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Patients accept therapy using embryonic stem =
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Abstract

Background New disease-modifying ways to treat Parkinson's disease (PD) may soon become a reality with
intracerebral transplantation of cell products produced from human embryonic stem cells (hESCs). The aim of this
study was to assess what factors influence preferences of patients with PD regarding stem-cell based therapies to
treat PD in the future.

Methods Patients with PD were invited to complete a web-based discrete choice experiment to assess the
importance of the following attributes: (i) type of treatment, (i) aim of treatment, (iii) available knowledge of the
different types of treatments, (iv) effect on symptoms, and (v) risk for severe side effects. Latent class conditional
logistic regression models were used to determine preference estimates and heterogeneity in respondents’
preferences.

Results A substantial difference in respondents’ preferences was observed in three latent preference patterns
(classes). “Effect on symptoms”was the most important attribute in class 1, closely followed by “type of treatment,’
with medications as preferred to other treatment alternatives. Effect on symptoms was also the most important
attribute in class 2, with treatment with hESCs preferred over other treatment alternatives. Likewise for class 3, that
mainly focused on “type of treatment”in the decision-making. Respondents’ class membership was influenced by
their experience in treatment, side effects, and advanced treatment therapy as well as religious beliefs.

Conclusions Most of the respondents would accept a treatment with products emanating from hESCs, regardless
of views on the moral status of embryos. Preferences of patients with PD may provide guidance in clinical decision-
making regarding treatments deriving from stem cells.
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Background

Parkinson’s disease (PD) is the most common serious
movement disorder in the world, affecting about 1% of
adults older than 60 years [1]. Being diagnosed with PD
will change a person’s life, as the disease is character-
ized by progressive development of complex motor and
non-motor symptoms [2]. Symptomatic progression is
inevitable, yet unpredictable [3]. Currently, medicines
and allied treatments offer only symptomatic relief. Such
treatments aim at increasing patients’ quality of life and
functional capacity [4]. Deep brain stimulation surgery
may be an alternative when medication and physiother-
apy do not give a sustained effect or if unbearable side
effects appear [5]. Today there is no treatment available
that can modify or stop the progression of the disease [6].

New and disease-modifying ways to treat PD and
repair damage caused by PD may soon become a real-
ity [7]. Embryonic stem cells (ESCs) have the ability to
self-renew and reprogram, allowing the derivation of any
adult differentiated cell type [8]. Cell transplantation of
human embryonic stem cells (hESCs), derived from sur-
plus embryos donated by couples who have undergone
in vitro fertility (IVF) treatment, have been transplanted
to experimental animals with models of PD resulting in
symptomatic improvement and reformation of neuronal
circuitries [9]. This may become a potential stem cell-
based therapy with a possibility to alleviate debilitating
neurodegenerative disorders like PD. Researchers are
also exploring the potential of autologous transplanta-
tion of human induced pluripotent stem cells (iPS cells),
derived from somatic cells [10].

Previous qualitative research has found that the general
public, health care professionals, and couples who under-
went fertility treatments were positive to research on left-
over embryos to derive treatment with hESCs [11-13].
Nevertheless, the use of human embryos in cell-based
therapy is associated with several ethical and legal issues.
Patients who believe that human embryos are subjects
with rights may be against the destruction of embryos
to derive treatment with hESCs, whereas patients view-
ing the embryo as too undeveloped to have such a moral
status generally are expected to permit such treatment.
Therefore, it is essential to quantitatively assess factors
involved in preferences of patients with PD for potential
stem cell-based therapies to treat PD [14]. The aim of this
study was to assess what factors influence preferences of
patients with PD regarding stem cell-based therapies to
treat PD in the future.

Methods

Discrete choice experiment

Preferences of patients with PD for potential cell-based
therapies to treat PD were assessed by a Discrete Choice
Experiment (DCE) in Swedish patients with PD. The
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DCE is a cross-sectional survey method to investigate
individuals preferences and can be used to determine
the relative importance of different characteristics of an
intervention and predict uptake of different interventions
[15]. Respondents of a DCE are faced with a set of hypo-
thetical choice questions with two or more alternatives,
characterized by different characteristics (i.e., attributes)
with varying levels. The DCE method also allows for the
calculation of attribute trade-offs [16].

Selection of attributes and levels

We performed a scoping literature review to identify
attributes of treatments for PD that potentially were of
importance for patients with PD when choosing treat-
ment. Qualitative and quantitative papers investigat-
ing preferences of patients with PD related to treatment
for PD were included. All literature searches were per-
formed in PubMed and the keywords used were Parkin-
son disease, patient preferences, preferences, treatment,
medication, and attributes. We identified 193 papers,
including 29 papers that were relevant for this project,
of which 20 papers remained after excluding duplicates.
After reading the full text papers, 209 potential attributes
were identified. Out of the 209 attributes identified in
the scoping literature review, 115 attributes were unique.
These attributes were condensed down to 45 by merg-
ing similar concepts. The identified attributes were dis-
cussed in a group consisting of a representative patient of
a Parkinson patient organization, neurologists, a research
coordinator, a nurse working with patients with PD, and
researchers knowledgeable in DCE methodology. Based
on the discussions in this group, 11 attributes remained.
We let 17 patients with PD rank the 11 attributes from
most to least important, for their decision about PD
treatment. Based on the mean ranks of the attributes and
discussions with clinicians, eight attributes remained.
These were re-categorized into the five attributes that
were assigned relevant levels to be assessed by the DCE:
(i) type of treatment, (ii) aim of treatment, (iii) available
knowledge of the different types of treatments, (iv) effect
on symptoms, and (v) risk for severe side effects (Table 1).

Sample size and study population
We followed methodological guidelines to estimate the
sample size needed to identify preferences of patients
with PD and differences within those preferences [17].
We considered the number of attributes in the DCE
(Table 1) and the number of choice questions for each
respondent (n=9). Based on the sample size require-
ments for a DCE and accounting for subgroup analysis,
we aimed for a sample size of 500 respondents.

Patients with PD were recruited from neurology clin-
ics at two university hospitals in Sweden. This study was
approved by the Swedish Ethical Review Authority (Dnr
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Table 1 Attributes and levels included in the DCE
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Attribute Formulation Levels Description of levels
Type of The treatment consists of .. hESCs? Cells taken from donated fertilized eggs. The cells have been multiplied and
treatment directed to produce dopamine.
iPS cells® Your own/donated cells (e.g. blood cells) that have been multiplied and
directed to produce dopamine.
Electric An implanted electrode with thin wire and stimulator that stimulates the brain.
stimulation
Drug Drugs for Parkinson's disease.
Aim of The aim of the treatmentisto...  Relieve Improve function and well-being without affecting the development of the
treatment symptoms disease. As the disease progresses, doses usually need to be increased to
obtain sufficient relief.
Slow down dis-  Affects the development of the disease so that the disease develops more
ease progression  slowly than it would have if you had not been treated.
Repair dam- Affects disease progression and restores functions lost due to your Parkinson’s
age caused by disease.
disease
Available Number of patients that have 50 After clinical research studies, the treatment has been approved for treatment
knowledge  received the treatmentis... against Parkinson’s disease. A total of 50 people have received the treatment.
and experi-
ence of
treatment
500 After clinical research studies, the treatment has been approved for treatment
against Parkinson’s disease. A total of 500 people have received the treatment.
5000 After clinical research studies, the treatment has been approved for treatment
against Parkinson’s disease. A total of 5000 people have received the treatment.
Effect on Treatment effect on symptoms 2 out of 10 will Out of 10 who receive the treatment, 2 people achieve sufficient function and
symptoms  (for example, balance difficulties,  get enough well-being to not currently need additional/different treatment for Parkinson’s.
tremors, depression, and demen-  effectiveness
tia). The proportion that achieves
sufficient function and well-being
to at the moment
not needing additional/different
treatment for Parkinson’s is. ...
5 out of 10 will Out of 10 who receive the treatment, 5 people achieve sufficient function and
get enough well-being to not currently need additional/different treatment for Parkinson’s.
effectiveness
8 out of 10 will Out of 10 who receive the treatment, 8 people achieve sufficient function and
get enough well-being to not currently need additional/different treatment for Parkinson’s.
effectiveness
Risk for The risk that the treatment causes 20 out of 1000 Out of 50 people who start the treatment, 1 person suffers some kind of seri-
severe side  a serious side effect that has a ous side effect.
effects negative lasting effect on function

and well-being is. ..

10 out of 1000

1 out of 1000

Out of 100 people who start the treatment, 1 person suffers some form of
serious side effect.

Out of a thousand people who start the treatment, 1 person suffers some kind
of serious side effect.

#Human embryonic stem cells

b Induced pluripotent stem cells

2019-06539). Information about the study was sent out
by mail to all potential respondents fulfilling the inclu-
sion criteria: patients diagnosed with PD, 18 years or
older, able to read and understand Swedish. Patients
with a known dementia diagnosis were excluded. Infor-
mation about the study was sent out to 1266 patients.
Patients who had not responded within two weeks
were sent a reminder by mail. All respondents provided

their informed consent before entering the survey. Two
patients formally declined participation, and five patients
were unable to participate due to technical or health-
related restrictions. In total, 498 patients participated in
the study (i.e., 39% response rate).
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Survey administration

This survey was administered as a web-based survey
that included three parts: (i) information about the attri-
butes and levels, (ii) the DCE with hypothetical choice
scenarios, and (iii) demographic and attitude questions
(see supplementary file for survey). The survey was cre-
ated for this study and administered using Sawtooth
Software (Sawtooth Software Inc.). Each respondent was
faced with nine hypothetical choice scenarios that each
included three alternatives. The respondents were asked
to select the alternative that they most preferred out of
the three presented to them. The first two alternatives
were experimentally designed to assess preferences for
potential treatment alternatives for PD and the third was
a fixed profile (i.e., nonexperimental) to represented stan-
dard care (drugs) for patients with PD (Fig. 1). We used
a Bayesian D-efficient design to construct the choice
scenarios for the DCE using the NGene program (ver-
sionl.2.1; ChoiceMetrics 2012). Prior information on
the attribute importance was gathered from a pilot test
(n=142) in patients with PD. The design used 500 Halton
draws and 1000 repetitions. Using the pilot data, a multi-
nomial logit (MNL) model was fitted, and the beta esti-
mates was used as priors for the final experimental DCE
design.

Some conditions were posted on the design: if the aim
of treatment was to repair damage caused by disease,
the treatment could not consist of ‘electric stimulation’
or ‘drug’ If the aim of the treatment was to slow down
disease progression, the treatment could not consist of
‘electric stimulation’ The final discrete choice survey
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consisted of 36 unique choice scenarios divided into four
blocks; each respondent was randomized into one block
and answered nine choice scenarios. The choice ques-
tions also included a hover function with further expla-
nations of the attributes and the levels (see Table 1 for full
description of the attribute levels).

The demographical and attitude questions included
background questions (e.g., age, gender, and education)
and disease-related questions (e.g., disease duration,
treatment, and side effects). Moreover, the respondents’
attitudes were gauged with a ranking exercise with eight
statements that they were asked to place in the order
they found most important. The attitude questions asked
respondents about their moral stands on the status of
an embryo, and a ranking exercise to prioritize eight
statements.

The respondents were asked about their views on how
to regard the products left over after IVF procedures,
which may be used for hESC isolation, that is, the blas-
tocyst. Whether this material was regarded as a lump of
cells or “something more” was used to dichotomize the
answers. Questions to assess respondents’ health liter-
acy [18] and health numeracy [19] were also included to
define the sample.

Statistical analyses

The statistical analyses, in particular the estimation of the
latent class model were performed using R 4.0.2 (R Core
Team, 2018), the mlogit (version 1.1-1; Yves Croissant,
2009) and the gmnl (version 1.1-3.3; Mauricio Sarrias,
2017) [20].

Alternative A

Alternative B Alternative C

The treatment consists of... hESCs

The aim of the treatment is to... Repair damage

caused by disease
Number of patients that have

received the treatment are... 5000 patients

Treatment effect on symptoms
(for example, balance difficulties,
tremors, depression and
dementia)...

2 out of 10

The risk that the treatment
causes a serious side effect that
has a negative lasting effect on
function and well-being is...

20 out of 1000

| select this
alternative

iPS cells Drug

Symptom relief Symptom relief

50 patients 5000 patients

5 out of 10 5 out of 10

10 out of 1000

| select this
alternative

10 out of 1000

| select this
alternative

Fig. 1 Example of a choice scenario
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Demographics describing the population’s age, gen-
der, country of birth, occupational situation, education,
health numeracy, health literacy, drug frequency, disease
duration, number of experienced side effects, and expe-
rience of advanced treatment were presented in mean,
median, and percentages. The overall level of health lit-
eracy and numeracy was calculated for each respon-
dent. Individuals who responded “strongly disagree” or
“disagree” to one of the items were categorized as hav-
ing low health literacy. Individuals who responded with
“neither agree nor disagree” with one of the items were
categorized as having medium health literacy. Individu-
als responding “agree” or “strongly agree” to all the items
were categorized as having high health literacy, and like-
wise for numeracy.

Respondents’ attitude toward the moral status of a
couple of days’ old human embryo was assessed using
this question: “The human is perceived to have a special
moral position, in the sense of having rights just by being
human. What moral position does a human embryo that
is only a few days old have?” The respondents had four
statements from which to select: (1) “The embryo is just a
lump of cells; it is meaningless to discuss its moral status,’
(2) “The embryo has a moral status that is in between
being just a lump of cells and being a human being,
(3) “The embryo in its moral status is closer to being a
human than just a lump of cells,” and (4) “The embryo has
the same moral status as a human being” The variable
was dichotomized based on the frequency of the data.
Respondents answering “The embryo is just a lump of
cells; it is meaningless to discuss its moral status” formed
one group, and the rest another group. One-way analy-
sis of variance and nonparametric measures were used to
test the differences between the personal characteristics
and the different perceptions of whether an embryo is
more than a lump or cells or not.

The most important attitudinal statement was given a
1, the second most important the number 2 and so forth.
The ranking exercise was illustrated with a boxplot by
the median value of each statement, stratified on the dif-
ferent perceptions of whether an embryo is more than a
lump of cells.

The latent class analysis was based on the a priori
hypothesis that the authors thought would be associ-
ated with the willingness to accept a new treatment. Five
variables were tested for class membership: (1) a sum-
mary of experience of different treatment, (2) experience
of the summary of different side effects, (3) the percep-
tion of the moral status of the embryo, (4) experience of
advanced treatment, and (5) the importance of religion.
A sum of how many treatments each respondent had
was calculated, and also how many side effects they had
experienced. Advanced treatment was based on treat-
ment experience with one or more of apomorphine
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subcutaneous injection, apomorphine subcutaneous
infusion, deep brain stimulation, levodopa-carbidopa
intestinal infusion, and levodopa-entacapone-carbidopa
intestinal infusion. The variable ‘the perception of the
moral status of the embryo’ did not influence class mem-
bership and was therefore not included in the final class
assignment model.

Differences in respondents’ preferences

The statistical analyses of the preference data were based
on a latent class model. A preference weight (i.e., coef-
ficient) and a corresponding SE were estimated for all
but one level of each attribute (i.e., reference attribute
level) [21]. Dummy coding of the variables was selected
for this analysis (i.e., corresponding to zero as the refer-
ence value). Each p-value is a measure of the statistical
significance of the difference between the estimated pref-
erence weights for each level of the attribute compared to
the reference attribute level. All results were considered
statistically significant at p<0.05. Confidence intervals
(95%) were also provided for each preference weight. The
Akaike information criterion (AIC) and the log-likeli-
hood values were considered when selecting the appro-
priate model.

The latent class model was used to identify hidden
(latent) classes of respondents’ preferences [22]. In latent
class analysis, unobserved preference heterogeneity
among respondents’ preferences is modeled as classes
with similar preference patterns but with different vari-
ances across classes. Once preference patterns have been
stratified into classes, the model determines the extent to
which demographic characteristics impact the likelihood
of belonging to a certain class. The systematic utility
component (V) describes the latent construct that partic-
ipant “r” belonging to class “c” reported for alternative A,
B or C in choice task “t” The final utility functions were
as follows:

Ve agnc=P1L consist hESC,; sep)c+P2
consist_iPS,; epc+P3 ¥ consist_electric, zopc+ P4
* aim_slow, sep)+P5 aim_repaire,; o p)c+p6
* know_ 500, sgpictP7 *  know_5000, s¢p|c+ P8
*  effect_50, sgp)ct P9 effect 80, rgpc+P10 *
sideeffects_0.001,; sgp).+P11 * sideeffects_0.01,; sgp|c+e-

Viecle=P1 " consist_drug,; - +p2 ** aim_relief,; . +B3
* know_5000, |-+ PB4 effect 50, +B5  *
sideeffects_0.01, ¢\ +e.

A class assignment model was fitted after the specified
utility function. The variables: experience in treatment,
side effects, advanced treatment therapy and religious
beliefs were tested for their potential impact on class
membership in the model. The final class assignment
function was:
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Vn|c = [30 + [31"~
experience_sideeffects| +PB3
* Religion_dum +e.

treatment_sum + B2 *
advanced_treatment|c+ B4

Relative importance of attributes

The relative importance of the attributes included in the
DCE was calculated by estimating the difference in pref-
erence weights of the latent class model between the
most preferred level of an attribute and the least pre-
ferred level of the same attribute [21]. The highest dif-
ference value was normalized to 1, which represents
the most important value. The difference values were
divided by the highest value to reveal the relative distance
between all other attributes.

Predicted acceptance uptake for treatment with hESCs

We calculated the predicted acceptance uptake for
a potential treatment scenario using hESCs to treat
patients with PD. Predicted acceptability can be under-
stood as the probability that a participant will accept a
described scenario. The scenario represents a hypotheti-
cal treatment scenario of treatments with hESCs based
on the attributes assessment in the DCE. Attribute esti-
mates assessed by the latent class model were used to
calculate the predicted acceptability of attribute levels
(treatment with hESCs, risk of severe side effects is 1 out
of 1000 and 50 patients received treatment) in relevant
future scenarios; (A) effect on symptoms is 2 out of 10,
(B) effect on symptoms is 5 out of 10, and (C) effect on
symptoms is 8 out of 10.

The predicted acceptability is presented as the percent-
age of 100 who would accept the presented scenario. The
utility for the specific scenario was calculated by using
the following equation:

vScenario 1= BA+ BB+ E’C'

The predicted acceptability, the probability of accepting
a specific scenario, was then calculated by using the fol-
lowing equation:

Predicted acceptance uptake=1/(1+exp™ Vg enario 1)-
Results
Respondent characteristics
The survey was completed by 498 respondents. Because
the aim of this study to assess what factors influence
preferences of patients with PD regarding stem cell-
based therapies to treat PD in the future, the 43 respon-
dents always selecting the ‘standard care’ alternative
were excluded from the analysis. In total, 455 respon-
dents were included in the final analysis. The mean age
of the respondents was 66.7 years (SD 8.95). Most of
the respondents were male (65.9%) and born in Sweden
(90.3%) (Table 2), which mirrors the actual composition
of this patient group [23]. Respondents’ demographic
characteristics are presented based on their view on the
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moral status of an embryo. The majority (n=252) viewed
the embryo as merely a lump of cells; the others (n=203)
had the view that the embryo as something more than a
lump of cells.

Attitudes of patients with Parkinson’s disease

Patients with PD ranked eight statements as part of a
ranking exercise (Fig. 2). The results are presented in the
subgroups “more than a lump of cells” and “lump of cells,”
to reveal that the respondents’ rankings were not depen-
dent on their views on the embryo. The highest ranked
statement was “it is important to access new and effective
treatment for diseases lacking such”; the second was “it is
important to decrease the risk of severe side effects asso-
ciated with medical treatments”

Treatment preferences of patients with Parkinson'’s disease
The latent class model assessed three underlying prefer-
ence patterns (classes) from data collected by the discrete
choice survey (Table 3). The sign of the beta estimate
reveals whether respondents were positive (>0) or nega-
tive (<0) about that attribute as compared to the refer-
ence level. Analysis of the data revealed that respondents
have substantially different preferences regarding treat-
ment with hESCs.

Respondents had an average probability of 38% of
belonging to class 1. In class 1, drug (ref) was preferred
over other treatment alternatives. Respondents preferred
a treatment with the highest number of patients who
have received treatment (n=5000), greatest effectiveness
(8 out of 10 will get enough effectiveness), and lowest
risk of severe side effects (1 out of 1000). The likelihood
of belonging to class 1 decreased (over the other levels
of these attributes) for respondents with a higher num-
ber of experienced pharmacological treatments, experi-
enced side effects and experience in advanced treatment.
Religious beliefs increased the likelihood of belonging to
class 1.

In class 2, with an average class probability of 23%,
treatment with hESCs was preferred over iPS cells and
electric stimulation. For aim of treatment, repairing dam-
age caused by disease was preferred over slowing down
disease progression. The highest number of patients who
have received treatment, greatest effectiveness, and low-
est risk of severe side effects (1 out of 1000) was preferred
in class 2. Respondents with more experience with treat-
ments are more likely to belong to class 2 as compared to
class 1.

Treatment with hESCs was as the most preferred treat-
ment alternative in class 3, over iPS cells and electric
stimulation. Slowing down disease progression was as
important as repairing damage caused by disease. The
likelihood of belonging to class 3 increased for respon-
dents with more experience in treatment, side effects,



Bywall et al. BMC Medlical Ethics (2023) 24:83 Page 7 of 13

Table 2 Descriptive statistics of the respondents’demographic characteristics presented as percentages, mean, or median with
statistical testing between the different perceptions of whether the embryo is more than a lump of cells or only a lump of cells

More than a Lump of cells Total
lump of cells
(N=203) (N=252) (N=455)
P value
(ANOVA?)
Age (years)
Mean (SD) 67.7 (8.86) 65.9 (8.96) 66.7 (8.95) 031
Median [Min, Max] 70.0 [40.0, 84.0] 67.5[30.0, 84.0] 69.0 [30.0, 84.0]
P value
(Chi-square test)
Gender 040
Female 74 (36.5%) 77 (30.6%) 151 (33.2%)
Male 127 (62.6%) 173 (68.7%) 300 (65.9%)
Other 2 (1.0%) 2 (0.8%) 4 (0.9%)
Country of birth 045
Sweden 181 (89.2%) 230(91.3%) 411 (90.3%)
Other 22 (10.8%) 22 (8.7%) 44 (9.7%)
Occupational situation 0.15
Employed 44 (21.7%) 77 (30.6%) 121 (26.6%)
Retired 143 (70.4%) 172 (68.3%) 315 (69.2%)
On sick leave 22 (10.8%) 17 (6.7%) 39 (8.6%)
Jobseeker 3(1.5%) 5(2.0%) 8 (1.8%)
Student 0 (0%) 2(0.8%) 2 (0.4%)
Other 3(1.5%) 0 (0%) 3(0.7%)
P value
(Kruskal-Wallis test)
Education 0.11
No formal schooling (O%) 1 (0.4%) 1(0.2%)
Elementary school 4(16.7%) 29 (11.5%) 63 (13.8%)
High school 0 (24.6%) 56 (22.2%) 106 (23.3%)
Vocational training ( 0.8%) 30 (11.9%) 52 (11.4%)
University 97 (47.8%) 136 (54.0%) 233 (51.2%)
Health numeracy <0.001
Low 57 (28.1%) 56 (22.2%) 113 (24.8%)
Medium 82 (40.4%) 66 (26.2%) 148 (32.5%)
High 64 (31.5%) 130 (51.6%) 194 (42.6%)
Health literacy 0.040
Low 25 (12.3%) 24 (9.5%) 49 (10.8%)
Medium 85 (41.9%) 88 (34.9%) 173 (38.0%)
High 93 (45.8%) 140 (55.6%) 233 (51.2%)
Drug frequency 0.58
Daily 201 (99.0%) 248 (98.4%) 449 (98.7%)
1-6 time/week 0 (0%) 0 (0%) 0 (0%)
1-3 times/month 0 (0%) 1 (0.4%) 1(0.2%)
Less than once/month 2 (1.0%) 2(0.8%) 4(0.9%)
No drug 0 (0%) 1 (0.4%) 1(0.2%)
Disease duration from established PD diagnosis 048
0-6 month 5(2.5%) 6 (2.4%) 1(2.4%)
6-12 month 10 (4 9%) 13 (5.2%) 23(5.1%)
1-3 years 2(15.8%) 43 (17.1%) 75 (16.5%)
3-5 years 4 (16.7%) 40 (15.9%) 74 (16.3%)
5-10 years (25 6%) 72 (28.6%) 124 (27.3%)
10-15 years 5(17.2%) 44 (17.5%) 79 (17.4%)
15-20 years 6 (7.9%) 9 (7.5%) 35 (7.7%)




Bywall et al. BMC Medlical Ethics (2023) 24:83 Page 8 of 13
Table 2 (continued)
More than a Lump of cells Total
lump of cells
(N=203) (N=252) (N=455)
More than 20 years 19 (9.4%) 15 (6.0%) 34 (7.5%)
P value
(ANOVA?)
Number of experienced side effects 0.55
Mean (SD) 3.34(2.94) 3.18(2.77) 3.25(2.85)
Median [Min, Max] 3.00 [0, 16.0] 2.00(0,13.0] 3.00 [0, 16.0]
P value
(Chi-square test)
Any experience of advanced treatment 0.69
No 158 (77.8%) 200 (79.4%) 358 (78.7%)
Yes 45 (22.2%) 52 (20.6%) 97 (21.3%)
P value
(Kruskal-Wallis test)
Leftover embryos can be used to treat patients with PD <0.001
Strongly agree 106 (52.2%) 209 (82.9%) 315 (69.2%)
Agree 63 (31.0%) 34 (13.5%) 97 (21.3%)
Undecided 26 (12.8%) 4(1.6%) 30 (6.6%)
Disagree 1(0.5%) 0 (0%) 1(0.2%)
Strongly disagree 7 (3.4%) 5(2.0%) 12 (2.6%)
Leftover embryos can be used to treat other diseases <0.001
Strongly agree 86 (42.4%) 188 (74.6%) 274 (60.2%)
Agree 72 (35.5%) 43 (17.1%) 115 (25.3%)
Undecided 36 (17.7%) 13 (5.2%) 49 (10.8%)
Disagree 2 (1.0%) 4 (1.6%) 6 (1.3%)
Strongly disagree 7 (3.4%) 4 (1.6%) 11 (24%)
Leftover embryos can be used to treat diseases even if treat- <0.001
ment with iPS cells are available
Strongly agree 36 (17.7%) 130 (51.6%) 166 (36.5%)
Agree 47 (23.2%) 50 (19.8%) 97 (21.3%)
Undecided 64 (31.5%) 37 (14.7%) 101 (22.2%)
Disagree 34 (16.7%) 21 (8.3%) 55 (12.1%)
Strongly disagree 22 (10.8%) 14 (5.6%) 36 (7.9%)
Religion <0.001
Not important 58 (28.6%) 143 (56.7%) 201 (44.2%)
Slightly important 49 (24.1%) 43 (17.1%) 92 (20.2%)
Moderately important 57 (28.1%) 49 (19.4%) 106 (23.3%)
Important 25 (12.3%) 14 (5.6%) 39 (8.6%)
Very important 14 (6.9%) 3(1.2%) 17 (3.7%)

2ANOVA: analysis of variance

and advanced treatment. Religion (no) decreased the
likelihood of belonging to class 3.

Relative importance of respondents’ preferences

The most important attribute for class 1 was “effect on
symptoms” (1), closely followed by “type of treatment”
(0.91) (Fig. 3). The preference for hESC and iPS cells is
lower compared to the reference ‘drug’ There is a statis-
tically significant difference between the reference and
hESC, iPScells and electric stimulation. Effect on symp-
toms was also the most important attribute in class 2, fol-
lowed by the risk of getting a severe side effect (0.68) and

aim of treatment (0.53). The most important attribute
for class 3 was type of treatment. However, respondents
preferred hESCs slightly more than iPS cells and electric
stimulation compared to the reference drug. The aim
of treatment was almost as important (0.96) as type of
treatment.

Predicted acceptance uptake

The predicted acceptance uptake for potential treat-
ment scenarios in Parkinson’s treatment was based on
treatment with hESCs for the different classes of the
latent class model. The predicted uptake percentage was
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It is important to access new and effective -— T T b T *
treatments for diseases lacking such. _ . .
It is important to decrease the risk of severe —_ P

side effects associated with
medical treatments.

Patients should be informed on what treatment
consists of before taking a treatment.

Transparency in pharmaceutical companies is
important when developing treatments
consisting of embryonic stem cells.

Policymakers need to account for people's
views when making decisions on the use of
embryonic stem cells in medical treatments.

E3 More than a lump of cells
B8 Lump of cells

For moral reasons, induced pluripotent stem cells are
preferable when possible over

embryonic stem cells.

Accepting the use of embryonic stem cells in

medical treatments increases the risk for

future misconduct.

Couples who donate embryos should not be

financially compensated.

G

N

4 6
median value of the ranking

(o]

Fig. 2 Attitudes of patients with PD. Bars indicate the values of the ranking of the statements on the left. Color bars in red and green dichotomize the
participants'view of a non-implanted embryo as a lump of cells. The dots indicate outliers, and the horizontal lines reveal the variability outside the upper

and lower quartiles

calculated for the group who would consider potential
new treatments for PD (Table 4).

In this scenario, we assumed that treatment with hESCs
was available for patients with PD in Sweden, the risk of
severe side effects was 1 out of 1000, and 50 patients had
previously received such treatment. In class 1, treatment
with hESCs would be accepted by 94—95% (depending on
the level of symptom relieve) if the effect on symptoms
was 80%. The acceptance uptake would slightly increase
in class 1 if the effect on symptoms was 50% (85-91%) or
20% (79-82%). The acceptance uptake for class 2 ranged
from 85 to 100%. In class 3, 72-79% would accept the
treatment scenario with hESCs if the aim was symptom
relief, and 88-90% would accept the treatment scenario
if the aim was to slow down disease progression or repair
damage caused by disease.

Discussion

Human embryonic stem cell-based therapies may soon
become a reality for PD [7]. The ethical and policy issues
need to be discussed along with scientific challenges to
ensure that stem cell research and therapies are carried
out in an ethically appropriate manner [24]. This DCE
provides a fuller description of the relative importance
of ethical concerns, values, and preferences among stake-
holders, as well as conflicts between ethical views. For
example, the DCE gives an understanding of the trade-off
between effectiveness and use of hESCs. The results pro-
vide a perspective on ethical issues or risks and how they
may be handled and/or minimized.

The aim of this study was to assess what factors influ-
ence preferences of patients with PD regarding stem
cell-based therapies to treat PD in the future. This arti-
cle reveals a substantial difference in respondents’ pref-
erences observed in three latent preference patterns
(classes). The first class revealed that “treatment effec-
tiveness” closely followed by “type of treatment” was the
most important attribute and that medications were pre-
ferred to other treatment alternatives. The second class
also revealed “treatment effectiveness” to be the most
important attribute. In this class, treatment with hESCs
was preferred over other treatment alternatives. The
third class mainly focused on type of treatment in their
decision-making. They mostly preferred hESCs to iPS
cells, electric stimulation, and medication.

These findings also correspond to findings from a
recent qualitative study in Swedish patients with PD
revealing that they were positive towards the use of
hESCs for treatment of PD [25]. The study also reported
that respondents found the treatment interesting and
exciting regardless of whether iPS-cells were also avail-
able for treatment.

The class assignment model of the latent class analysis
showed that respondents’ choices might be influenced by
their experience in treatment, side effects, and advanced
treatment therapy, and religious beliefs. Notably, prefer-
ences did not differ depending on view on the moral sta-
tus of the embryo, as has been a major concern in ethical
and legal debates regarding the use of leftover embryos
[26]. Also, the importance of attitudes regarding what



Bywall et al. BMC Medlical Ethics (2023) 24:83

Table 3 Latent class analysis adjusted to class probability
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Attribute Levels Class 1 SE d Class 2 SE d Class 3 SE d
Estimate (2.50- Estimate (2.50- Estimate (2.50-
97.50) 97.50) 97.50)
Type of treatment
Drug (ref)
hESCs -0.52** 0.17 -0.86—0.18 1.28*** 0.19 092-1.65 1.13%** 011 091-1.36
iPS cells -0.64%%* 0.18 -0.98--0.29 0.91*** 018 057-1.26  1.09%** 011 0.88-1.31
Electric R 026 -193—-089 061* 022 0.18-1.04  095*** 0.17 0.60-1.31
stimulation
Aim of treatment
Symptom
relief (ref)
Slow down  0.31 020 -0.07-0.70 1.16*** 025 067-165  1.08%** 0.14 062-1.29
disease
progression
Repair 035 024 -0.13-082  1.66*** 027 1.13-219  1.08*** 0.15 081-1.34
damage
caused by
disease
Number of patients who have received the treatment
50 (ref)
500 0.39* 017 0.07-0.72  0.22** 012 -001-045 0.16 0.08 0.79-1.38
5000 0.77%** 0.17 044-109  0.37%* 0.14 0.09-065 -0.16 0.09 -0.00-033
Effect on symptoms
2in 10 (ref)
5in10 0.81%** 022 037-1.24  1.87%* 024 140-234 014 0.13 -0.33-0.02
8in 10 1.55%** 027 1.01-209  3.14%* 032 252-376 0.15 0.19 -0.12-0.40
Risk of severe side effects
1in 1000  0.90*** 020 050-1.29  2.13*** 027 160-266 -004 014 -021-0.52
10in 1000  0.53** 0.18 0.18-0.89  0.92%** 019 059-1.28 -0.15 0.10 -031-0.22
20in 1000
(ref)
Class probability model
Treatment experience (summary of 0.26%** 0.04 -0.18-034 0.13*** 0.04 0.05-0.20
pharmacological treatments tested)
Experience with side effects (sum- 0.09%** 0.02 004-0.14  0.13%** 0.02 0.09-0.18
mary of all experienced side effects)
Experience with advanced treatment 1.27%%% 026 071-1.72  1.62%* 024 1.16-2.09
Religion (yes or no) -0.92%** 0.17 -126--059 -0.68*** 0.14 -094--040
Average class probability 0.38 0.23 037

* xx x*¥% indicate significance at 10%, 5%, and 1%, respectively.

to do with the embryo was not associated with class
membership.

Our study indicates that a great proportion (55%) of
respondents perceived the embryo as just a lump of cells.
The view of the moral status of an embryo did not dif-
fer based on respondents’ age, gender, country of birth,
occupational situation, education, health numeracy,
health literacy, drug frequency, disease duration, num-
ber of experienced side effects, or experience of advanced
treatment. However, depending on respondents’ lit-
eracy and religion, their view on the moral status of the
embryo differed significantly. A majority of those view-
ing an embryo as a lump of cells also reported high
health numeracy and less importance of religious beliefs.

Regarding the attitudinal questions, it was revealed that
those who reported their moral view of the status of
the embryo as a lump of cells also indicated that they
strongly agreed to the use of leftover embryos for treat-
ment of PD and other diseases, and to treat diseases even
if treatment with iPS cells were available. Respondents
viewing the embryo as something more than a lump of
cells were more diversified in their attitudes. Moreover,
the attitude ranking did not differ regarding respondents’
views on the embryo.

In summary, there is a difference in respondents’ views
regarding the moral status of the embryo. Remarkably,
patients with PD were not influenced by that difference.
The moral status of embryos was not prioritized when
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Fig. 3 Relative importance scores of attributes

Table 4 The predicted acceptance (latent class model) when
risk of severe side effects is fixed at 1 out of 1000 and 50 patients
received treatment for the different classes with the hESCs as the
type of treatment

hESCs (%)
Class 1 Class 2 Class 3
Effect on symptoms 2 out of 10
Symptom relief 79 98 72
Slow down disease 81 99 88
progression
Repair damage caused 82 100 88
by disease
Effect on symptoms 5 out of 10
Symptom relief 85 85 79
Slow down disease 91 100 90
progression
Repair damage caused 91 100 90
by disease
Effect on symptoms 8 out of 10
Symptom relief 94 100 75
Slow down disease 95 100 90
progression
Repair damage caused 95 100 90
by disease

making decisions regarding treatment with embryonic
stem cells. As revealed in this study, respondents’ previ-
ous experience in treatment, side effects, advanced treat-
ment, and religious beliefs influenced their preferences
most.

This study has limitations, such as the relatively low
response rate that may cause selection bias. Respondents
who consistently chose the fixed alternative represent-
ing “standard treatment” in the DCE were excluded, as it
was suspected that they had not understood the instruc-
tions to weigh different treatment characteristics against
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Attributes
Type of treatment
B Am of reatment
Available knowledge and experience of treatment

[ rect on symptoms
Risk for severe side effects

class 3

each other or that those respondents disliked the alterna-
tives. Moreover, the attributes and levels were developed
to represent potential future treatment alternatives for
patients with PD. The group of respondents that always
selected the ‘standard care’ was excluded from the main
analysis to better understand the preferences of patients
who would consider potential new treatments for PD.
However, it was not possible to identify the reason
behind the choice behavior. When comparing the char-
acteristics of the “standard care” respondents that were
excluded to others, there were no significant statistical
differences. A suggestion for future research may be to
include an open question to respondents mainly selecting
the “fixed task” or “standard care” to better understand
their choices. Another potential limitation of this study
was that the DCE did not include a dominance test to test
for the rationality in the choice behavior of the partici-
pants [27]. It is also worth noting that, qualitative inter-
views with participants could strengthen the conclusions
of this study. Therefore, an implication for future research
would be to plan for qualitative interviews already in the
early planning phase of the research project.

Another possible limitation of this study may be that
no interactions between attributes were posed to the
DCE design, only conditions. Assuming the estimated
response rate (N=500), the study was not powered for
interactions.

There is recent evidence on the preferences of profes-
sionals in the phase of prodromal treatment, shedding
light on the difficulties in communicating risk-based
information related to different hypothetical treatment
option [28]. Previous preference elicitation of PD patients
has only assessed preferences for attributes related to
treatment with deep brain stimulation, pump assisted
medication, or traditional oral medication [29]. To our
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knowledge, this is the first study to assess patients’ pref-
erences for embryonic cell-based therapies to treat PD in
the future. An advantage is also that it takes into regard
the broader context of an ethical discussion related to the
perceived moral status of human embryos. The signifi-
cance of a study like this that also demonstrates predicted
uptake of a new treatment is recently illustrated by the
recent decision of the Swedish Medical Product Agency
in 30th of November 2022 to give green light for the first
clinical trial with hESC based therapy for patients with
PD [27].

Conclusions

The majority of the respondents would accept treatment
with hESCs. Despite distinct differences in the percep-
tion of the moral status of an embryo, respondents’ pref-
erences were not associated with it. Patient preferences
may provide guidance in clinical decision-making and
can inform ethical and legal guidelines for treatment with
hESCs.
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