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Abstract

Background Spinal muscular atrophy (SMA) is a progressive neuromuscular disorder that has a substantial impact on health-
related quality of life for patients with SMA and their caregivers. Utility values (‘utilities’) are used in health economic
analyses to incorporate individual or societal perspectives regarding the desirability of health outcomes such as a certain
health state or change in health states over time.

Objectives The primary objective of this systematic literature review (SLR) was to identify published utilities associated
with patients with SMA and their caregivers and to determine the extent to which Health Technology Assessment (HTA)
requirements of methods used to generate utilities are met. A secondary objective was to broaden the scope to identify utili-
ties associated with other (non-SMA) neuromuscular disorders.

Methods A comprehensive search to capture published utilities associated with patients with SMA and their caregivers
was performed in 2019 and updated in 2021 using several electronic databases in addition to supplementary sources. As we
anticipated that few published utilities associated with SMA would be identified, the search also captured utilities for other
(non-SMA) neuromuscular disorders that may serve as useful surrogate values for studies of SMA and other rare diseases.
Electronic searches were performed in Embase, MEDLINE, Evidence-Based Medicine Reviews, and EconLit via the Ovid
platform and were supplemented by searches of the grey literature (reference lists, conference proceedings, global HTA body
websites, and other relevant sources). Study eligibility criteria were based on the population, interventions, comparators, and
outcomes (PICO) framework. The quality of the full-text publications was assessed using a checklist based on UK National
Institute for Health and Care Excellence technical support documents.

Results In total, 14 publications that reported SMA-related patient or caregiver utilities or disutilities met the eligibility
criteria to be included in the SLR; the included studies demonstrate the substantial health-related quality-of-life burden of
SMA on both patients with SMA and their caregivers. A variety of preference-based measures were used to derive utilities
for patients with SMA and their caregivers. Different methods for collecting utility data included patient and proxy assess-
ment of health states using questionnaires, vignette methodologies, structured forms of expert elicitation, and mapped data
from results of clinical trials. A range of utilities was reported from both patient- and proxy-reported data, which reflects the
degree of disability associated with early- and later-onset SMA. Methods for deriving utilities were assessed with respect to
three reference cases from HTA bodies in the UK, the USA, and Canada. None of the 14 publications met the requirements
of all three HTA bodies because of differing tariff requirements between countries; one study met the requirements of HTA
bodies in Canada and the UK. Also, six studies did not report the method of valuation, which precluded analysis with respect
to the HTA reference cases.

Conclusions This SLR provides a comprehensive repository of the currently available utilities relevant to patients with SMA
and their caregivers. This SLR provides recommendations for establishing consensus on the approach to generating utility
values for the SMA patient population and their caregivers for health economic decisions.

1 Introduction

Spinal muscular atrophy (SMA) is a rare hereditary neu-
romuscular disease with an estimated incidence of 1 in
10,000 live births [1, 2]. There is currently no cure for SMA,
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Key Points for Decision Makers

Most studies identified in the systematic literature review
failed to meet the requirements of health technology
assessment bodies in the UK, USA, and Canada because
they used country-specific tariffs or did not report valua-
tion methods.

This review highlights the need for age-appropriate
and validated preference-based measures for paediat-
ric patients and utility data collection of caregivers of
patients with spinal muscular atrophy (SMA).

Consensus for future utility estimations in SMA should
include health state descriptions that reflect the improve-
ment in motor function yielded by treatment with
disease-modifying therapies.

and—in the absence of medical intervention—SMA is a
principal genetic cause of infant mortality [3]. SMA results
from homozygous deletions (~ 96%) or deletions and muta-
tions (~ 4%) in the survival of motor neuron 1 (SMN1) gene
[4]. A related gene, SMN2, produces insufficient levels of
stable SMN protein to compensate for the SMN1 deficiency,
and the number of SMN2 copies that an individual carries is
generally inversely proportional to the severity of SMA [5,
6]. However, discordance between SMN2 copy number and
SMA phenotype can occur as a result of genetic and epige-
netic modifiers [7]. Insufficient levels of SMN protein causes
motor neuron degeneration, which in turn leads to progres-
sive muscle degeneration and symmetrical muscle weak-
ness [2]. The traditional classification of SMA includes five
types (Types 0—4) based on patient age at onset of disease
symptoms and the highest motor milestone achieved [8—11].
Type 0 SMA causes foetal or neonatal death, whereas Type
4 SMA—the least severe form—typically manifests during
adulthood, and individuals are ambulant [11, 12]. Without
disease-modifying therapies (DMTs), infants with Type
1 SMA (also known as Werdnig—Hoffmann disease) can-
not sit, and life expectancy may not exceed 2 years [9-12].
Type 2 SMA generally manifests between 7 and 18 months
of age, and individuals can sit but never walk [11, 12],
whereas patients with Type 3 SMA (also known as Kugel-
berg—Welander disease) who can walk progressively lose
this ability [11, 12]. Standard of care (SOC) management for
SMA cannot modify the pathology underlying the disease
and is considered as palliative or supportive. SOC for SMA
incorporates multidisciplinary input from a team including
neurologists, respiratory specialists, gastroenterologists,
geneticists, palliative care physicians, orthopaedic surgeons,
and physical therapists [13, 14].
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Between 2016 and 2021, three DMTs that use differ-
ent routes of administration to increase SMN levels were
approved by the US FDA and the European Medicines
Agency. Nusinersen (SPINRAZA®; Biogen Inc., Cambridge,
MA, USA), an antisense oligonucleotide that modifies
SMN?2 pre-messenger RNA splicing to increase functional
SMN production, was approved in the USA and Europe in
2016 [15] and 2017 [16], respectively. Nusinersen is intrath-
ecally administered to adult and paediatric patients with
SMA [15, 16]. Following four loading doses of nusinersen,
maintenance doses are required three times per year [15,
16]. Onasemnogene abeparvovec-xioi (ZOLGENSMA®;
AveXis Inc., Bannockburn, IL, USA) is a single-dose intra-
venously administered adeno-associated virus vector-based
gene-transfer therapy that facilitates the transfer of a copy
of the SMNI gene [17]. Onasemnogene abeparvovec was
approved in the USA in 2019 for the treatment of children
aged < 2 years with bi-allelic mutations in SMN/ [18] and in
Europe in 2020 for the treatment of children (< 21 kg body
weight) with an inherited mutation in SMNI and up to three
copies of the SMN2 gene [19]. Risdiplam (EVRYSDI™;
Genentech Inc., South San Francisco, CA, USA) is a daily
orally administered SMN2 splicing modifier that is distrib-
uted centrally and peripherally and increases SMN produc-
tion [20]. Risdiplam was approved in the USA in 2020 for
the treatment of SMA in patients aged > 2 months [21] and
in Europe on 30 March 2021 for patients aged > 2 months
with a clinical diagnosis of Type 1, 2, or 3 SMA or with one
to four SMN2 copies [22].

The advent of DMTs for SMA has offered new manage-
ment options and hope for patients with SMA. However, a
lack of validated biomarkers has led to some ethical, medi-
cal, and financial concerns for the SMA community regard-
ing how to interpret variability in treatment responses [23].
Whether the cost of a new medical intervention is justified
by the expected health benefits is typically appraised by
health technology assessment (HTA) bodies using decision-
analytic models [24]. Quality-adjusted life-years (QALY's)—
a combined measure of survival and health-related quality
of life (HRQoL)—are the benefit outcome in the incremen-
tal cost-effectiveness ratio used by HTA bodies to make
resource-allocation decisions [24]. QALYSs are calculated
using health state utility values (HSUVs or ‘utilities’), which
incorporate individual or societal perspectives regarding the
desirability of health outcomes such as a certain health state
or change in health states over time [25]. HSUVs are indexed
measures anchored between zero and one that reflect ‘death’
and ‘perfect health’, respectively; a negative value is consid-
ered ‘worse than death’ [26]. Disutility refers to the decre-
ment in valued quality of life (utility) because of a particular
symptom or complication [27].
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HSUVs may be derived using direct and indirect
approaches. Direct approaches include methods such as
standard gamble (SG) or time trade-off (TTO) [28]. HSUVs
may be estimated indirectly using generic preference-based
measures (PBMs) that typically consist of a standardised
HRQoL questionnaire from which health state descriptions
are indirectly mapped to a utility scale by applying societal
preferences (tariffs) to health states [29]. Generic PBMs are
commonly used in clinical trials [30] and include instru-
ments such as the EQ-5D [31] (including the EQ-5D-3L,
EQ-5D-5L, and EQ-5D-Y versions) [32], and the Health
Utilities Index Mark 2 and 3 (HUI2 and 3) [33]. As HSUV
estimates affect the accuracy and quality of cost-utility mod-
els, HTA bodies may recommend a particular approach to
HSUYV derivation [28]. For example, the UK National Insti-
tute for Health and Care Excellence (NICE) recommends
that the EQ-5D is used to derive HSUVs for adults [34]. As
the EQ-5D-Y does not currently have a validated UK value
set, NICE suggests that, for paediatric populations, alterna-
tive standardised and validated PBMs designed specifically
for use in children should be considered [34]. A value set for
the EQ-5D-Y has recently been developed but is currently
only available for research purposes [35].

In the absence of robust EQ-5D (or other preference-
based instruments) data collected directly from patients,
HTA bodies may accept the mapping of or elicitation from
disease-specific/generic HRQoL data to a generic PBM.
For example, an algorithm developed by Khan et al. [36]
has been used to map EQ-5D utility scores from Pediat-
ric Quality of Life Inventory (PedsQL) generic core scales.
This alternative approach to generating HSUVs is perti-
nent to a disease such as SMA that mostly affects paedi-
atric patients. In cases where an established PBM scale is
not available, direct preference elicitation can be used, for
example, discrete choice experiments (DCEs) and other
vignette approaches, including case history reviews by clini-
cal experts [30].

To date, few HRQoL tools have been developed specifi-
cally for SMA to estimate utility or disutility data for eco-
nomic evaluations. According to a previous study [37], in the
limited number of SMA clinical trials in which utility data
were collected using standardised measures, data collection
methods varied from patient surveys to vignette methodolo-
gies, structured expert elicitation, and DCEs—a quantitative
method in which competing scenarios are presented to deter-
mine trade-offs between medical treatment attributes [38].

The primary objective of this systematic literature review
(SLR) was to identify published HSUVs associated with
patients with SMA and their caregivers, with a secondary
objective to broaden the scope to identify HSUVs associated
with other (non-SMA) neuromuscular disorders. We identify

available HSUVs for patients with SMA and their caregivers
and determine the extent to which HTA body requirements
of methods used to generate HSUVs are currently met. In
addition, we emphasise the importance of developing a con-
sensus approach in HSUVs for the SMA community, so that
the needs of patients with SMA and their caregivers may be
consistently assessed.

2 Methods
2.1 Search Strategy and Selection Criteria

An SLR was conducted to identify available HSUVs asso-
ciated with SMA. The 2020 PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses)
guidelines were followed to isolate and screen scientific
literature and extract data [39]. The following electronic
databases were searched on 29 August 2019 via the Ovid
platform: MEDLINE® (including epub ahead of print, in-
process and other non-indexed citations, and daily update),
Embase, and Evidence-Based Medicine Reviews. Addi-
tional searches of congress proceedings, reference lists of
included publications, HTA bodies, and additional sources
and websites such as Spinal Muscular Atrophy UK were
conducted to identify relevant evidence (Table 1 in the
electronic supplementary material [ESM]). The search was
updated on 8 March 2021 to ensure that any recently pub-
lished studies were captured. The full search strategies (up
to 8 March 2021), including free text words, subject index
headings (e.g. medical subject headings [MeSH]), the rela-
tionship between search terms (e.g. Boolean), and database
start dates are provided in Table 2 in the ESM. The SLR
search parameters were designed to capture HSUVs for rel-
evant SMA health states derived using generic preference-
based instruments, direct methods, mapping algorithms,
vignette studies, patient/caregiver utilities and disutilities
(Table 3 in the ESM). Eligibility criteria for the SLR were
defined in terms of population, interventions, compara-
tors, and outcomes (PICO) framework and study design
[40], and there were no restrictions regarding geography,
study country, or date of publication (Table 3 in the ESM).
Studies reporting HSUVs for SMA-related health states
were of primary interest for the review; however, given the
anticipated paucity of evidence for SMA, we also identified
HSUVs associated with other (non-SMA) neuromuscular
conditions, such as myodystrophy, muscular dystrophy, and
amyotrophic lateral sclerosis. Non-SMA HSUVs are not
analysed further in this SLR but are presented in Table 4
in the ESM as they may serve as useful surrogate values for
rare diseases for which utility values are lacking.
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Table 1 Summary of HTA body reference cases with regards to measurement and valuation of health effects

Measurement and valuation of health effects

HTA body reference cases

NICE [34] CADTH [44] US ICER Group [45]
Instrument with which change in HRQoL should be EQ-5D-3L or EQ-5D-5L* Generic PBM Generic PBM
measured (adult patients)
Population in which change in HRQoL should be Patients Patients Patients

measured

Preferences (tariffs) with which health states should UK societal preferences

be valued

Preferred method for valuing health states

Preferred instrument for estimating utilities in
paediatric populations
children

Preferred instrument for estimating utilities in
caregivers

Not specified

Choice-based method (SG/TTO)

Standardised and validated PBMs of
HRQoL designed specifically for use in

Canadian (or US societal preferences

similar) societal

preferences
Not specified Not specified
Not specified Not specified
Not specified Not specified

CADTH Canadian Agency for Drugs and Technologies in Health, HRQoL health-related quality of life, HTA health technology assessment,
ICER Institute for Clinical and Economic Review, NICE National Institute for Health and Care Excellence, PBM preference-based measure, SG

standard gamble, 770 time trade-off

“Where data were gathered using the EQ-5D-5L descriptive system, utility values in reference case analyses should be calculated by mapping
the EQ-5D-5L descriptive system data to the EQ-5D-3L value set using mapping function developed by van Hout et al. [64]. If analyses use data
gathered using both EQ-5D-3L and EQ-5D-5L descriptive systems, the EQ-5D-3L value set should be used to derive all utility values, with EQ-

5D-5L mapped to EQ-5D-3L where needed

2.2 Data Extraction

Relevant data were extracted into summary tables by a first
reviewer. A second reviewer checked the data extraction,
and any inconsistencies were referred to a third reviewer
and resolved through discussion.

2.3 Assessment of Bias and Quality of Evidence

The quality of eligible HSUV studies was assessed as recom-
mended by NICE technical support documents 8—10 [41-43]
and enabled justification of the use/non-use of different util-
ity values or mapping algorithms in an economic model. In
particular, the following issues were addressed: (1) whether
response rates, loss to follow-up, or missing data level were
likely to threaten the validity of the utility estimate; (2)
whether the selection criteria yielded a population similar
to that being modelled; (3) whether the utility incorporated a
decrement for quality-of-life (QoL) loss from adverse events;
and (4) whether the utility met the NICE reference case [34]
(i.e. health states should be described by the patient and val-
ued according to UK societal preferences).

2.4 Comparison of Available HSUVs with HTA Body
Reference Cases

The final publications considered for inclusion in the
SLR were compared with three HTA body reference
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cases to determine which publications, if any, met the
requirements for HTA body submissions with respect to
HSUVs. The HTA body reference cases included reviews
published by NICE in 2013 [34], the Canadian Agency
for Drugs and Technologies in Health (CADTH) in 2017
[44], and the US Institute for Clinical and Economic
Review (US ICER Group) in 2018 [45]. Table 1 sum-
marises the requirements of each reference case with
respect to measurement and valuation of health effects.
All three HTA bodies recommend that HRQoL should be
measured in patient populations, but only NICE speci-
fies which generic PBM should be used. NICE and the
US ICER Group require UK and US tariffs, respectively,
but CADTH accepts Canadian (or similar) societal pref-
erences. Of the three HTA bodies, only NICE provides
guidance for the measurement of utilities in paediatric
populations. None of the HTA bodies provide recom-
mendations for the measurement of utilities in caregiv-
ers of patients. Where no specific recommendations are
provided, it is likely that HTA body requirements will
be met if a PBM is used and country-specific societal
preferences are considered. Therefore, the information
in Table 1 summarises the ‘gold standard’ requirements
for the measurement and valuation of health effects for
each HTA body, but we note that utilities derived using
methods deviating from the recommendations would
also be acceptable with adequate justification, e.g. proxy
respondents on behalf of paediatric patients. Using the
HTA body requirements, five questions were created to
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assess the extent to which the studies identified in this
SLR met the requirements of each HTA reference case.
The questions were as follows:

Al. Was a generic preference-based instrument used
to describe health states?

A2. Was the selected instrument age appropriate?

B. Did patients describe the health states?

C. Were appropriate societal preferences used to value
health states?

D. Was the TTO/SG method used to value health
states?

3 Results
3.1 Description of Identified Studies

The original electronic database searches conducted in
August 2019 identified a total of 6188 citations. Fol-
lowing removal of 938 duplicates, 5250 citations were
screened on the basis of title and abstract. In total, 443
citations were deemed to be potentially relevant and were
obtained for full-text review, and a further 20 articles
were excluded. Handsearching yielded two additional rel-
evant SMA publications. In total, this search identified
four full-text publications [46—49] and one conference
abstract and associated poster [50] that reported HSUVs
for the population of interest. The updated search con-
ducted in March 2021 yielded an additional nine publi-
cations, including five full-text publications [51-55] and
four abstracts [56-59]; three abstracts had an associated
poster [56, 57, 59]. Across the original and updated SLR
search, 17 studies considering other (non-SMA) neuro-
muscular disorders and 463 studies reporting HRQoL
data only (i.e. studies did not report HSUV data but
administered a disease-specific and/or generic HRQoL
instrument) were tagged and excluded. The list of the 17
other (non-SMA) neuromuscular disorders is shown in
Table 4 in the ESM.

The final list of 14 publications that met the eligibility
criteria to be included in the SLR (Fig. 1) consisted of nine
full-text publications [46—49, 51-55] and five abstracts
[50, 56-59]; four of the abstracts had an associated poster
[50, 56, 57, 59].

3.2 Reporting of HSUVs by Respondent Type
and PBM Instruments Used in Identified Studies

For simplicity, we refer to HSUVs that were generated from
self-reported health states by patients with SMA as ‘patient-
derived HSUVs’, whereas SMA health states that were
valued by proxies (caregivers/parents/clinical experts) are

designated as ‘proxy-derived HSUVs’. We refer to ‘mixed
patient-/proxy-derived HSUVs’ in cases where a single util-
ity value was estimated from a combination of patient and
proxy respondents. An ‘overall’ HSUV represents a single
utility value derived from a cohort of patients with SMA, i.e.
‘overall Type 1 SMA’ or ‘overall Types 1-3 SMA’.

A variety of instruments were used to describe SMA
health states, which in turn were used to derive patient and
caregiver utility and disutility values across the 14 stud-
ies. Table 2 provides an overview of the characteristics of
the PBM instruments used in the studies, including appli-
cability to paediatric patient populations, and Table 3 lists
the instrument(s) used in each study. Some studies used a
combination of instruments; for example, Pefia-Longobardo
et al. [55] used the EQ-5D-3L for patients and the EQ-5D-5L
for caregivers because the EQ-5D-5L is only validated for
adult respondents. The instruments for proxy-derived patient
HSUVs included the EQ-5D-Y (clinical experts as proxies
for patients; n = 1) [46]; the EQ-5D-3L (parents/caregiv-
ers as proxies for patients; n = 4) [47, 49, 50, 59]; the EQ-
5D-5L (caregivers as proxies for patients; n = 2) [57]; and
the HUI3 (parent/caregivers as proxies for patients; n = 1)
[51]. Patient-reported HSUVs were generated using the EQ-
5D-Y (n=1) [53], EQ-5D-3L (rn = 1) [55], EQ-5D-5L (n =
4) [52, 54, 55, 57], HUI3 (n = 1) [58], and PedsQL mapped
to the EQ-5D-Y (n = 1) [48]. Instruments used to derive
caregiver utilities included the CarerQoL (n = 1) [53], the
EQ-5D (n = 1) [47], the EQ-5D-3L (n = 1) [59], and the
EQ-5D-5L (n =2) [55, 57].

Countries/regions from which utility data were derived
included (Table 3) Australia (n = 1) [53], Canada (n = 2)
[54, 58], Germany (rn = 1) [52], Spain (n = 1) [47], the UK
(n=4) [46, 56, 57, 59], and Europe, including studies cov-
ering France, Germany, Spain, and the UK (n = 2) [49, 50],
and France, Germany, and the UK (n = 1) [55]. Two publi-
cations derived global utility data using a database (n = 1)
[51] and a global clinical trial (CHERISH; NCT02292537)
(n=1) [48].

In the majority of studies included in the SLR, the SMA
patient populations did not receive treatment with a DMT
and were managed with SOC. Some studies used clinical
trial populations of patients with SMA treated with nusin-
ersen or onasemnogene abeparvovec. Clinical trial popula-
tions included patients treated with nusinersen (CHERISH
[patients with SMA aged 2—12 years with onset of clini-
cal symptoms after 6 months of age][60] and ENDEAR
[NCT02193074; infants aged < 210 days with SMA and
two SMN2 copies] [61]) and patients with SMA treated
with onasemnogene abeparvovec (AVXS-101-CL-101
[NCT02122952; patients aged < 6 months with bi-allelic
SMNI mutations and two SMN2 copies] [17] and START
[NCT03421977; follow-up study of AVXS-101-CL-101])
[62]. No intervention-specific utilities were reported. Health
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Eligibility

2021 update:

SMA HSUV studies, n=9
Conference abstracts, n=4
Full-text publications, n=5

HRQoL-only studies, n=58
Other (non-SMA) neuromuscular
disorders, n=3

Included

Duplicates removed, n=938

Records screened on basis of title and abstract, n=5,250

Full-text publications assessed for eligibility, n=443 ‘

Included HSUV studies, n=14
Conference abstracts, n=5
Full-text publications, n=9

Records identified through database searching, N=6,188

Embase, n=4,342; MEDLINE, n=1,681; Cochrane, n=165

Records excluded by title/abstract,
n=4,807

Abstract only, superseded, n=13
Animal/in vitro, n=637
Copy/duplicate, n=321
Language, n=59

Outcomes (abstracts only), n=7
Population, n=451

Protocol only, n=89
Review/editorial, n=1,785
Study design, n=1,445

‘ Records excluded by full text, n=20
Abstract only, superseded, n=3
Outcomes, n=13

Study design, n=4

Additional records identified via hand searching, n=2

HRQoL-only studies, n=463
Other (non-SMA) neuromuscular
disorders, n=405

SMA, n=58

Other (non-SMA) neuromuscular
disorders, n=17

Conference abstracts, n=2
Full-text publications, n=15

Fig.1 Study flow chart. HRQoL health-related quality of life, HSUV health state utility value, SMA spinal muscular atrophy

states that were used to estimate HSUVs were typically
aligned with SMA disease severity or disease status. Lloyd
et al. [46] developed case studies to match health states of
patients with infantile-onset and later-onset SMA in Sweden
who were treated with nusinersen or SOC [63].

The studies included the following patient populations
(Table 3): patients with Types 1, 2, and 3 SMA (n = 9) [47,
49-51, 53-55, 58, 59]; Types 1 and 2 SMA (n = 1) [46]; Type
1 SMA (n =1) [48]; Types 2 and 3 (non-ambulant) SMA (n
=1) [57]; and Types 2, 3, and 4 SMA (n = 1) [52]. One study
did not report SMA type because the study consisted of a DCE
in which a sample of the UK population was surveyed about
SMA health outcomes and health burden [56].

3.3 Mapping Algorithms
Malone et al. [48] used the mapping algorithm by Khan et al.

[36] to map PedsQL data to the EQ-5D-Y scale. The algorithm
was derived from PedsQL data obtained from healthy school
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children aged 11-15 years [36]. Lo et al. [57] used a mapping
algorithm by van Hout et al. [64] to generate HSUVs from
EQ-5D-5L crosswalk index values—transformation of an EQ-
5D-3L value set to EQ-5D-3L values [64].

3.4 Published HSUVs for Patients with SMA
3.4.1 Proxy-Derived Utilities for Patients with SMA

Proxy-derived patient HSUVs were determined based on
motor function state (e.g. sitting, standing, and walking,
with or without support, and loss of ambulation) (Table 4).
TAS588 is a report by the NICE appraisal committee that con-
sidered evidence of the clinical benefits of nusinersen for the
treatment of SMA submitted by Biogen Idec. Table 4 reports
HSUVs preferred by the NICE Evidence Review Group
(ERG) and HSUVs presented from three NICE appraisal
committee meetings (ACM1-3). Further details of TA588
and ACM1-3 are described in Sect. 3.6 in this SLR.
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The HSUVs reported by Lloyd et al. [46] were estimated
by clinical experts who reviewed case studies of health states
used in economic models of nusinersen treatment for Types
1 and 2 SMA [63]. In some cases, treatment with nusinersen
improved health states such that the initial classification of
SMA type would no longer apply. For example, patients with
type 1 SMA who achieved the ability to sit without support
or walk/stand without support could be reclassified accord-
ing to maximum motor milestone function as patients with
Type 2 or 3 SMA, respectively, but are assigned based on
original diagnosis [46].

Four studies [47, 49, 50, 58] reported a proxy-derived
overall HSUV for Types 1, 2, and 3 SMA, which ranged
from 0.158 [47] to 0.31 [58] (Table 4). The baseline/overall
Type 1 SMA HSUV was estimated at — 0.12 [46] to 0.14
[58]. Within health states of Type 1 SMA, HSUVs ranged
from — 0.240 (requires permanent ventilation) [65] to 0.71
(stands/walks without support; treated patient who could be
reclassified as a patient with Type 3 SMA) [46], with sub-
stantial differences between some states (Table 4). Type 1
SMA health states describing no improvement or worsen-
ing from baseline had an HSUV below zero, reflecting a
health state considered to be worse than death [46]. Similar
to Type 1 SMA, the overall proxy-derived patient HSUV
for Type 2 SMA was worse or better than death (— 0.012 vs.
0.24), depending on which study was examined [47, 58].
Type 2 SMA HSUVs ranged from — 0.13 (worsened) to
0.72 (stands/walks without support) [46]. The ‘baseline’ and
‘mild improvement’ states were valued equally (0.04), with a
small increase in utility reported for the ‘moderate improve-
ment” health state (0.10). A greater increase in HSUVs for
the standing/walking states was observed (0.39 [with sup-
port] and 0.72 [without support]). The ‘loss of ambula-
tion’ state estimate was — 0.12 for Type 2 SMA (Table 4).
Within motor function states of Type 1 SMA, one study [48]
reported HSUVs that ranged from 0.730 (requires permanent
ventilation) to 0.878 (stands/walks without support), with no
substantial differences reported in relation to other estimates
of motor function states such as non-sitting (0.756) and sit-
ting without support (0.764) (Table 4).

3.4.2 Proxy-Derived Disutilities for Patients with SMA

Disutilities associated with specific interventions or treat-
ment considerations such as respiratory support; oral versus
intrathecal drug administration route; treatment reactions;
ophthalmological monitoring; SMA health state after scolio-
sis surgery; use of gastric or nasogastric tube; and required
use of contraception (Table 4) were assessed by a DCE sur-
vey of the UK population [56]. Two studies reported proxy-
derived patient disutilities associated with SMA [46, 56].
Any type of respiratory support was associated with a disu-
tility of — 0.33 [46]. This estimate was similar to respiratory

support for > 16 h per day (— 3.04) as determined by a DCE
[56]. SMA health state after scoliosis surgery and use of
gastric/nasogastric tube had disutility estimates of — 0.22
and — 0.17, respectively [46]. The DCE also revealed that
patients preferred daily oral administration of treatment to
intrathecal injection of treatment every 4 months (— 0.071),
and disutility estimates increased with longer treatment reac-
tions over 4 months (— 0.057 vs. — 0.087 for 12 h and 34
days, respectively) [56]. Disutilities for ophthalmological
monitoring were similar if monitoring occurred before and
during treatment when symptoms were present (— 0.024)
and before and during treatment twice a year for 2 years
(—0.023) [56]. Required use of contraception was associated
with a disutility estimate of — 0.012 [56].

3.4.3 Patient-Derived Utilities for Patients with SMA

Patient-derived HSUVs were reported in three of the studies
identified in the SLR [52, 55, 58] (Table 5). In contrast to
proxy-derived estimates, the overall HSUV for Types 1, 2,
and 3 SMA were considered better than death in the three
studies in which these estimates were determined [52, 55,
58], with HSUVs ranging from 0.167 [55] to 0.46 [52]. A
patient-reported baseline/overall HSUV for Type 1 SMA
was considered better than death, with an estimate of 0.29
[58] (Table 5). Love et al. [58] estimated the patient-reported
baseline/overall HSUV for Types 2 and 3 SMA health states
as 0.23 and 0.41, respectively (Table 5), which aligns with
the corresponding increase in disease severity between
Types 2 and 3 SMA [11].

3.4.4 Mixed Patient-/Proxy-Derived Utilities for Patients
with SMA

Three studies identified in the SLR assessed patient HSUVs
using mixed patient-/proxy-derived SMA health states [51,
53, 54] (Table 5). Similar to the patient baseline/overall
HSUYV for Types 1, 2, and 3 SMA that was determined
using proxy and patient assessments of health states, the
mixed patient-/proxy-derived HSUV was considered better
than death as reported by two studies, although estimates
ranged from 0.115 [53] to 0.49 [54] (Table 5). When mixed
patient-/proxy-derived health states were used to generate
the overall HSUV for Type 1 SMA, the estimate ranged from
0.104 [53] to 0.32 [54]. One study estimated mixed patient-/
proxy-derived motor function health states for Type 1 SMA
in which permanent ventilation was considered worse than
death (— 0.05) [51]. The same study found an increase in the
HSUV for sitting without support (0.11) as an SMA health
state compared with sitting with support (0.11) [51]. Two
studies [53, 54] estimated the overall HSUVs for Types 2
and 3 SMA using mixed patient-/proxy-derived health states
(Table 5). Lower HSUV estimates were reported for Types
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Table 5 Summary of published patient-derived and mixed patient—proxy-derived mean HSUVs for patients by SMA type (standard deviation)

Health state

Reference

Patient-derived HSUVs

Mixed patient—proxy-derived HSUVs

Binz et al. [52]

Love et al.? [58]

Pefia-Longobardo
et al. [55]

Belter et al. [51]

Chambers et al.
[53]

McMillan et al. [54]

Publication type
PBM used

Overall Types 1-3
SMA

Baseline/overall
Type 1 SMA

Worsening
Improvement
None
Mild
Moderate
Permanent ventila-
tion
Non-sitting
Sitting (with sup-
port)

Sitting without
support

Standing (with
support)

Standing without
support

Walking (with sup-
port)

Walking without
support

Overall Type 2
SMA

Overall Type 3
SMA

Baseline
Worsening

Stabilisation of
baseline function

Mild improvement

Moderate improve-
ment

Permanent ventila-
tion, Type 2 SMA

Non-sitting

Sitting (with sup-
port)

Sitting without
support

Standing (with
support)

Full-text publica-
tion
EQ-5D-5L

0.46 (0.37)°

Abstract

HUI3

0.33 (0.28)

0.29 (0.36)

0.23 (0.16)

0.41 (0.02)

Full-text publica-
tion

EQ-5D-3L and
EQ-5D-5L

0.167 (0.277)¢

Full-text publica-
tion
HUI3

—0.05 (0.10)

0.06 (0.10)
0.11 (0.21)¢

0.10 (0.11)

Type 2 SMA: 0.12
0.12)

Type 3 SMA: 0.14
(0.13)

Type 2 SMA: 0.26
0.16)¢

Type 3 SMA: 0.23
0.11)¢

Full-text publica-
tion

EQ-5D-Y

0.115 (0.227)

0.104 (0.278)

0.067 (0.158)

0.252 (0.332)

Full-text publication
EQ-5D-5L
0.49 (0.26)

0.32

0.46

0.65
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Table 5 (continued)

Health state Patient-derived HSUVs

Mixed patient—proxy-derived HSUVs

Reference Binz et al. [52] Love et al.* [58] Pefia-Longobardo  Belter et al. [51] Chambers et al. McMillan et al. [54]
etal. [55] [53]
Standing without — — - - - - -
support
Walking (with sup- — - - Type 2 SMA: 0.44 - -
port) (0.12)
Type 3 SMA: 0.35
0.21)
Walking without - - - Type 2 SMA: 0.58 - -
support (0.15)
Type 3 SMA: 0.64
(0.24)
Loss of ambula- - - - - - -
tion/motor func-
tion (with/with-
out assistance)
Disutilities NR NR NR NR NR NR

Contraception - - -

HSUYV health state utility value, HUI2/3 Health Utilities Index Mark 2/3, NR not reported, PBM preference-based measure, SMA spinal muscular

atrophy
— Indicates not assessed in publication

#HUI3 utility values only were extracted into current table; HUI2 values also reported in publication (not extracted)

bStudy sample included patients with the following SMA types: Type 2 (n = 6); Type 3 (n = 11); and Type 4 (n = 1)

“Value for UK; mean (standard deviation) values for France and Germany also reported

4Only a single health state reported; no differentiation for with and without support

2 and 3 SMA (0.067 and 0.252, respectively) by Cham-
bers et al. [53] compared with the corresponding estimates
(0.46 and 0.65, respectively) from the study performed by
McMillan et al. [54]. Another study reported that the mixed
patient-/proxy-derived HSUV in patients with Type 2 SMA
was considered better than death (0.10) [51]. Non-sitting
was considered a minimally worse health state for patients
with Type 2 compared with Type 3 SMA (0.12 and 0.14,
respectively) [51]. According to one study, sitting with sup-
port for patients with Type 2 SMA was considered a slightly
better health state (0.26) than was sitting without support
for patients with Type 3 SMA (0.23) [51]. For patients
with walking as a health state, the same study estimated
that walking with support had a higher HSUV for patients
with Type 2 SMA (0.44) than for patients with Type 3 SMA
(0.35) [51]. In contrast, it was estimated that walking with-
out support had a higher HSUV for patients with Type 3
SMA (0.64) than for patients with Type 2 SMA (0.58) [51].

3.5 Utilities for Caregivers of Patients with SMA

Five studies [47, 53, 55, 57, 59] presented HSUVs for
caregivers of patients with SMA (Table 6). The overall
HSUV for caregivers of patients with Types 1, 2, and 3
SMA derived using the EQ-5D varied across two studies

from 0.484 [47] to 0.852 [55], whereas an overall caregiver
HSUYV of 0.708 was reported when values were derived
from responses to the CarerQoL questionnaire [53].

3.6 Previous HTA Submissions for the Treatment
of SMA

Three HTA submissions that considered the cost effective-
ness of DMTs (nusinersen or onasemnogene abeparvovec)
for the treatment of SMA were identified. The recipient HTA
bodies and the year of publication of review were as follows:
CADTH, 2019 [66], NICE, 2019 [65], and the US ICER
Group, 2019 [67].

The submission to CADTH aimed to present the cost
effectiveness of nusinersen compared with SOC in Canada
for patients with Types 1, 2, and 3 SMA [66]. Utility values
for the model were derived from studies that the CADTH
review group did not consider to be appropriate for the esti-
mation of utilities. For Types 1 and 3 SMA, utilities were
derived from a vignette study, in which five experts in SMA
rated health state descriptions relating to the health states
within the models (reference not provided in the CADTH
report but is likely to be Lloyd et al. [46]). For Type 2 SMA,
utility values were obtained from a mapping study that
used both HRQoL values reported in the CHERISH trial
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Table 6 Summary of published mean HSUVs for caregivers of patients with SMA (standard deviation)

Health state Chambers et al. [53] Loetal. [57]

Lépez-Bastida et al. [47] Pefia-Longobardo et al.

Rowell et al. [59]

Reference [55]
Publication type Full-text publication Abstractand  Full-text publication Full-text publication Abstract
associated
poster
PBM used CarerQoL? EQ-5D-5L EQ-5D-5L EQ-5D-5L EQ-5D-3L (crosswalk)
HRQoL score:
O=worse caregiving
1=best caregiving
Overall Types 1-3 SMA  0.708 (0.148) - 0.484 (0.448) 0.852 (0.155)° -
Overall Type 1 SMA 0.714 (0.091) - - - -
Overall Type 2 SMA 0.703 (0.134) - 0.472 (0.475) - -
Overall Types 2/3 SMA - 0.940 (0.091) - - -

Motor function: sits with — 0.862 (0.127) -

support

Motor function: sits inde- — 0.939 (0.092) -
pendently for longer

Motor function: stands - 0.964 (0.074) -

with assistance

Respiratory function: -
mechanical support
<16h

Respiratory function: no  —
mechanical support

Overall Type 3 SMA 0.715 (0.202) - -
Not specified - - -

0.915 (0.099) —

0.968 (0.075) —

- 0.739 (0.205)

CarerQoL carer-related quality of life, HRQoL health-related quality of life, QALY quality-adjusted life-year, PBM preference-based measure,

SMA spinal muscular atrophy

— Indicates not assessed in publication

*Note that CarerQoL utilities cannot be used to calculate QALYs, because the scale is anchored 0—100 (worst informal care situation to best

informal care situation) rather than 01 (death to full health).

Value for UK; mean (standard deviation) values for France and Germany are also reported

and EQ-5D values (reference not provided in the CADTH
report).

The original HTA submission to NICE by Biogen Idec
aimed to present the cost effectiveness of nusinersen com-
pared with SOC for the treatment of patients with SMA [65].
For patients with later-onset disease, utility values were
derived from PedsQL data collected in CHERISH (ACM1
data in Table 4), which were then mapped to the EQ-5D
using a published mapping algorithm [36]. The impact of
SMA on caregivers was also captured by applying caregiver
disutilities to each health state, based on the cross-sectional
study of patients with SMA from Lopez-Bastida et al. [68];
caregiver utility data were redacted in the NICE HTA sub-
mission [69]. The review of the HTA submission under-
taken by the NICE ERG highlighted that the utility values
employed by the manufacturer had poor face validity. The
utility values used in the base-case analysis reflected the
experience of patients with later-onset SMA and appeared to
be higher than expected for patients with severe conditions

A\ Adis

such as SMA. Additionally, the difference between the more
severe health states (‘no milestones achieved’) and the best
health states (‘stands’/‘walks unaided’) were small. How-
ever, independent searches undertaken by the ERG did not
identify any further published studies reporting EQ-5D
utilities in patients with SMA. Of the available datasets,
the NICE ERG expressed a preference for the (dis-)utili-
ties reported in the vignette studies by Lloyd et al. [46, 70],
which are listed as NICE ERG TA588-preferred values in
Table 4. Analyses using the ERG’s preferred values from
vignette studies (ACM2) and non-preference-based esti-
mates generated by the manufacturers’ clinical advisers
(ACM3) are shown in Table 4.

The submission to the US ICER Group aimed to present
the cost effectiveness of nusinersen and onasemnogene abe-
parvovec, each compared with SOC, for the treatment of
patients with SMA from a US healthcare perspective [67].
Robust utility data for the population of interest were lack-
ing (with many identified studies lacking face validity), so
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HSUVs for various health states were derived from several
sources that were judged to be relevant: 0.19 for the ‘perma-
nent ventilation’ health state from Thompson et al. [50], 0.6
for the ‘sitting’ health state from Tappenden et al. [71], and
general population HSUVs ranging from 0.922 to 0.736 (for
age ranges 18-29 and > 80 years, respectively) from Sulli-
van and Ghushchyan [72], which were used for the ‘walking’
health state.

3.7 Comparison of Utilities Identified in the SLR
with HTA Body Reference Cases

The relevance of the identified studies in the SLR to the
recommendations from CADTH [44], NICE [34], and the
US ICER Group [45], referred to as HTA body reference
cases in this SLR, for conducting health technology apprais-
als was determined (Table 7). Overall, four studies [46, 55,
57, 59] were considered as meeting the requirements of the
NICE and CADTH reference cases; UK societal prefer-
ences were considered acceptable for CADTH for the study
by Pefia-Longobardo et al. [55]. The four studies failed to
meet the requirements of the US ICER Group reference case
because they used a UK (non-US) tariff. Two studies [57,
59] reported utilities that reflected only the health states of
adult caregivers of patients with SMA. Two studies [46, 55]
reported patient utilities; in one study [55], utilities were
derived directly from patients. It should be noted that an
age-appropriate instrument was not used to measure HRQoL
(EQ-5D-3L and -5L versions). In the second study [46], the
EQ-5D-Y was used to derive utilities from a panel of clinical
experts, so additional justification may therefore be required
to support the use of these utilities in economic analyses.
Two studies did not meet the requirements of the three HTA
body reference cases. In one publication [56], a DCE sur-
vey rather than a preference-based instrument was used to
derive utilities. In one publication [48], a mapping algorithm
was used to convert PedsQL data to utilities; this study is
unlikely to be considered to meet the HTA body reference
cases given the availability of preference-based utilities in
SMA. One publication used an Australian tariff [53], and
one publication used a German tariff [52]. These studies
therefore did not meet the requirements of the NICE and US
ICER Groups because they used non-UK and non-US tariffs,
respectively. It is also unclear whether Australian and Ger-
man societal preferences would be considered sufficiently
similar to Canadian societal preferences to meet the CADTH
reference case. Two studies [46, 57] were not relevant to the
generation of patient utilities using societal preferences. The
remainder of publications [47, 49-51, 54, 58] did not report
the method of valuation (i.e. the tariff used), so it was not
possible to determine whether the HTA body reference case
requirements were met. Furthermore, four of these studies

[47, 49, 50, 54] did not appear to consider the age appropri-
ateness of the instrument(s) selected (Table 7).

3.8 Quality Assessment

Quality assessment of the included studies highlighted sev-
eral limitations associated with the HSUVs reported. For
example, sample sizes were often unclear, and there was a
consistent absence of details regarding the patient recruit-
ment process, response rates to instruments, loss to follow-
up, and missing data. These factors are likely to restrict the
usefulness of the studies for informing economic evalua-
tion. Further details of quality assessment of the studies are
shown in Table 5 in the ESM.

4 Discussion

The aim of this SLR was to identify utilities associated with
patients with SMA and their caregivers in the published lit-
erature. The studies identified in this SLR consistently dem-
onstrated that SMA has a substantial HRQoL burden on both
patients and caregivers. The impact of SMA on patients and
their caregivers is an active research area, as indicated by
the number of eligible studies for this SLR captured in 2019
compared with the number in the 2021 literature searches.
In addition, we identified 17 studies of other (non-SMA)
neuromuscular disorders that report utilities that may serve
as useful surrogate values for studies of SMA and other rare
diseases.

The estimation of reliable utilities is important as they
are a key factor affecting incremental cost-effectiveness
ratios in economic evaluations of rare disorders (along
with discount rates, drug costs, and health state costs).
Overall, we identified 14 publications reporting utilities/
disutilities associated with patients with SMA and their
caregivers. Nine of the identified studies were full-text
publications [46—-49, 51-55], and five were conference
abstracts [50, 56-59], four of which had an associated
poster available [50, 56, 57, 59]. Consistent with prior
findings [50], we found that methods of measuring utili-
ties generated different and sometimes ambiguous results.
The 14 identified studies employed a variety of methods
for collecting utility data for SMA, including patient sur-
veys, vignette methodologies, DCE surveys, and struc-
tured forms of expert elicitation. Each method has known
limitations, such as a lack of validated utility measures,
unvalidated vignettes, poor mapping functions, and meth-
ods that relied on significant assumptions [37]. Utility esti-
mates are also influenced by the type of instrument used to
determine health states, whether health states are mapped
or not, and whether direct methods such as SG/TTO or
indirect methods are used.
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4.1 Relevance of Published Utilities to HTA Body
Reference Cases

The method of valuation of health states likely contributed
to variation of estimated utilities for comparable health
states, in addition to the extent to which studies met the
recommendations of the three HTA body reference cases.
Four studies [46, 55, 56, 59] used a UK societal preference
to value health states, which aligns with NICE recommen-
dations for HTA submissions [34]. Two of the remaining
eight studies in which tariffs may have been applicable
to generate patient utilities used non-UK tariffs [52, 53],
and in six studies the valuation methods were unclear [47,
49-51, 54, 58]. Two studies [48, 59] were not relevant to
the generation of patient utilities using societal preferences.
Four studies [46, 55, 57, 59] were considered to meet the
requirements of the NICE and CADTH reference cases
(with justification/assumptions of acceptable alternative
tariffs needed for some studies, such as acceptance of a
UK instead of a Canadian tariff to meet CADTH require-
ments). The four studies did not meet the requirements of
the US ICER Group because they used a non-US tariff. Six
studies did not report the method of valuation, so it was
not possible to determine whether HTA body requirements
were met. Although no precise recommendation on an age-
appropriate PBM is provided by CADTH and the US ICER
Group, NICE recommends that a validated standardised
age-appropriate PBM for paediatric patient populations is
used. Despite variations in published utilities for patients
with SMA, information from the identified studies in this
SLR may be considered appropriate for informing economic
evaluations, even though they are not fully aligned with the
three specified HTA body reference cases.

4.2 Utilities of Caregivers of Patients with SMA

The substantial burden that SMA places on caregivers of
patients with SMA [13, 14, 73] is often not included in HTA
submissions. In this SLR, we identified five studies that
reported utilities for caregivers of patients with SMA [47,
53, 55, 57, 59]. Variations in reported utilities may reflect
the different instruments used in the studies to assess car-
egiver HRQoL, including the EQ-5D [31] and the CarerQoL.
[74]. Additional instruments have been developed to assess
caregiver HRQoL, such as the Carer Experience Scale [75]
and the ASCOT-Carer [76]. It should be noted that the Car-
erQoL cannot be applied to cost-utility analyses that evaluate
patient interventions [77]. For such analyses, the instrument
used to determine caregiver HRQoL should be the same as
used for the patient [77].

A\ Adis

4.3 Limitations of Individual Studies Identified
in this SLR

Findings from this review must be interpreted in light of
the caveats of the individual studies. Generally, the studies
included in the SLR were of moderate quality. The valid-
ity of the data was jeopardised by small or unclear sample
sizes and limited reporting of details regarding the patient
recruitment process, response rates to instruments, loss to
follow-up, and handling of missing data. Direct comparison
of utilities across studies is difficult because of the signifi-
cant heterogeneity between patient populations, for exam-
ple, geographical location and SMA type characteristics. In
addition, limited reporting of methodology in conference
abstracts can reduce the reliability of the data. General inher-
ent limitations of the SLR process, including the location
and selection of studies and the influence of publication bias
on reporting, must also be taken into consideration [78].
There is currently no value set available for the EQ-5D-Y,
which may have quality implications for the studies that
used the adult value set to derive utilities for children with
SMA. HTA bodies may consider adult tariffs acceptable for
application to the EQ-5D-Y because of the lack of a vali-
dated value set, but this goes against EuroQoL recommen-
dations [35]. A value set for EQ-5D-Y, which is currently
only available for research purposes [35], should be used in
future studies that estimate utilities for paediatric patients
with SMA.

4.4 Considerations of Patient and Proxy
Assessments to Generate Utilities for Patients
with SMA

An SLR published in 2019 revealed that the QoL of patients
with SMA varied broadly across global studies, based on
whether patient-self and caregiver-proxy assessments were
used [79]. The 14 studies identified in this SLR further
reveal the disparity of utility values when assessed by self-
reported responses or responses by proxy to HRQoL ques-
tionnaires. When using indirect methods to determine utili-
ties, unintentional bias from proxy assessments can lead to
inaccurate health state descriptions that minimise or inflate
health state descriptions. For example, parents and caregiv-
ers usually have knowledge of one child with SMA, which
may skew their interpretation of a particular health state.
In contrast, clinical experts may be familiar with several
paediatric patients with SMA, which could confound their
assessments of individual case studies. In studies that used
mixed patient-/proxy-reported descriptions of health states,
it is particularly challenging to determine the source of
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variation in utility values between studies. As Types 1 and
2 SMA in particular are diagnosed in childhood, it may be
considered appropriate to obtain data from proxy respond-
ents. Given the difficulties associated with obtaining utilities
directly from children (most HRQoL instruments are not
designed for use in this age group) [80, 81], the use of proxy
respondents may be considered appropriate in this indica-
tion. Indeed, NICE specifies that where it is not possible
to obtain measurements of HRQoL directly from patients,
data should be obtained from the person who acts as their
caregiver in preference to healthcare professionals [34].

One study identified in the SLR [48] used PedsQL data
obtained directly from patients with Type 1 SMA, mapping
PedsQL scores to the EQ-5D-Y using a published algorithm
[36]. This method was also used in the ACM1 submission
to NICE by the manufacturer of nusinersen [65]. According
to recommendations from NICE [34], the mapping func-
tion chosen should be based on data sets containing both
HRQoL measures and health-related benefits observed in
relevant clinical trials (its statistical properties should be
fully described and the choice justified), and how well the
function fits the data should be adequately demonstrated.
Furthermore, sensitivity analyses to explore variation in the
use of the mapping algorithms on the outputs should also
be presented [34]. The NICE ERG reported that responses
from a healthy population would be very different from
those from patients with SMA. For their mapping algorithm,
Khan et al. [36] had few responses at the more severe end of
the EQ-5D, and this may have affected the accuracy of the
derived mapping functions. Therefore, the use of mapping
may overestimate the utility values for those at the severe
end, primarily because of the lack of data to accurately fit a
regression model.

4.5 Consideration of Health State Descriptions
and Instrument Choice that Reflect Emerging
Phenotypes and Meaningful Change in Patients
with SMA

It is challenging to define the health states and treatment effi-
cacy parameters required for such analyses for rare genetic
diseases, which often exhibit heterogeneity in disease pro-
gression and responses to treatment [82]. Treatment efficacy
measures used in clinical trials may not be a reliable measure
of treatment responses in the real-world setting. For instance,
an intervention that prevents SMA disease progression may be
as meaningful to one patient as a clinically defined improve-
ment is to another patient [83]. Importantly, treatment with
DMTs has resulted in the emergence of phenotypes of patients
with SMA that do not align with the traditional classification
system of the disease; for example, patients with Type 1 SMA
who can sit and patients with Type 2 SMA who can walk
independently [84]. As treatment with DMTSs is most effective

in patients with SMA who are presymptomatic [85], SMA
classification is likely to focus more heavily on genotyping
[86], particularly in relation to SMN2 copy number (which is
inversely correlated with disease severity). Even though the
correlation between SMN2 copy number and classical SMA
phenotype is not absolute [7], treatment guidelines based on
SMN2 copy number have been created for infants who are
likely to develop SMA at a later age [87].

Reclassification of SMA according to motor function has
been suggested to better reflect gains in mobility achieved
by patients following treatment with DMTs. Consideration
of new health state descriptions for studies that evaluate
utilities in patients with SMA is warranted as existing motor
function scales used may not adequately capture changes
related to functional abilities [88], which may in turn affect
HRQoL. For example, a change in the Children’s Hospi-
tal of Philadelphia Infant Test of Neuromuscular Disorders
score cannot record the ability of a patient with SMA to
perform fine movements of the fingers or to turn their head
to the side, even though these abilities are valued by patients
and their families. Fine movements of the fingers may later
enable an older patient with SMA to control a motorised
wheelchair independently.

Even though PBMs often included domains that focussed
on gains in mobility, they may not be sensitive enough to
detect other important disease-related changes for patients
with SMA. Indeed, the HTA review of nusinersen by NICE
found that SMA health states used to derive utilities may not
reflect the benefits of gaining specific motor skills such as
independence or the ability to perform self-care [65]. Fur-
thermore, NICE reported that, although differences in utili-
ties between SMA states were minimal, the ability to learn
how to write or undertake formal education was not captured
by the assessed health states [65]. Other PBMs would be
of interest, such as the HUI and 36-item Short Form Sur-
vey (SF-36), which are more granular than the EQ-5D. Some
HRQoL tools appear to be more appropriate for specific
groups of patients with SMA (e.g. non-ambulant patients),
with many developed specifically for adults. A recent review
found that there are no specific scales for Type 1 SMA [88],
probably because survival for these patients was limited [11]
before the recent introduction of DMTs for SMA [85].

4.6 The Need for Consideration of SMA Utility Data
in Future Clinical Trial Design

A combination of multiple tools, such as those that measure
activities of daily living and caregiver burden, may enable
patient and caregiver perspectives to be captured more effec-
tively. The SMA community would benefit from reaching a
consensus regarding PBMs and methods to generate util-
ity values for patients and their caregivers that could be
most efficiently integrated into clinical trial assessments or
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follow-up of patients in registries. A task force report from
The Professional Society for Health Economics and Out-
comes Research provides extensive recommendations for
the consideration of utility assessments in early planning of
clinical trial designs [28], including (1) the incorporation
of health state assessments within the trial and follow-up
periods to generate utilities that are important for economic
evaluations, (2) choosing the most appropriate instrument
and respondent type for the study population demograph-
ics (e.g. patient age for SMA), (3) standardisation of utility
data collection across clinical trials of an intervention, and
(4) considerations of how trial sample size will affect uncer-
tainty of utility estimates [28]. Recommendations for study
design and methodological approaches for economic evalu-
ations in SMA have been recently published in an SLR [89].

5 Conclusions

This SLR provides a comprehensive repository of the cur-
rently available utilities relevant to patients with SMA and
their caregivers. Overall, the included studies demonstrate
the substantial HRQoL burden of SMA on both populations.
This SLR also highlights a paucity of utility/disutility evi-
dence for SMA, with available utility data also frequently
failing to meet the stringent requirements of HTA body ref-
erence cases. The absence of robust utility data highlights
the importance of global, regional, and/or local data collec-
tion platforms and disease registry networks and supports
a recommendation for early planning in future clinical trial
design to help generate utility data for economic evalua-
tions in SMA. In the absence of higher-quality evidence,
data from the 14 identified studies and the 17 studies in
other (non-SMA) neuromuscular disorders may be consid-
ered appropriate for informing economic evaluations regard-
ing rare neuromuscular disorders. In any case, the choice
of utility inputs for economic evaluations should be fully
justified, and estimates should be thoroughly tested through
comprehensive sensitivity analysis (potentially using sur-
rogate estimates from relevant diseases).
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