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Abstract

Background Neural stem cells (NSCs) have the potential to engraft and replace damaged brain tissue, repairing the
damaged neonatal brain that causes cerebral palsy (CP). There are procedures that could increase engraftment of
NSCs and may be critical for efficacy, but hold notable risks. Before clinical trials progress, it is important to engage
with the CP community to understand their opinions. The aim of this study was to determine the acceptability of NSC
therapy for CP in the CP community.

Methods Australian residents with CP and parents/carers of those with CP completed a questionnaire to determine
their willingness to use NSCs from three sources (fetal, embryonic and induced pluripotent stem cells) and their
willingness to undergo accompanying procedures (neurosurgery, immunosuppression) that carry potential risks. To
further explore their views, participants also answered free text questions about their ethical concerns regarding the
source of NSCs and their perceptions of meaningful outcomes following NSC treatment.

Results In total, 232 responses were analyzed. Participants were willing to use NSCs from all three cell sources and
were willing to undergo NSC therapy despite the need for neurosurgery and immunosuppression. Participants identi-
fied a range of outcome domains considered important following NSC treatment including gross motor function,
quality of life, independence and cognitive function.

Conclusions Hypothetical NSC therapy was acceptable to the Australian CP community. This study has identified
important findings from the CP community which can be used to inform future NSC research, including the design of
clinical trials which may help to increase recruitment, compliance and participant satisfaction.
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Background
Cerebral palsy (CP) is the most common disability of
childhood and, unfortunately, there are limited effec-
tive interventions and no neuroregenerative treatments.
While there are various aetiologies underlying CP, the
condition is characterized by injury to the developing
brain. Brain imaging has found that abnormalities and/or
volume loss in white matter, gray matter and focal lesion
sites are present in 50% to 76% of people with CP [1].
Stem cell therapies, including neural stem cells (NSCs),
are under investigation for the prevention or repair of
brain injury, and offer a scientifically plausible treat-
ment for CP [2]. Unlike other stem cell types, including
mesenchymal stem cells, umbilical cord blood cells and
haematopoietic stem cells, NSCs have the ability to sub-
stantially engraft into the damaged brain [3]. Within the
brain, transplanted NSCs can form the three main brain
cell types: oligodendrocytes, astrocytes and neurons [4].
NSCs therefore provide neuro-regenerative promise for
people living with CP, with strong, accumulating preclini-
cal evidence for treatment of perinatal brain injury [5].
To date, we have seen a number of published clini-
cal trials of NSCs demonstrating safety and some early
efficacy [6-8], but there are important practical and
ethical consideration that need to be addressed to aid
further clinical translation. Firstly, NSCs were originally
obtained from fetal tissue, and can now be sourced
from embryonic and induced pluripotent (iPSC) stem
cells [9]. NSC source may need to be considered for
future translation of this therapy, since fetal and embry-
onic stem cells have classically been deemed ‘ethically
contentious, although more recently public support for
their use has been reported [10, 11]. Despite the avail-
ability of public opinion in the literature, the specific
views of the CP community regarding the clinical use
of these cell types are not known. In addition, accom-
panying procedures are likely to be required to increase
the efficacy of NSC therapy, such as neurosurgery and
immunosuppression [12, 13]. NSCs are not immuno-
privileged and donor NSCs may likely be rejected by
the immune system, therefore long-term immuno-
suppression may be required. Moreover, transplanted
NSCs have limited ability to cross the blood brain bar-
rier or choroid plexus and migrate through the dam-
aged brain [14]. Since neuro-regeneration is the aim
of this therapy, most pre-clinical studies have utilized
direct injection of NSCs into the brain [5], therefore
neurosurgery is likely necessary. Both accompanying
procedures carry risks that may make this therapy less
acceptable to the CP community. Side effects of immu-
nosuppression may include hypertension, nephrotox-
icity and increased risk of infection [15]. Additionally,
neurosurgery holds separate risks such as bleeding and
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the risk of anesthetic and sedative use [16]. It is there-
fore important to gauge the opinions of the CP commu-
nity given these notable considerations.

People with CP and their parents/carers are key stake-
holders in the development of new stem cell treatments.
It is widely recognized in regulatory bodies around
the world that people with lived experience should be
involved in research as early as possible [17-19]. The
World Health Organization and United Nations Chil-
dren’s Fund (UNICEF) Declaration of Alma-Ata states:
The people have the right and duty to participate indi-
vidually and collectively in the planning and implemen-
tation of their health care [20]. Stem cell research is well
supported by the CP community [21] and many people in
the CP community are already interested and optimisti-
cally engaged in the field, reflected in the growing num-
ber of people seeking stem cell therapies overseas [22].
Nevertheless, given the ethical and practical considera-
tions associated in particular with NSC therapy for CP,
it is imperative that the views of the CP community are
considered alongside scientific data, to help to inform
future NSC research. Thus, we aimed to determine
whether people in the CP community would be willing
to use NSC therapy, given considerations around cell
source, neurosurgery and immunosuppression. We also
determined the likelihood that people in the CP com-
munity would elect to be involved in an NSC clinical trial
for CP and outcomes they deem meaningful following
treatment.

Methods

An online questionnaire titled ‘Your Opinion: Neural
Stem Cell Therapy for Cerebral Palsy’ was distributed via
Research Electronic Data Capture (REDCap) between
October 2020 and May 2021 (ethics approval, University
of Sydney Human Research Ethics Committee, project
number: 2020/495).

Questionnaire development

Prior to public launch, the questionnaire was piloted to
optimize questionnaire length, as well as to receive feed-
back regarding language and respondent comprehension.
Readability and comprehension feedback to optimize the
types of material presented to participants was provided
by a parent of a child with CP. Study concept and design
was also presented to the Cerebral Palsy Alliance Stem
Cell Reference Group comprising people with CP and
their parents/carers to elicit additional feedback. Hudson
Institute of Medical researchers with varying stem cell/
research literacy to determine the time required to com-
plete the questionnaire.
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Participants

Upon study launch, Australian residents who identified as
someone with CP, or parents or carers of those with CP
were invited to participate. Recruitment involved email
invitations via the Australian Capital Territory and New
South Wales Cerebral Palsy Registers, the Victorian Cer-
ebral Palsy Register and the Queensland Cerebral Palsy
Register. The survey was also advertised on social media
and dedicated webpages via the Cerebral Palsy Alliance
Research Institute and the University of Sydney. Partici-
pants were provided with study information including
a warning for potentially distressing content. They then
self-assessed eligibility (including that they were over
18 years old and did not have an intellectual impairment),
and consented to participate in the survey.

Questionnaire content

Lay information about stem cells was provided at the
beginning of the questionnaire, followed by more detail
about NSCs including relevant peer-reviewed scientific
information. The REDCap questionnaire (see Additional
file 1 for full questionnaire) comprised a maximum of
40 questions (depending on branching logic), including
ten-point linear numeric scales, free-text responses, and
‘ves’ or ‘no’ questions. For the linear numeric scales, a
response of 0—4 and 6-10 represented varying degrees of
‘negative’ or ‘positive’ support, acceptability, willingness
or likelihood, respectively. A response of 5 corresponded
to ‘unsure. Participant demographics included postcode,
gender, age, identity as a person with CP or a parent/
carer of someone with CP, age of their child/the person
they care for, and Gross Motor Classification System
(GMECS) level to measure CP severity. Questions relat-
ing to key themes of NSC source, neurosurgery, immu-
nosuppression, willingness to participate in clinical trials
and meaningful motor improvements were included in
this manuscript for analysis.

Data analysis and statistics

Descriptive statistics were used to investigate sample
characteristics. The Wilcoxon Signed-Rank test (two
related groups) and Freidman’s test with Wilcoxon-
Signed rank post hoc (more than two related groups)
were used to assess differences across numeric scaled
responses. Logistic regression was conducted to analyze
differences in yes/no responses. The effects of partici-
pant demographics were analyzed using Kruskal-Wallis
and Mann-Whitney U post hoc pairwise comparison
(numeric scaled responses) or a logistic regression
model (yes/no responses). A p-value of<0.05 was con-
sidered statistically significant across analyses, except
when Bonferroni adjustment for post hoc analysis was
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required (adjusted significance =0.05/number of pair-
wise comparisons). Statistical analysis was conducted
using SPSS V 26. Free-text responses were analyed
using conventional content analysis [23] and were
coded in an inductive manner without pre-determin-
ing categories. Two authors (MS and MP) reviewed all
participant free text responses and coded 25% of these
independently. The authors then met to discuss consist-
ency of code selection. Both MS and MP then coded
the entire dataset using these agreed codes and any dis-
crepancies were resolved through discussion. MS and
MP developed categories and sub-categories.

Results

A total of 329 people consented to participate in the
survey. Of these, 97 were excluded due to the follow-
ing reasons: non-Australian resident (n=17); self-
identified as having an intellectual impairment (n=1);
did not progress past the demographics section of the
questionnaire (7 =69); or duplicate responses (n=10).
Consequently, 232 responses were included in the anal-
ysis. Table 1 presents demographics of included survey
participants. The highest proportion of participants
were female (83.6%, n=194) and aged between 40 and
49 (33.2%, n=77). Participants with CP were mainly
under the age of 29 (40%, n=10) and had a GMFCS
level of II (44.0%, n=11). Most parents or carers of
someone with CP indicated that their child/person
they care for was under the age of 29 (93.2%, n=193)
and demonstrated a range of CP severities (GMFCS).
Nearly half of the participants were from Victoria
(47.3%, n=98), followed by New South Wales (25.6%,
n=>53) and Queensland (17.9%, n=37). Distribution
of participants across these three states is generally
reflective of population distributions of people with CP
as reported in the Australian CP Register Report 2018
[24]. Notably, more than two-thirds of survey respond-
ents lived in a high socio-economic area (SEIFA 6-10,
68.4%, n=141).

Very high acceptability of stem cell research

At the beginning of the questionnaire 88.7% (1n=206) of
participants were highly accepting of stem cell research
in general (defined as a score of 7-10/10). Additionally,
86.2% (n=200) of participants were highly accepting of
stem cell research for CP. GMFCS level of the child/per-
son cared for significantly influenced both the acceptabil-
ity of stem cell research in general and for CP (p =0.050
and p=0.014), but post hoc analysis was underpowered
to detect differences between specific groups (GMFCS
levels).
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Table 1 Participant demographics (n=232)

Demographic  Person with CP  Parent/carer of Total
characteristics (n=25,10.8%) someone with CP n (%)

n (%) (n=207, 89.2%)

n (%)

Gender
Male 8(32.0) 29 (14.0) 37 (15.9)
Female 16 (64.0) 178 (86.0) 194 (83.6)
Other 1(4.0) 0 1(04)
Age of participant
18-29 10 (40.0) 3(6.3) 23(9.9)
30-39 6 (24.0) 8(28.0) 64 (27.6)
40-49 4(16.0) 73 (35.3) (33 2)
50-59 5(20.0) 45(21.7) 0(21.6)
60 and over 0 18 (8.7) 8(7.8)
Age of person with CP (parent/carer answering)
Under 29 - 193(93.2) -
30-39 - 10 (4.8) -
40-49 - 3(14) -
50-59 - 1(0.5)
60 and over - 0 -
SEIFA*
Low (1-5) 9(36.0) 65 (31.6) 74 (32.0)
High (6-10) 16 (64.0) 141 (68.4) 157 (68.0)
State
ACT 1(4.0) 6(2.9) 7 (3.0)
NSW 9 (36.0) 53 (25.6) 62 (26.7)
QLD 7(28.0) 37(17.9) 44 (19.0)
SA 2(8.0) 5(24) 7 (3.0
TAS 1(4.0) 4(1.9) 5Q22)
VIC 5(20.0) 98 (47.3) 103 (44.4)
WA 0 4(1.9) 4(1.7)
GMFCS level of person/child with CP
Level | 6 (24.0) 3(15.9) 39(16.8)
Level ll 1(44.0) 9(23.7) 60 (25.9)
Level Il 3(12.0) 8(13.5) 31(134)
Level IV 3(12.0) 39 (16.8) 42 (18.1)
Level V 0 50(24.2) 50(21.6)
Unknown 2 (8.0) 8(3.9) 10 (4.3)

" SEIFA was derived from postcode data using the Australian Bureau of Statistics
product 2033.0.55.001—Census of Population and Housing: Socio-Economic
Indexes for Areas (SEIFA), Australia, 2016

High willingness to use NSCs from various sources to treat

CcpP

The majority of participants were willing (defined as a
score of 7-10/10) to use all three types of NSCs (Fig. 1a)
as a treatment for either their own CP or for their child/
person they care for with CP (fetal, 79.1%; embryonic,
84.3%; iPSC, 89.6%) (Fig. 1b). Comparing the willingness
to use NSCs across the three cell sources, participants
were significantly more willing to use embryonic-NSCs
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compared to fetal-NSCs (p =0.004) and more willing to
use iPSC-NSCs compared to both fetal- and embryonic-
NSCs (p=0.000 and p=0.001, respectively). GMFCS
level of the child/person being cared for was associated
with a significant difference in the willingness to use
iPSC-derived NSCs (p=0.036). However, post hoc anal-
ysis was underpowered to detect differences between
specific groups. Additionally, participant age was associ-
ated with a significant difference in the willingness to use
embryonically-derived NSCs (p=0.028) with post hoc
analysis showing that participants aged 30—39 were more
willing to use embryonically-derived NSC than partici-
pants over 60 (p =0.005).

Low ethical concerns for all three NSC sources

The majority of participants indicated that they had no
ethical concerns about NSCs sourced from fetal, embry-
onic or iPSC origins (80.8%, 86.9%, 95.9%, respectively)
(Fig. 1c). For those who indicated they did have ethical
concerns, significantly more participants had ethical con-
cerns relating to fetal-NSCs (p<0.001) and embryonic-
NSCs (p=0.001), compared to iPSC-NSCs. To explore
the detail of the ethical concerns for each cell source, if a
participant selected ‘yes’ they were prompted to list their
ethical concerns via free text fields. Content analysis of
these text responses generated six categories (Fig. 1d)
including abortion, protection and upholding of life, bio-
logical/laboratory mistakes and manipulation, exploi-
tation of donors, regulation of NSC procurement and
religious beliefs, with some variation in the categories
arising for different cell sources. These six categories con-
tained 11 subcategories and are detailed in Table 2.

General willingness to use neurosurgery

and immunosuppression as accompanying procedures

to NSC therapy, with a level of hesitancy

Neurosurgery and immunosuppression are likely to be
a necessary part of an efficacious NSC therapy [12, 13];
however, both are associated with increased risks. Par-
ticipants considered a list of benefits of neurosurgery
including that it allows NSCs to be given directly to the
site of injury, allows NSCs to be most effective and is the
only method of administering NSCs which replaces dead
brain cells. The risks presented to participants included
1-2% risk of bleeding, 1-2% risk of infection and<1%
risk of allergy to anesthetic. Potential risks of immuno-
suppression that were presented to participants included
reduced immune system function, for at least 9 months.
The benefits of immunosuppression presented to par-
ticipants included prolonged NSC survival in the brain,
increasing NSC benefits which could lead to greater
cognitive and motor improvements. The majority of



Smith et al. Stem Cell Research & Therapy (2023) 14:18

Fetal | Embryonic

iPSC

No

(a) | Schematic of NSC derivation
Lab
. manipulation ‘{:{ I ;:':"i
—_— ﬂ 0 Adult Fibroblast Cell Reprogram Cells
Pl Neural stem cell Neural stem cell A R T e o
Embryo Neuralstem cell PN
(b) | Willingness to use NSCs from different sources
80
70
60
S
by 50 H Fetal
oo
g 40
<] m Embryonic
s 30
o
20 miPSC
. I
o M= ne B B0 s
0 1 2 3 4 5 6 7 8 9 10
ﬂox""\\\.\“% oo N\
(3 (2
'\O“s “‘oxﬁe
(c) | Ethical concerns, yes/no v
es
Yes
b %
(n=43) 3 -~

No No
80.8% 86.9% 95.9%
(n=181) (n=193) (n=210)
(d) | Categories of ethical concerns across cell sources Cell source
Abortion Fetal, Embryonic
Protection and upholding life Fetal, Embryonic
Biological/laboratory mistakes and manipulation Fetal, Embryonic, iPSC
Exploitation of donors to obtain NSCs Fetal, Embryonic, iPSC
Regulation of NSC procurement Fetal, Embryonic, iPSC
Religious beliefs Fetal

Fig. 1 Willingness to use three neural stem cell (NSC) sources. a Sources of NSCs were presented to participants with the aid of schematic
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diagrams, created using images sourced from Biorender.com. Participants were asked about b their willingness to use these three NSC sources
(fetal, n=224; embryonic, n=222; induced pluripotent stem cell (iPSC), n=219) to treat CP in themselves or their child/person they care for and
c whether they have ethical concerns about these cell sources. If they responded with ‘yes'to ethical concerns, they were prompted to list their
ethical concerns. Ethical concerns were then analyzed using content analysis, with categories of ethical concerns shown d. Categories of ethical
concerns were raised for different combinations of cell types, indicated by the right column titled ‘cell source!
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participants (65.1%) indicated a willingness to use NSC
therapy (defined as a score of 7-10/10) given the need
for neurosurgery (Fig. 2a). Additionally, 59.7% of par-
ticipants were willing to use NSCs given the need to use
immunosuppression (Fig. 2b). There was a notable level
of uncertainty for both accompanying procedures, as
the second most frequent response was ‘unsure’ for both
neurosurgery and immunosuppression (20.3% and 22.9%,
respectively). In addition, participants were significantly
less willing to use immunosuppression compared to neu-
rosurgery (p=0.003).

(a) Willingness to use NSCs, given the need for neurosurgery (n=212)
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(c) Likelihood to enrol in a clinical trial, given the need for neurosurgery and
immunosuppression (n=208)
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Fig. 2 Willingness to use accompanying procedures and participate
in a clinical trial. Participants willingness to use neural stem cells
(NSCs) given the need to administer them a via neurosurgery

and b in conjunction with immunosuppression. ¢ Likelihood that
they would elect to enroll in a clinical trial, given the need for
neurosurgery and immunosuppression as an accompanying for NSC
treatment
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Participants were likely to participate in an NSC clini-
cal trial (55.2%), even with the need for neurosurgery and
immunosuppression, with the most frequent response
being ‘extremely likely’ (30.6%, n=57) followed by
‘unsure’ (21.0%, n=39) (Fig. 2c). Participant demograph-
ics did not significantly influence responses.

Support for NSC therapy increases with recipient age

Brain injury that results in CP usually occurs during
pregnancy or around the time of birth. Evidence from
preclinical studies suggests that early treatment with
stem cells following injury leads to the best outcomes
[25]. We therefore wanted to gauge whether support
for NSC therapy varied across five recipient age groups
(from newborns to adults), given the need to use both
neurosurgery and immunosuppression (Fig. 3). The most
frequent response for newborn recipients was ‘unsure’
(30.1%, n=56) followed by ‘strongly support’ (28.0%,
n=>52). Interestingly, the most frequent response for
infants, children, teenagers and adults was ‘strongly
support’ (32.8%, 38.7%, 44.1%, 52.7%), and support sig-
nificantly increased (p <0.005, in a post hoc analysis) as
the proposed recipient age increased. Participant demo-
graphics did not significantly influence responses for
these questions.

Defining a range of meaningful treatment effects

across motor and non-motor outcome domains

Based on their lived experience of CP, participants
were asked what would constitute a small but signifi-
cant improvement in motor function, if they were to
consider receiving a stem cell treatment in future. Par-
ticipants were presented with a hypothetical list of con-
siderations regarding stem cell therapy including a 15%
chance of infection, 2% risk of other adverse events and
a 10-20% improvement in motor function. From par-
ticipants free-text responses, content analysis generated
seven categories of treatment effects (and nine subcat-
egories) including gross and fine motor function but also
various other non-motor domains including activities of
daily living, cognitive function and intellectual capacity,
communication, independence, quality of life and “any
improvement” (Table 3).

Discussion

This is the first study to survey people in the Australian
CP community about the acceptability of NSC therapy to
treat CP. For many years there has been extensive pub-
lic debate about the use of embryonic and fetal stem cells
[26], which are the primary sources of NSCs. Addition-
ally, ethical concerns about these cell sources continue to
be cited by researchers and clinicians as limitations for
their therapeutic use [27]. Despite these assumptions, a
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(a) NSC use in newborns (n=186)

o))
o

B
o

Percentage (%)

o 8
|
i
|

o 1 2 3 4 s 6 7 8 9 10

N N

5o <
0% o®

G

) NSC use in infants (n=186)
60

40

20 I
0 —

0 1 2 3 4 5 6 7 8 10

Percentage (%)

|

{3 N
s o O
o® oo®

(c) NSC use in children (n=186)

60

S
g 40
8
g 20 I
4
& 0 ||
0 1 2 3 4 5 6 7 8 9 10
N e N
5“°§§s‘a N s“:;;oﬂ
S
(d) NSC use in teenagers (n=186)
__60
X
Y 40
o]
g 20
5
0 1 2 3 4 5 6 7 8 9 10
Al N
0 e o
oxx© oo x(©'
o'\")ose N Ss“vvo(ﬁ
(e) NSC use in adults (n=186)
__60
X
'@ 40
8
g 20
5
0 1 2 3 4 5 6 7 8 9 10
CAl (e oN
0™ e O™
S ,\)ose N S(,\\Q"o(‘

Fig. 3 Support for NSC therapy across patient ages. Participant
support of neural stem cell (NSC) therapy given the need to
administer them via neurosurgery and in conjunction with
immunosuppression across five age groups: a newborns,

0-3 months, b infants, 0-18 months, ¢ children, 18 months and over,
d teenagers and e adults

number of studies over the past decade have established
that both public perceptions and media discourse have
shifted since the early years of stem cell research, with
stem cell treatments no longer broadly generalized as
ethically controversial [11, 28, 29]. While we have now
seen a number of clinical studies utilizing NSC treat-
ment for children with CP in early phase trials [6—8],
public perspectives on the use of NSCs are varied and it
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was important to quantify CP community perceptions
regarding the use of these cells. We found overall, >75%
of participants were willing to use NSCs across all three
cell sources (fetal, embryonic and iPSC), supporting the
use of these cell types as a potential treatment for CP.
This is consistent with a recent study that showed that
a subset of the Australian population supports the use
of embryonic and fetally-derived cells for the treatment
of neurological conditions [11]. Some ethical concerns
identified related to appropriate regulation, product qual-
ity and ensuring donors are not exploited. These con-
cerns can be addressed by implementing legislation and
guidelines around the use of NSCs. Similar sentiments
have been reported in a study of Canadian adults which
showed participants were accepting of human embryonic
stem cells, if there is strict regulation [30]. Additionally,
a small proportion of our participants had ethical con-
cerns related to religion, abortion and the protection and
upholding of life, which reflect traditional ethical reasons
against using these cell sources [31]. It is important not
to dismiss individuals that may have concerns about the
use of these stem cells; however, these should be contex-
tualized with the current findings of this study from our
relevant population that shows the majority did not have
ethical concerns.

Participants were willing to use NSCs, despite the
requirement to undergo ‘risky’ neurosurgical and immu-
nosuppressive procedures and indicated a willingness to
enroll in a clinical trial for NSC therapy. This is consist-
ent with a survey of people with spinal cord injury which
revealed that participants would take on a specified level
of risk in stem cell clinical trials (e.g., 1% risk of infec-
tion) [32]. These results are not surprising, as we know
that many patients are willing to travel to receive poten-
tially risky stem cell treatment, at great financial cost [33,
34]. Despite overall acceptability, there was a notable
level of uncertainty among survey respondents since the
second most frequent response was ‘5—unsure’ for both
accompanying procedures (neurosurgery and immuno-
suppression). Some uncertainty may be attributed to the
fact that the source of NSCs was not specified for these
questions, and some respondents may have answered dif-
ferently depending on the cell source. Furthermore, there
is limited published safety and efficacy data available to
support the accompanying procedures in combination
with NSCs for the treatment of CP. As such, limited sci-
entific data were available to be provided to participants,
and this could explain some of the reported hesitancy.
If true, it may be possible that hesitancy around the use
of immunosuppression could be overcome through fur-
ther research to generate robust safety data and proven
efficacy of immunosuppression with NSCs for CP, com-
bined with education of participants. Use of education
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to support stakeholder decision-making is supported by
a recent study of clinicians that found their likelihood to
refer patients into a stem cell clinical trial using immu-
nosuppression was low, but significantly increased fol-
lowing an educational workshop [35]. Although there is
acceptance for these procedures, this does not change
the fact that these procedures hold inherent risk and this
may result in uncertainty during stakeholder decision
making. Adding to this uncertainty was the lower partici-
pant acceptability of NSC therapy in younger patients. To
help address this, clear safety and efficacy data across age
groups, but also in general, will be required to increase
patient confidence.

Traditionally, when researching treatments for CP, out-
comes are measured by improvements in motor control.
However, we know from anecdotal evidence that people
living with CP value improvements in other domains,
and there is no consensus on what constitutes a mean-
ingful improvement in a clinical trial of a stem cell treat-
ment for CP [27]. Our results showed that participants
value a range of motor improvements, but also extended
their responses, without prompt, to non-motor domains
including quality of life, independence and communica-
tion. Many of our reported categories are reflective of
the National Institute of Neurology Disorders Common
Data Elements for CP [36], which categorized data from
studies in children and young people with CP into six
domains. It was developed with the aim to standardize
data collection to increase efficiency and effectiveness
of clinical studies. Our results further bolster the need
to expand the outcome domains used in clinical trials to
assess improvements that are meaningful to people with
CP and their families/carers. Additionally, a number of
participants said that “any improvement” would make
NSC therapy worthwhile. This is an important finding
since systematic review evidence indicates that stem cell
treatment offers a small but significant improvement in
motor function [2], aligning with our community per-
spectives and expectations.

We acknowledge the limitations of this study, includ-
ing that information provided to participants was limited
by the interplay between feasible study length, compre-
hension of the audience and to accommodate for the
specificity of the data surrounding NSCs, neurosurgery
and immunosuppression. A different format with more
information provided to participants may have provided
more relevant data; however, this would have reduced
the capacity to achieve a large number of participants.
The results from this study may need to combined with
more in-depth questionnaire or in-person interview. We
endeavored to provide a balance between hypotheti-
cal risks and benefits; however, in reality these statistics
would be highly variable in a clinical setting. Additionally,

Page 10 of 12

there are several factors that limit the generalizability of
these results to the wider CP community. Firstly, only
people in the CP community living in Australia and who
could speak English were eligible to participate and we
did not collect information about participant ethnic-
ity, thus it is likely that important opinions representing
a more diverse community were not captured. Similarly,
we did not collect information on participants’ religios-
ity and we could not determine sources of influence on
the acceptability of the three cell sources. Future stud-
ies should be designed to target participants from varied
countries, socioeconomic status and religious beliefs.
Participation in this survey was limited by our recruit-
ment strategy to those engaged in the CP community
via Australian CP Registers or on social media. Addi-
tionally, a small sample of those with CP limited our
ability to investigate whether their responses differed
from parents/carers. Responses from parents/carers are
important as they often act as the person responsible for
providing consent of children in research, where appro-
priate. In our study, there was no difference statistically
to indicate that those with CP and parents/carers would
have different responses. However, children and adults
with CP are rarely asked about preferences and future
research should prioritize capturing this information in
a larger sample via more inclusive methods. More inclu-
sive methods could include focus groups and one-on-one
interview style formats. Finally, international attitudes
of people in high-income countries are likely to be simi-
lar, but more research is warranted to infer equivalence.
Broadly, all reasons mentioned limit the generalizability
of study findings to other populations of people with CP.

Conclusion

NSCs have the potential to replace injured brain tissue
in CP and reduce symptoms/improve function, but com-
plex considerations around the therapeutic use of NSCs
require stakeholder and community opinions. Here we
have shown that people in the Australian CP commu-
nity were supportive of NSC therapy even when ethical
and practical considerations were provided. Limitations
of this study include the generalizability of results due
to recruitment strategy, the type and amount of infor-
mation presented to participants within a short online
survey, and the small sample of participants with CP
compared to the number of parents/carers of those with
CP. Further effort should aim to understand hesitancies
in the CP community to identify what further research is
needed to address those concerns by providing stronger
evidence. This could be determined using other methods
such as small focus groups and one-on-one interviews.
Canvassing the CP community has provided important
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information that may help to design and plan the transla-
tion of a clinically-relevant and acceptable NSC therapy.
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