was seen as
an inevitable choice. These recommendations were
partly still followed in the first few years after therapies
status can change over time, as some patients started treatment
later during the follow-up period. Panel A: percentage of survival
status subdivided by years of follow-up; Panel B: percentage of
survival status subdivided by years of follow-up and SMN2 copy
number. The individual with 4+ SMN2 copies did not reach 1 year of
follow-up, therefore was excluded from the figure. NIV = non
invasive ventilation, Tracheostomy = tracheostomy with continuous
invasive ventilation.
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Alive subjects

N of DMTs
treated
infants
(n = 174)

N of DMTs
untreated
infants (n = 0)

SMA type

I 174 (100%) 0 (0%)

Sex

Female 88 (50.6%)

Male 86 (49.4%)

Age at genetic diagnosis (years)

Mean (SD) 0.3 (0.2)

Median [Range] 0.3 (−0.2, 1.2)

Missing (%) 3 (1.7%)

Age at last follow-up (years)

Mean (SD) 3.9 (2.1)

Median [Range] 3.9 (0.1, 8.3)

Age at treatment initiation
(years)

Mean (SD) 0.5 (0.6)

Median [Range] 0.4 (0.0, 4.5)

SMN2 copy number

1 1 (0.6%)

2 152 (87.4%)

3 19 (10.9%)

4+ 1 (0.6%)

Unknown 1 (0.6%)

Respiratory support

Spontaneous breathing 47 (27.0%)

Non-invasive ventilation >
16 h/day

127 (73.0%)

Nutritional support

Oral fed 124 (71.3%)

NGT 2 (1.1%)

NGT + oral fed 1 (0.6%)

G tube 43 (24.7%)

G tube + oral fed 4 (2.3%)

Motor milestones

None 26 (14.9%)

Head control 148 (85.1%)

Sitting 128 (73.6%)

Standing 21 (12.1%)

Walking 3 (1.72%)

Alive subjects living with niv > 16 h or tracheostomy with
continuous invasive ventilation

N of DMTs
treated
infants
(n = 24)

N of DMTs
untreated
infants (n = 1)

SMA type

I 24 (96.0%) 1 (100%)

Sex

Female 9 (37.5%) 0 (0%)

Male 16 (62.5%) 1 (100%)

Age at genetic diagnosis (years)

Mean (SD) 0.4 (0.6) NA

(Table 2 continued on next column)

Alive subjects living with niv > 16 h or tracheostomy with
continuous invasive ventilation

N of DMTs
treated
infants
(n = 24)

N of DMTs
untreated
infants (n = 1)

(Continued from previous column)

Median [Range] 0.2 (0.1, 3.0) NA

Missing (%) 1 (4.2%) 1 (100%)

Age at last follow-up (years)

Mean (SD) 5.0 (2.1) 0.8 (NA)

Median [Range] 5.5 (0.6, 7.7) 0.8 (0.8, 0.8)

Age at treatment initiation (years)

Mean (SD) 0.7 (0.9) –

Median [Range] 0.4 (0.1, 3.7)

SMN2 copy number

1 1 (4.2%) 0 (0%)

2 20 (83.3%) 0 (0%)

3 1 (4.2%) 0 (0%)

4+ 0 (0%) 0 (0%)

Unknown 2 (8.3%) 1 (100%)

Respiratory support

Tracheostomy with continuous
invasive ventilation

16 (66.7%) 0 (0%)

Non invasive ventilation > 16 h/day 8 (33.3%) 1 (100%)

Nutritional support

Oral fed 1 (4.2%) 0 (0%)

NGT 5 (20.8%) 0 (0%)

G tube 18 (75.0%) 1 (100%)

Motor milestones

None 16 (66.7.0%) 1 (100%)

Head control 8 (33.3%) 0 (0%)

Sitting 5 (20.8%) 0 (0%)

Deceased subjects

N of DMTs
treated
infants
(n = 17)

N of DMTs
untreated
infants
(n = 25)

SMA type

I 17 (94.4%) 25 (86.2%)

Sex

Female 7 (41.2%) 12 (48.0%)

Male 10 (58.8%) 13 (52.0%)

Age at genetic diagnosis (years)

Mean (SD) 0.4 (0.3) 0.2 (0.3)

Median [Range] 0.4 (0.0, 1.1) 0.1 (0.0, 1.3)

Missing (%) 2 (11.8%) 2 (8.0%)

Age at last follow-up (years)

Mean (SD) 2.0 (2.0) 0.7 (0.9)

Median [Range] 1.0 (0.4, 6.5) 0.5 (0.1, 5.0)

Age at treatment initiation (years)

Mean (SD) 0.9 (1.3) -

Median [Range] 0.5 (0.0, 5.3)

SMN2 copy number

1 1 (5.9%) 0 (0%)

2 14 (82.4%) 24 (96.0%)

(Table 2 continues on next page)
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Deceased subjects

N of DMTs
treated
infants
(n = 17)

N of DMTs
untreated
infants
(n = 25)

(Continued from previous page)

3 2 (11.8%) 0 (0%)

4+ 0 (0%) 0 (0%)

Unknown 0 (0%) 1 (4.0%)

Respiratory support

Spontaneous breathing 7 (41.2%) 23 (92.0%)

Non-invasive ventilation > 16 h/day 9 (52.9%) 0 (0%)

Invasive ventilation 1 (5.9%) 2 (8.0%)

Nutritional support

Oral fed 4 (23.5%) 2 (8.0%)

NGT 9 (52.9%) 21 (84.0%)

NGT + oral fed 0 (0%) 1 (4.0%)

G tube 4 (23.5%) 1 (4.0%)

Motor milestones

None 12 (70.6%) 17 (68.0%)

Head control 5 (29.4%) 8 (32.0%)

Sitting 2 (11.8%) 0 (0%)

Standing 0% 0%

Walking 0% 0%

Table 2: SMA I population characteristics subdivided in alive subjects
at last follow-up, alive subjects living with a NIV > 16 h/day or a
tracheostomy with continuous invasive ventilation at last follow-up,
deceased subjects at last follow-up.

Fig. 4: SMA I percentage of nutritional status subdivided by year o
ventilation, G-tube = gastrostomy tube, NGT = Nasogastric tube, Trache
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became available but, as reported for tracheostomies,
there has been an overall reduction in the number of
GTube inserted as a result of a change in the clinicians’
attitude to insert tube feeding. In many centers there is
a wait and see attitude when a single episode of aspi-
ration occurring during an acute event is followed by
complete recovery. The change in attitude is also sec-
ondary to the increasing evidence that a number of
subjects with GTube were able to regain at least partially
the ability to eat by mouth. Both respiratory and bulbar
findings in our study highlight the need for prospective
systematic studies assessing how both monitoring and
care of these aspects have changed following the advent
of the new therapies. These studies would also provide
details on how different aspects of care including sleep
monitoring, reasons for ventilatory support starting and
continuing, video fluoroscopy results, may different
among centers in the same country and across different
countries.

When motor milestones were examined, we
observed that 57% of the infants achieved head control.
Before therapies this was only achieved in a small pro-
portion of type I infants. More importantly over 53%
achieved the ability to sit independently that was previ-
ously never achieved in type I infants. A small propor-
tion achieved standing and walking. Not surprisingly,
most of the infants who did not achieve head control or
sitting had been treated after the first year of life, when
they already had very severe clinical signs. This however
f birth and treatment status. Key to figure: NIV = non invasive
o = tracheostomy with continuous invasive ventilation.
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did not hold true for all the older or more severe cases,
as 8 of weakest patients, including 3 with tracheostomy
with continuous invasive ventilation, achieved some
milestones.

This study was not designed to evaluate possible
differences among treatments as the drugs became
available at different times, with significant differences
on the duration of follow up among treatments. The
analysis was also complicated by the fact that, as recently
reported, a number of patients, originally on nusi-
nersen, switched to gene therapy when this became
available and therefore we had a limited number of
naïve patients receiving gene therapy only.24 There is
also limited experience with risdiplam as, until recently
this could only be administered in infants older than
2 months as part of a compassionate use program only
for children who could not be treated with nusinersen.
Further follow up will allow to obtain long term data for
infants treated with the individual drugs and to establish
possible differences between individual therapies and
possible combinations or associations that are becoming
increasingly frequent.

Because of the limited access to newborn screening
in Italy, we also had limited information on infants
identified by newborn screening and treated with
DMTs as neonates. They all survive and have a
different profile of improved survival and function
from the symptomatic cohort described here (data not
shown) and will require a separate report once neonatal
screening will be more widely implemented and
characterized.25–27

In conclusion our results provide an overview of the
‘new natural history’ of type I SMA and draw a picture
of a new generation of type I infants that is surviving
longer and has better motor, respiratory and nutritional
outcome. Our findings, collected in all the patients
diagnosed in Italy in the last years are therefore, unlike
clinical trials that were performed in selected cohorts,
representative of the whole Italian population without
any selection or possible bias.

Work is in progress to obtain additional information
regarding other aspects of function or other features,
not previously reported in untreated subjects, such as
cognitive and neuropsychological aspects of type I SMA,
scoliosis and kyphosis that were not systematically
measured in all the centers.
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