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Abstract

Introduction: Sickle cell disease (SCD) is a chronic genetic disease with high morbidity and
early mortality; affecting nearly 100,000 individuals in the United States. Bone marrow
transplantation, the only curative treatment, is available to less than 20% of patients, due to a
number of access barriers. Gene transfer therapy (GTT) has shown to be curative in animal
models, and is approved for use in humans for early-phase studies at a few centers. GTT would
offer a more accessible treatment option available to all patients. It is important to understand
patient perspectives on GTT to help ensure human clinical trial success.

Methods: Two focus groups were conducted with younger (18-30 years) and older (= 31 years)
adults with SCD to obtain data on patient knowledge and beliefs about GTT. Data from these two
focus groups was used to develop a GTT educational brochure. A third focus group was conducted
to obtain participant feedback on acceptability and feasibility of education and the brochure.

Results: Most adults, especially young adults, had little knowledge about GTT and expressed
fear and uncertainty about the side effects of chemotherapy (e.g., hair loss, infertility), use of a
human immunodeficiency virus (HIV)-derived viral vector, and potential for cancer risk.
Participants wanted full transparency in educational materials, but advised researchers not to share
the vector’s relation to HIV due to cultural stigma and no HIVvirus is used for the GTT-vector.
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Conclusions: Older adults had more desire to participate in human clinical GTT trials than
younger participants. When recruiting for trials, researchers should develop GTT educational
materials that address participant lack of trust in the healthcare system, cultural beliefs, fears
related to side effects, and include visual illustrations. Use of such materials will provide adults
with SCD the information they need to fully evaluate GTT.
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Introduction

Sickle cell disease (SCD) is a chronic genetic blood disorder with high morbidity and early
mortality, affecting approximately 90,000 individuals in the United States [1] and millions
worldwide. The disease results from the polymerization of sickle hemoglobin upon
deoxygenation, resulting in change in the shape of the otherwise round red blood cells
(RBCs) to sickle shapes. The hallmark of SCD is vascular occlusion of small blood vessels
from sickled RBCs, and in turn, reduced blood flow, and oxygen delivery to tissues and
organs.[2] In addition, the constant sickling and unsickling of RBCs makes them fragile and
prone to hemolysis, resulting in anemia. These vascular occlusions, hemolysis and anemia
largely contribute to symptoms and disease-related complications, such as pain episodes,
infections, strokes, stunted growth, delayed puberty, infections, and chronic end organ
damage, which can be severe and potentially life-threatening.[2, 3] The chronic and episodic
nature of this disease takes its toll and often causes psychological and emotional distress in
patients, and severely affects quality of life.[4]

The treatment of SCD has primarily focused on managing symptoms and reducing
complications. Daily hydroxyurea therapy is the most widely used treatment. It increases
fetal hemoglobin and ameliorates symptoms of sickling, and was approved by the Food and
Drug Administration for use in adults with SCD in 1998. In 2014, the National Heart, Lung
and Blood Institute (NHLBI) recommended hydroxyurea be offered to all children with
sickle cell anemia (HbSS and HbSB+Thalassesmia) age 9 months and older.[5] Although
hydroxyurea has very few side-effects, it must be taken daily to work and patients must have
their blood counts monitored regularly (i.e. every 1-3 months). In addition, there is limited
evidence of its benefits for adults with milder disease (less than 3 vaso-occlusive episodes
per year) or other genotypes.[5] Bone marrow transplantation (BMT) from a matched sibling
donor is the only curative treatment for SCD. BMT involves destroying the patient’s own
abnormal hematopoietic stem cells with high dose chemotherapy and transplanting donor
bone marrow hematopoietic stem cells into an individual with SCD. The goal of BMT is to
seed the bone marrow with new normal bone marrow that will begin to produce normal,
non-sickling RBCs indefinitely.[6] BMT cures SCD in greater than 90% of cases although
there are serious risks associated with the procedure.[6] Moreover, less than 20% of the SCD
patient population hasappropriately matched sibling donors available [6] and thus are
eligible for BMT. Although BMT with non-sibling donors is being investigated, it has more
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immunological side effects, higher mortality rates and it will be several years before this
treatment is readily available to patients. [7, 8]

Gene transfer therapy (GTT) is treatment of a disorder or disease through transfer of
engineered normal genetic material into human bone marrow cells to replace the defective
gene or its function.[9] GTT often utilizes information from viruses to help transport genes
into cells, without using any viral information. In SCD, GTT involves transferring an
antisickling hemoglobin, treated in the lab, directly into the patient’s bone marrow cells,
initiating the production of normal RBCs that do not elongate and stick together in the body.
[10] This GTT has been shown to cure SCD in animal trials. [11] , GTT would offer SCD
patients a ‘one-time’ curative treatment option that does not require a donor, as each patient
is her/her own donor. It is also devoid of immune complications, as the patient’s own bone
marrow cells are utilized. Newer approaches like gene editing and correction are in
preclinical stages, but GTT has been FDA approved for testing in clinical trials. [12] GTT
has some of the same side-effects/risks as BMT. Patients will experience temporary hair loss
and there is a risk that some patients will die from complications after the procedure. It is
also possible that GTT has unknown side effects (e.g. cancer later in life).

With the onset of GTT human clinical trials, it is important to examine patients’ perceptions
of the use of GTT as a treatment for SCD. In this study, we used qualitative methods (focus
groups) to explore adult patients” knowledge, beliefs, and acceptance of GTT as a potential
treatment for SCD. We also sought to understand preferences for learning about GTT and
used this data to develop and obtain feedback on an educational brochure for patients.
Qualitative methods are particularly useful in exploring patient perceptions of multifaceted
treatments, including GTT, as they enhance our understanding of participant’s personal
values and interpretation of educational messages, which may inform behavior and decision-
making.

In 2009, adult patients (N=103) from an SCD treatment center in the Midwest completed a
preliminary survey assessing their awareness of GTT and interest in participating in a
discussion group about GTT in the future during scheduled clinic or research visits
(unrelated research studies). Patients with SCD who agreed to be contacted (n=78) and were
between 18 and 60 years-old were considered eligible for the current study.

Prior to recruitment, this study received approval from the Institutional Review Board (IRB)
at the institution where focus groups were conducted. All procedures performed, and
compensation of participants was in accordance with the ethical standards of the responsible
committee on human experimentation (institutional and national) and with the Helsinki
Declaration of 1964, as revised in 2013. All eligible patients were contacted first by mail and
then by phone. Informed consent was obtained from all participants prior to each focus

group.
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Three focus groups were conducted between 2010 and 2012. The first two focus groups
were intended to examine patient knowledge, beliefs, and acceptance of GTT. The study
protocol was to conduct these focus groups with participants stratified by age, with one
group of younger (18-30 years) and the other of older (= 31 years). The third focus group
aimed to obtain feedback on educational presentations and materials. This group included
only younger (18-30 years) participants as early human trials are open to this age group.
Fifty percent of the participants in the third group also participated in one of the previous
focus groups as the goal was to obtain feedback to see if participants felt the brochure
addressed issues identified in the first and second focus groups. The research team
developed the content of the brochure based on data from the focus groups. A mixture of
text and images were used to facilitate ease of understanding. The Flesch-Kincaid reading
level for the brochure was eighth-grade. The goal was to develop content that could be
adapted to other forms of written, electronic or verbal media (e.g. flyer, website, verbal
communication).

Participants of the first two focus groups completed the GTT Survey during the focus group
study visit. Focus groups were conducted by two trained moderators (LC, JH) in the format
recommended by Krueger and Casey. [13]Focus groups began with an opening question,
followed by introductory questions, key questions, ending questions, a summary and final
questions. [13] Following participant discussion, a hematologist and expert in GTT (PM),
facilitated a Q&A segment, using a presentation with illustrations to help ensure that all
participants were well-informed on all topics discussed and to clarify participant
misconceptions. During each focus group, one moderator was responsible for memoing
emerging ideas and notes about the group. After each group, the research team met to review
these notes and identify themes and evaluate for saturation. [14]Focus group participants
were provided with lunch and compensated with $50 for their time and participation.
Participants were provided transportation to and from the focus group when needed.

Demographics.—All participants completed a demographics form that assessed
participant age, gender, income level, and highest grade completed. Participants also
described their perceived level of disease severity (mild, moderate, or severe). A medical
record review was conducted to collect data on SCD genotype.

GTT Survey.—The GTT survey was completed by the first two focus groups. The research
team developed the GTT survey to quantitatively and qualitatively assess participant
awareness of treatments for SCD including hydroxyurea, BMT and GTT including benefits
and side-effects of all treatments words associated with GTT, and whether participants
would consider GTT as a treatment option.

Focus Group Guides.—The focus group guides were structured using the qualitative
research methodology recommended by Krueger & Casey. [15] The content was developed
to align with study goals and refined through a series of meetings between the researchers
and clinic staff (i.e. hematologists, nurse practitioners, nurse care managers). For the first
two focus groups, discussion topics focused on disease knowledge (i.e. have you heard of
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the term “gene”,; what do you know about the different types of hemoglobin), SCD treatment
knowledge (i.e. what current treatments are you aware of for SCD,; what have you heard
about GTT), and beliefs about SCD treatments (i.e. what are your thoughts and feelings
about the various treatments for SCD; what are your concerns, if any, regarding the possible
risks of GTT). Based on data gathered in the first two focus groups, the research team
developed a GTT educational brochure (see Figure 1). The focus group guide for the third
group included questions about messages, images, and terms for educational materials and a
review of a GTT educational brochure’s acceptability and usefulness. This is included, level
of text detail, readability, and clarity of content and illustrations (i.e. does this [graphic or
text] clearly describe GTT, was the information easy to understand; what additional
information would you want to know about GTT).

Data Analysis

Quialitative data was collected and analyzed using a systematic approach outlined in
the literature and utilized by the authors in other studies. [14, 16] Each focus group
was video and audio recorded and later transcribed verbatim. Three trained coders
(LC, HS, and MM) independently reviewed each transcript first to obtain an
understanding of discussion content. For each group, transcriptions were then
manually organized into one of four categories; questions/prompts, major themes, minor
themes, and other topics. Coders then met to review coded data and resolve any
disagreements, in order to establish a consensus on reoccurring themes within groups.
[14]The GTT survey and demographic data were summarized using descriptive
statistics. In an exploratory analysis, Pearson’s chi-square was used to assess the
association between survey responses (level of concern about risks, willingness to try
GTT, and awareness of treatments), demographics (gender and family income) and
clinical characteristics (SCD genotype and disease severity).

Results

Sample Demographics

Forty-two adults with SCD (N= 42; 48% male) participated across three focus groups (see
Table 1). Participants were between 18 and 58 years of age (M = 27 £+ 11.04); most
participants identified themselves as African-American (one identified as “other”) and
reported a family income between $14,000 and $17,599 (median). Participants represented
three SCD genotypes: HbSS (83%), HbSB*Thal (10%), or HbSC (7%). Forty-four percent
(44%) of participants reported moderate disease severity, and 33% described their disease as
severe.

GTT Survey

Analysis of GTT survey data revealed that 38% of group 1 (ages 18-30) and 56% of group 2
(ages 31-60) reported being aware of GTT as a treatment for SCD. Older participants had
more positive impressions of GTT relating the treatment to words such as, “health”,
“empowerment”, and “future.” Participants were asked to rate how concerned they were
about the risk of possible side effects from GTT (7able 2). When participants were asked to
rate their concern for infertility on a 0-10 scale (0 = not very much; 10 = very much), the
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younger cohort voiced greater concern (M = 6.36 + 4.58) than the older group (M = 5.64

+ 4.13). When asked if they might consider GTT as a treatment option, the older cohort
responded with a mean of 9 + 1.92 on the 0-10 scale, compared to a mean of 4.14 + 3.21 for
the younger cohort. Pearson’s chi square revealed that among demographics and clinical
characteristics, only SCD genotype was significantly associated with level of concern about
infertility x2 (14)= 29.22, p= .01.

Themes Related to GTT Knowledge, Beliefs and Acceptance

We conducted only two focus groups (n = 26) to examine general perceptions of GTT;
however, saturation of themes was achieved within the groups (7able 3). The following
themes emerged.

Limited Knowledge about GTT.—AIl participants reported limited knowledge of GTT.
Participants also had misperceptions about GTT which resulted in concerns about GTT.
When asked, many participants had not heard of the term “gene transfer therapy,” nor had
they heard of GTT as a treatment for SCD.

Negative Effects of Chemotherapy.—Once informed of the GTT treatment process,
participants in both groups expressed a negative perception of chemotherapy and its use as a
part of the GTT procedure. Participants’ impression of chemotherapy was shaped by their
knowledge of its use in treating cancer. This made participants more apprehensive to
consider GTT, as they were concerned the chemotherapy would be “taxing on your body.”
Participants wanted assurance that chemotherapy used in GTT would not warrant the same
negative effects that cancer patients experience (“would you still have the same effects of
chemotherapy [when used in GTT] as you would treating cancer?”), inquiring about
chemotherapy duration (“how long are you taking the medicine?”), recovery time (“how
long will you be in the hospital?”’), amount of chemotherapy received (*so it’s just one set
[of chemotherapy treatment received]”), and side effects (e.g. hair loss).

Fear of HIV.—Participants were averse to the use of the human immunodeficiency virus
(HIV) vector as a delivery system for the hemoglobin F gene, describing this portion of the
treatment as “scary.” Respondents were afraid they might develop HIV, “you were trying to
get a treatment for sickle cell and now you got HIV.” Younger and older participants
expressed concern that researchers might later find that the viral vector causes HIV.

Trading SCD for Cancer.—Hearing about the potential risks and side effects of GTT
including cancer, infertility, hair loss, and “any other side effects | don’t know about”
contributed to participants perceiving GTT less favorably. The risk of developing cancer
made participants feel they would be trading SCD for another potentially more chronic
disease. Respondents stated that while SCD negatively impacts their quality of life and
increases their chances of early mortality, they would prefer to continue their current
treatment regimen than potentially develop another life-threatening condition. Finally,
participants felt the potential risk of cancer was not worth being cured of SCD.
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Infertility Risk Too High.—After being informed of the risk of infertility, many
participants agreed, “it’s [GTT is] a no go.” Discussion among younger participants
indicated that having children was important to their families. After being advised of
alternatives to address infertility (e.g. storing sperm/eggs, using a donor) participants’
perceptions did not change. Moreover, participants expressed that fertility preservation
techniques were “too much;” another added, “that just sounds like a longer process, trying to
get your eggs back in you after you’ve gone through that.”

Apprehension about GTT.—After learning about GTT, younger and older participants
were less accepting of GTT (“so you say the FDA hasn’t approved it yet?;” “there has to be
a reason why your [hemoglobin] F gene turns off, why would you turn that back on.”).There
were differences in perceptions between younger and older participants’ acceptability of
GTT (see Table 3). Younger participants were more skeptical of GTT with some stating
GTT “wouldn’t even be on the options of treatments.” Younger participants also shared that
they would not select GTT largely due to side effects and concerns about vector safety.
Younger participants noted that they would be more likely to consider GTT, and participate
in clinical trials “if you [researchers] were actually in the clinical stages;” and could provide
successful human trial data from a large sample.

Older participants viewed GTT as a progression in SCD treatment and described GTT as
“amazing” and “gives you hope for the future.” Discussion indicated that older participants
held altruistic motivations for wanting to participate in clinical trials.

GTT Educational Materials

Participants in the third focus group discussed the design and content of educational
materials and messages (7able 4). They also rated the brochure on helpfulness, ease of
understanding, clarity of content and illustrations, willingness to share with others and utility
for decision making about participation in GTT (see Table 5). Major themes from the focus
group were as follows:

Information on GTT Trials.—Participants shared that educational materials should
include clinical trial data. Participants noted that presenting longitudinal outcomes from a
larger sample size would give them more confidence in the reported safety, efficacy, and side
effects of GTT (“it might be safe now, but it’s so much stuff they [the FDA] has approved
and ....recalling back”). They also expressed interest in more explicit reporting of the side
effects and risks of GTT based on these trials. Participants were concerned that there might
be undiscovered side effects or risks that would impact their decision making. One
participant inquired, “off the top of your head, as a doctor, what would you think would be
the [other possible] side effects?”

Personalized Information about GTT.—Participants also sought information on how
their SCD treatment history might impact GTT (e.g. “what if you’re on something other than
hydroxyurea before transplant, blood thinner, vitamins;” “would one treatment affect another
one”). Participants wanted assurance that neither their past nor current treatment selection
would negatively interact with GTT, reducing GTT’s efficacy or increasing GTT-related
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risks. Participants also sought educational materials to detail if and how their treatment
history would determine their eligibility for GTT or require a modified treatment process
(e.g. the use of more chemotherapy).

No Information on HIV.—Respondents advised that educational materials not include that
the viral vector used in GTT is also used to carry the HIV virus. Participants felt that
describing details about the HIV vector created more questions and uncertainty about GTT
(“it makes the treatment sound more scary”). Participants stated, “just don’t tell anybody
you all are using HIVV” when sharing materials with patients; other participants advised
“don’t even bring it up,” due to the negative connotation of HIV. If information about the
vector’s origins is going to be shared, then materials should reiterate that the virus is not
present “because it was never in the shell.” Participants suggested, “don’t say the HIV virus
is taken out” of the shell since the vector is actually manufactured in the lab. Instead, they
urged the research team to “just say you make the shell.”

Feedback on GTT Educational Brochure (Figure 1): Clear and Helpful.—Overall,
participants encouraged the research team, “don’t sugar coat nothing” when developing
educational materials. When asked to give their opinion on readability and clarity of
information of the educational brochure, participants reported it was “clear” and “helpful” in
increasing their knowledge about GTT; sharing “it taught me something new.” Specifically,
participants expressed that the use of illustrations, in addition to text, helped them to
understand GTT; “especially for visual people, | like to see things.” Participants also noted
that including the percent of likelihood of risks was helpful in forming their opinions about
GTT. Respondents also shared that they were not overwhelmed by the amount of
information and detail (e.g. steps in procedure, comparison to other treatments, side effects)
presented, highlighting that they “appreciated the honesty.”

Discussion

This study used focus groups to gain an in-depth understanding of SCD patients’ current
knowledge, beliefs, and acceptance of GTT. We also examined patients’ preferences for
educational messages and materials including content and visuals. Study results indicated
that the majority of participants were not familiar with GTT as a treatment for SCD and of
the few participants with knowledge, it was limited. Thus, our findings support the
importance of providing patients with detailed education on SCD treatment options
including GTT. Study participants’ expressed a significant level of fear regarding GTT due
to misconceptions about GTT and possible risks and side effects. There was a perception
that during GTT, one could receive a chronic condition (e.g. bi-polar disorder) from a donor.
Once the discussion turned to possible risks and side-effects, the level of enthusiasm for
GTT steadily decreased. In general, patients, stated that more research is needed to
determine the potential for GTT and its benefits for SCD patients in the future.

Of particular concern was the risks associated with chemotherapy as well as getting cancer
in the future, or as some participants expressed, “trading one chronic disease for another.”
The risk of infertility was a major concern across the groups. Not being able to have
biological children was viewed as too high of a trade-off for a cure for SCD. The group
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consensus about this remained unchanged even after discussing fertility preservation
options. These findings are consistent with previous research on risk perception of
hydroxyurea treatment in parents of children with SCD. Meyappan and colleagues (2005)
found that parents of children with SCD were unwilling to consider a treatment if there was
a risk of cancer and the majority would not risk birth defects. [17] Disease severity also
played a role with parents of children with higher disease severity being willing to accept
more risk. Risk perception may also be impacted by past experiences with the healthcare
system or a historical distrust of research as studies have demonstrated that negative
experiences with the healthcare system are not uncommon for adults with SCD.[18, 19]

Age was a factor in some perceptions of GTT, as some older participants expressed that
GTT is a potential cure for the future and a treatment that they wished they had known about
when they were younger. In contrast, younger patients had major concerns about losing their
hair, even temporarily, because of chemotherapy. Although the research team clarified that
the vector does not contain any HIV genes, cannot give them HIV, and was made in the lab
using information about the shell of HIV, younger participants continued to be skeptical.
Although participants encouraged the research team not include information about the HIV
vector, it would be unethical to do so. Participants would not have the information they need
to make a fully informed decision that takes into account the pros and cons of GTT. We have
since presented this information orally to a group of patients who were very receptive to the
transparency. These families stated that they understood that the vector was created in the
laboratory and would not carry the HIV virus.

Because participant knowledge can be a driving factor of successful enrollment and
retention in clinical trials, providing detailed but easy to understand information about GTT
to participants will be vital as the development of this treatment progresses. [20] A verbal
overview of GTT could be supplemented with detailed printed or web-based information
consisting of a combination of text, charts, and pictures to describe the process in a stepwise
manner. Participants in the current study responded favorably to a brochure developed with
this approach. This preference for visual depictions of information. including risk, is
consistent with previous research on risk perception of SCD treatments. Patterson and
colleagues recommend visual methods augment communication of numerical risk
information. [21]

Researchers should consider ways to establish trust with participants to promote enrollment
and retention in GTT trials. While there is limited literature on patient trust, research has
suggested that SCD patients are more trusting of the health care team if they feel providers
communicate information in an appropriate and clear manner. [19] Formulating an
interdisciplinary research team that includes individuals from the SCD community may
promote trust and, subsequently, enrollment in GTT clinical trials. [20] Individuals with
SCD may be perceived by others as relatable and less intimidating in comparison to
researchers. Sharing preliminary results of GTT studies with potential participants as they
become available may help to facilitate trust with this population and improve enrollment in
future studies. Engaging with participants over time may also provide opportunities to
address questions and misperceptions, reduce stigma, and allow participants to weigh the
benefits and risks of treatment options effectively.
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Conducting the study in a single treatment center limits the generalizability of the findings.
While participants ranged in age, disease course, and health status, participants did not fully
represent the broad spectrum of SCD patients. Future studies should use additional
recruitment strategies to reach a broader sample of patients to more fully capture the
diversity of this patient population and its perspectives. Furthermore, it would be important
to determine the most effective way of educating children, adolescents, young adults and
adults with SCD and their caregivers about treatment options including GTT, hydroxyurea
and BMT. Older adults, for example, may have unique experiences and perspectives that
they could share with younger patients. It would have been ideal to hold additional focus
groups to engage patients in co-creating GTT educational materials (e.g. language, graphics,
etc.) and to ask participants if the brochure/materials addressed initial concerns noted by
focus group participants. The next iteration of the brochure will address specific issues (i.e.
risks of infertility, cancer in the future). Any GTT educational materials should be evaluated
for health literacy, another limitation of the current brochure. Finally, the GTT survey was
developed for this study by the research team. Additional research is needed to determine
the reliability and validity of this measure.

Conclusions

This qualitative study provides insights into the barriers and facilitators related to adults with
SCD and their acceptance of and participation in GTT. Gene therapy, like BMT, is not a
readily acceptable treatment modality for young adults with SCD due to fears of side-
effects/risks, and a lack of understanding of the treatment. After receiving education about
GTT, many had questions, and while most did not want to be the first research participant,
many were open to seeing data from GTT clinical trials before making a decision about
whether they would participate in future clinical trials . Notably, older patients (31 years and
older) expressed more desire to participate in gene therapy trials than younger patients (18 —
30 years); yet younger patients are more likely to be eligible for initial GTT trials. The
success of GTT, including the recruitment and retention in clinical trials, will require
education to dispel myths and explain the treatment, benefits and risks of GTT using a
combination of visual, numerical and practical information (i.e. patient experiences). Only
then can we examine the true potential of curative treatments like GTT for SCD.
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What is Gene Transfer
Therapy for Sickle Cell
Disease?
A procedure to permanently put an extra

Hemoglobin F gene in the bone marrow of
adults with sickle cell disease.

Hemoglobin F
helps prevent
clumps

Sickle red blood celt Sickle Red blood cell
with Hemoglobin F

How Will This Help?

Hemoglobin F may prevent Hemoglobin S
from clumping.

Figure 1.
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How Does Gene Transfer Therapy Work?

There are 3 Steps for Gene Transfer Therapy

Step 1: Collect Bone Marrow from an Adult with SCD.

Bone marrow makes blood. If we fix your bone marrow permanently, then we may fix your
blood permanently.

Step 2: Add the Hemoglobin F Gene to Bone Marrow and Test it.

« To make sure the Hemoglobin F gene gets to the right place in your bone marrow, we
have to put it inside of a viral shell.

« Instead of the viral shell carrying a disease gene, we make it carry a treatment gene: the
Hemoglobin F gene. You will not be at-risk for getting the original virus/disease.

Hemoglobin F Gene i
(Anti-Sickling) Together, this may be a
way to keep Hemoglobin
S from clumping

Step 3: Give Chemotherapy, Followed by the Treated Bone Marrow.

« You are given chemotherapy to make room for the newly treated bone marrow. Then, we
give the new Hemoglobin F gene bone marrow to you.

« The red blood cells made by Hemoglobin F gene bone marrow should not sickle. Follow-
up testing will be done to manage any side-effects.

Version 1.0

Tri-fold educational gene therapy brochure. A. Side 1 of the brochure discusses sickle cell
disease highlighting the role of fetal hemoglobin (HbF). B. Side 2 of the brochure describes
the gene transfer therapy process.
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Table 1.
Sample demographics
Group 1 Group 2 Group 3*
(n=14) (n=12) (n=16)
M (SDa/%)) M (SD/%) M (SD/%)
Age, years 21.7 (2.8) 42 (11.4) 21.3(2.5)
Male 50 (7) 41.7 (5) 50 (8)
Highest education
Some high school 1(7.1) 1(8.3) 2(12.5)
High school/GED 7 (50) 4(33.3) 5(31.2)
Some college 4 (28.6) 5(41.7) 5(31.2)
Associate 1(7.1) 2 (16.7) 3(18.8)
Bachelor’s 1(7.1) 0 (0) 1(6.3)
Family income, median < $10,500 $14,000-$17,599 $14,000-$17,599
SCD genotype b
Hbss® 12 (85.7) 10 (83.3) 12 (75)
HbSB°Thalessemia 2(14.3) 1(8.3) 2(12.5)
HbsC 0 1(8.3) 2 (12.5)

aSD = standard deviation
b . .
SCD =sickle cell disease
c .
Hb = hemoglobin

*
8 participants (50%) also participated in group 1
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GTT Survey Responses

Group 1 Group 2
(n=14) (n=12)
M(SD%%) M (SD/%)
Willingness to try GTT b 4.14(3.2) 9(1.92)
Concern about GTT risks
Cancer later in life 6.43 (4.56) 7.80 (3.49)
Infertility 6.36 (4.58) 5.64 (4.13)
Treatments aware of
GTT 3(37.5) 5 (55.6)
BMT ¢ 5 (55.6) 7(70.0)
Hydroxyurea 8(88.9) 10 (90.9)

aSD = standard deviation
b
GTT = gene transfer therapy

c
BMT = bone marrow transplant
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Younger Adult and Older Adult Groups’ Themes Related to Knowledge, Beliefs, and Acceptance of GTT

Theme/Category

Younger Adult Group Themes & Quotes

Older Adult Group Themes &
Quotes

Brochure Section

Limited knowledge

« Limited knowledge of GTT

* Younger participants were more misinformed (“I

heard if you do it you can take the risk of
getting what that person had, bi-polar,
schizophrenia, anything.").

« Limited knowledge of GTT
(“doing

the blood test, and they take out
certain genes for it and put
different genes in.”).

* What is SCD?

* What is GTT for
SCD?

* How Will it Help?

Negative effects of
chemotherapy

« Negative feelings about the potential for
discomfort related to GTT.

« Impression of chemotherapy was shaped
by their knowledge of its use in treating
cancer, which they associated with
negative outcomes (“would you still have
the same effects of chemotherapy [when
used in GTT] as you would treating
cancer?;” “I heard chemotherapy is
painful;” “isn’t chemotherapy going to
make you sick and lose your hair?”).

« Younger participants expressed that
potential hair loss was a significant
deterrent (“your hair would fall out after
one time!”).

« Other younger participants expressed this
possible side effect would prevent them
from opting for GTT.

« Negative feelings about the
potential for discomfort related to
GTT.

« Impression of chemotherapy was
shaped by their knowledge of its
use in treating cancer, which they
associated with negative
outcomes.

* Step 3

Fear of HIV

* Averse to the use of the HIV vector as a
delivery system for the Hgb F gene and
were afraid they might develop HIV
(“you were trying to get a treatment for
sickle cell and now you got HIV;” “what
if they don’t take it [HIV] all out.”).

« Younger participants were upset that
researchers can dismantle HIV in a lab
but not cure terminal conditions (“they
know how to make HIV, this is crazy,”
“but they can’t cure cancer!;” “make a
cure for it [HIV] instead of making it
[HIV].™).

* Averse to the use of the HIV
vector as a delivery system for the
Hgb F gene and were afraid they
might develop HIV

« Step 2

Trading SCD for cancer

» The GTT risk of developing cancer
made participants feel they would be
trading SCD for another chronic disease
(“ya’ll want us to get rid of sickle cell to
get cancer!;” “I’ve just been through so
much, so why would I put that on top of
it.”) and the potential risk of cancer was
not worth being cured of SCD (“I would
rather just take my chances and just take
medicine every day;” “I’m cool with my
hydroxyurea, I’m already messed up”).

* The GTT risk of developing
cancer made participants feel they
would be trading SCD for another
chronic disease and the potential
risk of cancer was not worth
being cured of SCD.

*Step 1

Infertility risk too high

* The infertility risk made participants
hesitant to accept GTT (“it [GTT] really
sounds scary now, not being able to
have children.”).

* Younger participants also expressed
apprehension because having children
was important to their families (“my
parents are all big on having
grandkids.”).

« Fertility preservation techniques were
“too much.”

* The infertility risk made
participants hesitant to accept
GTT.

« Older participants’ fear regarding
the risk of infertility was personal.
One participant who stated early
in discussion, “1’d like to be one
of the first people to try it
[GTT],” reconsidered this
statement adding, “it [GTT] really
sounds scary now, not being able
to have children.”

« Fertility preservation techniques
were “too much.”

Step 3 (side-effect)

Apprehension about GTT

« After learning about GTT younger and
older participants were less accepting

« Older participants viewed GTT
as
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Theme/Category

Younger Adult Group Themes & Quotes

Older Adult Group Themes &
Quotes

Brochure Section

of GTT (“so you say the FDA hasn’t
approved it yet?;” “there has to be a
reason why your [hemoglobin] F gene
turns off, why would you turn that back
on.”).

* Younger participants were more
skeptical due to risks/side effects,
concerns for safety, and lack of human
trial data (“the cancer, and HIV, and
hair loss, that’s going to make me say
no;” “[maybe] if you [researchers] were
actually in the clinical stages”).

a progression in SCD treatment
(“when we were younger they
didn’t offer us any of this;”
“[GTT is] amazing” and “gives
you hope for the future”) and
were altruistically motivated to
participate in clinical trials (“it
might not be in my lifetime, but if
we can help someone else that’s a
blessing,” and many participants
agreed, “that’s what it’s all
about.”).
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Table 4.

Themes on Participant Thoughts on Educational Materials

Theme/Category

Summary and Quotes

Information on GTT trials

« Participants felt that presenting longitudinal outcomes in large human samples would give
them more confidence in the reported safety, efficacy, and side effects of GTT (“it might be
safe now, but it’s so much stuff they [the FDA] has approved and ....recalling back™).

« Participants were concerned that there might be undiscovered side effects or risks that would
impact their decision making (“off the top of your head, as a doctor, what would you think
would be the [other possible] side effects?”).

Personalized information about
GTT

« Participants wanted information on how their SCD treatment history might impact GTT and assurance
their history would not reduce GTT’s efficacy or increase GTT-related risks (“what if you’re on
something other than hydroxyurea before transplant, blood thinner, vitamins;” “would one treatment
affect another one.”).

No information on HIV

« Participants felt that describing details about the HIV vector created more questions and uncertainty
about GTT (“it makes the treatment sound more scary”™).

« Participants were concerned if information about the vector’s origins is going to be shared,

then materials should reiterate that the viral vector is manufactured in a lab without the virus

ever being present (“because it was never in the shell;” “don’t say the HIV virus is taken out

[of the shell]™).

Clear and helpful (Feedback on the
GTT educational brochure)

« Participants recommended the use of illustrations in addition to text (“especially for visual people, |
like to see things.”) helped them further understand GTT.

« Participants were not overwhelmed by details on the GTT process, risks/side effects, and
comparison with other treatments; they noted the importance of transparency (“[1] appreciated

the honesty;” “don’t sugar coat nothing”).
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Table 5.
GTT Educational Brochure Ratings
Ite Mean Score
(1-10 scale)
The brochure helped me to understand SCD 8.28
The brochure clearly explained the gene transfer therapy process | 8.22
The information was easy to understand 8.83
The brochure gave enough information about the gene transfer 6.72
therapy process
1 would be able to share this brochure with a family member or 7.56
friend to help them understand the gene therapy transfer process
The brochure would tell me what | needed to know if | were 7.65

considering participating in a gene transfer therapy study
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