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ARTICLE INFO ABSTRACT

Keywords: Background: Survival data for Thai patients with 5q spinal muscular atrophy (SMA), the leading
SPinf’l musc‘ﬂaf atrophy cause of infant mortality worldwide, are lacking.

Survival analysis Objective: This study aimed to determine the survival rates and life expectancies of pediatric

Life expectancy patients with SMA types 1, 2, and 3.

Methods: We conducted a retrospective cohort analysis of genetically confirmed 59 SMA patients
aged 0-18 years who were treated between 1999 and 2021 at the pediatric neuromuscular clinic
of Siriraj Hospital, Bangkok, Thailand. Mortality data were sourced from the Civil Registration
Office.

Results: The study included 113 patients: 37 with SMA type 1, 53 with type 2, and 23 with type 3.
Life expectancy varied significantly by SMA type: 2.2 years for type 1, 11 years for type 2, and
16.5 years for type 3. The median survival times for SMA type 1 and 2 were 1.9 and 19 years,
respectively. In SMA type 2, early onset (<1 year) correlated with a shorter median survival than
later onset (>1 year) (log-rank test P = 0.009). Early onset SMA type 2 had a median survival
time of 15.9 years, while 75 % of those with later onset SMA type 2 survived until the age of 19
years. Cox proportional hazards analysis revealed that each month’s delay in disease onset
reduced the annual mortality risk by 17 % for type 1 patients and by 20 % for type 2 patients.
Compared with female patients, male patients with type 2 disease had a 12-fold increased mor-
tality risk.

Conclusions: Age at onset is a significant predictor of survival and life expectancy in patients with
SMA types 1 and 2. These insights are crucial for genetic counseling and prognostic discussions in
clinical settings.

1. Introduction

Spinal muscular atrophy (SMA) comprises a set of autosomal recessive neuromuscular disorders, notably 5q SMA, which stems
from pathogenic variants in the survival motor neuron 1 (SMN1) gene. This subtype is one of the most prevalent autosomal recessive
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conditions, with an incidence of 1 in 10 000 live births [1-3] and a carrier frequency between 1 in 40 and 1 in 60 [4,5]. Moreover, 5q
SMA is the primary cause of infant mortality due to genetic disorders [6,7]. It originates from a homozygous deletion or mutation in the
SMN1 gene on chromosome 5q13, leading to motor neuron degeneration [8,9]. SMA is typified by progressive limb and trunk muscular
weakness and atrophy. SMA classifications are based on the age at onset of symptoms and the achievement of specific motor milestones
[10]. SMA type 1 presents with hypotonia and weakness within 6 months of life, with untreated cases typically leading to death before
2 years of age (range 8.1-24.8 months) [11,12]. Patients with SMA type 2 exhibit gross motor delays, with patients unable to walk
independently but able to sit unsupported, and an average life expectancy of 15-25 years [13,14]. Patients with SMA types 3 and 4 face
mobility issues but usually have a near-normal lifespan [7,13].

The standard of care for spinal muscular atrophy (SMA) has evolved significantly over time, centering around customized sup-
portive measures, including nutritional and respiratory aids [15,16], which are globally recognized as the foundational treatment
approach. The advent of disease-modifying therapies (DMTs) in 2016, however, revolutionized SMA management by fundamentally
altering the natural progression of the disease. The first FDA-approved DMT, nusinersen, targets SMN2 mRNA and is administered
intrathecally every 4 months [17]. Subsequently, onasemnogene abeparvovec-xioi was introduced. This medication utilizes AAV9 to
replace the SMN1 gene through a single intravenous dose [18]. Risdiplam, the third DMT, is an oral option that targets SMN2 mRNA
splicing [19]. These DMTs have markedly improved survival rates, reduced the necessity for respiratory interventions, and enhanced
motor functions, enabling patients to achieve motor milestones previously deemed unattainable.

In Thailand, DMTs first became available in 2021 (risdiplam and onasemnogene abeparvovec-xioi) through global managed access
programs, albeit for a limited number of patients. The absence of reimbursement by the Thai Universal Coverage Scheme has restricted
widespread access to these treatments.

The survival outcomes of 59 SMA patients in Thailand remain undocumented. This study aimed to analyze the survival rates of
children with SMA types 1 and 2 and to determine the life expectancy of children with SMA types 1, 2, and 3 in Thailand.

2. Methods
2.1. Study design and study population

We conducted a retrospective chart review at Siriraj Hospital. As Thailand’s foremost referral center for neuromuscular disorders,
the hospital attracts the majority of SMA patient referrals for diagnosis and care. Our cohort included pediatric patients (0-18 years)
with genetically confirmed SMA who were assessed and monitored at Siriraj Hospital’s pediatric neurology or neuromuscular clinics
between 1999 and 2021. For genetic diagnostics to confirm SMA, quantitative polymerase chain reaction, polymerase chain reaction-
restriction fragment length polymorphism, or multiplex ligation-dependent probe amplification was used. SMA subtypes were clas-
sified by onset age and peak motor milestones. Patients who were lost to follow-up or had incomplete records were excluded. Patients
treated with DMTs remained included despite the short interval (under 3 months) from the first DMT administration to the study’s
conclusion. The data collected comprised citizen identification number, birth date, ages at onset and diagnosis, and treatment specifics.
Dates of death were verified through the Civil Registration Office. Ethical approval was granted by the Siriraj Institutional Review
Board (COA Si 860/2021)

Table 1
Clinical demographics and characteristics of pediatric SMA cohort (N = 113).

Characteristic N (%)

Male 67 (59.3)

SMA Type
SMA 1 37 (32.7)
SMA 2 53 (46.9)
SMA 3 23 (20.4)

Age of onset (years)”

SMA 1 0.3 (0-0.9)
SMA 2 0.9 (0.3-1.8)
SMA 3 4.3 (1.2-14)

Age at diagnosis (years)”

SMA 1 0.5 (0-3)
SMA 2 2.5(0.4-12)
SMA 3 9.3 (2-18)

Patients receiving disease-modifying therapies 20 (17.7)
Risdiplam 13 (65)
Onasemnogene abeparvovec 7 (35)

SMN 2 gene analysis (number of patients undergoing) 35 (30.9)
SMN 2 copies number = 2 13 (11.50)
SMN 2 copies number = 3 21 (18.58)
SMN 2 copies number = 4 1 (0.88)

@ Data are presented as mean (range).
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2.2. Data analysis

We utilized descriptive statistics to analyze demographic data. Survival probabilities were computed through the Kaplan-Meier
method, with comparisons made via the log-rank test, and further analyses were conducted using the Cox proportional hazards model.
Statistical procedures were performed using Stata 17 software. P values less than 0.05 were considered to indicate statistical
significance.

3. Results
3.1. Clinical characteristics

Our study evaluated 113 children with SMA. One patient was excluded due to loss of follow-up and did not receive genetic
confirmation of SMA, and they passed away at 2.4 years. The ages of the participants at the time of the study ranged from newborn to
18 years, and males constituted 59 % (67) of the cohort. The clinical characteristics of the patients are detailed in Table 1. Of the
cohort, 32.75 % (37) had SMA type 1, 46.90 % (53) had type 2, and 20.35 % [20] had type 3. The initial symptoms of SMA type 1
include hypotonia, a floppy infant appearance, delayed gross motor development, and respiratory failure. For SMA type 2, the early
signs are delayed gross motor development and an inability to walk. SMA type 3 initially presents with muscle weakness and difficulty
walking. For SMA type 1 patients, the mean ages at onset and at diagnosis were 3.2 and 6.9 months, respectively. SMA type 2 patients
had mean onset and diagnosis ages of 11.1 and 29.6 months, respectively, while the corresponding ages for the SMA type 3 patients
were 4.3 and 9.3 years, respectively.

Among the 113 patients, 20 patients (17.7 %) were treated with DMTs. Risdiplam was administered to 13 children: 2 with SMA type
1 at 7 and 45 months, and 11 with SMA type 2 at a median age of 91.3 months (range 28-232). Onasemnogene abeparvovec-xioi was
given to 7 children: 5 with SMA type 1 at a median age of 15.4 months (range 6-24) and 2 with SMA type 2 at 18 and 31 months. None
of the cases have undergone treatment with nusinersen or similar agents.

3.2. Life expectancy

The analysis of survival outcomes for patients with SMA type 1 showed that 21.62 % (8 of 37) survived, while 78.38 % (29 of 37)
had died. The median age of the surviving children was 5.3 years, and all of these patients needed invasive ventilation. The mean life
expectancy was 2.2 years with a 95 % confidence interval of 1.4-3.1.

Among SMA type 2 patients, 83.02 % (44 of 53) were alive at the end of the study period, and 16.98 % (9 of 53) had died. The
median age of the surviving children was 14 years. The mean life expectancy was 11 years with a 95 % confidence interval of 5-15.

SMA type 3 patients exhibited the highest survival rate, with 91.30 % (21 of 23) alive and 8.70 % (2 of 23) deceased. The median
ages of the living patients in this group were 22.2 years. Two individuals diagnosed with SMA type 3 passed away in 2013 and 2014 at
the ages of 16.2 and 16.8 years, respectively. The mean life expectancy was 16.5 years with a 95 % confidence interval of 16.2-16.7.
Detailed life expectancy data across all SMA types are provided in Table 2. Incidence of endpoints (mortality and/or permanent
ventilator dependency) among SMA patients are provided in Table S1.

3.3. Survival analysis and factors influencing outcomes

We explored potential determinants of survival in SMA patients, focusing on age at onset, the use of genetic-based therapies
(DMTs), and sex.

Patients with SMA type 1 were stratified by age at onset into those with an onset age of less than 2 months and those with an onset
age of 2 months or more (Fig. 1). The median survival was 1.28 years for the former and 2.28 years for the latter, without a significant
difference (log-rank test P = 0.08).

In examining the influence of genetic-based medications on patients with SMA type 1, different outcomes emerged based on patient
age (Fig. 2). Patients under 2 years of age who received genetic-based treatments showed improved survival outcomes compared to
those who did not receive such treatments. Conversely, for patients older than 2 years, the data suggested that outcomes were
somewhat less favorable in the treatment group than in the nontreatment group.

Regarding the sex of SMA type 1 patients, the analysis did not reveal a significant difference in median survival times (males = 1.72
years, females = 2.06 years; log-rank test P = 0.96; Fig. 3). However, the Cox proportional hazards analysis revealed a significant
relationship between age at onset and survival time (hazard ratio = 0.83; P = 0.04). This result indicates that with each additional
month of age at onset, the yearly probability of death decreases by 17 %.

Table 2

Comparative mean life expectancies across SMA types 1-3.
Type Numbers of patients Alive n (%) Deceased n (%) Mean life expectancy (y) 95 % confidence interval
SMA1 37 8 (21.6) 29 (78.4) 2.2 1.4-31
SMA2 53 44 (83.0) 9(17.0) 11 5.0-15.0

SMA3 23 21 (91.3) 2(8.7) 16.5 16.2-16.7
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Fig. 1. Kaplan-Meier survival estimates for SMA type 1 patients stratified by age at onset (n = 17 for 0-2 months; n = 20 for >2 months).
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Fig. 2. Kaplan-Meier survival analysis for SMA type 1 patients: medication impact (n = 7 with medication; n = 30 without).

SMA type 2 patients were divided based on onset age into two groups: those with onset before 1 year and those with onset at 1 year
or later (Fig. 4). Patients with onset before 1 year had a median survival of 15.86 years, while 75 % of those with onset at 1 year or later
survived until the age of 19 years, with a significant difference (log-rank test P = 0.0092).

The effect of genetic-based medication usage on survival (Fig. 5) showed that patients with SMA type 2 who were receiving
medication had improved outcomes, although the difference was not significant (log-rank test P = 0.149). The nonmedicated SMA type
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Fig. 3. Sex-based Kaplan-Meier survival distribution in SMA type 1 (n = 20 males; n = 17 females).
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Fig. 4. Kaplan-Meier survival curves for SMA type 2 patients categorized by age at onset (n = 53).

2 patients had a median survival of 19 years, whereas all medicated SMA type 2 patients were still alive at the conclusion of the study.
Kaplan-Meier survival functions demonstrate the impact of age at onset on mortality and ventilator dependency, as shown in
Figure S1-S6. Sex-based analysis (Fig. 6) revealed no significant difference in survival among SMA type 2 patients. The median survival
for males was 19.01 years; however, the female median survival could not be estimated, as less than 50 % of the females died (log-rank
test P = 0.092).

Cox proportional hazards analysis (Table 3) revealed significant associations for SMA type 2 patients. Age at onset correlated with
survival (HR = 0.80; P = 0.021), and sex had a notable impact on survival (HR = 12.29; P = 0.036). Sex-based analysis (Fig. 6) and
state at onset (Fig. 7) revealed no significant difference in survival among SMA type 2 patients.

The cohort of 23 patients with SMA type 3 constituted 20.3 % of the study population. However, the dataset was too small for
analysis through the Kaplan-Meier survival method, log-rank test, and Cox proportional hazard modeling.

4. Discussion

This retrospective cohort analysis utilized patient records covering a duration of 24 years, with follow-up extending to 16 years.
The objective of this study was to elucidate the life expectancy and survival rates of Thai pediatric patients diagnosed with SMA in the
era preceding the introduction of therapeutic interventions. The study also aimed to identify factors associated with prolonged life.

In this investigation, the distributions of SMA types 1, 2, and 3 within the Thai cohort were 33 %, 47 %, and 20 %, respectively. This
contrasts with the distribution observed in nations lacking newborn screening programs, such as Japan, where SMA types 1, 2, and 3
account for 42.1 %, 32.1 %, and 20.8 % of patients, respectively [21]. Our Thai distributions also diverge from those reported in
countries with newborn SMA screenings, characterized by proportions of 40%-60 % for SMA type 1, 20%-40 % for SMA type 2, and
15%-25 % for SMA type 3 [21]. The lower proportion of SMA type 1 patients in Thailand may be attributed to underdiagnosis and the
referral of only intubated patients to our institute. Additionally, genetic confirmation of SMA is confined to three academic hospitals
within the Thai public health system, potentially influencing diagnostic accessibility.

Our study revealed mean life expectancies of 2.2 years for SMA type 1, 11 years for SMA type 2, and 16.5 years for SMA type 3,

Kaplan—Meier survival estimates

o
O | o
['e]
~ 4
S
o
w0 4
o

Log-rank test

P-0.1488
‘el
N 4
o
o
S
o T T " T T

0 5 10 15 20
Age (years)
Without Medicine =~ == === With Medicine |

Fig. 5. Kaplan-Meier survival projections for SMA type 2 patients: medication effect (n = 13 with medication; n = 40 without).



P. Sittiyuno et al. Heliyon 10 (2024) e32732

Kaplan—Meier survival estimates

o
3
['e]
~
o
o
I.Ol =)
= Log-rank test
P-0.0919
‘el
a4
o
o
S
o T T " T T
0 5 10 15 20
Age (years)
| Female Male ‘

Fig. 6. Kaplan-Meier survival comparisons between male and female patients in SMA type 2 (n = 53).

Table 3
Cox proportional hazards analysis: influence of onset age (months) and sex on survival in SMA types 1 and 2.
Type Factor Hazard ratio Standard error z P>z 95 % confidence interval
SMA1 Age at onset (mo) 0.830 0.076 —-2.02 0.043 0.693-0.994
SMA2 Age at onset (mo) 0.804 0.075 —-2.31 0.021 0.669-0.967
Sex 12.294 14.732 2.09 0.036 1.174-128.733
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Fig. 7. Kaplan-Meier survival analysis according to state at onset for SMA type 2 patients (n = 53).

which is consistent with findings from Korea [11] and the United States [12]. These earlier studies reported median survival times for
SMA type 1 patients of 20.8-24.8 months and 8.1-22.0 months, respectively. Farrar et al. [14] reported a median survival of 15.6 years
(range 5.6-40.9 years) for SMA type 2 patients, consistent with our observations. For SMA type 3 patients, the literature suggests that
these patients may enjoy nearly normal life expectancies [7,13]. However, our study did not include a survival analysis for this group
due to the need for extended follow-up and the focus on children under 18 years of age, limiting the inclusion of type 3 patients.

In our study, the median age for death or the requirement of permanent ventilation support among SMA type 1 patients without
DMTs was 19 months (Figure S2). In comparison, the previous natural history study by the Paediatric Neuromuscular Clinical Research
(PNCR) group reported a median age of 13.5 months for death or the need for permanent ventilation support

In addition, to study the impact of the improved standard of care on the survival of SMA patients without DMTs, we analyzed
survival by comparing those born on or before 2011 with those born after 2011. The median survival time for SMA type 1 patients born
on or before 2011 was 0.48 years, while for those born after 2011, it was 1.25 years (log-rank test, p = 0.023; Figure S7). This dif-
ference may result from improvements in general medical care and the standard of care for SMA type 1 patients. For SMA type 2
patients, we could not analyze the difference in median survival time due to the small sample size and insufficient follow-up period,
Figure S8.)

Age at onset critically impacts survival outcomes in patients with SMA. Our findings indicated onset ages of 3.2 months for SMA
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type 1, 11.1 months for type 2, and 4.3 years for type 3, consistent with prior studies on SMA types 1 and 2 [12,20,22,23[24]].
However, our results for SMA type 3 diverged, potentially due to our smaller cohort. We stratified SMA type 1 patients using a 2-month
onset age threshold to form two subgroups. This stratification did not reveal a significant difference in survival between patients with
an onset between birth and 2 months and those with an onset beyond 2 months. In contrast, Ge et al. reported a significantly superior
survival probability in patients with an onset of >2 months compared to those with an onset of <2 months [22]. Similarly, for SMA
type 2, a 1-year onset age threshold showed that patients with a later onset had significantly improved median survival, contrary to our
findings. These variances could be attributed to differences in the sample sizes, the reliability of caregiver-reported onset data at initial
hospital evaluations, and the age cutoffs used.

In this analysis, sex was identified as a critical determinant, revealing a marked difference in median survival times between male
and female SMA type 2 patients. Additionally, the Cox proportional hazards analysis for SMA type 2 demonstrated a significant as-
sociation between sex and survival, with male mortality rates being twelvefold greater than those of their female counterparts. This
disparity may be linked to the differential rates of medication administration between the sexes. Within our sample, medication was
provided to 40 % of the female patients (20 in total, 8 medicated) compared to only 15 % of the male patients (33 in total, 5 medi-
cated). Therefore, the lower medication usage among males may be a contributing factor to their increased mortality rates.Our study
examined medication as an interesting factor because various treatment options are now available for SMA patients. However, our
analysis revealed no significant difference in the median survival times of SMA type 1 and type 2 patients who were treated with
medication and those who were not.

In our cohort of 30 nonmedicated SMA type 1 patients, six needed ventilatory support, with a median onset age of 3.2 months
(range: 0-14 months). Among the seven patients receiving medication, five were ventilator dependent, exhibiting an average onset age
of 3.12 months (range: 1-5 months) and initiating treatment at an average age of 1.03 years. Fig. 2 shows that medicated patients aged
0-2 years demonstrated superior outcomes compared to their nonmedicated counterparts, a distinction that diminished beyond the
age of 2. Despite similar median onset ages in the medicated and nonmedicated SMA type 1 subgroups, they differed in age-range
breadth and the proportion of ventilator-dependent patients, indicating potentially enhanced surveillance in the nonmedicated
cohort. Specifically, the 30 patients in the nonmedicated group presented a wider onset age spectrum (0-14 months) and included six
(20 %) who were ventilator dependent and may have received better surveillance. In contrast, the seven patients in the medicated
group had a narrower age range (1-5 months) and included five (71 %) who were ventilator dependent. A follow-up study, possibly
employing a matched case > control design, is warranted to further elucidate the interplay between medication use, ventilator de-
pendency, and onset age in SMA type 1 patients.

Cox proportional hazards analysis for SMA type 1 revealed a significant correlation between onset age and survival period. The
analysis suggested that with each additional month of age at onset, the annual risk of mortality decreased by 17 %. This finding is
consistent with the patterns observed in SMA type 2. Specifically, for each additional month of age at onset, the yearly probability of
death decreased by 20 %.

5. Conclusion

This study established a median life expectancy of 2.2 years for SMA type 1 patients. Additionally, the study highlighted that each
additional month of age at onset significantly impacts survival, correlating with a 17 % decrease in the annual death risk. For SMA type
2 patients, the median life expectancy was 11 years, with survival significantly influenced by both onset age and female sex. These
findings, derived from detailed survival analyses, offer critical insights for genetic and prognostic counseling across SMA types.
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