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Abstract.

Background: Cure SMA maintains the largest patient-reported database for people affected with spinal muscular atrophy
(SMA).In 2017, Cure SMA initiated annual surveys with their membership to collect demographic and disease characteristics,
healthcare, and burden of disease information from patients and caregivers.

Objective: To summarize results from two large-scale Cure SMA surveys in 2017 and 2018.

Methods: Cure SMA database members were invited to complete surveys; these were completed by caregivers for living or
deceased individuals with SMA and/or affected adults.

Results: In 2017, 726 surveys were completed for 695 individuals with SMA; in 2018, 796 surveys were completed for
760 individuals with SMA. Data from both survey years are available for 313 affected individuals. Age at symptom onset,
distribution of SMN2 gene copy number, and representation of each SMA type in the surveys were consistent with that
expected in the SMA population. In the 2018 survey, the average age at diagnosis was 5.2 months for SMA type I and the
reported mean age at death for this subgroup was 27.8 months. Between survey years, there was consistency in responses for
factors that should not change within individuals over time (e.g., reported age at diagnosis).

Conclusions: Results from the Cure SMA surveys advance the understanding of SMA and facilitate advocacy efforts and
healthcare services planning. Longitudinal surveys are important for evaluating the impact of effective treatments on changing
phenotypes, and burden of disease and care in individuals with SMA.
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INTRODUCTION

Spinal muscular atrophy (SMA) is a rare chronic,
progressive, neuromuscular disorder [ 1-8] caused by
the homozygous disruption of the survival motor neu-
ron 1 (SMNI) gene [2, 9, 10]. The key determinant
of disease phenotype is the SMN2 gene copy num-
ber, a paralogous gene that produces low levels of
full-length SMN protein but is unable to compen-
sate for the loss of SMNI [9, 11, 12]. Historically,
SMA has been categorized into types (0—IV) based on
clinical manifestation, mainly age of symptom onset
and maximal motor function achieved [9, 11]. Infants
with the most severe and very rare form of SMA, type
0, are symptomatic at birth and die within a few weeks
of life [11, 13]. Patients with all other types of SMA
are clinically asymptomatic at birth [11, 14].

SMA type I (also known as infantile-onset SMA)
accounts for approximately 60% of SMA births [15].
Infants with this phenotype exhibit motor weakness
within the first 6 months of life [11]. Because they
never achieve the ability to sit independently, these
infants require the most intensive and supportive
care [10, 11, 15]. Before the approval of disease-
modifying treatments, infants with SMA type I
typically required both respiratory and nutritional
support, frequently with the eventual use of perma-
nent ventilation or death before 2 years of age [11,
16]. Thus, although the incidence is highest for the
infantile-onset phenotype, in the era before treatment,
the prevalence was lower than for types Il and I11, also
known as later-onset SMA [15].

SMA type II accounts for approximately 30% of
SMA births, manifesting weakness by 18 months of
age and achieving the motor milestone of sitting [11,
14]. While commonly surviving into the third decade
of life, individuals with SMA type II frequently expe-
rience difficulties with swallowing and breathing, and
develop contractures and scoliosis [14, 16-20].

Ten percent of individuals are classified as SMA
type III [21], with characteristic symptoms appear-
ing after 18 months of age [11]; life expectancy is
almost the same as in the general population [11, 14,
21]. Individuals with SMA type III typically reach
all major milestones such as independent walking,
but legs are often more severely affected than the
arms [10]. Some may require wheelchair assistance
in childhood, some may lose the ability to walk at
the time of puberty, whereas others might continue to
walk as adults [9, 11]. In SMA type IV, another rare
phenotype, symptoms develop in the second or third
decade of life; it is the least severe form of SMA [14]

as affected individuals are able to walk unaided, and
symptoms generally include mild motor impairment
without respiratory or nutritional problems [9, 14].

Disease-modifying treatments have been shown
to alter the disease progression for patients with
SMA [22-25], including extending overall and
permanent-ventilation free survival, and allowing
improvement or maintenance of motor function [26].
The expected trajectory for each SMA type in the
era of effective treatments will need to be redefined.
Although there is currently no cure for SMA, the
development of targeted therapies has revolution-
ized the management of the disease and provided
therapeutic options beyond supportive and orthope-
dic/rehabilitative care [16, 27].

Nusinersen, an antisense oligonucleotide, was the
first disease-modifying drug (DMD) approved by
the US Food and Drug Administration (FDA) in
December 2016 for the treatment of SMA in infants,
children, and adults [28]. The first gene therapy for
SMA was approved by the FDA in May 2019 for the
treatment of children age <2 years [29]. Risdiplam,
approved by the FDA in August 2020, is the second
DMD that is available for the treatment of SMA, the
first oral drug approved to treat patients >2 years [30].
Several other investigational small molecule drugs for
the treatment of SMA are being evaluated in clinical
trials [31-33].

Although most existing studies in SMA have
focused on clinical aspects of the disease, there are
several reports documenting the impact of SMA on
patients and caregivers. The perspectives from care-
givers and affected individuals on living with SMA
provide useful insight into the impact of the disease
[34-38]. Living with SMA is challenging for indi-
viduals with this disease, siblings, and other family
members, particularly given the uncertainty associ-
ated with disease progression and loss of physical
functioning [39]. Large-scale surveys are needed to
enhance the understanding of the impact of the dis-
ease on affected individuals and their families across
the SMA phenotypic and age spectrum. With the
availability of targeted therapies and a paradigm shift
toward newborn screening and early treatment [31,
40, 41], input from caregivers and individuals with
SMA on functional impacts of the disease would pro-
vide insight into changing trends in the epidemiology
of SMA in the treatment era. Self-reported data from
surveys document real-world experiences and may
capture a broader spectrum of affected individuals
than studies of patients from major medical centers.
Because self and caregiver reports are expected to
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more fully characterize the experiences of those liv-
ing with SMA, it is critical to establish the reliability
and validity of these types of surveys in capturing key
clinical disease characteristics.

The current study uses data from a large, hetero-
geneous sample of individuals living with SMA and
caregivers to describe their demographic and disease
characteristics, health experiences, and burden of dis-
ease, as well as assess the reliability and accuracy of
self-reported data on key clinical characteristics, such
as SMN2 gene copy number. The purpose of the cur-
rent study is to enhance the scientific understanding
of burden of disease from the perspective of affected
individuals and caregivers in a large sample spanning
the SMA phenotypic and age spectra.

METHODS
Farticipants

Cure SMA is the largest patient advocacy orga-
nization based in the US and maintains the largest
self-reported data repositories on individuals with
SMA worldwide. The database was launched in 1996
and, at the time of the 2018 survey, an average of
27 new affected individuals were being entered into
the Cure SMA database each month. This number
had increased significantly over the past 2 years.
Details on the Cure SMA database can be found in
Belter et al., 2018 [42]. In 2017, an annual com-
munity survey was launched to gather further data
on demographic and disease characteristics, delivery
of clinical health care, and disease burden of those
affected by SMA and their caregivers, with the goal
of elevating awareness of the experiences of people
living with SMA and their families. The Cure SMA
database members were the primary target population
for these surveys, and the current report includes data
from both the 2017 and 2018 surveys (Supplemental
Tables 2 and 3, respectively). Surveys were com-
pleted by caregivers for living or deceased patients
and/or affected adults. An abbreviated version of the
survey was administered to caregivers of deceased
individuals, which excluded questions about current
functioning and care, surgeries related to SMA, hos-
pitalizations in the past 12 months, and treatment with
nusinersen. In a small number of instances, multiple
surveys were completed for an affected individual
within a survey year wherein, most commonly, both
parents completed a survey for the same affected indi-
vidual. When this occurred, data were used from the

most complete survey or, if the surveys had the same
amount of completed information, the mother’s sur-
vey was used as they most frequently completed a
survey.

In each year, survey invitations were sent to Cure
SMA database members via email and/or postcards
to the last known valid address, if any. In 2018, this
included 3,542 members. The membership update
survey was advertised on the Cure SMA social media
pages, including Facebook, and the Cure SMA web-
site to invite new members to complete the survey.

Institutional review board (IRB) approval was
obtained by Schulman IRB for the 2017 survey
and Western IRB for the 2018 survey. Consent was
assumed from a respondent’s survey participation.
All data were de-identified before analysis.

Survey

In both 2017 and 2018, participants were asked to
complete information on a range of topics including
demographics (e.g., sex, age at survey, vital status,
educational level, employment); disease characteris-
tics (e.g., age at diagnosis, SMN2 gene copy number);
respiratory interventions, motor function, surgeries
and hospitalizations; and clinical care providers and
caregivers.

Regarding questions pertaining to motor function,
respondents selected a single option reflecting
current maximum motor function; they did not
indicate all current motor function(s). To derive an
indicator of whether the affected individual had each
motor function at the time of survey, the response
options were treated as a continuum, encompassing
head control, maintaining seated position (with or
without support), stands with support, walks with
support, and walks independently. If “none of the
above” was selected, the affected individual was
assumed to not have current head control (the lowest
function on the continuum). Given the heterogeneous
age range of patients and the fact that some had
not yet reached the age at which they would be
expected to achieve various motor milestone (based
on the CDC developmental milestones checklist
[43]), denominators were adjusted to accurately
determine proportions currently able to perform
each motor function. The age cut-offs for each motor
function were as follows: 4 months for head control,
4 months for maintains seated position supported, 7
months for maintains seated position unsupported, 8
months for stands with support, 11 months for walks
with support, 15 months for walks independently.
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Patients who were missing data for this question
and those who had not yet reached the milestone
and were younger than the CDC age cut-offs, were
removed from the denominator.

Surgical procedures related to SMA included sco-
liosis surgery (spinal fusion, spinal rods, vertical
expandable prosthetic titanium rib (VEPTR), and
MAGEC® rods), orthopedic surgery (hip surgery,
joint contractures, and ankle or foot surgery), gas-
trointestinal surgery (Nissen fundoplication, g-tube
placement, and gastrostomy), otolaryngology/oral
surgery (tonsillectomy, dental surgery, and ear tube
placement), and respiratory surgery (tracheostomy).
The proportion of individuals who ever had these
surgeries was reported among those who had reported
“yes” to any of the specific surgeries noted above.

The 2018 survey collected several additional key
data points such as age at symptom onset (which
permitted the calculation of diagnostic delay) and
reasons for hospitalization in the 12-month period
before the survey. Although a question on a presymp-
tomatic diagnosis was not included in the survey, it
was assumed to have occurred if diagnosis preceded
symptom onset, as determined by the diagnosis date
and age at symptom onset. A single question was
also added to the 2018 survey to capture whether
affected individuals with SMA had been treated with
nusinersen [44]. The only questions that required an
answer in the surveys was name, birthdate, and SMA

type.

Analysis

This descriptive study was designed to examine
disease burden from the perspective of the affected
individual and caregiver. Given the heterogeneity of
the SMA population, the distribution of each study
variable by SMA type is presented here. Means (stan-
dard deviations) and medians (ranges) for continuous
variables and numbers and percentages for binary and
categorical factors are reported. Missing values are
presented to discern whether key characteristics were
captured by affected individuals and caregivers. No
significance testing was conducted across groups.

We examined year-to-year consistency in res-
ponses between survey years for factors that should
not change within individuals over time, including
sex, SMA type, age at diagnosis, and SMN2 gene
copy number. Pearson correlation coefficients were
used for continuous variables and Cohen’s kappa was
provided for nominal variables.
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Fig. 1. Characteristics of the 2017 and 2018 survey participants
by SMA type.

RESULTS

Participants from 38 countries were represented
in the 2018 surveys, and 26 countries in the 2017
surveys. The surveys were predominantly completed
for individuals living in the US. In the 2017 and 2018
surveys, 92.5% and 85.6% of participants reported
living in the US, respectively; 1.3% and 2.8% of the
participants reported living in Canada, respectively.
As of the 2017 survey, there were 6694 individuals
with SMA in the Cure SMA database; at the time of
the 2018 survey, there were 7211 individuals in the
database.

In 2017, 726 surveys were completed for 695 indi-
viduals with SMA between February 4 and March 16.
In 2018, 796 surveys were completed for 760 indi-
viduals with SMA between March 13 and April 30.
Multiple surveys were completed for some individu-
als, i.e., 29 (4.2%) individuals in the 2017 survey and
30 (3.9%) individuals in the 2018 survey.

In 2018, most respondents were parents (75.0%),
followed by the affected individuals (21.4%) and
others (3.6%), such as grandparents, spouses, and
friends. A subset of 313 individuals have data avail-
able from both 2017 and 2018, permitting us to
examine the 12-month reliability of key disease
characteristics (e.g., age at diagnosis). The data indi-
cate that, on key demographic characteristics (e.g.,
sex, SMA type, age), individuals who participated
in the 2018 survey were largely similar to those
in the overall Cure SMA database (Supplemental
Table 1).

Figure 1 displays the 2017 and 2018 participants by
SMA type. In each year, infantile-onset (type I) and
later-onset (types II and III) phenotypes were well
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Table 1
Demographic characteristics of 2018 and 2017 survey cohorts, all individuals with SMA types I, II, and IIT
Characteristics 2018 Survey 2017 Survey
Typel Type I Type 111 Type I Type II Type III
(n=268) (n=290) (n=173) (n=213) (n=270) (n=187)
Sex, n (%)
Male 129 (48.1) 127 (43.8) 80 (46.2) 109 (51.2) 115 (42.6) 72 (38.5)
Female 139(51.9) 150 (51.7) 90 (52.0) 96 (45.1) 142 (52.6) 106 (56.7)
Unknown 0 13 (4.5) 3(1.7) 8(3.8) 13 (4.8) 9 (4.8)
Age at survey
n* 157 275 171 104 243 176
Mean (SD), years 6.4 (7.8) 15.8 (14.0) 30.1 (19.0) 8.2(9.0) 15.0 (12.6) 30.7 (18.2)
Median (range), years 3(0-43) 11 (1-76) 29 (2-78) 5(0-52) 11 (0-64) 29.2 (1-77)
Age at survey categories, in years, n (%)
n* 157 275 171 104 243 176
<4 96 (61.2) 58 (21.1) 10(5.9) 50 (48.1) 53 (21.8) 7 (4.0)
5-10 26 (16.6) 73 (26.5) 24 (14.0) 19 (18.3) 61 (25.1) 26 (14.8)
11-17 21 (13.4) 44 (16.0) 25 (14.6) 23 (22.1) 47 (19.3) 23 (13.1)
>18 14 (8.9) 100 (36.4) 112 (65.5) 12 (11.5) 82 (33.7) 120 (68.2)
Deceased, n (%) 111 (41.4) 15(5.2) 2(1.2) 108 (50.7) 5(1.9) 0
Age at death
N 110 15 2 99 4 0
Mean (SD), months 27.8 (54.3) 124.8(128.4) 243(239.0) 22.8(48.1) 138.3(102.8) N/A
Median (range), months 9(0-348) 67 (14-407) 243 (74-412) 8(0-348) 121.5(32-278) N/A
Highest level of education for adults (>18), n (%)}
N 14 100 112 12 82 120
No schooling completed 1(7.1) 1(1.0) 0 0 0 0
Some high school, no diploma 1(7.1) 3(3.0) 2(1.8) 4(33.3) 2(24) 1(0.8)
High school graduate 4(28.6) 11 (11.0) 15(13.4) 2 (16.7) 16 (19.5) 12 (10.0)
Trade/technical/voca-tional training 0 3 (3.0 3.7 0 1(1.2) 43.4)
Some college credit, no degree 3(21.4) 17 (17.0) 13 (11.6) 3(25.9) 18 (22.0) 15 (12.5)
Associate or professional degree 0 5(5.0) 17 (15.1) 1(8.3) 6(7.3) 18 (15.0)
Bachelor’s degree 3(20.0) 31 (31.0) 41 (36.6) 0 25 (30.5) 41 (34.2)
Master’s or Doctorate degree 2(14.2) 24 (24.0) 20 (17.9) 2 (16.7) 13 (15.8) 27 (22.5)
Unknown/missing 0 5(5.0) 1(0.9) 0 1(1.2) 2(1.7)
Currently employed or attending school, n (%)
nt 54 206 152 51 198 162
Employed full-time 0 26 (12.6) 37 (24.3) 1(2.0) 18 (9.1) 44 (27.2)
Employed part-time 2 3.7 17 (8.3) 9(5.9 0 16 (8.1) 9(5.6)
Attend school full-time 28 (51.9) 118 (57.3) 49 (32.2) 32 (62.8) 119 (60.1) 54 (33.3)
Attend school and employed 0 1(0.5) 7 (4.6) 1(2.0) 6 (3.0) 1(0.6)
Not employed nor attending school 15 (27.8) 32 (15.5) 41 (27.0) 7 (13.7) 35(17.7) 48 (29.6)
Not applicable (N/A) 9 (16.7) 12 (5.8) 9(5.9) 10 (19.6) 4(2.0) 6(3.7)

N/A, not applicable; SMA, spinal muscular atrophy. Note: Percentages may not add up to 100 due to rounding. *Sample size is for age at
survey among living individuals with valid responses. TIf homeschooled, respondent is asked to select the grade equivalent. Sample size is
for living individuals who are at least school-aged (i.e., >5 years).

represented. In 2018, 35.3% of surveys were com-
pleted for individuals with SMA type I (n=268),
38.2% for type II (n=290), and 22.8% for type III
(n=173). As would be expected based on disease
epidemiology [15], few surveys were completed for
individuals with type O (data available from 2018
only;n=12,1.6%) and type IV (2018;n=5,0.7%). A
small percentage reported SMA type as “unknown”
(2018; n=12, 1.6%). Although enhancing under-
standing of the patient and caregiver experience for
the less common type 0 and type IV phenotypes
is important, the numbers of respondents were too

sparse to make meaningful inferences. Consequently,
Tables 1-4 focus on types [-II1.

In comparing year-to-year results, there was little
meaningful variation across the characteristics exam-
ined. As such, the description of study results focuses
on the most recently collected data from 2018, but
results from both surveys are presented in the Tables.

Demographic characteristics (Table 1)

Both sexes were well represented in the surveys
(2018; 48.1% male). In 2018, 41.4% (n=111) of
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Table 2
Disease characteristics, all individuals with SMA types I, II, and III
Characteristics 2018 Survey 2017 Survey
Type I Type II Type 11 Type I Type I Type I1I
(n=268) (n=290) (n=173) (n=213) (n=270) (n=187)
Age at symptom onset
N 258 272 159
Mean (SD), months 2.6(3.9) 10.2 (10.4) 39.4 (70.6) NC NC NC
Median (range), months 2 (0-49) 9 (0-160) 18 (0-680) NC NC NC
Age at diagnosis
N 263 280 167 203 243 167
Mean (SD), months 5.2(10.7) 22.9(33.1) 114.4 (119.8) 4.9 (9.6) 21.7 (36.9) 107.5 (126.2)
Median (range), months*-f 4 16 59 4 16 46
(-6 to 128) (-7 to 310) (-6 to 587) (-9 to 126) (-6 to 520) (=5 to 587)
Diagnostic delay?
N 226 242 138
Mean (SD), months 5.7(33.4) 15.9 (39.7) 89.4 (111.8) NC NC NC
Median (range), months 2 (0-437) 7 (0-329) 37 (0-547) NC NC NC
SMN?2 copy number, n (%)
1 copy 19 (7.1) 3(1.0) 1 (0.6) 14 (6.6) 6(2.2) 1(0.5)
2 copies 117 (43.7) 27 (9.3) 10 (5.8) 85(39.9) 16 (5.9) 5@2.7)
3 copies 16 (6.0) 112 (38.6) 36 (20.8) 73.3) 83 (30.7) 29 (15.5)
4 copies 0 5(L.7) 39 (22.5) 1(0.5) 0 19 (10.2)
5 or more copies 1(0.4) 0 6 (3.5 0 1(0.4) 3(1.6)
Don’t know/missing 115 (42.9) 143 (49.3) 81 (46.8) 106 (49.8) 164 (60.7) 130 (69.5)

NC, not collected; SMA, spinal muscular atrophy. *Excluded values of <-9 months. TNegative values indicate diagnosis before birth.
iDiagnostic delay = age at diagnosis minus age at symptom onset. If diagnostic delay was negative (child started to show symptoms after
receiving a diagnosis), the negative value was edited to “0” to indicate no diagnostic delay.

SMA type I individuals were deceased at the time
of the survey. The mean age of death reported among
those with type I was 27.8 months; the median age of
death was 9 months. Only a small proportion of type
II and type III individuals were no longer alive (5.2%
and 1.2%, respectively). Among living individuals in
2018, the average age at survey varied and increased
across types, from a mean of 6.4 years for type I, 15.8
years for type II, and 30.1 years for type III.

More than 50% of adults with later-onset (type II
or type III) SMA had completed at least a bache-
lor’s degree. Yet a noteworthy proportion of living
patients with SMA type [, II, and III who were at least
school-aged, i.e.,>5 years, were neither in school nor
employed at the time of the 2018 survey (27.8%,
15.5%, and 27.0%, respectively).

Disease characteristics (Table 2)

In 2018, the average age of reported SMA symp-
tom onset was 2.6 months, 10.2 months, and 39.4
months for types I, II, and III, respectively. This is
consistent with summary findings from a 2015 lit-
erature review that SMA symptom onset occurs at
an average age of 2.5 months, 8.3 months, and 39.0
months for types I, II, and III, respectively [17]. The
average age at SMA diagnosis was 5.2 months, 22.9

months, and 114.4 months (or 9.5 years) for types I,
II, and II1, respectively. The average delay increased
substantially from type I (5.7 months) and type II
(15.9 months) to type III (89.4 months).

As shown in Fig. 2, nearly three-quarters of indi-
viduals with type I were reported to have 2 copies of
the SMN2 gene, three-quarters with type II to have 3
copies, and approximately 50% with type III to have 3
copies. However, a substantial number of individuals
with SMA lacked data on SMN2 gene copy number
(Table 2). This was likely because copy number-
testing was not often performed in the pre-treatment
era.

Respiratory interventions, motor function,
surgeries, and hospitalizations (Table 3)

At the time of the 2018 survey, 91.7% of type
I, 69.1% of type II, and 19.9% of type III patients
were reportedly using at least one type of respira-
tory intervention. Among those with SMA type I,
a range of respiratory interventions were commonly
reported, including the use of a cough assist machine
(69.4%), bilevel positive airway pressure (BiPAP)
(47.1%), ventilator (36.9%), and an invasive interven-
tion of tracheostomy (30.6%). For SMA type 1II, the
most commonly reported respiratory interventions



Table 3

Respiratory interventions, motor function, surgeries and hospitalizations among living individuals with SMA types I, 11, and III*

Characteristics 2018 Survey (living individuals) 2017 Survey (living individuals)
Type I Type I Type III Type I Type I Type III
(n=157) (n=275) (n=171) (n=105) (n=265) (n=187)
Current use of respiratory intervention, n (%)
Yes 144 (91.7) 190 (69.1) 34 (19.9) 97 (92.4) 181 (68.3) 36 (19.3)
No 10 (6.4) 70 (25.5) 126 (73.7) 7(6.7) 74 (27.9) 135 (72.2)
Unknown/missing 3(1.9) 15 (5.5) 11 (6.4) 1(1.0) 10 (3.8) 16 (8.6)
Type of current respiratory interventions, n (%)
Oxygen 21 (13.4) 24 (8.8) 1 (0.6) 24 (22.9) 24 (9.1) 1(0.5)
BiPAP 74 (47.1) 95 (34.7) 12 (7.0) 45 (42.9) 97 (36.6) 13 (7.0)
CPAP 1(0.6) 7 (2.6) 8 (4.7) 12 (1.0) 4(1.5) 9(4.8)
Cough assist 156 (69.4) 156 (56.9) 15 (8.8) 77 (73.3) 142 (53.6) 18 (9.6)
Ventilator 58 (36.9) 18 (6.6) 0 42 (40.0) 24 (9.1) 0
Tracheostomy 48 (30.6) 10 (3.7) 0 39 (37.1) 93.4) 0
Current motor function(s) at time of surveyT
Head control 82/148 (55.4) 2377270 (87.8) 159/169 (94.1) 39/96 (40.6) 216/243 (88.9) 162/175 (92.6)
Maintains seated position supported 53/148 (35.8) 204/270 (75.6) 155/169 (91.7) 28/96 (29.2) 184/243 (75.7) 158/175 (90.3)
Maintains seated position unsupported 32/144 (22.2) 127/270 (47.0) 148/169 (87.6) 11/93 (11.8) 127/242 (52.5) 145/175 (82.9)
Stands with support 8/141 (5.7) 30/270 (11.1) 111/169 (65.7) 5/91 (5.5) 28/242 (11.6) 85/175 (48.6)
Walks with support 4/131 (3.1) 16/270 (5.9) 93/169 (55.0) 2/89 (2.2) 14/242 (5.8) 69/175 (39.4)
Walks independently 3/125 (2.4) 4/270 (1.5) 76/169 (45.0) 0 6/241 (2.5) 53/175 (30.3)
Surgeries ever had related to SMA, n (%)t
Yes 132 (83.0) 178 (64.7) 41 (23.8) 101 (92.7) 227 (85.3) 82 (43.9)
No 19 (12.0) 83(30.2) 102 (59.3) 8(7.3) 39 (14.7) 105 (56.2)
Unknown/missing 8(5.0) 14 (5.1) 29 (16.9) 0 0 0
Type of SMA-related surgeries, if ever SMA-related surgery!
Scoliosis 31(23.5) 124 (69.7) 26 (63.4) 31 (31.6) 133 (79.2) 35 (64.8)
Orthopedic 10 (7.6) 43 (24.2) 7(17.1) 10 (10.2) 48 (28.6) 14 (25.9)
Gastrointestinal 127 (96.2) 85 (47.8) 3(7.3) 94 (95.9) 64 (38.1) 23.7)
Otolaryngology/oral 27 (20.5) 45 (25.3) 10 (24.4) 11(11.2) 31 (18.5) 9 (16.7)
Respiratory 57 (43.2) 14 (7.9) 0 39 (39.8) 13 (7.7) 0
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Table 3
Continued
Characteristics 2018 Survey (living individuals) 2017 Survey (living individuals)
Type I Type 1T Type 1II Type I Type IT Type 1T
(n=157) (n=275) (n=171) (n=105) (n=265) (n=187)

Any hospitalizations in past 12 months, 1 (%)%

Yes 82 (51.6) 98 (35.6) 24 (14.0) 49 (46.79) 72 (27.2) 12 (6.4)

No 63 (39.6) 153 (55.6) 122 (71.4) 45 (42.9) 155 (58.5) 151 (80.8)

Unknown/missing 14 (8.8) 24 (8.7) 25 (14.6) 11 (10.5) 38 (14.3) 24 (12.8)
Reasons for hospitalization in past 12 months - - -

Respiratory distress 47 (29.6) 47 (17.1) 3(1.7)

Pneumonia 34 (21.4) 44 (16.0) 3(1.7)

Infection (other than pneumonia) 21(13.2) 35 (12.7) 5(2.9)

Failure to thrive 6(3.8) 1(0.4) 0

Dehydration 11(6.9) 19 (6.9) 0

Feeding tube problems 7(4.4) 4(1.5) 0

Abdominal 1 (0.6) 8(2.9) 2(1.2)

Trauma, fracture or external injury 2(1.3) 2(0.7) 4(2.3)

Headache 2(1.3) 2(0.7) 2(1.2)

Surgery 19 (12.0) 25(9.1) 3.7

Laminectomy 1 (0.6) 1(0.4) 1 (0.6)

BiPAP, bilevel positive airway pressure; CPAP, continuous positive airway pressure; VEPTR, vertical expandable prosthetic titanium rib; SMA, spinal muscular atrophy; CDC, Centers for Disease
Control and Prevention. *Questions were not asked of caregivers of deceased individuals. TRespondents selected a single response reflecting current maximum motor function; they did not indicate
all current motor function(s). To derive an indicator of whether the affected individual had each motor function at the time of survey, the response options were treated as a continuum, encompassing
head control maintaining seated position (with or without support), stands with support, walks with support, and walks independently. If “none of the above” was selected, the affected individual
was assumed to not have current head control (the lowest function on the continuum). Given the heterogeneous age range of patients and the fact that some had not yet reached the age at which
they would be expected to achieve various motor milestone (based on CDC guidelines [43]), denominators were adjusted to accurately determine proportions currently able to perform each motor
function. The age cut-offs for each motor function were as follows: 4 months for head control, 4 months of maintains seated position supported, 7 months for maintains seated position unsupported,
8 months for stands with support, 11 months for walks with support, 15 months for walks independently. Patients who were missing data for this question and those who had not yet reached
the milestone and where younger than the CDC age cut-offs, were removed from the denominator. Denominators are given for each milestone by type in the table. fCreated variable — “Yes”
coded based on “yes” to any of the following: spinal fusion, spinal rods, VEPTR, MAGEC® rods, hip surgery, joint contractures, ankle or foot surgery, Nissen fundoplication, g-tube placement,
gastrostomy tonsillectomy, dental surgery, and ear tube placement, or tracheostomy. “No” coded based on endorsement of an item indicating the affected individual never had an SMA-related
surgery. TSurgical procedures related to SMA included scoliosis surgery (spinal fusion, spinal rods, VEPTR, and MAGEC® rods), orthopedic surgery (hip surgery, joint contractures, and ankle
or foot surgery), gastrointestinal surgery (Nissen fundoplication, g-tube placement, and gastrostomy), otolaryngology/oral surgery (tonsillectomy, dental surgery, and ear tube placement), and
respiratory surgery (tracheostomy). $In 2018 survey, “No” was for either answering “0” for number of times they were hospitalized in the last 12 months or selecting “I was not hospitalized in the
last 12 months” when asked for the reason for hospitalization.
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Table 4

Care for individuals with SMA: providers and caretakers, among living individuals with SMA types L, II, and IIT*

Characteristics

2018 Survey (living individuals)

2017 Survey (living individuals)

Type I Type I Type III Type I Type II Type III
(n=157) (n=275) (n=171) (n=105) (n=265) (n=187)
Number of specialists
Mean (SD) 4.1 (1.1) 4.9 (3.3) 3229 3.7(4.2) 4.7 (3.0) 3.02.7)
Median (range) 4 (0-14) 5(0-15) 2 (0-16) 1(0-13) 5(0-11) 2 (0-10)
Types of specialists seen, n (%)
Neurologist 135 (87.1) 233 (92.5) 141 (91.6) 89 (82.4) 202 (81.8) 137 (86.7)
Pulmonologist 143 (92.3) 217 (86.1) 67 (43.5) 100 (92.6) 198 (80.2) 64 (40.5)
Rehab medicine/physiatrist 40 (25.8) 66 (26.2) 25 (16.3) 30 (27.8) 60 (24.3) 33(20.9)
Geneticist 44 (28.4) 51(20.2) 32 (20.8) 28 (25.9) 28 (11.3) 26 (16.5)
Orthopedist 100 (64.5) 151 (59.9) 39 (25.3) 72 (66.7) 146 (59.1) 54 (34.2)
Cardiologist 40 (25.8) 49 (19.4) 23 (14.9) 39 (36.1) 46 (18.6) 21(13.3)
Speech therapist 93 (60.0) 50 (19.8) 5@3.3) 70 (64.8) 31(12.6) 9(5.7)
Occupational therapists 98 (63.2) 136 (54.0) 30 (19.5) 69 (63.9) 119 (48.2) 41 (26.0)
Nutritionist 103 (66.5) 100 (39.7) 34 (22.1) 76 (70.4) 90 (36.4) 30 (19.0)
Orthotist 49 (31.6) 67 (26.6) 23 (14.9) 35(32.4) 61 (24.7) 18 (11.4)
Vocational rehabilitation counselor 4(2.6) 21 (8.3) 6(3.9) 3(2.8) 12 (4.9) 74.4)
Psychologist/therapist 7(4.5) 30(11.9) 18 (11.7) 9(8.3) 22 (8.9) 14 (8.9)
Nephrologist 17 (11.0) 10 (4.0) 7 (4.6) 7(6.5) 11 (4.5) 2(1.3)
Social worker 57 (36.8) 53 (21.0) 21 (13.6) 49 (45.4) 50 (20.2) 20 (12.7)
Physical therapist 125 (80.7) 180 (71.4) 86 (55.8) 84 (77.8) 169 (68.4) 78 (49.4)
Palliative care 32(20.7) 12 (4.8) 5@3.3) 28 (25.9) 11 (4.5) 2(1.3)
Have a caregiver/caretaker, n (%) 138 (86.8) 240 (87.3) 128 (74.4) 99 (90.8) 244 (91.7) 155 (82.9)
Of those with caregiver, caregiver is 137 (99.3) 223 (92.9) 100 (78.1) 99 (100.0) 227 (93.0) 128 (82.1)
family member, 1 (%)
Of those with caregiver, 54 (39.1) 114 (47.5) 56 (43.8) 25(25.3) 116 (47.4) 76 (48.7)
non-family/paid caretaker, n (%)
Of those with a non-family/paid
caretaker, number hours per week,
n (%)
0-20 7 (13.0) 34 (29.8) 8 (14.3) 2 (8.0) 33 (28.5) 30 (39.5)
21-40 14 (25.9) 18 (15.8) 13 (23.2) 7 (28.0) 26 (22.4) 17 (22.4)
>40 18 (33.3) 43 (37.7) 6 (10.7) 10 (40.0) 40 (34.5) 12 (15.8)
Missing 15 (27.8) 19 (16.7) 29 (51.8) 6 (24.0) 17 (14.7) 17 (22.4)
Nusinersen
Yes, I have been treated’ 127 (80.9) 148 (53.8) 87 (50.9) - - -
No, never been treated 21 (13.4) 114 (41.5) 78 (45.6) - - -
Don’t know 0 1(0.4) 0 - - -
Missing 9(5.7) 12 (4.4) 6(3.5) - - -

SD, standard deviation; SMA, spinal muscular atrophy. *Questions were not asked of caregivers of deceased individuals. Includes those

who have been treated commercially and/or in a clinical trial.

were for cough assist (56.9%) and BiPAP (34.7%)
machines. Reasons for use were not collected (e.g.,
ongoing use or during acute illness). As noted pre-
viously, use of respiratory interventions was not fre-
quently reported for individuals with SMA type III.
Similar results for SMA types I-III were reported in
the 2017 survey. Among those who had passed away,
85.6%, 66.7%, and 50.0% of individuals with SMA
type L, I, and III, respectively, had used at least one
type of respiratory intervention prior to death. More-
over, 22.1% of individuals with type I were on venti-
lator support prior to death (data not shown in table).

Current motor function was assessed in both the
2017 and 2018 surveys. At the time of the 2018

survey, approximately half (55.4%) of the living
patients with SMA type I (who had passed through the
expected development window to achieve the mile-
stone) could maintain head control, and 35.8% could
reportedly maintain a seated position while sup-
ported. Some patients had reported motor milestones
atypical for type [ according to natural history, includ-
ing sitting unsupported (22.2%) and standing with
support (5.7%). These atypical milestones for type I
had increased from the 2017 survey, which showed
11.8% of individuals with type I sitting unsupported
and 5.5% of individuals with type I standing with
support. Although this could be due to misclassifi-
cation of SMA or motor functioning, it could also
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Fig. 2. SMN2 gene copy number by spinal muscular atrophy (SMA) type. Distributions of SMN2 gene copy numbers observed in the
2018 Cure SMA survey (among those with valid responses) and those reported in a recent analysis by Calucho et al., 2018 [58] for each

SMA type.

be due to the benefits of SMA treatments, but was
not examined here due to data limitations (i.e., age at
start of treatment was not collected). Among the type
II patients in the 2018 survey, only 47.0% were able
to sit independently and, among the type III patients,
only 45.0% could reportedly walk independently.

Among living individuals, SMA-related surgeries
were commonly reported across SMA types; 83.0%
with type I, 64.7% with type II, and 23.8% with
type III were reported to have one or more in their
lifetime. The most common surgeries were gastroin-
testinal (i.e., g-tube placement) among patients with
SMA type I (96.2%, n=127/132) and spinal surgery
for scoliosis among patients with SMA types II
and III (69.7%, n=124/178 and 63.4%, n=26/41,
respectively).

Among living individuals, a large percentage
reported having been hospitalized in the last 12
months: 51.6% with type I, 35.6% with type II, and
14.0% with type III. The most common reason for
hospitalizations in the last 12 months was respiratory
distress among those with SMA type I (29.6%) and
type I (17.1%), and an infection other than pneumo-
nia for type III (2.9%).

Care for individuals with SMA: Providers and
caretakers (Table 4)

Respondents were also asked to identify specialists
comprising the care team of the affected individual.
On average, 4.1, 4.9, and 3.2 different types of spe-
cialists were reported to be on care teams for type I,
type I, and type III patients, respectively. Among

the living individuals, the most common special-
ists identified were neurologists, pulmonologists, and
physical therapists; the type of specialists seen varied
by SMA type.

In the 2018 survey, the majority of type I (86.8%),
IT (87.3%) and III (74.4%) patients were reported
to have a caregiver/caretaker. For most, the full-time
caretaker was a family member, but a noteworthy per-
centage reported having a nonfamily/paid caretaker
(type I: 39.1%, type 1I: 47.5%, type III: 43.8%). Of
those with a nonfamily/paid caretaker, many reported
receiving this assistance for >40 hours/week (type I:
33.3%, type 11: 37.7%, type I11: 10.7%).

In the 2018 survey, the vast majority of living
patients with SMA type I had received at least one
dose of nusinersen (80.9%) and approximately half
of those with type I (53.8%) or type III (50.9%) had
received nusinersen. Among those with SMA type
IT and type 111, 41.5% and 45.6% reported not being
treated with nusinersen, whereas 5% and 4%, respec-
tively, did not provide a response. Among those with
type I and alive during the survey, 13.4% of those
with type I reported no nusinersen treatment. Data
on use of other therapies were not collected.

Twelve-month reliability

Although responses for some patient characteris-
tics, function, and disease burden collected in each
survey year have the potential to vary over time, there
were several parameters that should not vary within
individuals over the surveys years, including SMA
type, age at diagnosis, and SMN2 gene copy number.
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For the subset of participants (n =313) with available
data from both the 2017 and 2018 surveys, we exam-
ined 12-month concordance. For most such variables,
we found high concordance across the two timepoints
(sex: k=1.00, p<0.0001; type: k=0.93, p<0.0001,
age at diagnosis: r=0.96, p<0.001, age at death [if
deceased at the time of the 2017 survey]: »=0.95,
p <0.0001, and highest level of education for adults:
k=0.80, p<0.0001). This suggests that individuals
with SMA and caregivers are consistent reporters on
key demographic and disease characteristics. Moder-
ate agreement was found for SMN2 gene copy number
(k=0.57, p<0.0001).

DISCUSSION

For the past three decades, Cure SMA has played a
central role in furthering an understanding of experi-
ences of individuals and families affected by SMA
[34, 39, 42, 45, 46]. The annual membership sur-
vey collects information from the perspective of the
individual with SMA and caregiver and highlights
experiences of Cure SMA community members,
including survival by SMA type and diagnostic
delays.

Generally, those who participated in the 2017 and
2018 surveys were largely similar on key demo-
graphic characteristics (e.g., sex, SMA type, age)
with those in the overall Cure SMA database. How-
ever, several noteworthy differences were found. For
example, the average age of type I patients in the
2018 survey was higher compared with the Cure
SMA database, and with the average age of living
type 1 patients observed in earlier clinical studies
[47—49]. The availability of 2 years of data permitted
an examination of the consistency of results over an
approximate 12-month period and within individuals
(among the subset of participants with data from both
survey years).

Results from the Cure SMA membership surveys
presented here underscore the impact of the disease
on affected individuals—from infants to adults—and
their families. For example, in our work, we found
a noteworthy proportion of individuals with SMA
across the phenotypic spectrum who had reached
school age and were neither in school nor employed at
the time of the survey. Although we did not collect the
reasons school-aged individuals were not attending
school, it nevertheless underscores the loss of produc-
tivity among many affected individuals. Moreover, a
substantial number of individuals reported relying on

family and paid caregivers showing the potential for
significant indirect and direct costs associated with
the care and assistance of individuals with SMA.

The data show noteworthy diagnostic delay
(defined as time from age at symptom onset to age at
diagnosis) that occurred within each SMA type. This
suggests that SMA disease awareness is suboptimal.
Decreasing diagnostic delay and access to treatment
is critical for achieving maximal therapeutic benefit,
as evidenced by the increased rate of survival, motor
milestone achievement, and other outcomes such as
improved respiratory function [22, 26] seen in clini-
cal trials. Interim results from the phase 2 NURTURE
study of 25 infants genetically diagnosed with SMA
(most likely to develop SMA type I or type II), who
were treated with nusinersen presymptomatically,
showed that 73% were able to walk independently
within the expected window for age of achievement
in healthy children (based on World Health Organiza-
tion guidelines); this was contrary to natural history
[22]. These results highlight the need to diagnose
and initiate treatment with disease-modifying ther-
apy as early as possible to ensure optimal outcomes
that would otherwise not be observed in an SMA
population [50, 51]. Yet this study showed a median
diagnostic delay of 2 months for SMA type I to 37
months for SMA type III. Subsequent SMA surveys
are likely to reveal the impact of newborn screening
and early treatment on survival and motor function on
infantile-onset SMA, as shown in clinical trials and
retrospective studies [22, 26, 52, 53].

At the time of the 2018 survey, a little more than
half of the individuals with SMA type I had head
control, and less than half of those with SMA type 11
or type III were sitting unsupported or walking inde-
pendently, respectively. These results highlight the
level of physical disability in individuals with SMA
and are generally consistent with the expected natu-
ral history of infantile- and later-onset SMA, except
that infants with SMA type I generally do not achieve
full head control [11, 38, 54-56]. Furthermore, they
suggest that motor function in the individuals with
SMA types II and III have been lost over time.

The 2017 survey did not include questions related
to treatment with nusinersen, as this treatment had
just been approved in December 2016. In the 2018
survey, over 90% of living individuals with infantile-
onset SMA and approximately half of those with
later-onset disease that were living at the time of
the survey reported having received nusinersen. Only
one question on use was collected, limiting the abil-
ity to understand the relationship between treatment
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and disease characteristics and burden. Subsequent
surveys have expanded the information collected on
both nusinersen and other therapies to better under-
stand these important relationships across a range
of patients. Moreover, repeated surveys of individ-
uals with SMA over time are critical to promote
a better understanding of the evolution of pheno-
types of SMA [57] in the era of effective SMA
treatments. It is likely that the study population
examined here reflects a prevalence population. As
survival improves in the infantile-onset population
with the increasing availability of disease-modifying
treatments for SMA, studies of survival cohorts can
provide valuable insights.

Information presented here also supports the reli-
ability and validity of self- and caregiver-reported
clinical data. Self- and caregiver-reported SMN2 gene
copy number by SMA subtype in this study closely
matched the proportions described in a previous anal-
ysis using clinically based data in a Spanish cohort
[58]. Overall, missing data were not common. An
exception to this is SMN2 gene copy number, which
was missing or not known for more than 40% of
individuals in the 2018 survey regardless of SMA
type. The most likely explanation is that the test was
not performed rather than respondents not complet-
ing the question. There was some increase between
2017 and 2018 in the reporting of SMN2 gene copy
number for SMA types II and III. Testing of SMN2
gene copy number is important to understanding
the potential trajectory of disease. This will become
increasingly important in the era of treatments for
SMA to characterize the evolving phenotypes as indi-
viduals achieve unexpected motor function based on
SMA natural history. High concordance/correlations
were also observed across the 2017 and 2018 surveys
for factors that should not change within individu-
als over time. Together, this suggests that individuals
with SMA and caregivers may be accurate and con-
sistent reporters on key disease characteristics.

The data presented here are not without limita-
tions. All data were self-reported by either caregivers
or adult patients and are subject to error in recall,
inaccurate reporting, and/or incomplete reporting.
Additionally, response bias is likely as respondents
represent an engaged, proactive subsample of the
SMA community. For example, the average age of
death for an individual with type I was 27.8 months,
more than twice the average age (10.4 months) of
those represented in the full Cure SMA database [42].

These findings highlight an opportunity to imple-
ment tools to reduce diagnostic delays (e.g., newborn

screening) and the initiation of earlier treatment to
improve patient care and long-term outcomes. The
types of reported surgeries and hospitalizations show
the range of health complications that individuals
with SMA experience. Data collected in these mem-
bership surveys will be important to enhance the
patient voice inrelation to treatment experiences from
infants to adult patients and across SMA types. These
surveys help to advance the understanding of SMA,
support advocacy efforts, and assist in healthcare ser-
vices planning.
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