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Abstract

Background: Individuals and/or caregivers of individuals affected by spinal muscular atrophy (SMA) completed the
2019 Cure SMA Community Update Survey, online, assessing health-related quality of life (HRQol), loss of work
productivity, and fatigue using the Health Utilities Index Questionnaire (HUI), the Work Productivity and Activity
Impairment Questionnaire (WPAI), and the Patient Reported Outcomes Measurement Information System Fatigue
Short Form (PROMIS Fatigue SF), respectively. The purpose was to collect baseline quality of life results among
individuals affected by SMA using the above Patient Reported Outcome Measures (PROMs).

Results: Of 666 surveys completed between March and May 2019, 478 were included in this analysis, accounting
for duplicates, missing data, or deaths. The breakdown across SMA type |, Il and Ill was 25, 47 and 28%, respectively.
Responses were characterized by current functional status/milestone, with subsets for “permanent ventilation,”
"non-sitters,” “sitters,” “walk with support,” and “walk alone.” WPAI and HUI respondents included affected adults and
caregivers. The PROMIS Fatigue SF was completed by the primary caregiver of affected children.

Overall, those affected by a less severe form of SMA and with a higher functional status reported higher HRQoL and
lower work productivity and activity impairment. All affected individuals reported higher fatigue levels than the
general population.

"o

Conclusions: This study offers useful insights into the burden of SMA among affected individuals and their
caregivers. The results provide a baseline picture of the patient and caregiver experience with SMA in a post-
treatment era from which to measure year-over-year changes in quality of life scores from new therapies and
improved care. The WPAI demonstrates the significant impact of work productivity among SMA populations.
Aspects of the HUI seem more appropriate to certain SMA sub-populations than others. Measures from the PROMIS
Fatigue SF appear to under-represent the burden of fatigue often reported by SMA individuals and caregivers; this
may, perhaps be due to a lack of sensitivity in the questions associated with fatigue in the SMA affected
population, when compared with other studies on this topic. Overall, these results suggest the need for SMA-
specific quality of life outcome measures to fully capture clinically meaningful change in the SMA population.
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Background

Spinal muscular atrophy (SMA) is a genetic neuromus-
cular disease characterized by progressive muscle atro-
phy and weakness that historically often led to paralysis
and premature death [1]. While SMA most often first
presents among infants and toddlers, it also can present
in juveniles and, less frequently in adults. SMA has trad-
itionally been classified into clinical subtypes based upon
age of onset and the highest physical milestone achieved
[2].

Type I SMA (Werdnig Hoffman Disease) presents with
severe generalized weakness, hypotonia, tongue fascicu-
lations, and impaired respiratory function, difficulty
feeding and swallowing, among other symptoms appear-
ing within the first 6 months of life. In the absence of
treatment, most of these infants required intensive sup-
portive care, as they were never able to sit, and lost their
ability to breathe and feed independently. Historically,
more than half of children with type I SMA did not sur-
vive to age two [3]. This is changing with new FDA ap-
proved therapies [4, 5]. Type II SMA (Kugelberg
Welander disease) usually presents between the ages of
6 and 18 months, with affected children being able to sit
independently but unable to walk without assistance,
with most experiencing respiratory difficulties and pro-
gressive scoliosis, and some developing eventual prob-
lems with chewing and swallowing. Patients with
juvenile SMA (type III) can walk at some point and have
a normal life expectancy, although they develop muscle
weakness over time and often eventually lose ambula-
tion. In rare cases, patients’ symptoms first appear in
adulthood (type IV) [6-8].

As mentioned, the SMA treatment landscape changed
dramatically in late 2016 with FDA approval of nusiner-
sen, the first disease modifying therapy for SMA, and
then with the FDA approval of onasemnogene
abeparvovec-xioi in 2019, demonstrating that it is pos-
sible to impact rates of survival, motor function, and re-
spiratory function for SMA patients [5, 9, 10]. Access to
these novel therapies coupled with improvements in
supportive care are not only rapidly changing the thera-
peutic landscape but also the quality of life of those af-
fected and how they may experience SMA [5, 10, 11].
Despite this progress, there is limited qualitative and
quantitative data that have been collected on the burden
of SMA, particularly after the approval of these
treatments.

What we have learned through qualitative research
conducted prior to approval of new treatment options, is
that the burden of SMA is multifaceted and extremely
challenging for patients and their families. Often this
odyssey begins with a prolonged and traumatic process
to confirm diagnosis and a life-long journey of over-
whelming physical, emotional, psychosocial, and
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financial strains associated with managing and living
with a progressive, debilitating, and incurable disease [7,
12-15].

As we continue to capture and optimize care and
treatment access in SMA, it is critical to quantify out-
comes that are meaningful from the patient perspective,
and which measure the impact of therapies on other di-
mensions of life other than assessing survival or signifi-
cant changes in motor milestones. For instance, the
Institute for Clinical and Economic Review (ICER) pub-
lished a report, in April 2019, on the FDA-approved
treatments called Spinraza® and Zolgensma® for Spinal
Muscular Atrophy: Effectiveness and Value [16]. The
original ICER report found that neither medication met
the standard quality-adjusted life year (QALY) cost-
effectiveness threshold nor did they meet the modified
QALY threshold for rare diseases, even though both
drugs are transformative when given early.

Importantly, it has also been suggested by the patients
themselves, as well as healthcare providers, that the fac-
tors being assessed in such pharmacoeconomic analyses
are not sensitive enough to capture the overall impact
on quality of life [17]. Thus, it has been proposed for
SMA (and for rare disease more generally) that focusing
on generating evidence that translates therapy benefit
from clinical trials to patient and family relevant out-
comes such as quality of life, independence and product-
ivity impact might be more appropriate when analyzing
cost effectiveness. Encompassing these additional dimen-
sions would provide a more complete picture of the bur-
den of disease and the potential overall impact of a new
therapy [18]. With similar efforts recently undertaken in
other rare, pediatric diseases such as Duchenne Muscu-
lar Dystrophy (DMD), there has been strong interest in
collecting health utility and HRQoL measures for the
SMA population [19].

This study looks at various PROMs that assess specific
aspects of the patient experience that might be more
sensitive in capturing subtle, but meaningful changes
with drug therapy. Leveraging its annual online Commu-
nity Update Survey [20], in 2019 Cure SMA engaged re-
spondents in completing three commonly used PROMs:
the Health Utilities Index (HUI), Work Productivity and
Activity Impairment (WPAI) and the Patient Reported
Outcomes Measurement Information System Fatigue
Short Form (PROMIS Fatigue SF).

The study assesses various PROMs that address spe-
cific aspects of the patient experience to determine
whether the PROMs are sensitive in capturing subtle,
but meaningful changes with drug therapy administra-
tion in order to benchmark the progression of SMA, and
other aspects of disease impact such as quality of life,
work productivity, and fatigue. The authors also present
a discussion of the strengths and limitations of these
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three PROM tools when used in the SMA setting, sug-
gesting the need for future efforts to develop and valid-
ate SMA-specific outcome measures.

Methods

Participants

The Cure SMA database members were the primary tar-
get population for these surveys. Cure SMA is the largest
SMA patient advocacy organization based in the US and
maintains the largest self-reported database on individ-
uals with SMA worldwide [21]. More specifically, the
patient-reported database contains self-reported records
for more than 8000 affected individuals, including infor-
mation relating to demographics, SMA type, and diagno-
sis date [21]. Beginning in 2017, the organization
launched an annual online Community Update Survey
of this database to more comprehensively capture the
natural history of SMA, from the patient’s perspective
and to develop additional data that can support assess-
ment of the impact of SMA. In the 2019 survey partici-
pants were asked to complete information on a range of
topics including demographic information (e.g., sex, age
at survey, vital status, educational level, employment);
clinical disease characteristics (e.g., age at diagnosis and
symptom onset, SMN2 gene copy number) and family
history; respiratory interventions, motor function, sur-
geries and hospitalizations; and participation in clinical
trials and treatment. Additionally, the survey included a
specific assessment of HRQoL, work productivity and
activity impairment, and fatigue. To minimize survey fa-
tigue among a chronically affected patient community,
only three assessments covering HRQoL, work product-
ivity and activity impairment were used in the 2019 sur-
vey. Details on a previously used assessment in the 2017
Community Update Survey, the PedsQL™ [22], was pre-
sented at the 22nd International Congress of the World
Muscle Society [23]. Respondents were stratified within
the final dataset by the affected individual's SMA type
and current functional status. Functional status was cat-
egorized as requiring permanent ventilation (defined as
16 or more hours per day of breathing support); non-
sitters (defined as lacking head control, voluntary grasp-
ing, voluntary kicking or roll-over completely and not
requiring permanent ventilation); sitters (defined as able
to sit without support, stand alone or stand with assist-
ance); walk with support; and walk independently. These
states were treated as mutually exclusive and identified
from the survey responses.

Over 4000 survey invitations were sent out to both
parents of affected children and affected adults within
the Cure SMA database in March 2019 via email and
mailed postcards. It was also posted to the Cure SMA
website and social media sites. Surveys were accepted
from both US and international families. IRB approval
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was obtained by Western IRB (IRB Report ID: 1785926).
All data were de-identified prior to analysis.

Outcome measures & statistical approach
Health utilities index
To assess overall health-related quality of life utility
scores within the SMA population, Cure SMA used the
Health Utilities Index Mark 3 (HUI3) system as its tool
[24]. It defines 972,000 unique health states. This classi-
fication system provides a comprehensive framework
within which to describe health status and develop as-
sessment of health-related quality of life (HRQL) and
has been used successfully in rare disease states impact-
ing children [19] ages 5 and up, but has not yet been val-
idated in an SMA population. Health-related quality of
life (HRQoL), has been defined as “the value assigned to
duration of life as modified by the impairments, func-
tional states, perceptions, and social opportunities that
are influenced by disease, injury, treatment, or policy
[25].” Although there are other systems available within
the HUI, such as the HUI Mark 1 (HUI1) and the HUI
Mark 2 (HUI2) only the HUI3 results are included in
this analysis. The HUI1 was originally developed to as-
sess the health of children who had been in neonatal in-
tensive care and is now seldom used [24]. The HUI2
assesses seven attributes of quality of life: vision, hearing,
speech, mobility, emotion, cognition, self-care, pain and
fertility. The HUI3 assess eight attributes of quality of
life: vision, hearing, speech, ambulation, dexterity, emo-
tion, cognition and pain. Both the HUI2 and HUI3 re-
sults were computed following the survey, but given the
HUI3 provided more discrimination across functional
status than the HUI2 and to prevent redundancy of re-
sults, Cure SMA concluded that only the HUI3 data will
be presented here as it provided the more detailed and
relevant descriptive system, full structural independence
and population norms most relevant to SMA. This add-
itional baseline data for the SMA population can be used
in secondary analyses and future comparative studies.
For this analysis, a single global utility score was devel-
oped for sub-types based on functional milestone to iso-
late health quality of life experience among the relevant
sub-populations. HUI scores are calculated using the
HUI3 health status classification system and utility scor-
ing function. HUI scores range from - 0.36 (worst pos-
sible health state) through 0.00 (death) to 1.00 (perfect
health). Alternative to the continuous HUI3 utility
scores, is to group them into disability categories, such
that a score of 1.00 represents perfect health, scores of
0.89-0.99 represent mild disability, scores of 0.70-0.88
represent moderate disability, and scores less than 0.70
represent severe disability [26]. Additionally, the scores
of the eight single attributes of quality of life as defined
by the HUI3 health status classification system (vision,
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hearing, speech, ambulation, dexterity, emotion, cogni-
tion, and pain) are also presented here by SMA type.
The scores range from 0.00 (death) to 1.00 (perfect
health) [24]. Due to the non-normal distribution of the
attribute scores by SMA type, the Kruskal-Wallis H test
was used to determine statistically significant differences
between attribute scores by type. The HUI was com-
pleted by parents of affected children ages 5 and up and
affected adults ages 18 and up. Children did not
complete the HUL

Work productivity and activity impairment questionnaire
Cure SMA selected the Work Productivity and Activity
Impairment Questionnaire (WPAI) [27] to assess impact
of SMA on productivity for both affected adults and
caregivers of affected children. The WPAI is a six-
question survey assessing the effect of a problem on an
individual’s ability to work and perform regular activities
with the prior 7 days. The WPAI has been validated for
use in a variety of disease states and has been used in
SMA clinical trials [28] but not validated in an SMA
population. The assessment tool yields scores on work
time missed (absenteeism), impaired productivity at
work (presenteeism), overall work productivity loss (ab-
senteeism and presenteeism combined) and impairment
in non-work-related activities due to health problems
(activity impairment). WPAI outcomes are expressed as
impairment percentages, with higher numbers indicating
greater impairment and less productivity. Independent t-
tests were used to test for statistically significant differ-
ences in work productivity scores of a caregiver verses
an affected adult to determine if work productivity was
impacted differently among those caring for someone
with SMA versus someone affected with SMA. Where
noted, as required Mann-Whitney U tests were used for
testing differences in work productivity scores with non-
normal distributions. A linear regression was used to de-
termine if work productivity was impacted by the age of
the affected individual. A linear regression was chosen
because both the independent variables (WPAI sub-
scores) and dependent variable (age during survey) were
continuous variables.

PROMIS fatigue SF

Fatigue is a common concern among patients with SMA
[29]. Fatigue can be described by two domains: an ob-
jective one, also referred to as fatigability (susceptibility
to decline in motor performance due to weakness or loss
of strength) and a subjective one, also referred to as per-
ceived fatigue (which consists of the sense of tiredness
or lack of energy) [30, 31]. While fatigability is com-
monly evaluated during clinical assessments, perceived
fatigue has only begun to be studied in the SMA popula-
tion. To assess perceived fatigue, Cure SMA selected the
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PROMIS Fatigue SF parent proxy survey instrument [32]
because of its available parent proxy version, limited set
of questions and free public access. This tool measures
the experience and impact of fatigue among various
populations but has not yet been validated in an SMA
population. Fatigue is measured over the prior 7 days
using a 10-item assessment tool. Higher scores indicate
greater fatigue. For the SMA survey, the form was com-
pleted by parents of affected children between the ages
of 5 and 17. For this analysis, T-scores were developed
to rescale the raw score into a standardized score with a
mean of 50 and a standard deviation of 10. Scoring was
stratified by SMA type and functional milestone and
compared to the general US population. Due to the
small sample sizes of each subpopulation, statistical sig-
nificance testing was not done. However, to explore fur-
ther which question(s) among the PROMIS Fatigue SF
may not be sensitive or appropriate to use in the SMA
population, a separate factor analysis was carried out
using a one-way ANOVA statistical test to assess the re-
lationship between each question of the PROMIS Fa-
tigue SF by SMA type and functional status.

Results

Demographics

In total, 666 responses representing 639 unique individ-
uals were received between March and May 2019, with
the majority, 481, filled out on behalf of the affected in-
dividual by a parent/caregiver and 185 filled out directly
by an affected individual (18years of age and
older) (Fig. 1).

Thirty-four duplicate surveys completed for the same
affected individual (i.e.: both parents submitted surveys),
63 surveys missing functional status information, 20 sur-
veys relating to deceased individuals, 55 surveys missing
diagnosis date and 16 surveys with SMA type other than
L, II, or III were excluded from the final dataset. A total
of 478 records, 121 representing type I (25%), 225 repre-
senting type II (47%) and 132 representing type III
(28%), remained, but not every assessment was com-
pleted by all survey participants because of age and type
of respondent. The final dataset included 194 affected
males and 284 affected females, with an average age of
just over 17 years. Survey respondents had a mean age at
symptom onset of 2.6, 10.7, and 33.9 months for types I,
11, and III respectively, and had a mean age of diagnosis
at 4.0, 24.6, and 110.4 months (Table 1).

Among those representing type I affected individuals,
32.23% required permanent ventilation, 26.45% were
non-sitters but did not require permanent ventilation,
38.84% were sitters, and 2.48% could walk with support.
Among those representing type II affected individuals,
4.44% required permanent ventilation, 28% were non-
sitters, 56% were sitters, 7.56% could walk with support
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Table 1 Demographics of Affected Individual within Final Dataset for 2019 Community Survey Quality of Life Analysis

Total Type | Type |l Type Il
n (%) 478 121 (25.3) 225 (47.1) 132 (27.6)
Male, n (%) 194 (40.6) 54 (44.6) 86 (38.2) 54 (40.9)
Age at symptom onset in months, mean (SD) 15.1 (31.3) 26 (24) 10.7 (5.8) 33.9 (54.1)
Diagnostic delay in months?, mean (SD) 269 (67.9) 2.1 (2.3) 119 (30.3) 744 (108.5)
Age at diagnosis in months, mean (SD) 43.1 (83.2) 4.0 (4.4) 246 (39.5) 1104 (126.2)
Age at time of survey in years, mean (SD) 17.1 (16.8) 471 (5.9 17.2 (14.3) 286 (18.8)

Data represents unique individuals-only
SD standard deviation

Diagnostic delay calculated for each individual by age at diagnosis (in months) minus age at symptom onset (in months)

and 4% could walk independently. Among those with
type III SMA, 8.33% were non-sitters, 36.36% were sit-
ters, 15.91% could walk with support and 39.39% could
walk independently (Fig. 2). It is important to note that
some of these atypical motor functions for their corre-
sponding SMA type may have been due to response
error, clinical trial participation and/or receiving a
commercially approved therapy. That analysis is not
shown here.

HUI3

Overall, the average HUI3 scores ranged from - 0.05 to
0.64 (Table 2). When looking at functional status with
the HUI data, we observed that as functional status in-
creased, the health utility rating also increased. For ex-
ample, the average HUI3 score was 0.24 among those
whose maximum motor function was sitting, and it in-
creased to 0.64 for independent walkers. The mean
HUI3 scores increased by increasing functional status
and SMA type, with the lowest average HUI3 score
among those with type I on permanent ventilation, -
0.05, and the highest average HUI3 score of 0.64 among
those with type III that can walk independently. All
scores regardless of SMA type and functional status

remained in the severe disability category (less than
0.70) [26].

When examining the eight individual single-attribute
HUI3 utility scores by SMA type, vision, hearing, and
emotion (Table 3) had high utility scores (all above 0.9)
across all three SMA types, representing none to mild
disability. Additionally, there was no statistically signifi-
cant differences in their utility scores across type. Ambu-
lation was the attribute with the lowest utility scores,
0.01, 0.04, and 0.32, for type I, II, and III, respectively,
representing severe disability, and there was a statisti-
cally significant difference in scores by type. The speech
attribute utility score was 0.51 in SMA type I, represent-
ing severe disability, but the other SMA types scores,
0.95 and 0.99, for type II and type III, respectively, repre-
sented mild to severe disability. Additionally there, was a
statistically significant difference by type among the
speech attribute.

WPAI

For the WPAI, sub-scores were stratified by caregiver
and affected adults, and by functional milestone of indi-
viduals with SMA as reflected in the final dataset
(Table 4). Results from the WPAI indicated that 47.95
and 22.01% of affected adults and caregivers,

Number of surveys completed
o]
o

one affected affected affected

a) (57)

Breakdown of Respondent Type for Total Responses for 2019

Community Survey
n=666

60

40 71

. - B o

; ELE

Lost a loved Parent of anParent of anParent of anParent of anParent of anParent of anParent of an
affected
infant (0-1) toddler (2- young child child (8-12) teen (13-17) young adult adult (>26) adult (18-

Fig. 1 Breakdown of Respondent Type for Total Responses for 2019 Community Survey
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Table 2 HUI3 Scores by Functional Milestone and SMA Type

Functional Status Type | Type Il Type lll
Permanent Ventilation

n 18 9 0

Mean Score (SD) —0.05 (0.10) 0.10 (0.11)

Range (-0.20-0.13) (—0.02-0.31)
Non-Sitters

n 5 51 9

Mean Score (SD) 0.06 (0.10) 0.12 (0.12) 0.14 (0.13)

Range (-=0.03-0.21) (- 0.16-041) (-0.10-0.34)
Sitters

n 4 81 41

Mean Score (SD) 0.11 (0.21) 0.26 (0.16) 023 (0.11)

Range (-0.14-0.35) (-0.20-0.70) (0.04-0.48)
Walk with Support

n 0 6 13

Mean Score (SD) 044 (0.12) 035 (0.21)

Range (0.32-0.59) (0.02-0.63)

Walk Independently
n 0 3 42
Mean Score (SD) 0.58 (0.15) 0.64 (0.24)

Range (0.48-0.76) (-0.04-1)

respectively, were currently employed (working for pay)
at the time of the survey. Results on absenteeism, pres-
enteeism, and overall impairment among affected indi-
viduals on permanent ventilation were not reported here
due to small sample size (n < 2). There was a statistically
significant difference in the percentage of work missed
among caregivers of a child with SMA that could sit and
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an affected adult that could sit, with caregivers reporting
higher percentage of work missed in the last 7 days.
Additionally, there was a statistically significant differ-
ence in productivity lost in non-work related activities
among caregivers of affected children that could walk in-
dependently and affected adults that could walk inde-
pendently with higher productivity lost reported among
the affected adults.

Among caregivers, the greatest levels of activity im-
pairment were experienced among those caring for af-
fected individuals on permanent ventilation, 83.1%).
While caregivers of affected individuals that can walk in-
dependently have the lowest levels of productivity loss,
as one would expect, across all the functional milestone
groups, all caregivers are still experiencing a 25.5% loss
of overall work productivity (overall impairment) and
41.2% loss of non-work activity impairment.

A linear regression analysis (Table 5) was completed to
determine if work productivity was impacted by the age of
the affected individual. Absenteeism was inversely related to
the age of the affected individual, with increasing levels of
absenteeism with decreasing age of the affected individual.
Age of the affected individual did not explain variance in
presenteeism, overall impairment and activity impairment.

PROMIS Fatigue SF

For assessment of fatigue, parents of affected children
ages 5-17 completed the PROMIS Fatigue SF assess-
ment tool and results were stratified by functional mile-
stone and by SMA type. Higher scores on this
measurement indicate greater fatigue. Raw scores were
rescaled to standardized T-scores to allow for relevant
comparison among sub-groups and to the overall US
population (Fig. 3).

100%
90%
80%
70%

38.84%

60%
50%
40%
30%
20%
10%

0%

-Data represents unique individuals represented here only

Fig. 2 Final dataset functional status by SMA Type
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Table 3 HUI3 Attribute Scores by SMA Type

Attribute Scores Type | Type Il Type lll p value
Vision
n 29 170 116 0.54
Mean Score (SD) 097 (0.05) 097 (0.06)  0.97 (0.03)
Range (0.73-1) (0.59-1) (0.95-1)
Hearing
n 30 167 18 0.60
Mean Score (SD) 0.99 (0.05) 1.0 0.99 (0.05)
Range 0.71-1) (0.48-1) (0.48-1)
Speech
n 31 168 118 0.0001*
Mean Score (SD) 051 (043) 095 (0.11)  0.99 (0.04)
Range (0-1) (041-1) (0.67-1)
Ambulation
n 31 171 122 0.0001*
Mean Score (SD) 001 (0.06) 004 (0.14) 032 (0.36)
Range (0-0.36) 0-1) 0-1)
Dexterity
n 31 168 120 0.0001*
Mean Score (SD) 0.13 (0.27) 0.57 (0.35) 0.78 (0.27)
Range 0-1) 0-1) 0-1)
Emotion
n 30 166 120 0.10
Mean Score (SD) 094 (0.14) 096 (0.08) 093 (0.13)
Range (0.33-1) (0.33-1) (0.33-1)
Cognition
n 30 167 18 0.001*
Mean Score (SD) 0.87 (0.25) 0.97 (0.09) 0.96 (0.11)
Range 0-1) (032-1) (0.32-1)
Pain
n 31 169 120 0.09
Mean Score (SD) 0.90 (0.11) 0.86 (0.16) 0.84 (0.16)
Range (048-1) 0-1) 0-1)

*Statistically significant at p < 0.05

The adjusted T-scores ranged from 55.69-57.61 when
assessing PROMIS scores by functional status. All the
scores were worse than the average general population
score of 50, but there did not appear to be a trend of
scores increasing or decreasing by SMA type or func-
tional status (Table 6).

A factor analysis evaluated the results from each ques-
tion to determine if there was a statistically significant
difference between the average value of the answer and
the independent categories of either SMA type or the
functional status (Sup. Table 1).

For example, in question 1, the average response an-
swer was 2.71 for type I, 2.34 for type II, and 2.78 for
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type III and there was no statistically significant differ-
ence between these averages. More specifically, the ques-
tion elements “My child felt weak” and “My child was so
tired it was hard for him/her to pay attention” showed a
statistically significant (or nearly statistically significant)
relationship to SMA type and functional status. How-
ever, weakness is a hallmark characteristic of SMA, so
these questions may not be reflective of the fatigue an
affected individual typically experiences. The other ques-
tion elements, such as “My child was too tired to do
sports or exercise” and “Being tired make it hard for my
child to play or go out with friends as much as he/she
would like” did not have any statistical significant rela-
tionship to SMA type or functional status. Being that the
majority of individuals with SMA are non-ambulatory, a
question related to individuals being involved in trad-
itional sports, may be deemed non-applicable. This fur-
ther highlights the need for more SMA-specific
outcomes that includes items of most relevance by
function.

Discussion

Overall burden

The data here presented examined various PROMs that
assess specific aspects of the patient experience that
might be more sensitive in capturing subtle, but mean-
ingful changes with drug therapy administration and
thereby benchmark the progression of SMA, and other
aspects of disease impact such as quality of life, work
productivity, and fatigue. Leveraging its annual online
Community Update Survey [20], in 2019 Cure SMA en-
gaged respondents in completing three commonly used
PROM:s: the Health Utilities Index (HUI), Work Prod-
uctivity and Activity Impairment (WPAI) and the Patient
Reported Outcomes Measurement Information System
Fatigue Short Form (PROMIS Fatigue SF). These instru-
ments were chosen to quantitatively measure various
quality of life aspects impacted by SMA as studied quali-
tatively through previous studies in an SMA population
[7, 29, 33].

Results demonstrate a highly rated burden of SMA
across all three assessments that were measured, sup-
porting findings from previous qualitative studies that
assessed the burden of SMA across phenotypes [7, 11,
13]. As measured by the HUI, the quality of life scores
fell under the category of ‘severe disability;’ work prod-
uctivity lost due to having SMA or caring for someone
with SMA was also significant; and the fatigue levels of
children affected with SMA was greater than that of the
general population regardless of type. Nonetheless, given
the validation (age range) and parameters (mobility,
emotional, etc.) assessed in each scale, we anticipate that
different scales may be appropriate for different SMA
subtypes and ages. By conducting similar assessments
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Table 4 WPAI Sub-scores Stratified by Caregiver and Affected Individual

Functional Status Caregiver Affected Adult Overall Significance testing®
Mean (SD) Sample Size Mean (SD) Sample Size Mean (SD) Sample Size P value
Permanent Ventilation
Absenteeism, % 76 (9.1) 4 N/A N/A 6.1 (8.6) 5 N/A
Presenteeism, % 764 (31.1) 11 N/A N/A 73.1 (34.7) 13 N/A
Overall Impairment, % 59.0 (43.3) 4 N/A N/A 492 (434) 5 N/A
Activity Impairment, % 83.1 (20.9) 35 688 (25.3) 8 805 (22.2) 43 0.13°
Non-sitters
Absenteeism, % 13.3 (15.1) 16 64 (13.6) 15 10.0 (14.6) 31 0.09°
Presenteeism, % 470 (31.8) 23 36.7 (29.5) 18 424 (309) 41 0.29
Overall Impairment, % 50.1 (27.3) 16 372 (288) 15 439 (283) 31 0.21
Activity Impairment, % 60.8 (29.4) 50 69.1 (21.5) 34 64.2 (26.7) 84 0.14
Sitters
Absenteeism, % 18.8 (29.0) 36 6.8 (12.1) 31 133 (234) 67 0.04*
Presenteeism, % 416 (31.0) 45 44.5 (30.1) 40 429 (30.5) 85 0.66
Overall Impairment, % 44.6 (29.6) 33 41.0 (237) 30 429 (26.8) 63 0.59
Activity Impairment, % 60.9 (25.2) 123 55.2 (22.6) 65 589 (24.4) 188 0.09°
Walk with Support
Absenteeism, % 163 (11.5) 6 85(11.8) 4 132 (11.6) 10 0.34
Presenteeism, % 55.0(31.2) 8 500 (33.7) 4 53.3 (30.6) 12 093°
Overall Impairment, % 62.7 (19.5) 6 53.2 (35.5) 4 589 (25.6) 10 059°
Activity Impairment, % 50.0 (26.5) 27 7.0 (61.4) 7 524 (26.3) 34 0.22°
Walk Independently
Absenteeism, % 44 (8.1) 6 6.8 (15.1) 12 6.0 (12.9) 18 091°
Presenteeism, % 175 (22.5) 8 373 (25.5) 15 304 (25.8%) 23 0.07
Overall Impairment, % 25.5 (26.5) 6 355 (28.1) 12 322 (27.2) 18 040°
Activity Impairment, % 41.2 (24.2) 25 550 (22.3) 26 482 (24.1) 51 0.02%°

? Significance testing between work productivity of a caregiver and an affected adult

*Statistically significant at p < 0.05
® Mann-Whitney test used to test for significance

with these and other measures, we can leverage the re-
sults of this study as a baseline for understanding the
burden of SMA in our community in the future.

Strengths and limitations of HUI3 for SMA populations

The results from the HUI3 varied by SMA type and
functional status. Unlike the other HUI systems, the
HUI3 measures a person’s ability to walk and their dex-
terity which are key manifestations of SMA and vary
across subtypes. As shown by the individual HUI attri-
bute scores, there was a statistically significant difference
between SMA types when evaluating the scores of am-
bulation and dexterity. There was also a statistically sig-
nificant difference between speech attribute scores
across the SMA types with type I showing the lowest
speech scores representing severe disability. Although
future analyses of evaluating HUI attribute scores by
SMA type should adjust for age of the affected individual
to determine if differences in speech are due to SMA
type, age, or a combination of both. Additionally, the
HUI3 measures someone’s ability to perform daily

activities, such as dressing, which is a common activity
that patients with SMA would like to improve or main-
tain [14, 33]. Assessing the HUI3 before and after treat-
ment would allow the measurement of progression in
the SMA community. However, for those who may
never gain motor milestones, the HUI3 may not be a
good measurement to detect any changes over time.
Moreover, not all the attributes assessed by the HUI3
may be relevant for any of the SMA population. For ex-
ample, the HUI3 assesses quality of life through vision
and hearing attributes, which are not relevant to the
manifestation of SMA across types, and the high attri-
bute scores as shown in this analysis, demonstrate this.

Strengths and limitations of WPAI for SMA populations

Unlike the HUI and the PROMIS, the WPAI can meas-
ure both the quality of life from the caregiver or the af-
fected adult perspective. Interestingly, there was not a
statistically significant difference in the WPAI sub-
scores for caregivers and affected adults in the majority
of the scores suggesting that SMA affects the work
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Table 5 Absenteeism by age of affected individual, in months
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Unstandardized Coefficients

Standardized Coefficients

Age During Survey, in months

Constant

—0.03 (0.01)***
19.36 (2.90)

—0.29%%*

Observations: 131.
***p < 0.01

productivity the same for both the caregiver and the af-
fected individual. However, the absenteeism score of the
WPAI was influenced by the age of the affected individ-
ual with higher absenteeism scores among caregivers for
younger affected individuals. Moreover, the WPAI re-
sults across functional status and SMA type show that
the WPALI is sensitive to show the differences in severity
across the SMA population. However, most of the af-
fected adults that completed a survey or had a survey
completed on their behalf were attending school either
full or part-time. Therefore, the work productivity lost
may be underrepresented in the total SMA population.
A scale that redefines productivity as a student will be
beneficial to assessing the entire picture of productivity
lost. Lastly, it is not uncommon for families affected with
SMA to hire professionals to assist with providing care
to the affected individual. A limitation of this study was
the demographics and employment status of the care-
giver was not captured. It would be of interest to control
for differences among caregivers to help parse out the
differences in work productivity lost among families.

Strengths and limitations of PROMIS fatigue for SMA

The PROMIS Fatigue SF is a short 10 question question-
naire that requires little time to complete and offers a
parent proxy version that allows fatigue assessment in
children. The results from the Community Update Sur-
vey show higher levels of reported fatigue among those
with SMA when compared to the general population.

However, when converting the PROMIS Fatigue scores
into T-scores, the T-scores among those with SMA were
less than one standard deviation above the general popu-
lation mean. Additional analyses analysis suggested that
some of these questions are not appropriate for an SMA
population and/or cognitive and/or mental factors may
be more relevant over physiological factors. Similarly, a
recent study by Dunaway Young, et al. assessed the rela-
tionship of perceived fatigue to fatigability, function and
quality of life in SMA and found that perceived fatigue
did not correlate with fatigability or function [30].

Opportunities for future efforts

It will become increasingly important to measure qualita-
tively and quantitatively, other aspects of physical/emo-
tional/psychosocial functioning; including but not limited
to quality of life (such as activities of daily living, levels of
achieved independence, etc.) and fatigue through patient
reported outcomes for ongoing reimbursement of cur-
rently approved drugs. As new treatments are approved,
the community’s expectations from a given therapy, will
likely evolve. As such, our ability to effectively capture
clinically meaningful changes across current functional
abilities and through various outcomes (motor function,
respiratory function, HRQL, SMA-specific PROMs, etc.)
must also evolve to ensure we are able to effectively
capture meaningful change across the SMA community as
therapeutic options evolve.
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Table 6 PROMIS Fatigue SF T-Scores by Functional Milestone
and SMA Type

Functional Status Type | Type Il Type Il
Permanent Ventilation
n 17 2 0
Mean (SD) 566 (10.2) 62 (11.3)
Range (42-71) (54-70)
Non-sitters
n 2 16 0
Mean (SD) 56 (8.5) 57.8(10.2)
Range (50-62) (39-71)
Sitters
n 5 55 7
Mean (SD) 67.2 (9.5 543 (9.0) 584 (54)
Range (54-80) (34-74) (48-65)
Walk with Support
n 0 7 9
Mean (SD) 564 (89) 577 (74)
Range (39-63) (47-67)
Walk Independently
n 0 3 20
Mean (SD) 487 (84) 57.7 94)
Range (39-54) (34-73)

-Only for unique individuals

Conclusions
The 2019 Community Update Survey dataset provides
an important benchmark from which to begin assessing
year-over-year change in HRQoL for affected individuals
and their caregivers. Cure SMA will conduct follow up
annual surveys using the WPAI and HUI instruments to
evaluate the impact that new therapies are making on
the overall experience of affected individuals and their
families. It is anticipated that these future survey activ-
ities will also add in other HRQoL measurements (in-
cluding the EQ-5D [34] and the Fatigue Impact Scale
[35]) to broaden the picture of SMA impact among the
community, evaluate which tools are most sensitive to
each subtype of the diverse SMA population, can assess
treatment affects and determine the health utility among
a large sample of affected individuals with SMA.
Ultimately, we anticipate learning through this process,
that different instruments will be more appropriate for
assessing HRQoL within SMA, and among the various
SMA subpopulations, ages of affected individuals and
functional milestone status.
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