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Background: SMA Type 1 is the most severe form of spinal muscular atrophy 
with early symptom onset, limited motor development, and poor prognosis. 
Recent genetic-based therapies, such as nusinersen, have transformed disease 
outcomes. We aimed to evaluate the long-term effects of nusinersen on motor, 
bulbar, and respiratory functions in both symptomatic and presymptomatic SMA 
Type 1 patients over a period of up to 4 years.

Methods: This prospective, non-interventional study included 310 patients with 
genetically confirmed spinal muscular atrophy at 24 pediatric neurology centers 
in Turkey. Patients treated with nusinersen were divided into five age-based 
cohorts at treatment initiation: Cohort A (0–3 months), Cohort B (4–6 months), 
Cohort C (7–12 months), Cohort D (13–24 months), and Cohort E (>24 months). 
Efficacy was assessed using the CHOP-INTEND and WHO Motor Milestone 
Scale. This study also analyzed the respiratory support needs, gastrostomy 
requirements, and mortality rates across cohorts.

Results: Patients treated before 12 months of age showed the most significant 
improvements in motor milestones, with 58.7% of Cohort A achieving 
independent sitting. CHOP-INTEND scores increased notably in all cohorts, 
with the largest improvement observed in Cohort A (93.5%). Ventilator and 
gastrostomy requirements decreased in the early treated cohorts. Adverse 
events were rare, with one discontinuation due to hydrocephalus. The overall 
mortality rate was 21.3%, with most of the deaths occurring within the first year.

Interpretation: Nusinersen treatment initiated before 12 months of age, 
especially before 3 months of age, yielded the most favorable motor outcomes 
in patients with SMA type 1. Early initiation is associated with improved motor 
milestones and reduced need for ventilatory support. However, no significant 
improvements were observed in the bulbar function or in patients requiring 
extensive respiratory support.

KEYWORDS

spinal muscular atrophy, SMA type 1, motor function, severe symptomatic, nusinersen, 
ventilatory, bulbar function, presymptomatic

Introduction

The natural history of spinal muscular atrophy (SMA) has 
changed significantly owing to the introduction of novel therapeutics. 
The advent of spinraza (nusinersen) represents an effective treatment 
approach, and it became the first drug to be approved for SMA by the 
U.S. Food and Drug Administration (FDA) in December 2016 and the 
European Agency (EMA) in 2017 (1). With approximately 200 new 
cases diagnosed annually, Turkey has one of the highest SMA 
prevalence rates worldwide (2). Turkey was among the first countries 
to approve and reimburse for treatment.

Nusinersen, an antisense oligonucleotide, enhances the 
production of full-length SMN protein through modulation of SMN2 
mRNA splicing (3). This leads to increased SMN protein levels, which 
can have significant disease-modifying effects in spinal muscular 
atrophy (SMA), potentially altering its natural course and improving 
motor function (4). Many studies, including data from early access 
programs, short-term real-world data, and clinical trials, have shown 

improvements in motor function and event-free survival in patients 
with SMA type 1 patients (5–15). However, long-term follow-up 
studies, particularly those involving both severely symptomatic and 
presymptomatic patients, remain limited (9).

During the orphan drug approval phase, limited information is 
available on the long-term effects of drugs in a wide range of individuals 
and data from a broad spectrum of patients are required to demonstrate 
the efficacy and safety of the drug. Here, we report data on the motor, 
bulbar, and respiratory effects of nusinersen in patients with 
symptomatic and presymptomatic early onset SMA for up to 4 years.

Methods

Study population

This non-interventional, single-arm, prospective follow-up study 
was conducted at tertiary pediatric neurology centers (n = 24) in 
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Turkey and was approved by the coordinating center’s Ethics 
Committee and Regulatory Authority as per applicable local regulations.

Genetic analysis for the diagnosis of spinal muscular atrophy 
(SMA) was conducted using multiplex ligation-dependent probe 
amplification (MLPA) to assess the presence and copy number of the 
survival motor neuron 1 (SMN1) and survival motor neuron 2 
(SMN2) genes. Genomic DNA was extracted from peripheral blood 
samples using a commercial DNA extraction kit following the 
manufacturer’s protocol. The presence of homozygous deletion of 
SMN1 exons 7 and 8, the primary genetic cause of SMA, was 
determined using SALSA® MLPA® Probemix P021 and P060 kits 
(MRC-Holland, Amsterdam, Netherlands), according to the standard 
protocol (16). After completing the consent process with the parents 
or legal guardians of all eligible subjects, genetically confirmed SMA 
patients with two or three copies of the SMN2 gene were enrolled in 
the study. None of the newborn screening programs were included 
in this study. No further data were collected after discontinuation of 
nusinersen if patients switched their medications. None of the 
patients concurrently received risdiplam or onasemnogene 
abeparvovec. Subjects who underwent tracheostomy and/or 
gastrostomy were defined as the subcohorts. The participants were 
stratified into five age-based cohorts according to treatment onset: 
Cohort A (0–3 months), Cohort B (4–6 months), Cohort C 
(7–12 months), Cohort D (13–24 months), and Cohort E (> 
24 months).

Data collection

The data for this study were collected from December 2017 until 
the end of April 2022, initially set data-cut-off date. Turkey’s regulatory 
authority guided the study design, site selection, and monitoring 
activities. All participating sites entered patient data through a 
web-based e-CRF into a validated database. The data were regularly 
checked by the data management team of the coordinating site and 
missing data were completed through queries.

Evaluation methods of the study 
population

All the physiotherapists were trained by the same instructor 
(AAK). The primary efficacy criteria were set as the CHOP-INTEND 
and WHO motor milestone scales, and evaluations were performed 
by trained physiotherapists for motor assessment of patients. 
Independent sitting was defined as maintaining an upright posture 
with the head held high for a minimum of 10 s without any assistance 
from the hands or arms. The Childhood Health Assessment 
Questionnaire (CHOP INTEND) includes 16 components, resulting 
in a maximum score of 64, with higher scores indicating better motor 
skill. The physiotherapists participating in the study were regularly 
trained to ensure consistency in their assessments and achieve a high 
level of inter-rater reliability. We classified patients with SMA type 
I into type Ia (symptom onset before 1 month), type Ib (symptom 
onset between 1 month and 3 months), and type Ic (symptom onset 
between three and 6 months).

The study population was treated with Nusinersen according to the 
standard national protocol. The treatment regimen consisted of 

intrathecal administration of 12 mg (5 mL) Nusinersen, regardless of 
the patient’s age. The initiation phase included injections on days 0, 14, 
30, and 60, followed by maintenance doses administered every 
4 months.

The respiratory and nutritional status of the patients was regularly 
evaluated by a multidisciplinary team consisting of pediatric 
gastroenterologists, pediatric pulmonologists, and pediatric intensive 
care specialists. Respiratory assessments included clinical evaluation of 
cough strength, secretion management, and the need for invasive 
mechanical ventilation (IMV). Nutritional status was assessed through 
weight monitoring, body mass index (BMI) tracking, and caloric intake 
assessment. Furthermore, decisions regarding the initiation of 
gastrostomy or nasogastric tube feeding were made by a multidisciplinary 
team based on the patients’ nutritional status and swallowing function.

Hospital visits for nusinersen treatment and neurological 
examinations were recorded. A complete blood count, biochemistry 
panel, and urine analysis were performed before the application of 
each nusinersen dose. Respiratory parameters and nutritional status 
of each patient were monitored and recorded regularly.

CHOP-INTEND scores were evaluated at predetermined time 
points: baseline (T0), 6 (T6), 14 (T14), 26 (T26), 38 (T38), and 
46 months (T46). The most recent CHOP-INTEND score recorded 
was designated as the post-treatment score to assess therapeutic efficacy.

Statistical analysis

Histograms and q-q plots were constructed, and the Shapiro–
Wilk test was conducted to assess the normality of the data. The 
Levene’s test was used to test variance homogeneity. To compare 
differences among the groups, Kruskal–Wallis H tests were used for 
continuous variables, and Pearson’s chi-square analysis or Fisher–
Freeman–Halton test was used for categorical variables. Bonferroni-
adjusted Dunn ‘sand Bonferroni adjusted z-tests were used for 
multiple comparisons. In addition, the Mc-Nemar and Mc-Nemar 
Bowker test statistics were used to compare feeding and respiratory 
changes before and after treatment. Univariate and multiple binary 
logistic regression analyses were applied to identify the risk factors 
for a 4-points increases. Significant variables at the p < 0.05 
contingency level were included in multiple models, and backward 
elimination was performed using likelihood ratio statistics to identify 
the independent risk factors of rapid progression. The goodness-of-fit 
of the model was assessed using the Hosmer-Lemeshow test and 
Nagelkerke R2 statistic. Ordinary least-squares linear regression 
analyses were conducted to analyze the effect of the post-treatment 
CHOP-INTEND score. Kaplan–Meier curves were generated to 
estimate the survival probability of the age at the initiation of 
treatment, and the log-rank test was used for survival probability 
comparisons among the groups. In addition, the probabilities of 
gaining the ability to support sitting, gaining the ability to sit without 
support, need for ventilator in respiratory, and need for nasogastric 
tube or gastrostomy for feeding are presented as cumulative 
incidences. Analyses were conducted using R 4.2.01 software. A 
p-value less than 5% was considered statistically significant.

1 www.r-project.org
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Results

Demographic data

A total of 310 patients diagnosed with SMA type 1 at 24 clinical 
sites were enrolled in this study and received at least 4 doses of 
Nusinersen treatment. Among these, 50.3% (n = 156) were classified 
as type 1a, 38.7% (n = 120) as type 1b, and 11% (n = 34) as type 1c. 
The gender distribution was almost even, with a slight majority of 
males (52.3% vs. 47.7%). The mean age at symptom onset was 
2.4 ± 1.1 months (range: 0–5) and a substantial percentage of patients 
had two copies of SMN2 (97.4%//n: 302). The mean age at the time of 
initiation of nusinersen treatment was 11.7 ± 18.3 months (range: 
0–120, median: 5), while the median monitoring time was 14 (2–48) 
months. The mean CHOP-INTEND score of the patients was 
16.7 ± 11.7 (median, 15; range: 0–57) at baseline (Table  1). 
Supplementary Table 1 provides the demographic characteristics of 
the cohorts according to age at treatment initiation. The number of 
patients per cohort and time points are listed in Supplementary Table 2.

Motor milestones

Following treatment, 58.7% (n = 27) of patients in cohort A, 34.7% 
(n = 51) in cohort B, and 14.3% (n = 7) in cohort C achieved the ability 
to sit unsupported. In cohort C, three of the seven patients who 
achieved unsupported sitting were classified as type 1b, while four 
were classified as type 1c. The most favorable motor milestone 
response was observed in Cohort A. In this cohort, three children 
(6.5%) acquired the ability to stand and eight children (17.4%) had the 
ability to walk. In contrast, cohort B had lower rates of standing (3.4%, 
n = 5) and walking (5.4%, n = 8). Table  2 summarizes the motor 
milestones achieved after nusinersen treatment, and Figure 1 illustrates 
the probability of acquiring the ability to sit unsupported across all the 
cohorts. None of the patients experienced loss of previously attained 
motor milestones following treatment. The cumulative incidence of 
achieving unsupported sitting was significantly higher in cohorts A 
and B than in the other cohorts and significantly higher in cohort C 
than in cohorts D and E (p < 0.0001). Supplementary Figure S1 shows 
the probability of achieving supported sitting across all the cohorts. 
Notably, supported sitting was not observed in any of the patients who 
began treatment after 13 months of age.

Chop-intend

The median baseline CHOP-INTEND scores were 22 and 19 in 
cohorts A, B, 14  in cohort C, 9  in cohort D, and 6  in cohort E, 
respectively. After treatment, the scores increased to 43.5, 39, 20, 15, 
and 11 in cohorts A, B, C, D, and E, respectively (p < 0.001). The most 
notable and significant increase was observed in Cohort A, with the 
largest improvement observed at T14. The CHOP-INTEND scores 
across all cohorts and time points are presented in Table 3. At T46, 
CHOP-INTEND scores demonstrated a significant decline in cohorts 
B, C, D, and E, whereas cohort A exhibited an improvement. A 
minimum 4-point increase was observed across all cohorts, with 
cohort A showing the highest percentage of significant improvement 
at 93.5%. In cohort A, 21.7% of the patients in cohort B and 10.2% in 

cohort C 2% reached a maximum score of 64. Patients in cohort C 
who achieved 40 and 64 points, as well as the only patient in cohort D 
who achieved 40 points, were classified as type 1c.

Univariate and multivariate logistic regression analyses for a 
4-point increase in the CHOP-INTEND score post-treatment are 
presented in Table 4. Significant factors influencing a 4-point increase 
included baseline CHOP-INTEND score, spontaneous respiration 
prior to treatment, cohort C, cohort D, and cohort E patients who 
were tube-fed or underwent gastrostomy prior to treatment, and SMA 
type 1c. Supplementary Table 2 provides the results of linear regression 
analysis to identify the predictors of post-treatment CHOP-INTEND 
score improvement.

Need for ventilatory support and enteral 
feeding

Pre-treatment, 38.1% of the patients required 24-h ventilatory 
support, while 61.9% had spontaneous respiration. Following treatment, 
the proportion of patients requiring ventilatory support increased to 
53.9%. However, the percentage of patients requiring 24-h ventilatory 
support decreased by 28.7%, with 9.7% requiring <16 h and 15.5% 
requiring ≥16 h of support. The probability of requiring ventilatory 
support was significantly lower in cohort A than in the other cohorts 
(p < 0.0001; Figure 2; Supplementary Table 3). The post-hoc analysis of 
ventilator requirements by cohort is shown in Supplementary Table 4.

Regarding feeding status, 59.7% of patients were orally fed, 22.3% 
were tube-fed, and 18.1% underwent gastrostomy before treatment. 
After treatment, 54.5% of the patients were orally fed, 20% were tube-
fed, and 25.5% underwent a gastrostomy. Patients who started 

TABLE 1 Demographic characteristics of SMA patients at baseline.

Distribution of patients-SMA type; n (%) 310 (100)

  Type 1a 156 (50.3)

  Type 1b 120 (38.7)

  Type 1c 34 (11)

SMN copies; n (%)

  2 copies 302 (97.4)

  3 copies 8 (2.6)

Gender

  Female; n (%) 162 (52.3)

  Male; n (%) 148 (47.7)

Age at onset of SMA; mean + SD (range) in months 2.4 ± 1.1 (0–5)

Age at onset of treatment, median (range) in months 5 (1–120)

Monitoring time, median (range) in months 14 (2–48)

CHOP-INTEND score, at baseline; median (range) 16 (0–50)

CHOP-INTEND score, post-treatment; median (range) 28.0.5 (1–64)

Number of Nusinersen doses, median, (range) 5 (4–15)

Events of death during monitoring; n (%) 66 (21.3)

  First year (%, within death) (68.2)

  Second year (%, within death) (27.3)

  Third year (%, within death) (6.1)

Presymptomatic patients n (%) 7 (2.2)
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treatment before 3 months of age had a significantly lower need for 
tube feeding and gastrostomy than those in other cohorts (p < 0.0001; 
Figure  3; Supplementary Table  5). A post-hoc analysis of feeding 
status is presented in Supplementary Table 5.

Adverse events

A total of 109 adverse events were recorded in 310 patients 
during nusinersen treatment, 46 of which were defined as serious 
(42.6%). Treatment was discontinued in only one patient who 
developed hydrocephalus. The most frequent adverse events were 
pneumonia (22%), proteinuria (17.4%), and acute respiratory failure 
(9.2) (Supplementary Table 6). The rate of occurrence of adverse 
events was <5%.

Mortality

The mortality rate was 21.3% (n = 66), with 68.2% of the deaths 
occurring within the first year (Table 1). Survival probabilities are 
shown in Supplementary Figure S2. The causes of death are listed in 
Supplementary Table 7.

Discussion

This prospective observational cohort study, conducted across 24 
institutions in Turkey, provided real-world follow-up data on the 
clinical and treatment outcomes of SMA1 patients. To our knowledge, 
this is the first study to report a cohort of 310 SMA1 patients followed 
up for up to 4 years, with nusinersen treatment ranging from 4 to 

TABLE 2 Motor milestones.

Variable The age at the initiation of treatment Total 
(n = 310)

p- 
value

Cohort A 
(n = 46)

Cohort B 
(n = 147)

Cohort C 
(n = 49)

Cohort D 
(n = 35)

Cohort E 
(n = 33)

Post-treatment head control 

(%)

41 (89.1)a 112 (76.2)a 26 (53.1)b 11 (31.4)bc 4 (12.1)c 194 (62.6) <0.001

Age at onset of treatment 

(months)

3.00 (2.50–3.01) 5.00 (4.00–5.50) 7.00 (6.99–7.50) 13.00 (12.00–14.50) 35.00 (28.75–45.00)

Post-treatment supported 

sitting (%)

36 (78.3)a 91 (61.9)a 19 (38.8)b 2 (5.7)c 0 (0.0)c 148 (47.7) <0.001

Age at onset of treatment 

(months)

3.00 (2.50–3.01) 5.00 (4.00–5.01) 7.00 (6.99–7.01) 13.00 (12.99–13.01) –

Post-treatment ability to 

rolling (%)

33 (71.7)a 71 (48.3)a 10 (20.4)b 0 (0.0)c 0 (0.0)bc 114 (36.8) <0.001

Age at onset of treatment 

(months)

3.00 (2.50–3.01) 5.00 (4.00–5.50) 7.00 (6.99–7.13) – –

Post-treatment sitting for 

short periods without 

support (%)

32 (69.6)a 65 (44.2)b 9 (18.4)c 0 (0.0)c 0 (0.0)c 106 (34.2) <0.001

Age at onset of treatment 

(months)

3.00 (2.50–3.01) 5.00 (4.00–5.50) 7.00 (6.00–7.01) – –

Post-treatment sitting for 

without support (%)

27 (58.7)a 51 (34.7)b 7 (14.3)bc 0 (0.0)c 0 (0.0)c 85 (27.4) <0.001

Age at onset of treatment 

(months)

3.00 (2.50–3.01) 5.00 (4.00–5.50) 7.00 (6.99–7.01) – –

Post-treatment standing 

with support (%)

13 (28.3)a 21 (14.3)ab 4 (8.2)ab 0 (0.0)b 0 (0.0)b 38 (12.3) <0.001

Age at onset of treatment 

(months)

3.00 (2.25–3.01) 5.00 (4.00–5.01) 7.00 (6.99–7.01) – –

Post-treatment standing 

without support (%)

8 (17.4) 8 (5.4) 1 (2.0) 0 (0.0) 0 (0.0) 17 (5.5) 0.001

Age at onset of treatment 

(months)

3.00 (2.13–3.01) 5.00 (4.63–5.75) 7.00 (6.99–7.01) – –

Post-treatment walking (%) 3 (6.5) 5 (3.4) 0 (0.0) 0 (0.0) 0 (0.0) 8 (2.6) 0.175

Age at onset of treatment 

(months)

2.00 (1.99–2.00) 5.00 (4.50–5.50) – – –

SMA, Spinal Muscular Atrophy. Statistically significant values are in bold. Values are shown as n (%). In post hoc comparisons the same superscripts indicate similarities among groups, while 
different superscripts indicate a statistically significant differences among groups. Values are shown as n (%), mean ± standard deviation, or median (1st-3rd quartiles).
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15 cycles. Treatment was initiated in children as young as 0 days and 
up to 120 months old. A key feature of our cohort was the inclusion 
of presymptomatic and severely symptomatic patients in the study.

The evaluation of treatment outcomes across a broad age range may 
provide crucial insights into the optimal timing for initiating effective 
SMA interventions. In a 4-year follow-up of 48 SMA type 1 patients aged 
0–12 years, including some on invasive mechanical ventilation (IMV), 
Pine et al. observed significant improvements in CHOP-INTEND scores 
among patients younger than 4 years (17). Similarly, Lusakowska et al. 
reported a CHOP-INTEND increase of ≥4 points in 50% of their SMA 
type 1 cohort by 14 months in a 30-month real-world study (18). 
Tachibana et al., in a follow-up exceeding 4 years, demonstrated that 
patients who began treatment before 13.1 weeks of age exhibited the most 
favorable outcomes (19). Additionally, the SMArtCARE study group 
showed the greatest improvements in CHOP-INTEND scores among 
patients who initiated treatment before 2 years of age (20).

Our study included severely symptomatic patients, primarily 
older children, on 24-h ventilatory support awaiting SMA 

treatment. This contributed to a higher mortality rate in the first 
2 years compared to other studies. Therefore, CHOP-INTEND 
scores and motor milestones were lower in patients included in the 
first year. An increase in CHOP-INTEND scores was observed 
across all the cohorts. Notably, the first three cohorts, in which 
treatment was initiated before 12 months of age, demonstrated 
greater score improvement than those who began treatment after 
12 months. Previous SMA-type 1 studies showed that clinically 
meaningful improvement was considered in CHOP-INTEND 
score ≥ 4, whereas the maximum benefit from treatment was 
accepted with a score of 40 or above (5, 17–19). In patients 
receiving ventilatory support, gastrostomy, tube feeding, and 
initiation of treatment after 6 months of age (cohorts C-E) were 
associated with a decreased probability of achieving a ≥ 4-point 
increase in the CHOP-INTEND scores. Conversely, the most 
favorable outcomes were observed in patients with spontaneous 
respiration (odds ratio [OR]: 7) and SMA type 1c (OR:3.5) 
(Table 4).

FIGURE 1

Probability of gaining the ability to sit without support. The probability of gaining the ability to sit without support in Cohort A (red), Cohort B (khaki), 
Cohort C (green), Cohort D (blue), and Cohort E (purple). Numbers at risk are listed for dedicated time points.
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None of the patients who initiated treatment after 12 months 
achieved motor milestones as defined by the World Health 
Organization (WHO) (data not shown). The probability of achieving 
independent sitting was significantly higher in cohorts A and B, as 
well as in patients who commenced treatment before 12 months of 
age. However, independent sitting was observed in some patients up 
to 13 months of age. These threshold values may serve as critical 
indicators for evaluating the efficacy of treatment in patients with 
spinal muscular atrophy (SMA). Given that previous studies on 
patients with symptomatic SMA type 1 identified a maximum age of 
14 months for optimal motor benefit (18, 20), it can be inferred that 
initiating treatment beyond 13–14 months may have limited efficacy 
in these patients. Therefore, this age range might be a crucial threshold 
for treatment initiation.

Randomized controlled trials and meta-analyses have established 
the relative safety profile of nusinersen (21, 22). In the EMBRACE and 
ENDEAR trials, no nusinersen-related adverse events (AEs) led to 
study termination (5, 22). According to a comprehensive meta-
analysis, the most common AEs were fever (40%), upper respiratory 
tract infections (39.9%), and pneumonia (26.6%) (23). In our study, 
only one treatment discontinuation occurred because of AEs; one 
patient developed hydrocephalus following treatment, necessitating 
discontinuation. However, no other adverse effects, including serious 
adverse effects, required treatment cessation.

Mendonça et al. and Sansone et al. reported that nearly all patients 
receiving invasive mechanical ventilation (IMV) maintained stable 
respiratory support after treatment (24, 25). While Sansone et al. did not 
observe significant post-treatment changes in patients receiving 
non-invasive ventilation (NIV), the majority of NIV-dependent patients in 
the study by Mendonça et al. demonstrated a reduction in daily ventilation 
hours. Additionally, Sansone et al. noted improved ventilatory function in 
patients who initiated treatment before the age of two (24, 25). In the 
SMArtCARE study, 40% of the patients in the ≤2-year cohort and 84% of 
those in the >2-year cohort required ventilatory support at baseline (20). 
Notably, the need for ventilation has increased over time after treatment. In 
a long-term follow-up study of 303 patients with SMA types 1 and 2 in 

Japan, permanent ventilatory support was discontinued in two (0.7%) 
patients with SMA type 1 (19). Similarly, in an Italian cohort of 48 patients 
with SMA type 1, 13 required tracheostomy at the start of treatment. After 
4 years of treatment, two of these patients were able to breathe 
spontaneously for 4–6 h per day (17). A comprehensive systematic review 
of 14 studies on nusinersen indicated that among 172 patients, only one 
(0.6%) was successfully weaned off mechanical ventilation (26).

In our study, the requirement for mechanical ventilation increased 
following treatment. However, when comparing cohort A with other 
cohorts, the probability of requiring ventilatory support at all times was 
significantly lower in cohort A. Additionally, while 38.1% of the study 
group required 24-h mechanical ventilation before treatment, this need was 
reduced in approximately 10% of the patients after treatment. This finding 
is consistent with the existing literature, indicating that nusinersen reduces 
the need for mechanical ventilation. Statistical analysis further revealed a 
significant reduction in mechanical ventilation hours in patients who 
initiated treatment before 3 months of age (Cohort A). Considering both 
our findings and the existing literature, these results suggest that the greatest 
efficacy of nusinersen in SMA patients requiring mechanical ventilation is 
achieved when treatment is initiated within the first 3 months, a period 
during which respiratory muscle involvement is not yet severe. Moreover, 
early nusinersen treatment may reverse mechanical ventilation dependency 
in these patients, particularly when initiated in cases where ventilatory 
support is required due to comorbid conditions, such as lower respiratory 
tract infections.

Previous studies have indicated that nusinersen is effective in 
improving motor function, but does not significantly affect bulbar 
function (27, 28). Van der Heul et al. focused on the study of bulbar 
function in SMA type 1 patients receiving nusinersen and found that 
swallowing ability declined between 8 and 12 months of age under 
treatment (29). Our findings corroborate these results, showing that 
nusinersen does not significantly improve bulbar function in 
symptomatic patients, particularly if treatment is not initiated during the 
presymptomatic stages. It is hypothesized that administering higher 
doses of nusinersen may enhance its effects on high cervical nuclei, 
potentially yielding better outcomes. The ongoing DEVOTE study, which 

TABLE 3 Comparison of treatment age groups based on CHOP-INTEND score.

CHOP-
INTEND 
score

The age at the initiation of treatment Total 
(n = 310)

p- 
value

Cohort A 
(n = 46)

Cohort B 
(n = 147)

Cohort C 
(n = 49)

Cohort D 
(n = 35)

Cohort E 
(n = 33)

Baseline 22.00 (15.00–29.25)c 19.00 (12.00–28.00)c 14.00 (7.00–22.00)b 9.00 (5.00–14.00)ab 6.00 (3.00–11.00)a 16.00 (8.00–24.25) <0.001

T6 39.50 (27.00–45.00)c 33.50 (20.25–44.00)c 21.00 (13.75–32.00)b 14.00 (8.00–26.00)ab 11.00 (7.50–14.00)a 28.00 (15.00–41.75) <0.001

T14 50.00 (36.75–58.00)b 45.00 (32.75–56.00)b 20.50 (11.00–42.25)a 15.50 (7.50–31.50)a 13.00 (9.00–17.00)a 35.00 (15.00–53.00) <0.001

T26 55.00 (41.50–62.00)c 54.00 (31.50–60.00)bc 20.50 (7.50–48.75)ab 15.00 (5.00–23.00)a 12.00 (8.00–17.50)a 39.50 (12.75–58.00) <0.001

T38 57.00 (47.50–64.00)b 60.00 (31.50–63.00)b 35.00 (13.50–58.75)ab 22.00 (6.00–31.00)ab 12.50 (8.25–18.50)a 31.50 (12.75–60.00) <0.001

T46 60.00 (40.00–60.00) 43.00 (39.00–43.00) 18.00 (17.00–18.00) 15.50 (9.00–15.50) 10.00 (5.00–19.50) 22.00 (12.00–60.00) 0.068

Post-treatment 43.50 (32.00–60.00)c 39.00 (21.00–54.00)c 20.00 (12.50–32.00)b 15.00 (7.00–25.00)ab 11.00 (6.50–16.00)a 28.50 (14.00–45.00) <0.001

4 points 

increase n (%)

43 (93.5)a 119 (81.0)a 35 (71.4)ab 19 (54.3)bc 11 (33.3)c 227 (73.2) <0.001

40 points 

increase n (%)

31 (67.4)a 72 (49.0)a 10 (20.4)b 1 (2.9)b 0 (0.0)b 114 (36.8) <0.001

64 points 

increase n (%)

10 (21.7)a 15 (10.2)ab 1 (2.0)b 0 (0.0)b 0 (0.0)b 26 (8.4) <0.001

SMA, Spinal Muscular Atrophy. Statistically significant values are in bold. Values are shown as median (1st-3rd quartiles). In post hoc comparisons the same superscripts indicate similarities 
among groups, while different superscripts indicate a statistically significant differences among groups.
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evaluated the safety of high-dose nusinersen, may provide further 
insights, and its clinical results could help clarify this potential (30).

Limitations

Our study has limitations as it was designed as a natural 
longitudinal data collection study with no control groups for 
comparison. Additionally, no neurophysiological exploratory 
examination was performed in our cohort. While evaluating the 
bulbar functions of the patients, evaluation of their speaking skills was 
not included in the study.

Conclusion

The study involved 24 centers across Turkey, and all the 
participants were trained in the study. The cohort ranged from 
pre-symptomatic infants to children up to 120 months old. In 
conclusion, patients treated before 3 months of age demonstrated 
the most favorable responses in terms of motor outcomes, bulbar 
function, and ventilator dependency. Best motor responses were 
observed in patients treated at or before 13 months of age. 

However, no significant improvements in bulbar function or 
ventilatory support were observed in the symptomatic patients.
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TABLE 4 Univariate and multiple logistic regression analysis to identify predictors of a 4-point increase in patients with and without the condition.

Variable Univariate Multiple

OR (95% CI) p OR (95% CI) p

The age at the initiation of treatment

  Cohort A 1.00 – – –

  Cohort B 0.297 (0.086–1.025) 0.055 – –

  Cohort C 0.174 (0.046–0.656) 0.010 – –

  Cohort D 0.083 (0.022–0.318) <0.001 – –

  Cohort E 0.035 (0.009–0.138) <0.001 – –

Gender

  Female 1.00 – – –

  Male 1.666 (0.997–2.782) 0.051 – –

SMN copies

  2 copies 1.00 – – –

  3 copies 0.383 (0.046–3.163) 0.383 – –

Types of SMA

  Type 1a 1.00 - – –

  Type 1b 1.480 (0.866–2.531) 0.152 – –

  Type 1c 3.538 (1.182–10.587) 0.024 – –

Pre-treatment respiratory

  24-h 1.00 – – –

  Spontaneous 7.000 (4.000–12.250) <0.001 – –

Pre-treatment feeding

  Oral 1.00 – 1.00

  Tube 0.132 (0.067–0.261) <0.001 0.244 (0.117–0.505) <0.001

  Gastrostomy 0.070 (0.034–0.144) <0.001 0.176 (0.080–0.391) <0.001

CHOP-INTEND score, at baseline 1.148 (1.104–1.193) <0.001 1.106 (1.061–1.153) <0.001

OR, Odds ratio; CI, confidence intervals. Bold values indicate statistically significant (p-value < 0.05). Omnibus test chi-square test = 100.971, p-value < 0.001; Hosmer and Lemeshow 
test = 5.006, p-value = 0.757 and Nagelkerke R2 = 0.405.
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FIGURE 2

Respiratory changes before and after treatment. IMV, Invasive mechanical ventilation.

FIGURE 3

Feeding status before and after treatment.
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