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ABSTRACT

Aim of the study. This study aimed to evaluate the effects of nusinersen therapy in Polish children with SMA type 1.

Clinical rationale of study. Spinal muscular atrophy (SMA) is a neuromuscular disorder that is characterised by the loss of mo-
tor neurons, progressive muscle weakness and atrophy, leading to increased disability and mortality. Nusinersen, an antisense 
oligonucleotide that promotes production of the functional survival motor neuron protein is approved for the treatment of 
SMA 5q in the European Union. In 2017, an early access programme (EAP) for nusinersen was launched in Poland. In this study, 
we present the results of nusinersen treatment in Polish patients participating in the EAP.

Materials and methods. We collected prospectively clinical data including mutational analysis of SMN1 and SMN2 genes, motor 
function outcomes as measured on a standardized scales, ventilatory and nutritional status, on SMA type 1 patients receiving 
nusinersen in three EAP centres in Poland. Scores on the CHOP-INTEND scale after 18–26 months of treatment were compared 
to baseline.

Results. We analysed data from 26 patients with SMA type 1, mean age 4.79 (2–15) years. The mutational analysis revealed two 
SMN2 gene copies in the majority of patients (61.54%). Three and four copies were found in 34.62% and 3.84%, respectively. 
Median disease duration was 21 months. Half (n = 13) of the patients required mechanical ventilation at baseline and 57.69%  
(n = 15) were fed by nasogastric tube or percutaneous endoscopic gastrostomy. No patient worsened during the follow-up. 
Mean improvement in CHOP-INTEND from baseline to the last follow-up was 7.38 points (p < 0.001). CHOP-INTEND scores did 
not decline for any patient. Patients with three or more SMN2 gene copies had higher scores than did the patients with two 
copies (p = 0.013), and they tended to show greater improvement over time, but the difference was not significant (p = 0.324). 
Shorter disease duration and higher CHOP-INTEND baseline score were associated with a better response (p = 0.015). Patients 
with a CHOP-INTEND score above the median had higher scores overall than the rest (p < 0.0013), and they improved signifi-
cantly more than the rest (p = 0.037). Nusinersen was well tolerated, no new safety findings were identified.

Conclusions and clinical implications. Our data indicates that nusinersen treatment might be effective in SMA type 1 patients, 
regardless of their age and functional status.
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Introduction

Spinal muscular atrophy (SMA), a rare genetic disease 
belonging to a group of neuromuscular disorders, is the 
leading mono genetic cause of mortality in infants. It is 
characterised by the progressive loss of motoneurons re-
sulting in progressive muscle weakness and atrophy [1–4]. 
SMA results from a homozygous mutation or deletion in the 
SMN1 (survival motor neuron) gene located on the long arm 
of chromosome 5. In affected individuals, the production of 
functional survival motor neuron (SMN) protein, which is 
necessary for motor neuron function and survival, is severely 
impaired [4–7]. Nusinersen, an antisense oligonucleotide has 
been approved in the United States in the European Union 
and elsewhere, for the treatment of 5q spinal muscular atro-
phy. Nusinersen increases the production of the full-length 
SMN protein by modifying splicing of the pre-mRNA of the 
SMN2 gene, almost identical to SMN1, located on the same 
chromosome [4, 8, 9]. Spinal muscular atrophy incidences 
of 10.3 and 13.5/100,000 live births were recorded in Poland 
in 2005 and 2015, respectively [10, 11]. According to reports 
collected from 122 laboratories in 27 European countries, 
the median incidence was 11.9/100,000 [6.3–26.7/100,000, 
(1: 3,900–16,000)] of live births in 2011–2015. In 2015, the 
number of newly diagnosed patients with SMA in Poland was 
54, and in total in 2011–2015 it was 240 [11]. Type 1 SMA 
(Werdnig-Hoffmann Disease) is the most prevalent and 
accounts for over 50% of all new cases. It is characterised 
by the occurrence of symptoms up to six months of age, as 
well as the patient’s inability to sit unsupported. Patients 
usually do not survive beyond the age of two years [12–14]. 
Alternative classification for type 1 SMA is also recognized 
and utilizes subtypes 1A-1C. The most severe subtype 1A is 
associated with symptoms onset at birth or within 2 weeks of 
infancy, symptoms occurring later on, but before 3 months 
of age refer to subtype 1B and thereafter, up to 6 months of 
age to subtype 1C [10–12]. Severe hypotonia as well as para-
doxical breathing with a bell-shaped chest, characteristic for 
type 1, have been observed in studied patients [14]. Motor 
development is disturbed; patients not only do not acquire 
extra skills, but also their existing skills worsen by an average 
of 1.27 points on the CHOP INTEND (Children’s Hospital 
of Philadelphia Infant Test of Neuromuscular Disorders) 
scale per year [15, 16]. Before reimbursement, only a small 
subgroup of type 1 patients was treated in Poland within 
an expanded access programme. The reimbursement of 
nusinersen, granted on 1 January 2019, has provided wide 
access to treatment, including patients of any SMA type and 
functional status and those diagnosed presymptomatically. 
518 patients were being treated in this drug programme 
as of 29 February 2020 [17] The aim of this study was to 
show the impact of nusinersen treatment received in an 
expanded access programme in type 1 SMA patients in 
a Polish population.

Methods

Patients and procedures
We conducted prospective, longitudinal collection of data 

from three centres that participated in the expanded access 
programme in Poland. Health Ministry approval of the pro-
gramme was given in December 2016, with the first patients 
beginning treatment in February 2017. Patients in the EAP had 
been dosed until March 2019, after which they were moved to 
the reimbursed treatment programme. According to global 
EAP inclusion criteria, only patients with type 1 SMA, con-
firmed by genetic testing (biallelic deletion of SMN1 gene) 
were approved for the treatment [18]. Additionally, as agreed 
by sites, the number of SMN2 copies had to be confirmed 
as well. Lumbar puncture contradictions were considered 
as a treatment exclusion factor [19]. An interview with 
parents was conducted before patients were qualified, with 
an explanation of the regime of applied standard of care, 
and clear treatment expectations were set. The attending 
physician or team leader also collected informed consent 
from the parents or legal guardians. Prior to drug admin-
istration, assessments were made of the patient’s motor 
function using the CHOP-INTEND scale, physical state, 
respiratory, orthopaedic and nutritional status. Laboratory 
tests, i.e. morphology, arterial blood gas measurement, 
coagulation, biochemistry, general urine test, general CSF 
and CSF culture test were also performed. Patients received 
12 mg nusinersen via intrathecal administration on days 
1, 15, 30, 60 and thereafter every four months. Most pro-
cedures were done without general or local anaesthesia. If 
required, local anaesthesia such as EMLA cream was used. 
Prior to administration, 3–5 ml of cerebrospinal fluid was 
withdrawn as recommended. Administration of nusiners-
en followed after carrying out a CHOP-INTEND 16-item 
functional measurement, used to evaluate children’s motor 
skills on a 0-64 point scale, plus ventilatory and feeding 
status assessments. These assessments were performed prior 
to the first dose, and thereafter before the sixth (month 10) 
and at each subsequent 4 month dose. Laboratory tests and 
physical condition assessments were performed at each visit. 
Patients were kept under observation, as per site guidance, 
with a minimum of 24 hours required as per any lumbar 
puncture procedure. The cohort of patients under inves-
tigation had treatments initiated at different timepoints, 
thus the available last follow-up differed with minimum 
observation prior to the eighth dose up to the tenth dose. 
All three SMA treatment centres obtained approval from 
their ethics committee to conduct the study.

Statistical analysis
Data was presented with descriptive statistics. Mixed 

effects models for repeated measures were used to study 
the effect of time on the CHOP INTEND score (baseline vs. 
follow-up), with time as a fixed effect and intercept as a random 
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Table 1. Cohort characteristics

Variable Statistic

Number of patients 26

Female, n (%) 13 (50)

Age, years

    Mean ± SD 4.79 ± 3.23

    Median (IQR) 3.58 (3–5)

    Min-Max 2.00–15.00

    p for Shapiro-Wilk test* < 0.001

Age at disease onset, months

    Mean ± SD 2.00 ± 1.72

    Median (IQR) 2.00 (1.00–3.00)

    Min-Max 0–6.00

    p for Shapiro-Wilk test 0.007

Age at diagnosis, months

    Mean ± SD 11.38 ± 25.28

    Median (IQR) 6.50 (3.00–8.75)

    Min-Max 1–134

    p for Shapiro-Wilk test < 0.001

Age at treatment start, months

    Mean ± SD 36.57 ± 39.25

    Median (IQR) 23.00 (12.25–41.25)

    Min-Max 3.00–165.00

    p for Shapiro-Wilk test < 0.001

SMN2 copies, n (%)

    2 16 (61.54)

    3 9 (34.62)

    4 1 (3.84)

SMN subtype

    1A 1 (3.84)

    1B 21 (80.76)

    1C 4 (15.38)

Body weight

    Mean ± SD 16.27 ± 9.30

    Median (IQR) 13.55 (11.00–16.57)

    Min-Max 9.50–50.50

    p for Shapiro-Wilk test < 0.001

Body weight < 3 centile, n (%) 9 (34.61)

*when p < 0.05, the distribution of variable differs significantly from normal distribution, thus 
non-parametric statistics are preferred (like median and IQR rather than mean and SD); IQR – inter-
quartile range; SD – standard deviation

effect (Model A). Additionally, the effect of time was analysed 
depending on the number of SMN2 copies (2 vs. 3 or more 
copies, Model B) and baseline CHOP INTEND score (below 
median vs. above median, Model C). Spearman rank correla-
tion coefficient was used to study the relationship between 
baseline CHOP INTEND scores and its on-treatment change.  
P < 0.05 was considered significant. All analyses were com-
pleted in the R software (version 3.52).

Results

Baseline characteristics
The mean age of analysed patients was 4.79 (2–15) years. 

The majority 61.54% (16) had two SMN2 copies, 34.62% (9) 
had three SMN2 copies, and 3.84% (1) had four SMN2 cop-
ies. Mean CHOP-INTEND score at baseline was 19.11 ± 
14.28 points. Most, 80.76% (21), patients were subtype 1B, with 
symptoms onset before age three months, but not immediately 
after birth that was associated with subtype 1A. Subtype 1C 
patients experienced an onset of weakness after the neonatal 
period, but, unlike other subtypes of type 1 SMA, these chil-
dren acquired good head control. Characteristics of the cohort 
are summarized in Table 1. Regarding ventilatory status, 13, 
50%, patients required tracheostomy and respirator support, 
five, 19.23%, required non-invasive support, and eight, 30.76%, 
did not require ventilatory support. Feeding support by NGT 
(nasogastric tube) or PEG (percutaneous endoscopic gas-
trostomy) was required in 15, 57.69%, patients. Data on the 
baseline functioning of patients is captured in Table 2. 

Follow-up
According to agreed monitoring timelines, effective-

ness for this analysis was focused on data starting from 
the eight dose as a minimum up to ninth dose, based on 
the last follow-up visit. Data considers CHOP-INTEND 
assessment at the 18th up to 26th months of treatment dura-
tion, which is one of the longest observation period since 
nusinersen treatment has started in real world setting. 
Mean score in CHOP-INTEND at last follow-up was 26.50  
± 18.04, which is a mean improvement of 7.38 points from 
baseline (p < 0.001; 95% CI, 4.69–10.07). Respirator support 
with tracheostomy at last follow-up (as a result of an acute lung 
infection) was required by three more patients versus baseline, 
while two patients who were previously on 24 hour support 
had decreased their dependency to only nighttime ventilation 
or while on acute infection. Follow-up data on functioning are 
summarized in Table 2.

Patients with three or more SMN2 copies had higher 
CHOP INTEND scores (15.25, 95% CI: 4.02–26.47, p = 0.013) 
and tended to improve in functional tests more than the rest of 
the patients, but this effect was non-significant (2.78, 95% CI: 
–2.63–8.20, p = 0.324). The effect of time remained significant 
(p = 0.015), patients with CHOP INTEND baseline score 
above median had higher scores (p < 0.001) and improved 
significantly more than the rest of the patients (5.53, 95% CI: 
0.62–10.44, p = 0.037). First improvements were observed, 
starting from the administration of the fifth dose. Some im-
provements in patient physical status were not captured by the 
scales, including longer endurance and easier conduction of 
the exercises reported by leading physiotherapists. Summary 
of the data is shown in Figure 1 and in Model A-C. None of the 
patients worsened, one (no. 25) did not change, and the rest 
improved. Similarly to Model C, patients with higher baseline 
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Table 2. Baseline and follow-up data on functioning

Variable Baseline Follow-up

CHOP INTEND

  Mean ± SD 19.11 ± 14.28 26.50 ± 18.04

  Median (IQR) 17.50 (6.00-32.5) 25.50 (12.25-40.50)

  Min-Max 0-48.00 1-56.00

  p for Shapiro-Wilk test 0.097 0.084

Respiratory support, n (%)

 Noninvasive 5 (19.23) 5 (19.23)

 None 8 (30.76) 5 (19.23)

Ventilation > 16 h per day, n (%) 13 (50.00) 11 (42.30)

Tracheostomy, n (%) 13 (50.00) 16 (61.54)

NGT or PEG, n (%) 15 (57.69) 13 (50.00)

Follow-up was led for 18-26 months NGT-Nasogastric tube; PEG-percutaneous endoscopic gastrostomy

Model A

Effect Estimate Std. error 95% CI t p

Intercept 19.11 3.191 12.76–25.46 5.99 < 0.001

Time 7.38 1.35 4.69–10.07 5.47 < 0.001

Change in CHOP-INTEND score was significant (p < 0.001; an increase of 7.38 points from baseline, 95%CI, 4.69–10.07)

Model B

Effect Estimate Std. error 95% CI t p

Intercept 13.250 3.574 6.29–20.20 3.708 < 0.001

Time 6.313 1.720 2.94–9.67 3.670 0.001

SMN2 copies (≥ 3) 15.250 5.762 4.02–26.47 2.647 0.013

Time by no. of SMN2 copies interaction 2.787 2.774 -2.63–8.20 1.005 0.324

Effect of time was significant (6.31, 95%CI: 2.94–9.67, p = 0.001); patients with three or more SMN2 copies had higher CHOP-INTEND scores (15.25, 95%CI: 4.02–26.47, p = 0.013) and tended to improve more 
than rest of patients, but this effect was non-significant (2.79, 95%CI:-2.63–8.20, p = 0.324)

Model C

Effect Estimate Std. error 95% CI t p

Intercept 6.769 2.313 2.28–11.24 2.927 0.006

Time 4.615 1.777 1.14–8.08 2.598 0.015

Baseline score (above median) 24.692 3.271 18.35–31.02 7.549 < 0.001

Baseline score by time interaction 5.538 2.512 0.62–10.44 2.204 0.037

Effect of time remained significant (p = 0.015); patients with CHOP INTEND baseline score above median had higher scores (p < 0.001) and improved significantly more than rest of patients (5.54, 95%CI: 
0.62–10.44, p = 0.037)

CHOP INTEND scores improved more than those with lower 
baseline scores (rho = 0.41, p = 0.033) as shown in Figure 2.

Safety
Through the study period, we did not observe any adverse 

events related to nusinersen itself. Drug administration was 
tolerated well, without any major complications. The adverse 
events observed in patients were: post-lumbar puncture syn-
drome in four patients (15.38%), respiratory tract infection 
in four patients (15.38%), increased liver enzymes after gas-
trointestinal infection in two patients (7.69%), and unsealed 
puncture site with temporary CSF leakage in two patients 
(7.69%). We evaluated the safety profile to be favourable, and 

this was similar to the latest findings from a broad review of 
the nusinersen clinical trial programme [20].

Discussion

We conducted a prospective, longitudinal observation 
of type 1 SMA patients treated within the expanded access 
programme for nusinersen. We analysed 26 patients over 
a minimum 18 month follow-up period. We observed im-
proved motor function in 25 patients with stabilisation in one, 
which, compared to the natural history of the disease and an 
annual deterioration of minus 1.27 points, can be considered 
to be a positive treatment outcome [15].
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Figure 2. Change in CHOP INTEND score for individual patients (A) and correlation between baseline CHOP INTEND scores, with on-treat-
ment change. No patient worsened, one (no. 25) did not change, and the rest improved. Similarly to Model C, patients with higher baseline 
scores improved more than those with lower baseline scores (rho = 0.41, p = 0.033)

Figure 1. Change in CHOP INTEND score from baseline to follow-up among all patients (A) and depending on number of SMN2 copies (B) and 
baseline CHOP INTEND score (C). Plots show mean values and 95% confidence intervals from linear mixed models for repeated measures 
with a random intercept and fixed effects of time (A, B, C), number of SMN2 copies (B), and baseline CHOP INTEND score (C) 

In our cohort, 16 patients (61.54%) improved, measured 
by the clinically meaningful threshold of 4 or more points in 
CHOP-INTEND, with an individual change in one patient 
of up to 26 points. We acknowledge the potential gaps in the 
nusinersen clinical treatment programme, with very rigid cri-
teria including patient ventilatory status and maximum age at 
screening [21]. The presented results can to some extent address 
those gaps. The cohort we analysed had more advanced stage of 
the disease, with 50% of the patients on tracheostomy and more 
than 16/24 hours use of a respirator, something which was an 
exclusion criterion in the phase III randomised, sham-control 
ENDEAR study [7]. Additionally, patients in our cohort had 
21 months mean duration of the disease, whereas patients 
in ENDEAR at screening had a mean 13.2 weeks. Regarding 
body weight, nine (34.61%) patients were also below the third 
percentile for age-adjusted body weight. We acknowledge 

remaining differences between the studies and limitations of 
our data related to the small group of patients, and differences 
in SMN2 copy number, study design or open label approach. 

Nevertheless, we believe the results from the analysed 
cohort, together with the reports published by Pechman et al. 
and Farrar et al., can support a treatment rationale for type 
1 patients, based on real-world data and clinical experience 
outside of the clinical trial programme [22, 23]. In these two 
expanded access programme studies, improvement was seen 
in 77% and 100% respectively. Despite the baseline status of 
patients, we observed positive treatment effect regarding mo-
tor function in all. Our results also showed that patients with 
higher than median CHOP-INTEND scores at baseline and 
3+ SMN2 copies have generally better treatment outcomes, 
although this did not reach the point of statistical significance. 
We did not report major changes in patient respiratory status. 
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Throughout the treatment period, three more patients under-
went tracheostomy. At the same time in two patients we had 
decreased time needed on respirator support to nighttime 
ventilation and during the acute illness period.   

Clinical implications / future directions

Our data shows that none of the analysed patients wors-
ened, one stabilised, and the rest improved, despite the more 
advanced status of the disease, due to progressed ventilatory 
or feeding status. We found that patients with higher than me-
dian CHOP-INTEND scores at baseline and 3+ SMN2 copies 
presented better treatment responses. 

Therefore, it is very important that patients suffering from 
spinal muscular atrophy receive treatment in the early stages of 
the disease. In Poland, this is now possible thanks to a national 
drug programme that provides treatment for all types of SMA 
patients. We hope to be able to treat patients with SMA before 
they develop clinical symptoms, which will be possible thanks 
to the implementation of newborn screening as standard.
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