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Abstract

Background Spinal muscular atrophy (SMA) is a rare neuromuscular disease that affects motor neurons, resulting in pro-
gressive skeletal muscle weakness and atrophy.

Objective The aim of this study was to examine treatment preferences of patients and caregivers of patients with Type 2 and
non-ambulatory Type 3 SMA in the Netherlands, Belgium, Finland, Ireland and Portugal.

Methods A discrete choice experiment (DCE) survey was developed to elicit the preferences of adult patients and caregiv-
ers regarding different treatment aspects of SMA. This survey built on the design of a similar study undertaken in the UK.
The DCE described choice questions in terms of attributes and levels combined using a D-efficient design. The attributes
described improvements or worsening in motor and breathing function. The mode of treatment administration (intrathecal
injection, single intravenous infusion or regular oral therapy) was described. Treatment risks and side effects related to cur-
rently available treatments including risk of liver injury, fatigue, headache, nausea, diarrhoea and rash were described. Lastly,
an attribute described whether a treatment had evidence of treatment effectiveness in different SMA types. Participants were
recruited via patient advocacy associations to complete an online survey. A clustered conditional logit model was used to
estimate treatment preferences.

Results Participants (n = 65) were 4.8 times and 8.1 times more likely to choose a treatment with stable or improved (vs
worse) motor function, respectively. Similarly, participants were 4.3 times and 5.8 times more likely to choose stable or
improved (vs worse) breathing function, respectively. Treatments with a risk of liver injury, fatigue, headache and nausea
were 1.6 times less likely to be chosen than treatments with a risk of diarrhoea and rash. Treatments with demonstrated
effectiveness in Type 1 SMA only were 2.3 times less likely to be chosen than those with demonstrated effectiveness in
Types 1-3 SMA. Treatments administered via intrathecal injections were also 1.8 times less likely to be chosen than daily
oral treatments.

Discussion Study results show the importance of improvement as well as stabilisation of motor and breathing function to
patients and caregivers, and a preference for oral treatments, treatments with demonstrated effectiveness in Types 2-3 SMA,
and avoidance of liver injury risk.

1 Introduction progressive proximal muscle weakness and paralysis [1].

Two genes are implicated in the development and sever-
Spinal muscular atrophy (SMA) is an autosomal reces- ity of SMA; survival of motor neuron 1(SMNI) and SMN2.
sive neuromuscular disease characterised by degenera-  Loss of, or defect in SMNI results in reduced production
tion of alpha motor neurons in the spinal cord, resulting in ~ of SMN protein, which is critical for the maintenance of
motor neurons. The severity of SMA also often decreases
with increasing copy numbers of the SMN2 gene [2].

SMA is classified into phenotypes based on age at onset
and highest motor milestone achieved. Type 1 SMA is the
' Acaster Lloyd Consulting Ltd, London, UK most common and severe, affecting approximately 50% of
2 F. Hoffmann-La Roche Ltd, Basel, Switzerland patients. Infants with Type 1 SMA typically have onset of
clinical signs by 6 months of age, never develop the ability
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Key Points for Decision Makers

Adult patients and caregivers of patients with Type 2 and
non-ambulatory Type 3 SMA strongly preferred treat-
ments that stabilised or improved motor and breathing
function.

Participants also preferred a daily oral treatment com-
pared with other modes of administration.

Participants preferred treatments with demonstrated evi-
dence of effectiveness in Types 2—3 SMA and preferred
to avoid risk of liver injury.

to sit independently and generally do not survive beyond 2
years of age, if no intervention is provided [1]. Type 2 SMA
onset occurs between 7 and 18 months of age. Patients typi-
cally develop the ability to sit independently and some are
able to stand, with 70% survival at 25 years of age. Type
3 SMA onset occurs between 18 months and 17 years of
age and life expectancy is into adulthood. These patients
achieve the ability to walk, but this ability may be lost over
time. Natural history data demonstrate that SMA is a pro-
gressive disease, with function declining over time [3—6].
For patients with Type 2 or Type 3 SMA specifically, the
greatest unmet need is access to treatments that reduce mus-
culoskeletal complications, improve or maintain respiratory
and motor function, and support independence [7]. In addi-
tion, survey research and qualitative research with patients
and caregivers suggest that stabilisation of the disease course
would represent important progress [8—10].

Three treatments for SMA are approved in Europe.
Nusinersen (SPINRAZA®), the first approved treat-
ment indicated for the treatment of 5q SMA, has been
shown to halt disease progression and can significantly
improve motor function [11, 12]. Nusinersen is adminis-
tered via intrathecal injection (lumbar puncture) directly
to the cerebrospinal fluid around the spinal cord, limiting
its distribution to the central nervous system. The treat-
ment schedule involves four loading doses (days 0, 14, 28
and 63) followed by long-term maintenance doses every
4 months. There is a risk of adverse reactions occurring
with the lumbar puncture procedure (e.g. headache, back
pain, vomiting) and patients who have scoliosis or spinal
fusion might be precluded from receiving nusinersen.

In 2020, onasemnogene abeparvovec (ZOLGENSMA®)
received conditional approval in the EU as a gene therapy
for patients with Type 1 SMA or for people with bi-allelic
mutation in the SMNI gene and up to three copies of the
SMN?2 gene [13]. Onasemnogene abeparvovec is deliv-
ered in a clinical setting using a single intravenous infu-
sion. In a trial of 15 patients with Type 1 SMA, those
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treated with onasemnogene abeparvovec survived longer
and displayed improvements in motor function outcomes
compared with historical cohorts [14]. Evidence for the
efficacy of onasemnogene abeparvovec has been primar-
ily shown in Type 1 SMA. However, recent evidence
suggests onasemnogene abeparvovec is also effective at
improving motor function in presymptomatic patients with
bi-allelic SMNI deletions and two or three copies of the
SMN?2 gene [15, 16]. Common adverse reactions include
increased transaminases and troponin-I, and acute serious
liver injury can occur; liver function monitoring and treat-
ment with corticosteroids in conjunction with onasemno-
gene abeparvovec are therefore recommended [13].
Finally, risdiplam (EVRYSDI®) is approved as a
treatment for patients 2 months of age and older with a
clinical diagnosis of Type 1-3 SMA or with one to four
SMN?2 copies. Risdiplam is an SMN2 splicing modifier,
which is given daily by mouth (or g-tube) and distrib-
utes throughout the body. Risdiplam has been studied in
infants, children and adults with SMA who exhibit a broad
range of disease severity and functional ability. Data from
the pivotal FIREFISH trial of risdiplam in patients with
Type 1 SMA demonstrate improvements in motor function,
including the ability to sit without support at 24 months
compared with the natural course of Type 1 SMA [17].
Data of patients with Type 2-3 SMA from the SUNFISH
trial indicate that changes in motor function were signifi-
cantly greater in the treatment group compared with the
placebo group at the 12-month follow-up [18]. The most
common adverse drug reactions related to risdiplam in
the SUNFISH clinical trial were diarrhoea and rash [26].
Previous research has explored patient and caregiver pref-
erences for different treatment options. In a recent UK study,
discrete choice experiment (DCE) surveys were developed
for adult patients and caregivers of patients with Type 2 and
non-ambulatory Type 3 SMA based on treatment profiles
for risdiplam and nusinersen [19]. Caregivers placed highest
value on improving motor and respiratory function. Patients
placed most value on stabilising/avoiding worsening motor
and respiratory function. Another study in the US examined
patient and caregiver preferences for key attributes of treat-
ments using a DCE in Type 1-4 SMA [20]. Patients and car-
egivers placed high value on treatments that improve motor
and breathing function, that are indicated across all ages,
whose administration is oral or a one-time infusion, and that
have minimal risk profiles. To our knowledge, research has
not yet examined patient and caregiver preferences compar-
ing treatment characteristics of risdiplam, nusinersen and
onasemnogene abeparvovec within European populations.
The present study aims to assess the preferences of adult
patients and caregivers/parents of patients with Type 2 and
non-ambulatory Type 3 SMA for treatment characteristics
in the Netherlands, Belgium, Portugal, Ireland and Finland.
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2 Methods
2.1 Study Design

The main survey comprised clinical and demographic meas-
ures of the patient and, if applicable, demographics of the
caregiver (caregiver participants only), and a DCE. DCEs
are a widely used method for eliciting patient treatment
preference, where hypothetical treatments are described
in terms of their treatment characteristics (‘attributes’ [21,
22]). Attributes were based on known SMA treatments at the
time of study development. In the DCE, participants were
first presented with descriptions of attributes and attribute
levels, followed by 15 choice questions. The choice ques-
tions asked participants to choose between two hypotheti-
cal treatments, varying by ‘treatment attributes’ represent-
ing treatment benefits, side effects, mode of administration,
and treatment evidence available for different SMA types.
The relative importance of different attributes was estimated
from the choices participants made [23].

2.2 Participant Recruitment and Procedures

Participants were recruited in the Netherlands, Belgium,
Finland, Ireland, and Portugal. They were recruited through
patient advocacy associations in each of the countries.
Potential participants were contacted via email or advertise-
ments on their social media channels. The following eligibil-
ity criteria were used:

e A patient self-reported or caregiver proxy-reported diag-
nosis of Type 2 (age of onset between 7 and 18 months)
or Type 3 SMA (age of onset between 18 months and 17
years)

e The patient had to be ‘non-ambulatory’, defined as being
unable to walk more than ten steps without a form of
assistance

e Adult (> 18 years) patients or caregivers/parents of a
child with Type 2 or 3 SMA

Potential participants first completed a screening ques-
tionnaire, with questions used to determine eligibility for
study participation. Eligible participants were provided with
an information sheet about the study which described the
study content, study procedures and their rights as partici-
pants, and were asked to complete a consent form if they
agreed to take part. Consenting participants then proceeded
to the main survey. Participants did not receive remuneration
for their study participation.

To accommodate country-specific ethical and data pro-
tection requirements, minor adaptations to the invitation
text, consent form and the introduction to the main survey

were made. All study materials were translated and certi-
fied by a translation agency and members of local patient
associations.

The study survey was administered online, with appro-
priate local language versions provided for each of the study
countries. The participants were first asked to read the par-
ticipant information sheet and then to indicate whether
they consented to take part. Following consent, partici-
pants completed the study screener, and if eligible, were
directed to the main study survey. The recruitment letter and
study survey can be viewed in the electronic supplementary
material.

2.3 Institutional Review Board (IRB) Approval

All study materials were submitted to the Western Institu-
tional Review Board (WIRB) in the US for ethical review.
The WIRB reviewed the documents and declared the study
exempt from ethical review on 19 August 2020 (submission
number: 2639333-44664387).

2.4 Treatment Attributes and Attribute Levels

The DCE survey aimed to capture treatment attributes (i.e.
treatment characteristics) relevant to patients and caregivers
of patients with Type 2 and non-ambulatory Type 3 SMA
when choosing among different treatment options. The DCE
survey design and choice of attributes were based on a pre-
vious SMA DCE study conducted in the UK. The original
selection of attributes was guided by the literature, input
from three clinical experts, and treatment characteristics for
nusinersen and risdiplam [19]. Details on the natural history
of the main types of SMA and key functional impairments
related to patients’ motor and respiratory function as well
as regulatory documents for nusinersen and the risdiplam
profile were based on the literature [1, 24, 25]. Three SMA
clinical experts were interviewed to obtain feedback on the
potential treatment attributes. Specifically, clinicians were
asked to comment on the clinical relevance of potential
attributes and overlap between attributes. For motor func-
tion, respiratory function and treatment-related reactions,
specific feedback on the clinical accuracy of the range pre-
sented in the attribute levels was also elicited. Risk of infec-
tion and other pulmonary problems (other than breathing)
were also discussed as potential attributes but the clinical
experts considered them to be less relevant and so they were
not included. No specific feedback was sought on the levels
for other treatment attributes because these were based on
known characteristics of nusinersen and likely characteris-
tics of risdiplam.

The study design was updated to include treatment
attributes reflecting key treatment characteristics for
onasemnogene abeparvovec, as detailed in its Summary
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of Product Characteristics, and to reflect the most recent
available data on nusinersen and risdiplam [11, 13, 26]. An
overview of attributes and attribute levels that informed
the current study design is provided in Table 1; the over-
view is also described hereafter alongside a summary
of the updates that were made to reflect onasemnogene
abeparvovec treatment characteristics and recent data on

nusinersen and risdiplam.

Motor function was described ‘better by one level’,
‘same as the current level’ or ‘worse by one level’ in
a year’s time on the motor function scale (Fig. 1). This
attribute was retained from the previous study, as stabi-
lisation or improvement in motor function remained a
key treatment benefit across all three treatment options.
Breathing function was described as ‘better’, ‘the same’
or ‘worse’ in a year’s time. This attribute was retained
from the previous study, as stabilisation or improvement

Table 1 SMA DCE survey: overview of selected DCE attributes

in breathing function remained a key treatment benefit
across all three treatment options.

Treatment administration was described as a(n) ‘daily
oral liquid’, ‘injection into the spine every 4 months’
or ‘single intravenous infusion and oral medication
before and after the infusion’ [11, 13, 26]. An addi-
tional attribute level reflecting onasemnogene abepar-
vovec administration (‘single intravenous infusion and
oral medication’) was added to the two levels describing
administration of nusinersen and risdiplam in the previ-
ous study.

Safety and side effects was described as ‘risk of diar-
rhoea and rash’ [26], ‘fever, headache, vomiting and/or
body pain for 1-2 days every 4 months’ [11] and ‘risk
of liver injury, and fatigue, headache and nausea for 2
months’ [13]. A single ‘safety and side effects’ attrib-
ute was created representing key safety and tolerabil-
ity aspects for each of the three treatment options. For

Level 1 (Reference category)

Level 2

Level 3

Motor function®

Breathing function®

Treatment administration

Treatment risks and side effects

Treatment evidence

Motor function will be worse by
one level in a year’s time

Breathing function will be worse
in a year’s time

Treatment is taken by an oral
liquid daily or by gastric tube at
home

A 17% (1 in 6) risk of diarrhoea
and rash

Effectiveness has been demon-
strated in patients with Types 1,
2 and 3 SMA

Motor function will be the same as
the current level of function in a
year’s time

Breathing function will be the
same in a year’s time

Injection into the spine (lower
back) in hospital every 4 months

Most patients will have fever, head-

ache, vomiting and/or body pain
for 1-2 days every 4 months
Effectiveness has been demon-

strated in patients with Types 1
and 2 SMA

Motor function will be better by one
level in a year’s time

Breathing function will be better in a
year’s time

Once-only injection into a vein in
hospital with daily oral tablets for
2 months

A 10% (1 in 10) risk of liver injury.
Fatigue, headache and nausea for
2 months

Effectiveness has been demonstrated
in patients with Type 1 SMA

DCE discrete choice experiment, SMA spinal muscular atrophy

“Motor and breathing functions were described as the ‘average treatment effect/effectiveness on motor/breathing function’ in the full text

Fig. 1 Motor function scale
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1 | Cannot sit

Can sit with some support (e.g. with back support or arm support)

Can sit independently for a few seconds

Can sit independently for a longer period of time but cannot stand

Can sit independently and stand with assistance, but cannot walk

Can sit independently and stand and walk with assistance

Can sit, stand and walk independently for a few steps (less than 10 metres)

0 N OO b~ W N

In hypothetical DCE choice questions only

Can sit, stand and walk independently over longer distances (more than 10 metres)

Underlined text used as short form in main text
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nusinersen, the previous study results had shown that
‘treatment reactions’ (i.e. reactions that patients com-
monly experience with an intrathecal injection) had a
small effect on caregiver and patient preferences at most.
The original ‘treatment reactions’ attribute was there-
fore converted to an attribute level of ‘fever, headache,
vomiting and/or body pain for 1-2 days every 4 months’,
representing the typical duration of reactions to intrathe-
cal injections [11]. For risdiplam, ‘risk of diarrhoea and
rash’ was added based on recent clinical evidence sug-
gesting that the most common adverse effects are diar-
rhoea and rash [26]. For onasemnogene abeparvovec,
‘risk of liver injury, and fatigue, headache and nausea
for 2 months’ was added as a new attribute level [13].

e. Treatment evidence was described as ‘demonstrated
effectiveness in Type 1 SMA’, ‘demonstrated effective-
ness in Types 1 and 2 SMA’, and ‘demonstrated effec-
tiveness in Types 1, 2 and 3 SMA’ [11, 13, 26]. This
attribute was newly added because the onasemnogene
abeparvovec approval included all patients with bi-
allelic mutation in the SMN/ gene and up to three cop-
ies of the SMN2 gene, but trial evidence only included
patients with Type 1 SMA [14-16]. In contrast, there
is trial evidence to support the use of nusinersen and
risdiplam in Types 1-3 SMA [12, 17, 18]. This is impor-
tant for different reasons. First, patients, caregivers and
other decision makers have to make a decision regard-
ing whether to receive a gene therapy that has not been
supported by clinical trial evidence for their SMA type,
but independently reviewed and approved by regulators.
Second, these regulatory decisions mean that such trials
may never be undertaken, which leaves decision makers
reliant on arguably lower-quality evidence.

2.5 DCE Comprehension Questions

The DCE survey also contained four brief multiple-choice
questions aimed at assessing survey participants’ under-
standing of the text describing the treatment attributes. The
comprehension questions were presented alongside descrip-
tions of attributes in the introduction to the survey, prior to
the DCE choice questions.

2.6 Experimental Design

The experimental design of a DCE specifies treatment
attribute levels for all attributes for all choice questions. The
design can enable independent estimation of each treatment
attribute as a predictor of participant treatment preferences
and can specify any interactions between attributes that
require testing.

It is possible that the level of evidence available for dif-
ferent treatments impacts perceived certainty of treatment
benefits in motor and breathing function. The experimental
design therefore allowed for testing of the hypothesis that
participants will express a stronger preference for a treat-
ment described as having a treatment benefit (defined as
stable or better motor function and/or stable or better breath-
ing function) if the treatment has been proven effective in
Type 2 and/or 3 SMA than when proven effective in Type
1 SMA only.

An unlabelled D-efficient design with 30 choice ques-
tions divided into two blocks of 15 choice sets was gener-
ated using NGene software version 1.2.1 [27]. The design
included five attributes, each with three attribute levels, and
four interactions to examine if evidence in Type 2 and/or 3
SMA (vs Type 1 SMA only) affected strength of preference
for treatments with stable or better motor/breathing function.

2.7 Analysis

Participant sociodemographic and clinical data were ana-
lysed descriptively. Means, standard deviations (SD) and
ranges were described for continuous data, and frequencies
and proportions were used for categorical data.

The aim of the DCE survey was to evaluate the relative
importance of treatment attributes and to establish partici-
pants’ willingness to trade between attributes. Statistical
analysis was conducted using the conditional logit regres-
sion model with clustering on respondent level to account for
repeated choices in Stata V16.0 [28, 29]. In comparison with
a standard conditional logit model, a conditional logit model
with clustering yields identical results for beta coefficients but
adjusts standard errors to allow for intragroup correlation. The
conditional logit model was chosen over more complex choice
modelling approaches due to the small study sample size.

A model with main effects for all treatment attributes and
pre-specified interaction terms as described above was first
tested, showing non-significant interaction effects. Interac-
tion terms were removed from the final model. The reported
study results are based on the final model with main effects
only. All treatment attributes were treated as categorical
variables, meaning that the strength of preference for each
attribute level was measured with respect to a reference
level. Odds ratios (ORs) and 95% confidence intervals were
calculated from the results of the clustered conditional logit
analyses. ORs were used to interpret the importance of each
attribute. An alternative-specific constant was added to the
model to account for any ‘left’ bias (i.e. where participants
are more likely to choose Treatment A presented on the left
over Treatment B on the right).

Responses to comprehension questions were combined
into a ‘comprehension score’, reflecting the number of
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correctly answered questions (maximum score: 4). The
association between the comprehension score and DCE
choice question completion time was explored using chi-
square tests. A sensitivity analysis was conducted to explore
whether the direction, the relative order, and the magnitude
of estimated coefficients in the conditional logit regression
model with clustering were impacted by excluding partici-
pants who had incorrectly answered two or more compre-
hension questions. Results are presented for the total sample
and the subgroup of participants who had correctly answered
three or more comprehension questions.

3 Results
3.1 Sample Characteristics

Data collection took place between September 2020 and
March 2021. A total of 65 participants completed the survey,
of whom 18 were from Portugal, 17 from the Netherlands,
12 from Finland, 11 from Ireland and 7 from Belgium.

Table 2 summarises the demographic and clinical char-
acteristics of adult patients who completed the survey and
patients who were children of the caregiver sample. Simi-
lar proportions of patients were male (45%) and female
(55%). The overall mean patient age was 31 years old
(SD = 18), with a mean age of 42 years (SD = 12) for
adult patients self-completing the survey and a mean age of
12 years (SD = 8) for patients whose caregiver completed
the survey.

Across the whole sample, most patients had Type 2 SMA
(by reported SMA type: 66%; by reported age of symptom
onset: 69%), and a minority had non-ambulatory Type 3
SMA (31-32%). The proportion of patients with Type 2
SMA was higher among the patients under the care of the
caregiver sample (87%) than among adult patients self-com-
pleting the survey (55-60%). Reported SMA type varied
slightly according to whether participants self- or proxy-
reported the SMA type or the age of symptom onset.

Most patients were able to sit without assistance (83%),
with few unable to sit (6%) or able to stand or walk with
assistance (11%). The majority of patients used a wheel-
chair (92%). Most patients did not require mechanical
breathing support (83%), some required breathing support
for < 16 h daily (14%), and very few required breathing
support for > 16 h daily (3%). Overall, two-fifths of patients
were treated with nusinersen (40%), with more caregivers
reporting patients under their care on nusinersen than adult
patients reporting being on nusinersen themselves (70% vs
24%).

Caregivers in the sample had a mean age of 44 years
(SD = 7), with a higher proportion of female caregivers
(74%) than male cargivers (26%). Most (78%) caregivers
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were living with a partner, 9% were living alone, and 13%
were living with a relative/relatives or had another living
arrangement.

3.2 Treatment Attribute Comprehension Questions

Most participants (71%) correctly answered three or more
out of four treatment attribute comprehension questions
(three correct: 34%; four correct: 37%). A minority (29%)
had correctly answered one or two questions (one correct:
6%; 2 correct: 23%). Those who had completed the 15 DCE
choice questions in < 160 s were significantly more likely
to have answered comprehension questions incorrectly
(x> = 8.4; p < 0.05). Furthermore, none who had completed
the choice questions in < 160 s had correctly answered three
or more questions, suggesting a strong association between
DCE completion time and engagement with the DCE survey.
A sensitivity analysis was therefore conducted to assess the
impact of comprehension and completion time on the patient
and caregiver treatment preference estimates derived from
the study data.

3.3 Patient and Caregiver Treatment Preferences

The clustered conditional logit model showed that all treat-
ment attributes were statistically significant, independent
predictors of patient and caregiver treatment choices in the
total sample (Table 3) and in the subgroup who had cor-
rectly answered three or more out of four comprehension
questions (Table 4). However, the sensitivity analysis sug-
gested that preferences for some attributes were stronger
among the subgroup who had correctly answered most com-
prehension questions. Further, one attribute level for which
no statistically significant preference was found in the total
sample, showed a statistically significant difference in the
subgroup (once-only intravenous injection with daily tablets
vs daily oral liquid). Model results for the total sample are
illustrated in Fig. 2.

The model results indicate that motor function had the
strongest impact on patient and caregiver choice, followed
by breathing function. For the overall study sample, partici-
pants were, respectively, 4.8 times and 8.1 times more likely
to choose a treatment associated with stable or improved
motor function (by one level) compared with a treatment
associated with worse motor function, all other things being
equal. Similarly, participants were, respectively, 4.3 times
and 5.8 times more likely to choose a treatment associated
with stable or improved breathing function than one associ-
ated with worse breathing function.

Treatment administration, treatment risks and side effects,
and demonstrated evidence in SMA types (Types 1, 2 and
3 SMA vs Types 1 and 2 SMA vs Type 1 SMA only) had a
smaller influence on choice. Participants were 1.8 times less
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Patient characteristics Total, N = 65 Caregivers (proxy- Patients (self-
reported), N =23 reported),
N=42

Patient age

Mean (SD) 31.1(18.0) 11.8 (8.4) 41.7 (12.2)

Min-max 1-62 1-44 20-62
Patient gender

Male, n (%) 29 (45) 10 (43) 19 (45)
Patient living situation, n (%)

Living with partner 14 (33)

Living alone 12 (29)

Living with relative(s)/other 16 (38)
Age at diagnosis (y)

Mean (SD) 4.6 (6.0) 1.5(0.8) 6.4 (6.8)

Min-max 0.6-27 0.6-4.5 0.8-27
Age at first symptoms (y)

Mean (SD) 1.9(2.2) 1.1 (0.5) 2.3 (2.6)

Min-max 0.5-15.1 0.5-2.8 0.6-15.1
Age at first symptoms, 7 (%)

7-18 mo 45 (69) 20 (87) 25 (60)
SMA categories, n (%)

>18moto 17y 20 (31) 3(13) 17 (40)
Reported SMA type, n (%)

Type 2 43 (66) 20 (87) 23 (55)

Type 3 21 (32) 3(13) 18 (43)

Don’t know 1(2) 0(0) 1(2)
Motor function, n (%)

Cannot sit 4 (6) 2(9) 2(5)

Sit with some support 20 (31 7 (30) 13 (31)

Sit independently for few seconds 12 (18) 4 (17) 8 (19)

Sit independently for longer 22 (34) 8 (35) 14 (33)

Stand with assistance 2(3) 0 (0) 2(5

Walk with assistance 3(5 2(9) 1(2)

Walk independently for few steps 2(3) 0(0) 2(5
Breathing function (current), n (%)

Mechanical support >16 h per day 2(3) 0(0) 2(5)

Mechanical support <16 h per day 9 (14) 209 7(7)

No mechanical support 54 (83) 21 (91) 33 (79)
SMA treatment, n (%)

Nusinersen 26 (40) 16 (70) 10 (24)

Onasemnogene abeparvovec 0 (0) 0(0) 0(0)

Surgery 28 (43) 9 (39) 19 (45)

Other 6(9) 14 5(12)

None 18 (28) 5(22) 13(31)
Tools/equipment (past), n (%)

Breathing machine/mechanical ventilation 16 (25) 6 (26) 10 (24)

Feeding tube 3(5 0(0) 3(7)

Suction machine 4 (6) 0(0) 4 (10)

Walking frame 1(2) 14) 0(0)

Wheelchair 60 (92) 21 (91) 39 (93)

Other 19 (29) 6 (26) 13 (31
Other conditions, n (%) 15 (23) 209 13 (31

SD standard deviation, SMA spinal muscular atrophy
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Table 3 Results of a clustered conditional logit model of patient and caregiver preferences: total sample

Attributes and levels Coeff. Robust std error z p value 95% CI Odds ratios 95% CI
(coefficients) (odds ratios)

Alternative-specific constant—reference category: Treatment A (left column)

Treatment A (left column) 0.172  0.093 1.840 0.065 -0.011 0355 1.188 0.989 1.427

Motor function—reference category: worse by one level

Stable 1.577 0.158 9.950 0.000 1.267 1.888 4.842 3.549 6.606

Improved by one level 2.095 0.217 9.650 0.000 1.670 2.521 8.127 5.310 12.440

Breathing function—reference category: worse

Stable 1.458 0.181 8.050 0.000 1.103 1.813 4.297 3.013 6.129

Better 1.756  0.239 7.350 0.000 1.287 2224 5.787 3.624 9.244

Treatment administration—reference category: oral liquid taken once daily at home

Injection in spine in hospital every 4 months —0.587 0.153 —3.830 0.000 -0.887 -0.287 0.556 0.412 0.751

One-off injection in hospital with daily oral tablets —0.131 0.113 —1.160 0.244 -0.352 0.090 0.877 0.703 1.094
for 2 months

Risk and side effects—reference category: 17% risk of diarrhoea and rash

Fever, headache, vomiting, body pain every 0.033  0.097 0.340 0.737 —-0.158 0.223  1.033 0.854 1.249
4 months

10% risk of liver injury. Fatigue, headache, nausea —0.455 0.130 -3.490 0.000 -0.710 —-0.199 0.635 0.492 0.819
for 2 months

Treatment evidence—reference category: demonstrated in Types 1, 2 and 3 SMA

Demonstrated in Types 1 and 2 SMA —-0.161 0.123 -1.310 0.190 -0.402 0.080 0.851 0.669 1.083

Demonstrated in Type 1 SMA —0.843 0.185 —-4.550 0.000 -1.206 -0.479 0.431 0.299 0.619

Model statistics: Wald y? = 256.51; p < 0.001
Bold indicates statistically significant at 0.05 level
CI confidence interval, SMA spinal muscular atrophy

likely to choose a treatment administered via an intrathecal
injection in hospital every 4 months than a treatment taken
orally once daily at home, all else being equal. Participants
were equally likely to prefer the oral therapy or the one-
time intravenous treatment. Participants preferred to avoid
adverse events as would be expected. They were 1.6 times
less likely to choose a treatment associated with a risk of
liver injury, and fatigue, headache and/or nausea compared
with a treatment associated with a risk of diarrhoea and rash.
Participants considered treatments associated with headache,
vomiting and/or body pain every 4 months as equally bad as
a treatment with a risk of diarrhoea and rash.

Participants were 2.3 times less likely to choose a treat-
ment for which effectiveness had been demonstrated in Type
1 SMA only compared with a treatment with demonstrated
effectiveness in Types 1, 2 and 3 SMA. Participants were no
more or less likely to choose a treatment with demonstrated
effectiveness in Types 1 and 2 SMA compared with a treat-
ment with demonstrated effectiveness in Types 1, 2 and 3
SMA.

For the subgroup of participants who correctly answered
at least three comprehension questions, the results are
broadly the same. The relative ordering of importance of
the attributes was the same for this subgroup. The ORs for
most of the attributes were further from 1. In this sensitivity
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analysis, participants were 1.4 times less likely to choose the
one-off injection with daily tablets for 2 months than a daily
oral treatment, which is a difference that did not emerge for
the group overall.

4 Discussion

Three treatments for SMA have recently been approved in
Europe. Understanding patient and caregiver preferences
for different treatment characteristics has therefore become
increasingly relevant to payers and clinical decision makers.
This stated preference study was designed to examine adult
patient and caregiver preferences for treatments in Type 2
and non-ambulatory Type 3 SMA in five European coun-
tries. The results show that patient and caregiver treatment
choices were most strongly influenced by treatment effec-
tiveness in terms of stable and improved motor function. The
extent to which participants were willing to make trade-offs
increased in stepwise fashion from stable to improved motor
function, compared with worse motor function. Treatment
effectiveness in relation to breathing function was the sec-
ond most important attribute to patients and caregivers. Par-
ticipants valued stable breathing function and stable motor
function similarly. However, they appeared to value better
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Table 4 Results of a clustered conditional logit model of patient and caregiver preferences: subgroup who correctly answered at least three out

of four comprehension questions

Attributes and levels

Coeff. Robust std error z

Odds ratios 95% CI
(odds ratios)

p value 95% CI
(coefficients)

Alternative-specific constant—reference category: Treatment A (left column)

Treatment A (left column) 0.018  0.109 0.170 0.868 —0.196 0.233 1.018 0.822 1.262

Motor function—reference category: worse by one level

Stable 1.837 0.220 8360 0.000 1.406 2267 6.277 4.081 9.655

Improved by one level 2458 0.281 8.750  0.000 1.907 3.009 11.685 6.736 20.271

Breathing function—reference category: worse

Stable 1.790 0.228 7.870 0.000 1.344 2236 5.987 3.833 9.352

Better 2.139  0.308 6.950 0.000 1535 2.742 8.489 4.643 15.523

Treatment administration—reference category: oral liquid taken once daily at home

Injection in spine in hospital every 4 months —-0.814 0.157 —5.200 0.000 -1.121 -0.507 0.443 0.326 0.602

One-off injection in hospital with daily oral tablets —0.339 0.134 —2.520 0.012 -0.602 -0.076 0.713 0.548 0.927
for 2 months

Risk and side effects—reference category: 17% risk of diarrhoea and rash

Fever, headache, vomiting, body pain every 0.089 0.131 0.680 0498 -0.168 0.346 1.093 0.845 1.413
4 months

10% risk of liver injury. Fatigue, headache, nausea —0.519 0.189 —2.740 0.006 —-0.890 -0.148 0.595 0.411 0.863
for 2 months

Treatment evidence—reference category: demonstrated in Types 1,2 & 3 SMA

Demonstrated in Types 1 and 2 SMA —0.268 0.148 —-1.820 0.069 —-0.558 0.021  0.765 0.573 1.021

Demonstrated in Type 1 SMA —0.783 0.222 —3.520 0.000 -1.218 -0.347 0.457 0.296 0.707

Model statistics: Wald X2 =273.96; p < 0.001
Bold indicates statistically significant at 0.05 level

ClI confidence interval, SMA spinal muscular atrophy

breathing function less than better motor function. These
findings are consistent with the clinical characteristics of the
patient sample in this study. Most patients were able to sit
but could not stand or walk and did not require mechanical
breathing support, so it is evident why they would place a
high value on maintaining or improving their motor func-
tion and maintaining breathing function, but not necessarily
improving breathing function.

All SMA treatments aim to stabilise or improve motor
and breathing function. However, the treatment administra-
tion, treatment risks and side effects and treatment evidence
attributes in this study were based on differences in the treat-
ment profiles for nusinersen, risdiplam and onasemnogene
abeparvovec. The intrathecal injections for nusinersen can
cause flu-like symptoms such as fever, headache, vomiting
and bodily pain in patients [11]. Approximately one in six
patients who received risdiplam in clinical trials experienced
diarrhoea and/or rash [26]. Onasemnogene abeparvovec has
been shown to cause liver injury in 10% of patients, along
with fatigue, headache and nausea due to steroids taken
alongside the gene therapy [13]. The study results showed
that participants also considered these differentiating treat-
ment characteristics when making their treatment choices.
Participants preferred oral daily therapy over receiving the

treatment via an intrathecal injection. No statistically sig-
nificant difference was found between preferences for a one-
time intravenous infusion combined with oral tablets for 2
months and daily oral therapy (in the total sample analysis).
Regarding treatment side effects, participants preferred to
avoid a 10% risk of liver injury compared with a 17% risk of
diarrhoea and rash. However, participants were no more or
less likely to choose a treatment with side effects associated
with intrathecal injections (fever, headache, vomiting and/
or body pain) compared with a treatment with a 17% risk of
diarrhoea and rash. Lastly, participants preferred to avoid
treatments where evidence of treatment efficacy for their
type of SMA has not been demonstrated.

The sensitivity analysis with the subgroup of participants
who had correctly answered most comprehension questions
showed that preferences for some attributes, in particular
motor and breathing function, were stronger among this
subgroup. This subgroup also had a slight preference for
avoiding a one-time intravenous injection accompanied by
oral tablets for 2 months compared with daily oral therapy,
whereas this difference was not statistically significant in the
total sample. These findings suggest that estimates derived
from the total sample were attenuated due to measurement
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Based on clustered conditional logit model results

Motor function
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home (ref.)

Worse by
one level
(ref.)

Worse
(ref.)

Improved by

Stable
one level

Stable Better

Treatment administration
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Fig.2 Estimated patient and caregiver preference weights (based on model beta coefficients) for treatment attributes. Green and red bars repre-
sent significant positive and negative preferences, grey bars are not significant (based on clustered conditional logit model results)

Error bars indicate 95% confidence intervals

error caused by a minority of participants who were less
engaged with the survey.

The DCE method forces participants to make choices
between hypothetical treatments. Their choices help us
to understand what is most important, relevant but less
important, and what is not (or less) relevant to people’s
treatment choices. The study results showed that treatment
effectiveness, as indicated by stabilised or improved motor
and breathing function, was most important to patients and
caregivers. In addition, avoiding intrathecal injections, treat-
ments associated with risk of liver injury, and treatments
with no demonstrated efficacy in people with their SMA
type were also relevant, albeit less important. There are
similarities between the results of this study and previous
DCEs with patients with SMA and caregivers of patients
with SMA in the UK and US [19, 20]. For example, previous
research also found that patients place value on the stabili-
sation and improvement of motor and respiratory function,
despite variations in study design [19, 20].

We believe it is important to communicate patient and
caregiver preferences to decision makers, healthcare pro-
viders and other stakeholders involved in the development
of new treatments. This study reports data from the Neth-
erlands, Belgium, Finland, Ireland, and Portugal, combined
together into a single analysis. The data could support
national decision making in the respective countries. In a
rare disease like SMA, it is often not feasible to capture
samples large enough for a separate analysis in each country.
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4.1 Study Limitations

This study has several limitations that should be considered
when interpreting the results. First, the sample consisted of
a mix of adult patients and caregivers of patients with Type
2 and non-ambulatory Type 3 SMA. Due to the small sample
size, differences in treatment preferences between patients
with different clinical characteristics (e.g. reported level
of patient motor or breathing function) could not be exam-
ined. Similarly, differences in preferences between adult
patients and caregivers were also not examined. Findings
that are not statistically significant may also be less robust.
No power calculations were undertaken to determine the
sample size, partly because this is a rare disease and so the
sample size was determined by availability of participants.
The interaction effects between treatment evidence and
treatment effectiveness were not statistically significant in
both the total sample and subgroup analysis of participants
who correctly answered most comprehension questions. It
is possible that a study with a larger sample size and more
statistical power to detect any potential effects would have
found statistically significant interactions or more signifi-
cant main effects. Secondly, the dropout rate during survey
completion was high, with 32% of those who had consented
to take part in the survey dropping out before survey com-
pletion. To examine dropout patterns, patient characteristics
of those who had dropped out and those who completed
the survey were compared with those who had completed
questions on patient characteristics at the beginning of the
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main survey (85% of those who had consented). There were
no statistically significant differences in patient character-
istics between those who completed the survey and those
who dropped out. Thirdly, this study did not seek patient
feedback on the survey design, which was adapted from a
previous study, nor was a pilot study conducted to assess
patient comprehension of the survey. Seeking patient input
may have allowed us to design the survey in such a way
that it was more specific to their needs and concerns. The
survey included an attribute that described whether a treat-
ment was supported by clinical trial evidence in Type 1, 2
and/or 3 SMA versus Type 1 SMA only. This was included
to understand whether participants were concerned about
this uncertainty in the evidence base for the type of SMA
that they or the person they care for have. However, our
ability to interpret the importance of this attribute is limited
by the fact that the choices provide average outcomes for
motor and respiratory function. Participants may have been
left wondering whether the lack of evidence for their SMA
type would have impacted the treatment benefit to them.
The non-significant interaction between treatment evidence
and treatment effectiveness attributes might indicate that
the evidence attribute did not impact the relative perceived
value of the effectiveness attributes. This might suggest that
participants did not interpret lack of evidence in their SMA
type as impacting treatment benefit to them or the patient
they care for, although as noted earlier, the study may have
been underpowered to test for interaction effects. Therefore,
the study may have underestimated how important the treat-
ment evidence attribute is to study participants because it
was combined with fixed average treatment outcomes in the
choice sets. Validation through patient feedback would have
enhanced the robustness of the study. The survey recruited
patients and caregivers anonymously via patient advocacy
associations. Participant identity, and patient and caregiver
status were not verified, and recruiting via associations only
may have biased the sample to only include those who are
members. It is possible that members of patient advocacy
groups would respond differently to these choice questions
than non-members, perhaps because they may be more pro-
active in seeking help or managing their condition. People
who choose not to join advocacy groups may have a different
perspective on the care they receive and the value of differ-
ent outcomes. Lastly, the survey attributes were limited to
features of currently available treatments, but in principle
could have included features of treatments in development
(or even combinations of current SMA treatments). All three
treatments represent highly innovative therapies that are
addressing unmet need. Stabilising or improving function,
differing treatment options in terms of mode of administra-
tion, and the potential for patients to live with SMA for many
years are all important innovations.

5 Conclusion

Adult patients and caregivers of patients with Type 2 and
non-ambulatory Type 3 SMA place substantial value on
accessing effective therapies to relieve the burden of their
condition or the condition of the patient they care for.
The present study findings demonstrate the importance of
motor and breathing function to patients and caregivers
of this SMA population. Not only did participants value
improvements in motor and breathing function, they also
placed considerable value on maintaining these functions.
Whilst less important than treatment effectiveness, patients
and caregivers also made choices to avoid intrathecal
injections, treatments described as involving risk of liver
injury in combination with fatigue, headache and nausea,
and treatments with demonstrated effectiveness in Type 1
SMA only.
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