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Abstract

Sickle cell disease (SCD) is a blood disorder with few treatment options currently available. However, in recent years, there
has been much progress toward developing new therapies and curative treatments to help patients with SCD. Stem cell trans-
plant remains the only approved curative treatment for SCD, but new clinical trials are being initiated using gene therapy and
gene editing. We surveyed patients with sickle cell disease (N=9) about attitudes toward stem cell transplant, gene therapy
to add a new healthy gene, gene editing to up-regulate fetal hemoglobin, or gene editing to correct the point mutation. The
participants read a fact sheet that included objective information on each curative treatment. When asked which curative
treatment each participant would choose, all four options were selected at least once. The most highly selected treatment
was gene correction gene editing (N=4). Participants generally agreed that the four treatment options are beneficial but were
more mixed in their thoughts on whether the options are dangerous. Reasons for selecting a particular curative treatment
were variable, but the most selected reasons were perception of a cure (N=4) or decreased severity (N=4), and not need-
ing a donor (N=4). We are at the beginning stages of understanding how patients with SCD make decisions about curative
treatments. Currently, patients may be interested in any of the four possibilities for curative treatments, with gene correction
gene editing as the most popular choice. Reasons for choosing one treatment over another are mixed.
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Introduction which results in a milder, but not asymptomatic phenotype
(Akinsheye et al. 2011).
For many years, the only treatment option for individ-

uals with SCD was to treat the symptoms by prescribing

Sickle cell disease (SCD) is a blood disorder that affects over
90,000 individuals in the USA (CDC 2015). This includes

approximately 9,000 individuals in California (CDC 2015)
and over 7,000 individuals in Georgia (RuSH - CDC 2012).
The cause of hemoglobin S is a p.Glu6Val pathogenic
variant in the -globin gene, which causes hemoglobin to
become sickle-shaped in the deoxygenated state; this leads
to cell polymerization and aggregation (Inusa et al. 2019). At
birth, about 70% of hemoglobin is fetal hemoglobin (HbF),
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pain reducers or by providing narcotics, antibiotics, fluids,
hydroxyurea, and red blood cell transfusions (Lanzkron et al.
2008). The only current FDA-approved and widespread
curative therapy for SCD is by hematopoietic stem cell trans-
plantation (SCT) (Shenoy 2013). SCT involves replacing the
bone marrow of an individual with SCD with bone marrow
from a donor (Fitzhugh et al. 2014). SCT has successfully
cured SCD for many patients and has been well studied for
SCD and other diseases (Fitzhugh et al. 2014). SCT requires
the use of chemotherapy to remove the transplant recipi-
ent’s cells, and those cells are then replaced with donor cells
(Bolafios-Meade and Brodsky 2015). Graft-versus-host dis-
ease is a possible side effect of SCT (Bolafios-Meade and
Brodsky 2015). More recently, the FDA approved clinical
trials for gene therapy and gene editing for SCD (clinicaltr
ials.gov). There have been several successful gene therapy
reports for SCD patients in recent years (Ribeil et al. 2017;
Rubin 2019). Gene therapy as a cure for SCD works by
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inserting the correct f-globin sequence into an inactivated
virus (Demirci et al. 2019). This virus is then introduced
into a portion of the removed bone marrow of a patient with
SCD (Demirci et al. 2019). The bone marrow is returned
to the patient (Demirci et al. 2019). Researchers are also
using CRISPR-Cas9 to either induce y-globin production
(Weber et al. 2020) or induce double stranded breaks and
allow for repair of the HBB gene (Tasan et al. 2016). In both
techniques, clustered regularly interspaced short palindromic
repeats (CRISPR) and CRISPR-associated protein 9 (Cas9)
are used to induce a genetic change, which allows for a sub-
sequent process that leads to SCD being cured (Antoniani
et al. 2018).

Past studies have investigated how individuals with SCD
make decisions about treatments (Hankins et al. 2007; Ross
et al. 2016). Hankins et al. (2007) found that hydroxyurea
was the most desirable treatment compared to blood transfu-
sions and SCT due to the perception of safety and efficacy
of hydroxyurea. Ross et al. (2016) found that individuals
with higher disease severity and greater perception of poor
prognosis were more likely to have an interest in undergoing
SCT. Most recently, Persaud et al. (2018) found that indi-
viduals in the SCD community are interested in participating
in clinical trials involving CRISPR, due to the possibility of
reducing suffering, due to altruism, and because of a lack of
other treatment options. At the same time, they had concerns
about the dangers, the permanency, and the cost/access (Per-
saud et al. 2018).

There have not been any studies on how individuals with
SCD will make treatment decisions in an era where gene
therapy and gene editing will join SCT as a curative option.
The purpose of this study is to ascertain how individuals
with SCD might make decisions about treatments in order
for healthcare providers to provide adequate counseling and
education on the different options.

Methods

We conducted a descriptive quantitative research study using
an online survey of SCD patients, recruiting from several
support groups and community-based organizations in Cali-
fornia and Georgia. California and Georgia were the two
states chosen specifically due to the CDC’s publicly acces-
sible data on SCD in these two states. Three groups were
identified in each California and Georgia through online web
searches and social media. There may be smaller groups and
organizations that were not included in this initial recruit-
ment stage. Support group coordinators were contacted via
email with information on the study and requested that our
survey be sent out to all participants on the support group
contact list. Potential participants were emailed survey
information through support group coordinators. Inclusion
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criteria included individuals with a diagnosis of SCD, those
who are 18 years old or older, those with access to an elec-
tronic device to fill the survey out, and those who can read
and type in English. Confirmation of SCD diagnosis was by
self-report only, and not verified with medical records. The
survey was available for completion from September 2019
through March 2020. The study coordinators requested that
the survey be sent out twice to the support group members.

The participants were asked to read a consent document
prior to completing the survey, and completion of the survey
after this point was considered consent. Individuals who then
met inclusion criteria were asked to complete a 27-question
anonymous online survey administered by Qualtrics, an
online survey software that is approved for HIPPA-related
research. The survey measured demographic and social vari-
ables (Table 1). We used the CDC’s Health-Related Quality
of Life (HRQOL) measure to assess disease severity; the
number indicates how many days an individual perceives
as being physically or mentally unhealthy (HRQOL - CDC
2018). The CDC commonly uses 14+ days per month to
indicate a substantial level of impairment (HRQOL - CDC
2018). We measured the perception of the treatment options
(efficacy, safety, fear, concerns, hopes, and dangers) using
the Factors Influencing Preference Questionnaire (FIPQ;
Hankins et al. 2007). The survey included a fact sheet, which
included objective information on the four different treat-
ment types including advantages and disadvantages of each.
All potential participants (including those who did not com-
plete the survey) had the opportunity to enter into a lottery
for four $100 gift cards, which were used based in part on
California requirements for reimbursement after research,
and in part because we wished to offer potential participants
a larger incentive, as compared to offering smaller hono-
rarium for each respondent.

Due to the nature of our survey data and the number of
participants, we performed descriptive analysis of the data
using version 26 of the Statistical Package for Social Sci-
ences (SPSS) - 2019.

Results
Demographics

Of a total 23 people who began the survey, 17 met inclusion
criteria and 9 people completed the entire survey; demo-
graphic details are described in Table 1. Eight people who
met inclusion criteria did not complete the survey. These
individuals did not provide information for why they did
not submit answers for all questions. The mean age of par-
ticipants was 31.89 (+ 10.13) years. All but one participant
(N=8) described themselves as Black and had at minimum
graduated from high school or its equivalent. There was an
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even mix of females (N=5) and males (N=4). Most of our
participants were from urban areas (N=7), with fewer being
from suburban (N=1) or rural areas (N=1). The majority of
participants were from California (N=6), with fewer being
from other countries (Canada N=1), or other states (Geor-
gia N=1 and Minnesota N=1). Most participants consid-
ered themselves religious, with about half of the participants
(N=4) considering themselves Christian. Three of our par-
ticipants (N=3) reported having one relative who also had
SCD.

All participants stated that their general health was either
good (N=4) or fair (N=5). Using the HRQOL, the mean
number of unhealthy days (physical and mental) was 20.11
(+ 10.25). All but one of our participants (N=8) have tried
at least one treatment for sickle cell disease, typically blood
transfusions (N=7) and/or hydroxyurea (N=4). None has
undergone a bone marrow transplant themselves, though 4
report knowing someone who has, either for SCD or other
reasons.

Treatment preferences

Summaries of each participant’s survey responses are in
the supplementary materials (Appendix 1) and individual
responses are described in Table 2. After reading a fact sheet
(Appendix 2), participants were asked how likely they would
be to choose a curative treatment for SCD if it were available
at this time (Fig. 1). Participants were most likely to choose
gene correction gene editing (N=4), followed by gene ther-
apy to add a new healthy gene (N=3). One participant (N=1)
chose fetal hemoglobin gene editing and one (N=1) chose
stem cell transplant. Participants selected from a list of 38
reasons for their treatment choice; 22 reasons were chosen
at least once. The most selected reasons for picking one of
the curative options (bolded in Table 2) were because the
treatment could cure them (N=4), the treatment could make
their disease less severe (N=4), and because the treatment
uses the participant’s own cells, and they would not need
a donor (N=4). Other reasons given for picking an option
were that the results of the treatment look very good (N=3),
that a treatment will decrease the number of hospitalizations
a participant has per year (N=3), that it sounds like it will
be more likely to be successful (N=3), that a treatment will
have fewer side effects (N=3), and that the participant can
follow through with the treatment (get to visits, etc.) (N=3);
see Table 2.

Discussion
With research into the decision-making process of patients

with SCD lacking, our aim was to understand how individu-
als with SCD approach treatment decisions. This information
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is important to ascertain so that healthcare providers know
what information to convey to patients once these treatments
are all approved. This paper highlights where SCD patients
have similarities and diversity in how they are thinking about
current and future curative treatments for SCD.

Consistent with data from Hankins et al. (2007) that eval-
uated stem cell transplant, hydroxyurea, and red blood cell
transfusions, participants in this study generally agreed that
all four of the curative treatments are beneficial, although the
participants in our study demonstrated mixed and nuanced
views for the treatments they were asked to evaluate. The
curative treatment that our participants chose the most was
gene correction gene editing. The most common reasons
that participants chose a particular treatment option were
because the treatment is curative or could make the disease
less severe, and there would be no need for a (stem cell)
donor. Other studies have not evaluated the same measures,
though Strong et al. (2017) showed that many SCD patients
are hopeful about cures such as gene therapy and Persaud
et al. (2018) found that patients with SCD are specifically
hopeful about gene editing and the transition from hypo-
thetical to approved treatments. While our study size is too
small to draw generalizable conclusions, it was very inter-
esting that several participants strongly agreed that all four
potential curative treatments were beneficial, but reporting
feeling unlikely to choose them (Participants 2 and 3), and
that their reasons differed. Participant 2, for example, stated
several reasons for choosing a curative option, including not
needing a donor and the treatment they chose can make their
disease less severe, and felt that stem cell transplant and fetal
hemoglobin gene editing, but not the gene therapy and gene
editing approaches, were dangerous. Participant 3 felt that
all four curative treatments were dangerous, which may have
influenced how likely they were to choose a cure.

There were several limitations of this study. Our small
population size did not permit us to study correlations
between different variables and choices made. Second, all of
our participants were recruited from voluntary SCD patient
support groups that may not represent the larger SCD patient
population. Third, more of our participants were from Cali-
fornia, possibly due to more individuals with SCD residing
in California, compared to Georgia, and therefore may also
not represent the larger SCD patient population. Despite
these limitations, our results highlight the importance of
conducting research on curative options and effectively
educating patients with SCD on these curative treatments.
Future studies diving further into the decision-making pro-
cess of patients with SCD can shed further light on what is
important to this patient population (and therefore where
more outcomes data is needed) and how to better support
their treatment decision-making. In particular, Riva and
Pravettoni (2016) have looked at value-based decision-
making in medicine. Further research could look at whether
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Fig. 1 a Displays the likeli-
hood of participants to choose
each individual treatment. b
Displays the perceptions of
benefit that the participants felt
about each treatment. ¢ Displays
the perception of danger that
the participants felt about each
treatment
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the values of patients with sickle cell disease correlate with
the decisions that patients make.

Healthcare providers can continue to determine what is
important to patients with sickle cell disease when making
decisions around different treatment options. There are ben-
efits and downsides to both the approved and experimental
curative treatments, so further research into the decision-
making process will help healthcare providers give useful
and personalized information to each patient. This can be
extended beyond sickle cell disease; as new technologies are
proving to be successful, researchers can commence trials
on other monogenic and polygenic diseases. We are in the
beginning stages of understanding how patients make deci-
sions about different treatment options and we anticipate
these processes may change over time. In conclusion, our
study showed that among our participants, gene correction
gene editing was the most popular choice, participants gen-
erally agree that all four of these treatments are beneficial
but had more mixed opinions on if they were dangerous,
and there were a variety of factors that influenced one’s
decision regarding which curative treatment they would be
most likely to choose. Future research can further explore
correlations between demographic and lifestyle factors with
different treatment decisions.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12687-021-00562-z.
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