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*» The benefits and risks
of gene therapy are
currently unclear, so it
is key to understand
their potential value
from the patients’
perspective.

Objective of this study is to quantify benefit-risk tradeoffs pertaining to potential gene
therapies among adults and parents/caregivers of children with sickle cell disease (SCD). A
discrete-choice experiment survey was developed in which respondents selected their
preferred treatment alternatives in a series of experimentally controlled pairs of
hypothetical gene therapies and a “no gene therapy” option. Gene therapy alternatives were
defined based on the chance of eliminating SCD symptoms, expected increases in life
expectancy they could offer, treatment-related risk of death, and potential increases in
lifetime cancer risk. Respondents made selections based on their current disease severity
and in the context of expectations of worsened disease. Three clinical sites and 1 patient
organization recruited 174 adult patients and 109 parents of children with SCD to complete
the survey. Adult and parent respondents were generally willing to choose gene therapies,
but the adults required higher expected levels of efficacy (ie, higher chance of eliminating
symptoms) than parents to choose gene therapies that conferred mortality risks of >10%.
When adults and parents of children with less severe symptoms were asked to consider

The appeal of gene
therapy is evident with
most respondents,
although those with
milder symptoms see
other treatment options
as viable. scenarios of higher levels of disease severity, the increased risk tolerance, and the lowest
acceptable level of efficacy for gene therapies with mortality risks dropped by >50%.
Baseline SCD symptoms are a major driver of gene therapy acceptability. Adults and
parents of patients with milder symptoms may prefer other treatment options; however, an
expectation of symptoms deterioration triggers strong reassessment of the acceptable

benefit-risk balance of this novel technology.

Introduction

Sickle cell disease (SCD), a rare blood disorder caused by a mutation in the p-globin gene, affects
~100 000 people in the United States, and is found predominantly in Black or African American
communities.”” Although survival rates are improving, >90% of children with SCD in countries with
poor resources do not live past 18 years of age, and the burden of SCD continues to grow globally.**
People with SCD often experience vaso-occlusive crises (VOCs), chronic anemia, acute chest syn-
drome (ACS), stroke, and organ damage. These outcomes affect quality of life negatively and lead to
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hospitalizations and increase mortality.” Currently approved phar-
macological treatments for SCD include hydroxyurea, voxelotor, L-
glutamine, and crizanlizumab.? These pharmacological treatments
have different mechanisms of action and may alleviate symptoms,
but are not curative in nature.® Allogeneic hematopoietic stem cell
transplantation (HSCT), a potentially curative option, is dependent
on patients having a matched donor and can be associated with
serious immune-related complications such as graft-versus-host
disease, which may be life-threatening.” Another option, hap-
loidentical HSCT, has become increasingly available and could help
avoid the need for a matched donor. However, it carries a higher risk
of rejection.®® Gene therapy approaches, currently under clinical
investigation, are emerging as a promising potential disease-
modifying treatment for SCD, because they do not require finding
a matched donor and avoid immune-related complications associ-
ated with allogeneic transplants.'®'® There are several ongoing
clinical trials investigating the use of gene therapies in SCD."*

Incorporating the patient experience into health care decision-
making is increasingly being valued. Recent guidance documents
on benefit-risk assessment issued by the US Food and Drug
Administration describe how patient experience or patient input data
can support benefit-risk assessments.'®'® In particular, patient
preference information can provide insights into how patients value
benefits in comparison to risks, and can be especially useful when
patients’ views about the most important benefits and risks are
expected to vary considerably.'®'” Given that gene therapy in SCD
is novel and the benefit-risk profile of the treatment is currently
unclear, it is important to understand SCD patients’ acceptance of
gene therapy and the relative value that they place on the potential
benefits and risks associated with this technology. Furthermore, it is
important to consider the possibility that patients’ views and risk
tolerance regarding gene therapy may differ according to their dis-
ease severity. For instance, patients whose disease severity is on the
higher end of the spectrum may be more accepting of the risks of a
novel gene therapy than patients whose disease is well-controlled on
currently available therapies.

Although there are studies describing SCD patients' knowledge
and beliefs about gene therapy,'®'® literature on patients’ evalua-
tion of the benefit-risk profiles of gene therapies remains limited.
This study aimed to elicit the benefit-risk preferences that adult
patients and caregivers of pediatric patients have for gene therapy
in SCD and to quantify their willingness to accept gene therapy
under various scenarios. The study was also designed to evaluate
the impact of SCD severity on the acceptability of outcomes
associated with gene therapy. Such information not only would
offer preliminary insights into tradeoffs that patients could consider
acceptable when gene therapy becomes more widely available, but
also could serve as a way to contextualize trial results in this dis-
ease area from the patient and caregiver perspectives.

Methods

A discrete-choice experiment (DCE) survey instrument was devel-
oped, tested, and fielded to quantify the perspective of US adult
patients with SCD and parents of pediatric patients with SCD on
potential outcomes of gene therapy for SCD. The study, including the
survey instrument, was designed following best practices outlined by
stated-preference experts and recommendations in the US Food and
Drug Administration guidance on patient preference information.”®*?
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Table 1. Study attributes and levels

Effect category Attribute Levels

90% (9/10)
80% (8/10)
60% (6/10)*
40% (4/10)*
No chancet

Benefits Chance of no symptoms of SCD after treatment

Increase in life years after treatment 8 more years
4 more years

No increase

No chance
10% (1/10)
30% (3/10)

No increase
Not expected
Not known

Risks Chance of death within 1 y after treatment

Increase in lifetime cancer risk

*Only 1 of these levels was presented to each respondent as part of a scope test.
1This level is associated with the “no gene therapy” alternative only.

In the DCE, respondents were asked to select their preferred
treatment alternative between experimentally controlled pairs of
hypothetical gene therapies along with a “No Gene Therapy”
option. The “No Gene Therapy” profile indicated the baseline
outcomes for patients receiving standard of care without gene
therapy. Without gene therapy, patients were told that they should
expect that the symptoms that they had in the 12 months before
the survey would continue for the purpose of the decision and that
they would not experience any increase in life expectancy or any
additional risk associated with gene therapy.

The gene therapies were defined by characteristics (or attributes)
related to the efficacy (chance of no symptoms of SCD after
treatment and expected increase in life expectancy after treat-
ment) and risks of adverse events from treatment, which included
a risk of death and a potential increase in lifetime risk of cancer
(Table 1). These attributes and levels were selected based on
results from an in-person focus group with 4 parents of pediatric
patients and 4 adult patients and were presented to facilitate
assessing treatment preferences across respondents in a stan-
dardized manner. Additional details on the selection of the study
attributes and attribute levels can be found in the section
describing the development of study attributes in supplemental
Material Appendix A.

To prepare respondents for the choice questions, the survey
instrument included descriptions of all attributes, comprehension
questions, a tutorial for probabilistic attributes, and simplified
practice choice questions. Before fielding the final survey, one-to-
one pretest interviews with 9 adult patients and 7 parents of
pediatric patients were conducted to obtain feedback on the
survey instrument. The team tested the plausibility of various gene
therapy scenarios and made revisions to the survey content
based on the feedback received. The levels of the attributes were
selected and revised such that there were sufficient ranges of
compensatory benefits and risks to encourage most participants
to accept tradeoffs across choice questions. Upon completion of
the interviews, the team finalized the survey instrument (survey
section in supplemental Material Appendix B) and the layout of
the choice questions (Figure 1).

Respondents first answered either 4- or 6-choice questions based
on the current self-reported symptom severity and summarized
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after treatment (for some patients
this takes up to 2 years)

8 out of 10 (80%)

[1]2]3]4]

4 more years

Expected increase in life years after
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Chance of death within 1 year after No chance
treatment
Increase in lifetime cancer risk after No increase
treatment
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-
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Not known No increase
Select Select

Figure 1. Gene therapies were populated using an experimental design. “No Gene Therapy” option was fixed across choice questions.

according to a symptom-severity scale developed by Shah et al,*
including the number of pain crises that required treatment at a
hospital or clinic, chronic pain lasting at least 6 months and pres-
ence of a stroke or ACS in the 12 months before the survey.

Patients were considered to have mild SCD symptoms (group A) if
they reported <1 pain crises in the past 12 months and no chronic
pain, and no stroke or ACS. Patients and parents of children with
mild SCD symptoms were expected to answer the first 4-choice
questions in regard to their baseline condition. The rest of the
respondents (group B) answered the first 6-choice questions
considering their baseline condition. Patients in group B were
those who reported any of the following 3 symptoms: (1) >2 pain
crises in the last 12 months, (2) chronic pain for at least 6 months,
and (3) stroke and/or ACS. Group A respondents (ie, milder
baseline symptoms) were asked fewer choice questions (ie, 4
instead of 6) initially because in the pretest interviews these
patients were more likely to opt out of gene therapy. Thus, little or
no information was expected to be available on attribute prefer-
ences from these respondents reporting milder symptoms,
regardless of the number of questions asked.

All respondents answered the remaining choice questions (group
A: 9; group B: 7) by supposing their condition worsened in
particular ways (“worsened” state). Therefore, each respondent
answered 13 questions in total. Respondents who reported having
milder symptoms (group A) were asked to suppose that they had
experienced chronic pain for 6 months, had >5 hospital visits to
handle pain crises within a 12-month period, and experienced a
stroke without long-term sequelae (ie, transient ischemic attack)
(Table 2). Respondents in group B were told to suppose they
experienced >5 pain crises in a 12-month period and 6 months of
chronic pain. In addition, if respondents from group B did not report
experiencing any stroke or ACS at baseline, they were told to
suppose that they experienced a stroke without long-term
sequelae. If they reported a stroke at baseline, they were told to
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suppose that they experienced a debilitating stroke with long-term
sequelae.

In general, the experimental design for a DCE determines the combi-
nations of attribute levels that define each hypothetical treatment
profile in the choice questions. Following good research practices, our
DCE design was generated using design macros developed for SAS
9.4 (Cary, NC) based on D-efficiency.”'** Details on the design are
presented in supplemental Figure C1 (Appendix C). Additional
comprehension questions and internal-consistency checks were also
included to evaluate the quality of the data included, choice patterning,
attribute dominance, across-set monotonicity, and a scope test
(experimental design section in supplemental Material Appendix C).

The web-based surveys for the adult and parent respondents were
programmed and administered using Lighthouse Studio (Sawtooth
Software, Inc, Provo, UT). The study protocol was reviewed and
approved by the Institutional Review Board of all participating
academic institutions.

Sampling framework

Adults and parents of children with SCD were recruited through
the Duke University Health System, the University of North Carolina
at Chapel Hill, Lurie Children’s Hospital of Chicago, and Cayenne
Wellness, a patient advocacy group based in California. Respon-
dents had to be able to read English and willing to provide consent
to the research. Participants recruited through Cayenne Wellness
were required to self-report a physician diagnosis of SCD for
themselves and their children. Adult patients who also had children
with SCD were randomized to either the patient (ie, answer the
survey assuming they could get gene therapy for themselves) or
parent version (ie, answer the survey assuming they could get gene
therapy for their child and given their child’s condition). Parents
with multiple children with SCD were asked to consider the child
with the worst current symptoms as they completed the survey.
Participants were compensated $15 for taking part in the survey.
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Table 2. Symptom severity by baseline in choice questions

Baseline state

Worsened state

Group A No chronic pain in last 6 mo
No pain crises in last 12 mo
No organ damage

Group B Chronic pain in last 6 mo

OR 2 or more pain crisis in last 12 mo

OR Organ damage (stroke or ACS) in last 12 mo

Chronic pain for 6 mo
5 or more hospital visits for pain crises in 12 mo
TIA with no sequelae

Chronic pain for 6 mo
5 or more hospital visits for pain crises in 12 mo
Debilitating stroke with long-term sequelae

TIA, transient ischemic attack.

Analysis

DCEs generate data that relate respondents’ choices to the dif-
ferences in the attribute levels across alternatives. The statistical
analysis of choices provides a measure of the impact of changes in
the attribute levels on the likelihood that treatments are selected.
Results represent log-odds preference weights and indicate the
relative preference for treatments with specific attribute levels, all
else equal.’® Higher preference weights indicate greater chance of
choosing a treatment with such characteristics.

Heteroskedastic logit models were used to evaluate scale (ie,
variance) differences across recruitment sources and to determine
whether choice data could be pooled.”® Population-level prefer-
ences were estimated separately for adult patients and parents of
patients using random-parameters logit (RPL) regression models.
Preferences for all attributes were allowed to vary across respon-
dents using normally distributed random parameters. Correlation
effects across attributes were included to account for scale effects
unrelated to data sources.

Based on model fit, linear specifications were selected for all
numerical attributes except the chance of death in the adult-patient
sample. Expected lifetime risk of cancer was modeled using
dummy-coding, in which the omitted level represented no
increased risk of cancer. Finally, we tested for possible interaction
effects between the chance of no symptoms of SCD and increases
in life expectancy.

Preference weights from the fully correlated RPL models were
normalized to facilitate comparisons between the adult-patient and
parent samples.”® Treatment efficacy was rescaled between 0 and
10, where 0 corresponded to no gene therapy and no efficacy. All
the other attributes and levels were rescaled accordingly to pre-
serve the relative effects across attributes.

Preference-weight estimates from each RPL model were used to
compute minimum-acceptable benefits (MABs). MABs represent
the minimum chance of eliminating SCD symptoms with gene
therapy that would leave the patient at least as well off as they
would be without gene therapy given a specific treatment-related
increase in the risk of death. To compute the MABs, we calcu-
lated the disutility associated with a gene therapy that implied a
specific increase in the risk of death. We contrasted the value of
that gene therapy against the option of not getting gene therapy
and accepting a continuation of the SCD symptoms. Thus, the
perceived acceptability of the mortality risk with gene therapy was
affected by the severity of the baseline symptoms. We then
determined the increase in the chance of eliminating SCD symp-
toms that would offset the potential harm of the gene therapy.
Confidence intervals (Cls) were calculated using Krinsky and Robb
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parametric bootstrap simulations®” based on the model variance-
covariance matrix for mean estimates.

Results

Of the 266 and 114 adult patients and parents of pediatric patients
screened, 180 (68%) and 114 (100%) met the study inclusion or
exclusion criteria, respectively. The DCE survey was completed by
178 (99%) adult patients and 111 (97%) parents. Four adult
patients and 2 parents were regarded as inattentive to the content
of the choice questions; that is, they always chose “Gene Therapy
A" or “Gene Therapy B" across all 13 questions and were excluded
from data analysis. Table 3 reports characteristics of the study
samples representing 174 adult patients and 109 parents. The
average age of adult patients was 34 years. Approximately 73%
were female, 97% were Black or African American, and 40% held
at least a bachelor's degree. The average age of parents was 40
years. Approximately 79% were female, 94% were Black or African
American, and 31% held at least a bachelor’'s degree.

Adult patients reported an average of 3 pain crises that required
medical attention in the 12 months before the survey. Fifty-eight
percent patients experienced some level of continued pain for at
least 6 months. Approximately 20% of the patients had an ACS
episode at some point in the past. Seven adults (4%) reported
having had a stroke in the 12 months before taking the survey, of
which 2 resulted in permanent mental disability and/or physical
disability.

The average age of the pediatric patients was ~9 years, and 47%
were female. Parents of these patients reported that their children
had experienced an average of 1 pain crisis that required attention
at a hospital or a clinic in the 12 months before the survey. Nine-
teen percent of the children had suffered some level of continued
pain for at least 6 months or an ACS episode. Less than 1% of the
children had had a stroke, none of whom experienced permanent
mental or physical disability. However, when asked to recall the
child’s worst year with SCD symptoms, caregivers reported their
child experienced an average of 3.8 VOCs that required hospital-
ization. Approximately 18% (18.3%) of parents also reported hav-
ing SCD. Finally, ~88% (87.7%) of parents stated that they
expected their child with SCD would live at least as long as the
average life expectancy provided for this population, and ~70%
(69.8%) stated they thought their child would live longer.

Of the 4 comprehension questions in the survey instrument, 85%
of adult patients and ~82% of parents provided >3 correct
answers. Less than 2% of respondents made their choices based
solely on 1 attribute (ie, attribute dominance). Approximately 2.8%
of adult patients and 1.8% of parents always chose a gene

12 DECEMBER 2023 - VOLUME 7, NumBer 23 € blood advances

20z AeN Lz uo ysenb Aq Jpd-urew-089600-€20C-APE BPOOIA/08Z9. LT/ | LEL/ET/ L/IPd-B]0IE/SBOUBAPEPOO|]/ABU SuoleDlgndysey/:diy woly papeojumoq



Table 3. Characteristics of the study samples

Characteristic

Adult patients (N = 174)

Parents of pediatric patients (N = 109)

All respondents
Survey duration in minutes, median
Age in years, mean (SD)
Female, %*
Race, %"t
American Indian or Alaska Native
Black or African American
White or Caucasian
Other
Ethnicity, %
Non-Hispanic, Latino or Spanish origin
Hispanic, Latino or Spanish origin
Educational attainment, %*
High school or less
Some college but no degree
Associate degree or technical school
4-y college degree
Graduate or professional degree
All patients
Patient age in years, mean (SD)
Female, %
In the last 12 mo prior to the survey

Number of sickle cell pain crises that required
attention at a hospital or a clinic, mean (SD)

Experienced some level of continued pain for at
least 6 mo, %

Had an ACS episode, %
Had a stroke, %*

Received blood transfusions, %
To help manage a pain crisis

To resolve issues related to SCD other than
pain crises (eg, damage to organs such as the
brain, eyes or kidneys)

To prevent future strokes or heart problems
Currently taking hydroxyurea to treat SCD, %*
Received a bone marrow transplant in the past, %*

Received gene therapy in the past, %*

26.2 28.4
34.0 (11.5) 39.6 (9.1)
72.9 78.5
2.9 0
96.5 93.5

1.8 10.3
4.1 5.6
88.5 91.7
115 8.3
20.1 19.6
26.0 25.2
13.6 24.3
23.1 14.0
1741 16.8
34.0 (11.5) 8.9 (5.1)
72.9 46.8
3.4 (5.4) 1.4 (2.0)
58.1 19.3
19.5 19.3
4.1 0.9
25.9 19.3
7.5 9.2
9.8 7.3
49.4 54.3
5.3 2.8
1.8 0

SD, standard deviation.
*Percentages do not include missing responses in the denominator.
tRespondents were allowed to select more than 1 answer.

therapy. Meanwhile, ~6.9% of adult patients and 4.6% of parents
always chose to opt out. Approximately 10% of respondents
failed across-set monotonicity checks (10.7% and 10.8% for
adult patients and parents, respectively). With regard to the
scope test included in the DCE, we found that it is possible to
reject a scope-test failure among adult patients (P =.05), but the
same was not true of parents (P = .32). Although these evalua-
tions help ascertain the consistency of responses in the data,
there may be valid reasons for patterns of choices that do not
meet a priori expectations.?®
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Preference weights from the RPL models are reported in
supplemental Tables D1 and D2 (Appendix D). Rescaled pref-
erence weights for the adult and parent samples are shown in
Figures 2 and 3. In general, better clinical outcomes were
preferred (ie, higher preference weights). Gene therapies with
greater chances of no SCD symptoms or greater improvements
in life years were preferred by both adult patients and parents.
Both adult patients and parents preferred lower chances of
death within 1 year after treatment. When considering gene
therapies that resulted in an increase in lifetime cancer risk,
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Rescaled preference weight

Increase in
life years

Chance of no
SCD symptoms

-5.0 4

]

90%
80%
60% M
40% W
0% M
8 years
4 years
None
None
10%

Group A at “worsened” state

Group B at “worsened” state

Group B at baseline

Group A at baseline

Chance of death
within 1 year
—a—a —a—a —a—a

Figure 2. Group A at baseline represented respondents

reporting symptoms and di

history cc
with mild SCD severity. Group A at “worsened” state was
asked to assume having chronic pain for 6 months, >5
hospital visits to handle pain crises, and a transient ischemic
attack (mini stroke). Group B at baseline represented
respondents reporting symptoms and disease history
consistent with moderate or severe SCD severity. Group B
at “worsened” state was asked to assume having (1) chronic
pain for 6 months, >5 hospital visits to handle pain crises,
and a transient ischemic attack (stroke) if they never had a
stroke or ACS; or (2) chronic pain for 6 months, >5 hospital
visits to handle pain crises, and a debilitating stroke with
long-term sequelae if they had a stroke or ACS in the past.

Lifetime Of the 174 respondents, 44 and 130 respondents were in
cancer risk group A and group B, respectively. Error bars indicate

95% Cls.

30%

None

Not expected
Not known

neither adult patients nor parents discriminated among the
attribute levels presented.

Proclivity for gene therapy can be evaluated through the relative pref-
erence weights for positive chances of eliminating SCD symptoms. The
distance between these weights and the weight for 0% chance of
eliminating symptoms conveys the intensity of preference for treatment.
Adult patients in group A (ie, mild symptom severity) were less likely to
accept gene therapy at current baseline compared to group B adults.
Interest in gene therapy increased substantially as adult respondents in

group A were asked to suppose they experienced worse symptoms (ie,
had chronic pain, >5 pain crises and a stroke without long-term
sequelae). Adult patients in group B were more likely than those in
group A to accept gene therapy with any of the efficacy levels pre-
sented in the choice questions (Table 1). Among parents of patients,
we found no difference in their proclivity for gene therapy across current
baseline levels (ie, group A at baseline vs group B at baseline). The
likelihood of choosing gene therapy with the supposed worsened state
increased more for group B than group A among parents, and more for
group A than group B among adult patients.

Figure 3. Group A at baseline represented respondents
: reporting symptoms and di history consistent
10.0 ~ i Group B at "worsened” state with mild SCD severity. Group A at “worsened” state was
Group A at “worsened” state asked to assume having chronic pain for 6 months, >5
7.5 1 hospital visits to handle pain crises, and a transient ischemic
E attack (mini stroke). Group B at baseline represented
g 5.0 4 respondents reporting symptoms and disease history
§ ' consistent with moderate or severe SCD severity. Group B
E Group B at basel?ne at “worsened” state was asked to assume having: (1)
E 2.5 1 Group A at baseline chronic pain for 8 months, >5 hospital visits to handle pain
2 crises, and a transient ischemic attack (stroke) if they never
2 0.0 had a stroke or ACS; or (2) chronic pain for 6 months, >5
& .
hospital visits to handle pain crises, and a debilitating stroke
with long-term sequelae if they had a stroke or ACS in the
—2.5 1
Chance of no Increase in  Chance of death Lifetime past. Of the 109 respondents, 56 and 53 respondents were
SCD symptoms life years within 1 year cancer risk in group A and group B, respectively. Error bars indicate
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Figure 4. Error bars indicate 95% Cls.

Figure 4 reports the MABs required of gene therapies with 10%
and 30% chances of death within 1 year after treatment by adult
patients and parents. The MABs corresponded to respondents’
choices assuming their current symptoms and with “worsened”
symptoms. To accept a 10% chance of death, adult patients with
their current symptoms in group A required a MAB of 67%
(95% ClI, 20-97) whereas those in group B only required 34%
(95% ClI, 16-77). At the “worsened” state, the MAB required by
group A decreased to 8% (95% Cl, 4-9) whereas group B required
a 20% MAB (95% Cl, 11-42).

Parents required lower MABs compared with adult patients. For
group A, the MABSs for a treatment with a 10% chance of death were
8% (95% CI, 3-62) given the patients’ current symptoms and 3%
(95% Cl, 1-5) for the “worsened” state. For group B, the MABs were
4% (95% Cl, 2-21) given the patients’ current symptoms and 2%
(95% Cl, 1-4) for the “worsened” state. Similar patterns in MABs and
greater MABs were expected for accepting a 30% chance of death.

Discussion

This is the first study investigating adult patient and parent pref-
erences for outcomes associated with gene therapy for SCD. Our
study is also unique with its within-respondent evaluation of
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choices in the context of current and worsened disease-related
severity. We found that adult patients and parents were generally
willing to opt for gene therapies, but they have different perspec-
tives on the acceptability of their benefit-risk tradeoffs. Preferences
were logically ordered for both adult patients and parents. Both
adult patients and parents more often opted for gene therapies
offering higher chances of eliminating SCD symptoms and longer
life expectancy, and less often opted for gene therapies with higher
chances of death, controlling for other factors.

Adults experiencing mild SCD symptoms required gene therapies
to offer at least a 67% chance of eliminating SCD symptoms, on
average, to accept a 1-year mortality risk of 10% associated with
gene therapy. In contrast, adults experiencing moderate symptoms
required much lower levels of benefit. For example, to accept gene
therapies posing 10% or 30% mortality risks, adult patients
required 34% and 37% chance of no SCD symptoms, respectively.

Although a 30% mortality risk was far beyond the known risks for
gene therapy at the time of this survey, the inclusion of such a high
level of risk allowed us to conclude that gene therapies offer
benefits that are potentially much more valuable than the negative
impacts they entail. Respondents’ willingness to consider treat-
ments with such a high level of mortality risk is consistent with
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feedback provided by caregivers and patients during the interviews
to test the survey instrument. Thus, although the inclusion of a 30%
mortality risk in the DCE is not meant to imply that such a risk level
is acceptable in the context of clinical decision making, it is a
reflection of the great importance of potentially curative therapies.

Disease severity was observed to have a large influence on benefit-
risk preferences for gene therapy. When adult patients who were
experiencing mild symptoms considered worsened SCD severity,
they required less benefits (ie, ~8% chance of eliminating SCD
symptoms, given a 10% chance of dying from the treatment).
Adults who reported experiencing moderate symptoms required
~20% chance of eliminating SCD symptoms for gene therapies
with a 10% mortality risk when asked to consider having worsened
symptoms.

Similar patterns regarding efficacy requirements were observed
when parents were asked to consider more severe symptoms than
their child's current symptoms. However, overall MAB estimates
given gene-therapy risks were much lower among parents
compared with adults regardless of baseline symptoms. These high
levels of risk tolerance are consistent with previous documented
results for parents of patients when evaluating acceptability of
hematopoietic stem cell transplant transplant in SCD.?° In 1 study,
~40% of parents who were interviewed said that they would be
willing to accept at least a 15% chance of death from the pro-
cedure, and 12% stated that they would be willing to accept >50%
chance of treatment-related mortality.> Nonetheless, more studies
are needed to confirm these levels of risk tolerance and to gain a
broader understanding of their reasoning.

In general, greater acceptance of gene therapies was observed
when respondents were asked to consider a higher level of dis-
ease severity, suggesting higher risk tolerance with more
advanced disease states. The relatively lower levels of accep-
tance among those who actually experienced more severe
symptoms suggests adaptation as they gain experience with new
or more severe symptoms. This observation is common in other
chronic diseases where patients report good quality of life despite
a lower rating of health states by observers.®’ We also note that
the Cls around the estimates for no gene therapy were much
wider in the questions where respondents had to imagine wors-
ened symptoms. Taken together, caution may be warranted when
asking patients about their treatment preferences for a health
state that they have not yet experienced. One exception to this
pattern was seen among parents of patients evaluating worsened
baselines. It is possible that parents of young patients discounted
the difference in the severity of strokes based on their expectation
that stroke screening and preventative measures would likely
prevent serious sequelae.

Several factors may be contributing to the high-risk tolerances
observed in our study. First, it is possible that respondents
considered the level of uncertainty around efficacy measures. In the
survey, we presented scenarios of efficacy and risks out of 10
patients treated with gene therapy. Respondents could have
reasonably surmised that the level of efficacy could vary dramati-
cally as the number of patients treated increased beyond 10. This
is potentially a real issue given the currently limited evidence
collected through trials for gene therapy. Second, respondents in
group B who reported that the patient experienced a stroke at
baseline were asked to suppose the patient experienced another
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stroke with sequelae. Previous work suggests such an event is very
impactful, and potentially more so than death.**> Third, media
attention to successful gene-therapy interventions around the time
of data collection could have triggered some level of hope for
better outcomes among respondents. Finally, caregivers could
have been reacting to the issues experienced when their child's
SCD symptoms were most severe. Although short-term survival
among children with SCD is not as big of a concern, the stress and
pain of VOCs could have led caregivers to focus on avoiding
serious quality-of-life issues through gene therapy.

Although the risk of death from gene therapy was considered
important by respondents, the potential increase in the lifetime risk
of cancer was not perceived as important relative to the other study
attributes. Changes between the levels for this attribute may be too
small to be statistically significant given the study sample size
(<180). The qualitative description of the attribute might have
played a role as there is some evidence that ambiguity in the
definition of adverse effects can reduce their importance.®*
Furthermore, the prognosis of cancers can be variable depending
on the type of cancer and this also may have contributed to the
ambiguity of the definition. Furthermore, we informed respondents
in the survey that the lifetime probability of cancer without gene
therapy is about 1 in 3, which is consistent with the lowest esti-
mated probability for adults in the United States.®*

Limitations include the fact that choices made based on hypo-
thetical scenarios do not carry the same consequences as real-
world choices. Furthermore, part of the study required respon-
dents to imagine that they experienced a worsened health state,
which may be difficult for the respondents to do. Although we tried
to provide specific descriptions of the symptoms that are experi-
enced with the worsened health state in the survey, there may still
be variation among how respondents interpreted or imagined a
worsened health state. Although this approach has its limitations
and compounds the hypothetical nature of the decisions elicited in
the survey, it provided a way to evaluate the impact of worsening
baseline conditions. In that sense, our study provides insights into
decision making among individuals with conditions that can be
expected to worsen in the future. Our results suggest there is a
heightened need for attention to patient education and consent as
patients' conditions worsen.

Another limitation is that some respondents had to self-report the
severity of the symptoms and we cannot ascertain with certainty if
what they reported was reflective of their actual clinical severity.
Nonetheless, the questions used in the survey to classify baseline
severity were reviewed by clinical experts and further tested with
patients during in-person interviews before fielding the survey.
Furthermore, we used a convenience sample for this study and the
sample may not be completely generalizable to the US SCD
population. And yet, our study sample generally reflects greater
prevalence of chronic pain and disability among adults compared
to children with SCD. Although pediatric patients can have serious
and life-threatening complications, their incidence has decreased
compared to historical levels owing to effective screening and
prevention measures.®® Thus, our study would provide preliminary
insights of risk tolerance toward gene therapy, especially among
caregivers of pediatric patients who are less likely to manifest the
chronic complications of SCD associated with end organ damage
and have lower health care use.
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Finally, our survey included information about gene therapy based
on knowledge available at the time of the study. Understanding of
gene therapy outcomes is continually evolving and our study
findings may not capture the full spectrum of differences between
gene therapies and other treatment options. For example, a
description of the possibility of infertility as a result of myeloa-
blative conditioning was included, but we did not alter the likeli-
hood of future fertility problems across treatment options. With
currently used bone marrow preparative regimens for curative
treatments, risk of infertility is expected to be comparable between
gene therapy and HSCT, with variables such as age, menarchical
status, and specific drugs used affecting outcomes.*® Neverthe-
less, understanding of fertility issues associated with gene therapy
could evolve over time. Furthermore, when we designed the study,
haploidentical HSCT was not widely accepted as a potential
substitute for gene therapy. Thus, the study did not include it as a
potential treatment option for patients with SCD. Finally, we used
a qualitative description of the risk of malignancy associated with
gene therapies and limited the long-term risk of death from gene
therapies to this particular outcome. Although these factors could
affect how patients and caregivers evaluate the benefits and risks
of gene therapy, they were based on the evidence available at the
time of survey implementation. As clinical evidence evolves, future
stated-preference studies should be conducted to better elucidate
acceptable benefit-risk tradeoffs with gene therapy for SCD.
Future research also could focus on understanding where simi-
larities and differences may lie in the acceptability of gene thera-
pies among providers and with regard to the parental role of
caregivers.

The decision to receive gene therapy is invariably a complex one
and includes evidence that is evolving quickly, even from the time
this survey was developed and administered. Nonetheless, this
study provides the first rigorous evaluation of the acceptable
tradeoffs associated with gene therapy, forms a basis for evaluating
gene therapies from the perspective of adult patients and care-
givers of pediatric patients, and contributes to ongoing discussions
about the acceptability of this novel technology.

Conclusions

The appeal of gene therapy is evident in our study results, with
respondents accepting gene therapy in most scenarios presented,
despite the risks associated with these novel therapies. Although
symptom severity can be expected to vary significantly throughout
patients’ lives, severity of recent symptoms within the last
12 months appears to be a major driver of the acceptability of the
risks associated with gene therapy. Not surprisingly, those with
milder symptoms may be less willing to accept the risks of gene
therapy and see other treatment options as viable. However, an
expectation of rapid deterioration of health through organ damage
and vaso-occlusive events can trigger strong reassessment of the
acceptable balance between benefits and risks of this novel
technology. As better risk stratification for these patients is
developed in the future, it would be key to convey this information
clearly to patients to enable decision-making regarding gene
therapies.
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