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Abstract Background: Respiratory failure is the leading cause of mortality in spinal muscular atrophy type 1 (SMA1) chil-
dren. The current study aims to evaluate the effect of nusinersen treatment on respiratory outcome of the patients
with SMAI.

Methods: In this retrospective, single-center study, 52 SMAI1 patients treated with nusinersen were included in the
analysis. Patients were divided into two groups based on their age at the time of their first nusinersen treatment
(Group 1: <6 months, Group 2: >6 months). Respiratory outcome on the 180th day of treatment is defined as the
type of ventilation support (spontaneous breathing, noninvasive ventilation (NIV), and tracheostomized or intubated
on invasive mechanical ventilation). Demographic data, respiratory outcome, and Children’s Hospital of Philadel-
phia Infant Test of Neuromuscular Disorders scores were obtained from medical records.

Results: On the 180th day of treatment, 46 of the 52 (88.4%) children were alive. Prevalence of the mortality was
similar in both groups (P = 0.65). The comparison of respiratory outcome in patients between group 1 and group 2
was as follows: spontaneous breathing, 7 (43.7%) versus 4 (13.3%) (P = 0.03); NIV <16 h/day, 3 (18.7%) versus 4
(13.3%) (P = 0.68); invasive mechanical ventilation, 6 (37.5%) versus 22 (73.3%) (P = 0.01). There were no
patients using NIV >16 h/day. There were significant improvements in Children’s Hospital of Philadelphia Infant

Test of Neuromuscular Disorders scores of the patients at day 180 in comparison with the baseline (P < 0.001).
Conclusions: Early initiation of nusinersen treatment in SMA1 patients may alter the disease’s natural course.
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Spinal muscular atrophy (SMA) is an autosomal recessive,
progressive neuromuscular disorder with an estimated inci-
dence of approximately 1 in 10 000 live births."* All patients
with SMA have a mutation or deletion in the survival motor
neuron 1 (SMN1) gene rendering it non-functional.** More
than 94% of SMNI1 deletions occur in exon 7.° SMA typel
(SMA1) is the most frequent and severe phenotype with an
onset of symptoms before six-months."*

Spinal muscular atrophy impacts the respiratory system,
depending on the type of SMA and the severity of loss of
muscle function.® Weakness of the respiratory muscles pre-
sents with ineffective cough reflex and hypoventilation, lead-
ing to decreased airway clearance, mucus plugging,
atelectasis, and pneumonia with hypoxemia. Impaired
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secretion clearance and abnormalities in swallowing also leads
to aspiration and respiratory infections, resulting in acute res-
piratory decompensation.” Infants with SMA1 develop pul-
monary complications early in the disease, and these
complications are the leading cause of morbidity and mortal-
ity.8 Respiratory and nutritional support is essential to survive
beyond their second year of life.” In a previous study, Finkel
et al. reported that the median time to either death or require-
ment of at least 16 h/day of noninvasive ventilation support
was 13.5 months.'® Aggressive home management with oral
suctioning, assisted airway clearance (e.g., use of a cough-
assist device), ventilatory support with bi-level positive airway
pressure ventilation (BIPAP) or invasive ventilation through a
tracheostomy has notably lengthened the lifespan of children
with SMAL.”

Advances in therapeutic approaches for SMA treatment
have also improved the prognosis for patients with this life-
threatening disease.'' Nusinersen, an antisense oligonucleotide
created to increase the SMN protein expression by modifying
the transcription of SMN2, is the first approved disease-
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modifying therapy.'? Treatment with nusinersen has demon-
strated significant benefits in clinical trials in children with
SMA."® Limited studies evaluated the effect of the drug on
the respiratory system.l’m’18 A study by Sansone et al.
demonstrated some improvement by nusinersen in the respira-
tory impairment progression, both in survival and need for res-
piratory support >16 h/day, especially before 2 years.'” More
extensive studies are required to assess long-term respiratory
outcomes and predictive factors for treatment response.

Nusinersen treatment was covered by the health system for
all patients with definitive diagnosis of SMA type 1 as soon
as possible after the diagnosis. According to the Ministry of
Health regulations in Turkey, all patients, including patients
on invasive ventilation, are covered by the health system for
the first four loading doses of nusinersen. After completing
the four doses, patients are re-evaluated, and improvement in
respiratory status and CHOP INTEND scores on the 180th day
are assessed. If the patient can tolerate time off from invasive
ventilation for more than 4 h and if there is a 4 point increase
in the CHOP INTEND score, treatment continues with the
fifth dose coverage by the health system.

After the coverage of nusinersen by the health system, all
our patients with SMA type 1 started to use nusinersen regard-
less of their age and respiratory status. So we had the advan-
tage of comparing early nusinersen treatment with older age
groups. In this study, we aimed to evaluate the effect of nusin-
ersen on the respiratory outcome of SMAI patients treated
with nusinersen in our center.

Methods

Study protocol

The current study is a retrospective single-center study. There
were 56 eligible patients with confirmed genetic diagnosis of
SMALI treated with nusinersen between September 2017 and
July 2020. Fifty-two patients, followed for at least 180 days
after the first nusinersen dose, were included in the study. The
patients whose treatment was stopped by the family (n = 1),
referred to other centers before reaching the 180th day
(n =1), or patients who are still on treatment but did not
reach the 180 days (n = 2), were excluded from the study.
Loading doses of 12 mg nusinersen at day 1 (Baseline), 15,
29, and 60 were administered via intrathecal injection over 1—
3 min which was followed by a maintenance dose at 180
days.

In our study, the respiratory outcome at 180 days is defined
as the need and the type of ventilation support — spontaneous
breathing (SB), noninvasive ventilation (NIV), and tra-
cheostomized or intubated on invasive mechanical ventilation
AMV).

Patients were divided into two groups based on their age at
the time of their first nusinersen treatment (Group 1:
<6 months, Group 2: >6 months). Patients were also classified
into subgroups according to age at onset of symptoms and
clinical presentation (ABC classification: symptoms in the first
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two weeks of life: 1A; within the third month: 1B; between 3
and 6 months: 1C)."?

Clinical assessment

Demographic data, feeding routes (oral feeding/nasogastric
feeding/gastrostomy feeding), and SMN2 copy numbers were
obtained from medical records. Respiratory assessment data,
including physical examination, blood gas results, peripheral
capillary oxyhemoglobin saturation (Sp0O2), oxygen, and respi-
ratory support need (modes and hours of ventilation) at base-
line and each follow-up visit were also recorded. A pediatric
neurologist evaluated the patients’ neurologic status at baseline
and on the 180th day using Children’s Hospital of Philadel-
phia Infant Test of Neuromuscular Disorders (CHOP
INTEND). CHOP INTEND is a 16-item test with scores rang-
ing from O to 64 points, developed to evaluate motor skills in
infants with SMA1, with higher scores indicating better motor
function.'®

Ethical approval

The study was approved by the Ethical Committee of Mar-
mara University Medical Faculty (committee approval number
09.2020.1218), and written informed consent was obtained
from the parents of study participants.

Statistical analysis

Descriptive statistical analysis was applied to the demographic
data. The continuous variables were described using mean and
standard deviation (SD) for normally distributed data and
median and interquartile range (IQR) for non-normally dis-
tributed data. Categorical variables were described with fre-
quencies and percentages. Chi-square tests were used for the
comparison of respiratory outcomes between subgroups.
McNemar’s test was used for the comparison of the feeding
routes at the baseline and 180th day. The Mann—Whitney U-
test was used to compare the CHOP INTEND scores between
age groups and respiratory outcomes. The Wilcoxon signed
rank test was used to compare the CHOP INTEND test’s med-
ian scores between baseline and at the 180th day. P < 0.05
was considered statistically significant. SPSS v.22 was used
for all statistical analyses.

Results

A total of 52 patients with SMA1 were included in the study.
The mean age at onset of symptoms was 2.2 + 1.8 months,
and the mean age at diagnosis was 4.1 + 2.6 months. Of the
52 patients who received nusinersen treatment, 19 (36.5%)
were 6 months or younger, and 33 (63.5%) were older than 6
months at the time of the initiation of nusinersen. The median
age of nusinersen treatment initiation was 11.3 months (IQR:
4.0-34.8 months). Of the 28 patients on IMV, 24 (46.1%) (4
of them from group 1 and 20 of them from group 2) of them
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were tracheostomized. The median age at the time of tra-
cheostomy surgery was 7 months (IQR: 4-9.5 months). Eleven
of the 52 patients (21.1%) had gastrostomy tubes at the initia-
tion of the nusinersen treatment. The median age at the time
of nasogastric or gastrostomy tube insertion was 6 months
(IQR: 3.0-9.0 months). Due to the lack of coverage by health
system in Turkey, only three patients (5.8%) were using the
cough-assist device. Two of the patients using the device were
from group 1 and one of them was from group 2. Three
patients (5.8%) were receiving speech and swallowing therapy.
The demographic characteristics of patients are shown in
Table 1.

On the 180th day of treatment, 46 children (88.4%) were
alive. Three patients died from both groups 1 and 2 (15.8%
and 9.1%, respectively). The prevalence of mortality was simi-
lar in both groups (P = 0.65). Twenty-eight patients were on
IMV at baseline, and none of them was able to switch to NIV
or SB at the end of the study. Patient flow from baseline to
the end of the study is shown in Fig. 1. A comparison of the
respiratory outcomes among patient groups is shown in
Table 2. As a secondary analysis, while 52.6% of patients
from group 1 were on SB or NIV < 16 h/day, 24.2% of
patients from group 2 were on SB or NIV < 16 h/day after

Table 1 The baseline demographic characteristics of the SMAL1
patients

Baseline data (n = 52) Group 1 Group 2 p

(<6 months) (>6 months)

(n=19) (n =33)

Gender, male, n (%) 11 (57.9) 19 (57.6) 0.9
Age at onset of 1.1 £ 0.7 29£19 <0.001
symptoms, months,
mean + SD
Age at diagnosis, 25+ 1.0 51 £28 <0.001

months, mean 4+ SD

Median age at first 3.7 (2.74.6) 23 (12.6-47.5) <0.001
nusinersen dose,
months, (IQR)
Respiratory status
SB, n (%) 13 (68.4) 9 (27.3) 0.004
NIV<16 h/day, n (%) 1 (5.3) 1 (3.0 1
IMV, n (%) 5 (26.3) 23 (69.7) 0.003
Feeding route
Oral feeding, n (%) 12 (63.2) 10 (30.3) 0.02
Nasogastric feeding, 6 (31.6) 13(39.4) 0.5
n (%)
Gastrostomy feeding, 1 (5.3) 10 (30.3) 0.04
n (%)
CHOP-INTEND 18.0 (9-25) 6.0 (1-18) 0.02
score, median
(IQR)
SMN2 copy number (n = 40)
2 SMN2, n (%) 17 (100) 19 (82.6) 0.12
3 SMN2, n (%) 0 4 (17.4) 0.12
ABC classification (n = 47), n (%)
SMA 1A 3 (16.7) 1 (3.4 0.15
SMA 1B 15 (83.3) 20 (69) 0.32
SMA 1C 0 8 (27.6) 0.01
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180 days of treatment (P = 0.03). At the 180th day, the IMV
requirement in group 1 (currently all above 6 months of age)
was lower than the baseline group 2 (37.5 versus 69.7%)
(P = 0.03). There were no significant differences in respira-
tory outcomes according to SMN2 copy numbers and ABC
classifications (P > 0.05).

Eleven of the 52 patients (21.2%) had gastrostomy tubes
when nusinersen treatment was initiated; five additional chil-
dren required gastrostomy on the 180th day (see Table 3).
There was no significant change in the patients’ feeding routes
on the 180th day than baseline.

Regarding motor function in our cohort, median CHOP
INTEND scores at baseline and 180th day were 9.5 (IQR:
3.0-23.7) and 25 (IQR: 11-35), respectively. There was a sig-
nificant improvement in CHOP INTEND scores of the patients
between baseline and day 180 (P < 0.001). The patients’ med-
ian CHOP INTEND scores in group 1 at baseline and 180th
day were 18.0 (IQR: 9-25) and 31.0 (IQR: 28.7-43.2), respec-
tively. The median CHOP INTEND scores of the patients in
group 2 at baseline and 180th day were 6.0 (IQR: 1-18) and
14 (IQR: 10.5-33.5), respectively. The CHOP INTEND scores
of the patients in group 1 were higher than those for group 2
at day 180 (P =0.01). The SB patients’ CHOP INTEND
scores were significantly higher than patients’ on IMV at day
180 (P < 0.001). Comparison of CHOP INTEND scores at
baseline and 180th day is shown in Fig. 2.

Discussion

In this study, we evaluated the respiratory outcomes of our
SMA type 1 patients with nusinersen treatment starting below
6 months of age and compared with those above 6 months of
age. Early initiation of nusinersen treatment in SMA1 patients
may alter the disease’s natural course. In most cases, respira-
tory status remained stable during the study period. Neurologi-
cal scores improved in all age groups but respiratory outcomes
seems to improve only in patients on nusinersen treatment
when they were younger than 6 months of age.

Spinal muscular atrophy is characterized by progressive
muscle weakness. Early treatment is crucial because the lack
of SMN leads to irreversible loss of motor neurons.”’ Some
studies evaluating the effect of nusinersen revealed that the
treatment efficacy is enhanced when patients are treated before
the onset of symptoms.'"'® Studies evaluating the respiratory
status of SMAL1 patients treated with nusinersen are scarce. In
a pilot project by Vill ef al., nusinersen treatment was started
at the median age of 24 days, and respiratory deterioration
was not observed in any of the children who received treat-
ment.”! A study by De Vivo DC et al. (Nurture), including 25
presymptomatic SMA1 patients, early initiation of nusinersen
at younger than 6 weeks of age resulted in all 25 infants with-
out the need for permanent ventilation at a median age of
26 months.'"® In our study, the median age of initiation of
nusinersen was 3.7 months in patients who started the treat-
ment before 6 months of age. Unlike the Nurture study, only
one of our patients received nusinersen treatment before 6

© 2022 Japan Pediatric Society

85UB01 7 SUOWWOD BAII1D) 8|t [dde 8y} A peusenob aJe Ssppie YO ‘8sn JOse|n. 10) Ariq1T8ulUQ A8]IM UO (SUORIPUOD-PUE-SWLBIALIO" A3 (1M AleIq Ul |Uo//SdnL) SUORIPUOD pue swie 1 8y} 89S *[£202/S0/ST] Uo Ariqiiauliuo A8im ‘AiseAiun erwe W Aq G2TSTPed/TTTT 0T/I0p/wod Ao M Ake.d1uluo//sdny wouy pepeojumod ‘T ‘220z *X00zZzyhT



4 of 7 AP Ergenekon et al.

Baseline (n=52)

Group 1
< 6months (n=19)

.
—

* | Died (n=1)
e NIV<16 h/day

s omae
— [ |
. [oei

Fig. 1 Patient flow from baseline to the end of the study.

e IMV (n=5)

Table 2 Comparison of the respiratory outcomes of the patients
on the 180th day (n = 46)

Group 1 Group 2 P
(<6 months) (>6 months)
n=16 n =30
SB, n (%) 7 (43.7) 4 (13.3) 0.03
NIV < 16 h/day, n 3 (18.7) 4 (13.3) 0.68
(%)
IMV, n (%) 6 (37.5) 22 (73.3) 0.01

Table 3 Comparison of the feeding routes of the patients

Feeding route Baseline At 180th days (n = 46) P
Oral feeding, n (%) 22 (42.3) 15 (32.6) 0.12
Nasogastric feeding, 19 (36.5) 15 (32.6) 1.0
n (%)

Gastrostomy feeding, 11 (21.2) 16 (34.8) 0.06
n (%)

weeks of age, which could explain the lower effectiveness of
treatment in our study compared to the Nurture study. A ran-
domized, double-blind, sham-controlled, phase 3 study
(ENDEAR) of nusinersen in infants with SMA was stopped
early in the interim analysis because a significantly higher per-
centage of infants in the nusinersen group had a motor-
milestone response than in the control group (P < 0.001). In
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Fig. 2 Comparison of CHOP INTEND scores at the initiation
and on the 180th day of nusinersen treatment.

the final analysis, the likelihood of event-free survival was
higher in the nusinersen group than in the control group (haz-
ard ratio for death or the use of permanent assisted ventilation,
0.53; P = 0.005). The mean age at the initiation of the nusin-
ersen treatment was 23 weeks. Infants with a shorter disease
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duration at the initiation of the study were more likely to ben-
efit from nusinersen than those with a longer disease duration.
The authors concluded that nusinersen is not a cure in symp-
tomatic patients, and early initiation may be necessary to max-
imize the drug’s efficacy.'® In the current study, patients with
a longer duration of symptoms, i.e., the patients whose treat-
ment was started after 6 months of age, had poorer outcomes.
Twenty-five of the 33 patients (75.8%) in this group had
either died or required permanent respiratory support. Further-
more, as in our study, the patients’ respiratory outcome in
ENDEAR study is also inferior compared to the NURTURE
study, which can be explained by the later initiation of nusin-
ersen treatment (6 weeks vs. 23 weeks). To show the possible
effect of nusinersen on the natural course, we compared base-
line group 2 before nusinersen treatment with the final status
of group 1. At the 180th day of treatment, patients above
6 months of age mostly did not require IMV (37.5%) in con-
trast with the baseline group, which required IMV (69.7%)
before nusinersen. Early treatment with nusinersen may alter
the natural course of the disease, longer term studies are
needed.

Currently, SMA is not included in the newborn screening
(NBS) program in Turkey. The majority of studies, including
our study, point to a better disease course with early diagnosis
of the mutation and early initiation of treatment. Thus, imple-
mentation of the SMA NBS program should be considered by
the health authorities to achieve early diagnosis.

The neurologic outcome with nusinersen treatment is not
always correlated with respiratory outcome.” In a study by
Aragon Gawinska et al., the safety and clinical efficacy of
nusinersen in patients over 7 months of age was investigated,
and respiratory worsening, despite the motor improvement,
was observed in some patients. This was partly explained by
the slower action of nusinersen on the respiratory system and
the possible intercurrent infections that may further compro-
mise the patients’ clinical condition with SMA1 and late initi-
ation of treatment.”> As in this study, we observed a
significant improvement in all patients’ motor function. How-
ever, only patients whose treatment was initiated before 6
months of age had a better respiratory outcome.

Although the evidence is still scarce, differences in
response to treatment in different SMA types have been
reported in several studies.””> However, in our study, signifi-
cant differences regarding respiratory outcomes between the
subgroups of SMAI1 (1A, 1B, 1C) were not observed. The
SMN?2 copy number is reported to be the most important pre-
dictor of clinical severity in SMA patients; however, a signifi-
cant difference in terms of respiratory outcome according to
the SMN2 copy number was not observed in our study. Lim-
ited sample size and type II error may have biased our find-
ings.24

Differences in standards of care among the countries could
affect treatment outcomes. In recent years, pulmonary manage-
ment of SMA has shifted from a reactive approach to a proac-
tive approach, including early intervention with noninvasive
ventilation, cough-assist devices, gastrostomy tubes, and
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swallowing therapies.® Cough-assist devices combined with
manual chest physiotherapy are recommended for airway
clearance for all SMA patients with an ineffective cough.6
Noninvasive ventilation can be used in case of nocturnal
hypoventilation before the appearance of respiratory failure.>
Early NIV can have a beneficial impact on chest shape, reduc-
ing the development of pectus excavatum and reverse changes
in chest-wall compliance.’®?® Early initiation of adequate
multidisciplinary support and close follow up by specialists
may ameliorate disease course and increase the effectiveness
of nusinersen therapy. As the multidisciplinary approach and
treatment are crucial in SMA management, additional cover-
age of the evidence-based devices by the health system in this
group of patients is vita] 67230 Although multiple studies
demonstrated the clinical benefit of cough-assist devices,
unfortunately, there is no coverage by the health system in our
country, and only a small number of our patients use cough-
assist devices. Lack of coverage of cough assist device by the
health system is unacceptable considering the high cost of
nusinersen treatment. This current status may be one of the
causes of the reduced effect of the nusinersen treatment, and
for this reason, it is also difficult to compare our patient popu-
lation with other populations.

One of the most important issues to consider for the patient
with SMA type 1 is safe swallowing. With the progression of
the tongue and pharyngeal muscle weakness, these infants are
at increased risk of aspiration and pneumonia. A proactive
approach including nasogastric tube feeding is suggested until
gastrostomy is performed.*® Nusinersen may provide improve-
ments in motor milestones and survival rates but the effect on
the bulbar functions is unclear.'*3!'3> A study by van der Heul
et al. evaluating feeding and swallowing problems in infants
with spinal muscular atrophy type 1 revealed that the symp-
toms of abnormal feeding were present in children treated
with nusinersen in the first year of their life despite initiating
the treatment before the onset of muscle weakness.*® In the
current study, we did not observe any improvement regarding
the feeding route after nusinersen treatment.

Major limitations of this single-center study were short
duration of follow up and small sample size. At our baseline,
there were significant differences between two subgroups,
which were divided according to the starting age of nusinersen
with regard to the respiratory status. This difference causes
difficulties in evaluating the effect of nusinersen treatment in
time. Maybe longer term follow up of these patients will pre-
vent this limitation.

Increased number of patients and a longer duration of
follow-up may enable detection of nusinersen therapy’s effects
in subgroups. One hundred-eighty day follow-up duration was
chosen, as the coverage by the health system has stopped for
some patients before the fifth dose of the treatment due to the
respiratory and neurological status.

In conclusion, nusinersen was effective in SMA1 patients
as all patients had better neurological scores after treatment.
The effect of nusinersen on respiratory outcome was detected
only in younger patients when nusinersen was started before 6

© 2022 Japan Pediatric Society
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months of age. This finding suggests that the earliest possible
intervention after the genetic diagnosis would be ideal for
SMAT1 patients. The current criteria for continuing of nusin-
ersen treatment should be defined, especially for patients with
advanced disease who showed minimal improvement in neuro-
logical status in the absence of better respiratory outcomes,
considering the cost of nusinersen, particularly for low-income
countries where health care resources should be used ration-
ally. Further studies are required to define the efficacy of
nusinersen in different subgroups and to define the predictive
factors for optimal response to treatment.
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