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Abstract

Background: Sickle Cell Disease (SCD) is an inherited blood disorder which results in serious 

morbidity and early mortality. Novel therapies for sickle cell disease (SCD), most notably genetic 

therapies (GT) and HLA-mismatched donor hematopoietic cell transplantation (HCT), are in 

clinical trials. While potentially curative, these interventions are some of the most intensive 

treatments for SCD and are associated with serious and life-altering side effects which may 
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manifest several years after treatment. Little is known about knowledge, beliefs, and attitudes of 

individuals with SCD, or their caregivers, towards existing and these emerging therapies.

Methods: Patients with SCD at least 13 years of age (n=66) and caregivers (n=38) were surveyed 

about knowledge, attitudes, and beliefs surrounding treatments for SCD.

Results: Only 4.8% felt “extremely knowledgeable” about GT for SCD while the majority 

(63.4%) reported little knowledge. Overall, health literacy was low among respondents. Most 

respondents had a neutral attitude regarding the safety of GT for SCD, and whether it was a good 

treatment for the disorder (56.7% and 58.6%, respectively). Only a few respondents endorsed the 

idea that GT was “unsafe” or “not a good treatment” (5.8% and 4.8% respectively). There was an 

association between increasing knowledge about GT and agreement that it is safe (p=0.012) and a 

good treatment for SCD (p=0.031).

Conclusions: Given that very few patients with SCD feel knowledgeable about GT and a 

majority have neutral feelings about the safety and utility of this new approach, culturally 

appropriate patient-centered education is urgently needed as these treatments get regulatory 

approval and proceed to the clinic.
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Introduction:

Sickle Cell Disease (SCD) is the most common inherited hemoglobinopathy in the United 

States affecting approximately 100,000 individuals, about 40% of whom are children. SCD 

disproportionally impacts racial and ethnic minorities.[1] In the United States, almost 90% 

of patients self-report as Black, with SCD affecting 1 in 365 Black births.[1, 2] The genetic 

defect in SCD causes red blood cells to deform into rigid, sickle-shaped cells which occlude 

small blood vessels, impeding blood flow and tissue oxygenation. Most patients with SCD 

experience debilitating pain crises, fatigue, and significant end-organ damage, resulting in 

premature morbidity and mortality.[3–5] Individuals experience an average of 2 to 3 hospital 

admissions (lasting 5 to 6 days each) annually with a reduced lifespan (54 vs 76 years 

for unaffected individuals)[6]. Many patients also experience reduced social functioning 

secondary to missed school or work, potentially resulting in reduced income potential, 

higher unemployment, general disability, and lower socioeconomic status.[6]

The United States Food and Drug Administration (FDA) has recently approved three new 

drugs for SCD (L-glutamine [2017], voxelotor [2019], and crizanlizumab [2019]),[7] for 

the prevention and treatment of SCD complications. Like chronic transfusion therapy or 

hydroxyurea (FDA approved in 1998), none of these recently approved drugs are curative. 

Currently, the only potentially curative therapy for SCD is a hematopoietic cell transplant 

(HCT) using a human leukocyte antigen (HLA) matched donor. However, most patients 

with SCD lack a suitable HLA-matched donor.[8, 9] Several novel and potentially curative 

therapies – such as autologous genetically modified cells and HCT using alternative HLA-

mismatched donors, are in clinical trials.
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Despite the increased focus on novel treatments, the care of patients with SCD remains 

medically and socially complex. Many children with SCD still do not receive medical 

care consistent with current evidenced based guidelines, such as annual transcranial 

Doppler (TCD) ultrasound screenings or proper initiation of hydroxyurea [10, 11]. 

Given the fact there is even a gap between evidenced-based recommendations for well-

established treatments and actual clinical practice, we hypothesized that patients may be 

receiving further limited information on potentially curative therapies and thus have limited 

knowledge and interest in novel genetic therapies (GT) or HCT for SCD. Both HCT and 

GT are ‘high risk-high reward’ therapies given their risk profile and curative potential. 

Since little is known about patient or parent/caregiver’s knowledge, attitudes, and beliefs 

towards HCT and GT for SCD, we sought to conduct a needs assessment of young adult 

patients and parental caregivers to compare responses alongside two established treatments 

for SCD (chronic transfusion therapy and hydroxyurea). We excluded the recently approved 

disease-modifying agents due to their limited approval in pediatrics at the time of survey 

collection.

Methods:

Patient Population:

Potential participants were pediatric patients able to assent (age 13 or above) and adults 

with a diagnosis of SCD (any genotype) or their caregivers. All sequential patients with 

SCD (any genotype), or parents/caregivers (henceforth caregiver) of patients with SCD 

were approached during routine SCD clinic visits at St. Jude Children’s Research Hospital 

and Methodist Comprehensive Sickle Cell Center in Memphis, TN and were invited to 

participate. Verbal consent was obtained after study explanation. The St. Jude Institutional 

Review Board Approved this study.

Survey Administration:

The survey instrument collected self-reported demographic information and assessed 

attitudes and beliefs towards common treatments for SCD (hydroxyurea, chronic transfusion 

therapy) and less common therapies such as HCT and GT. Questions were modified from 

a previous questionnaire used by the authors[12] developed through face validity[13]. No 

psychometric properties were evaluated for this questionnaire. Surveys were administered 

by two study team members (AY and YJC) using an iPad based online form. Participants 

entered their choices directly on the iPad unless they requested help with either navigation 

or reading the questions. Health literacy was assessed using The Newest Vital sign (NVS), 

a validated six question tool for assessing health literacy.[14] No personally identifiable 

information was collected. All participants received a small stipend for their participation. 

Since the term “bone marrow transplant” (BMT) is more familiar to the lay public than 

“hematopoietic cell transplant,” it was used in this survey.

Statistical Analysis:

The nominal/ordinal variables are represented by the frequency of subjects (N) and the 

proportion of the subjects (%) in the study. Mean (and standard deviation) or median 

(and interquartile range) are reported for continuous variables. McNemar’s Chi-Square test 
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was used to assess differences in beliefs for the treatment between GT and BMT. To 

evaluate consistency of participants’ answers to a pair of related (GT/BMT) questions, 

each participant’s answers to the two questions were matched, and a Wilcoxon signed-rank 

test was used to analyze if a significant difference in the answers between the pair of 

questions exists. Pratt’s method was used to account for zeros in the Wilcoxon signed-rank 

test. Goodman and Kruskal’s Gamma, an ordinal measure of association, was calculated to 

evaluate the association between each perception question and variables of interest. P-values 

were calculated based on the test of whether Gamma is different from zero. The same 

method was also used to measure the association between GT and BMT knowledge with 

literacy level. The Likert scale questions are represented using diverging stacked bar charts. 

A few answers to Likert scales are combined into one group to simplify interpretation of the 

figure. All statistical analyses were performed using R software version 3.6.0.

Results:

Sixty-six individuals with SCD (median age 23 years) and 38 caregivers (median age 

36 years) completed the survey, the majority of whom identified as Black (96.2%). The 

homozygous SS genotype was most common (61.5%). Respondent demographics are listed 

in Table 1 alongside self-reported assessment of health and disease control. Health literacy 

was limited in this population with mean and median NVS scores of 2.3 (SD 1.7) and 2 

(IQR 1,3), respectively: a score of less than 4 indicates the possibility of limited literacy on 

this scale. Only 21% scored 4 or above on the NVS (suggesting adequate health literacy). 

There was no association between health literacy levels and knowledge about GT or BMT 

(p=0.12 and 0.52 respectively).

While 59.6% of respondents recognized BMT as a curative therapy for SCD, only 22.1% 

recognized GT as potentially curative (Table 1). As shown in Figure 1, 55.8% of participants 

felt moderately/extremely knowledgeable about hydroxyurea for SCD compared to only 

20.2% for either BMT or GT. More people agreed/strongly agreed that hydroxyurea and 

blood transfusions were good and safe treatments for SCD, while most neither agreed nor 

disagreed (i.e. felt neutral) about these statements for BMT and GT (Figure 2).

When GT is compared to BMT, people are more likely to endorse that BMT can result in a 

‘forever cure’ (11.5% vs 20.2%, p = 0.04), otherwise there were no significant differences 

in beliefs between these two treatments (Supplemental Table 1). For factors influencing 

participation in a BMT or GT clinical trial, we found no significant difference based on 

assessment treatment or risks or benefits (Figure 3a) and attitudes about treatment outcomes 

(Figure 3b). A respondent’s assessment of their (their child’s) overall health status (i.e. 

assessment of how health or ill one was) was more likely to influence decision making 

around GT versus BMT (p = 0.040), otherwise no significant differences existed influencing 

decision-making for psychosocial factors (Figure 4).

In an association analysis measured by Goodman and Kruskal’s gamma (γ), we found 

several significant associations between participant self-reported characteristics and beliefs 

about gene therapy, bone marrow transplantation, hydroxyurea, and chronic transfusion as 

treatments for sickle cell disease (all shown in Figure 5). A significant positive association 
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was discovered between increasing knowledge about GT and perceptions of GT being a safe 

or good treatment for SCD (p=0.01 and p=0.03 respectively). Correspondingly, increasing 

knowledge of BMT was found to be significantly associated with a perception that BMT 

is a good treatment (p=0.02). Higher health literacy level was also positively associated 

with the perception that BMT is a safe (p=0.05) or good (p=0.04) treatment. Having a 

family history of SCD had no significant influence on participants’ beliefs about any of 

treatment strategies. However, having known someone with a SCD who has had a BMT 

was found to be significantly associated with an agreement that BMT is a good treatment 

for SCD (p=0.029). Males were less likely to agree that BMT is safe (p=0.04). Those 

who experienced improvement in their/ (their child’s) health condition over time strongly 

believed that BMT is a good treatment (p=0.02), or the received treatment is controlling 

disease satisfactorily (p=0.002). Additionally, perception of hydroxyurea as a safe or good 

treatment for SCD was significantly prevalent amongst those reporting improvement in their 

health over the past year (p=0.001 and 0.011 respectively). Hydroxyurea was also perceived 

as a safe treatment by parents/caregivers of a child participant with SCD (p=0.02). ‘Overall 

healthy’ participants (who described their overall health as good, very good, or excellent on 

a survey) strongly agreed that hydroxyurea is a safe (p<0.001) or good (p=0.03) treatment. 

Self-reported healthy participants also perceived that their treatment is controlling their SCD 

disease satisfactorily (p<0.001).

Discussion:

We show that patients and caregivers have very limited knowledge of the two potentially 

curative treatments for SCD (BMT and GT). While the first clinical trials of BMT in 

SCD began over 25 years ago[15–17], and HLA-matched BMT is a well-established 

curative therapy for SCD, in this assessment nearly 40% of affected individuals failed 

to recognize BMT as a potentially curative therapy for SCD. As part of our structured 

patient education procedure, our SCD clinic routinely discusses curative therapies, such as 

BMT and GT, together when we introduce potentially curative treatments for SCD. Our 

practice is to recommend curative treatments to all patients who meet eligibility (e.g., higher 

stroke risk) and introduce them (but not recommend) to all other patients, so they become 

acquainted with the available treatment options. Given our clinical practice, these results 

were surprising. These results emphasize that additional educational efforts specifically 

dedicated to GT and BMT are needed to increase patient knowledge about these potentially 

curative treatment options. Given that haploidentical BMT and GT are presently available to 

relatively few individuals who qualify for a clinical trial, it is important for SCD providers 

to review and discuss eligibility criteria with patients who are interested or may qualify 

for such trials. As at least two GT products for SCD with distinct mechanisms of action 

are likely to be considered by the FDA for approval soon, it is even more important for 

patients and their providers to know about these treatments so that they can make informed 

decisions. It may be helpful for SCD clinics to build time into appointments to discuss these 

treatment options.

Participants in this needs assessment had significantly more knowledge about HU than either 

BMT or GT, with the majority (74%-76%) identifying HU as good and safe treatment for 

SCD. It is unknown how this belief might influence one’s consideration of BMT or GT 
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as alternative interventions for SCD. It seems likely that an individual who believes HU is 

a good and safe treatment, as compared to BMT or GT, may choose HU over these more 

intensive “high-risk, high-reward” interventions, even though the former does not have a 

curative intent. Ultimately, it may be an individual’s assessment of how ill one is from SCD 

and how well (or poorly) the disease is controlled by current disease-modifying therapies. 

As noted in Figure 4, self-assessment of health status was very likely to influence decision-

making around GT, even more than for BMT. It is likely that other contextual factors (such 

as familiarity with BMT or existing beliefs) ultimately impact an individual’s interest in 

pursuing a given treatment option for SCD. Further research into patient decision-making 

around disease-modifying versus potentially curative options is needed to better understand 

the decision-making process and to best support patients facing such decisions in the future.

In this cross-sectional survey of patients and caregivers with SCD only 21% of individuals 

demonstrated adequate literacy (Table 1) as measured by a validated literacy screener 

(The Newest Vital Sign[14]). This has important implications for the development of 

patient-facing materials and educational content for patients with SCD. Multi-modal 

communication tools that incorporate audio/video aids to augment written communication 

are likely to be beneficial. In our previous work on informed consent communication 

in a pediatric oncology setting, a structured multi-visit process and informational cover 

sheet were recommended to be used for communication by parents.[18] Increased time 

discussing options was also associated with better participant understanding and[19] in 

another study regarding discussions of genomic-sequencing, use of a structured, multi-

modal two-visit approach significantly increased parental knowledge and understanding 

around important scientific concepts.[20] This suggests that repetition and reinforcement 

of complex information using pictorial cues, in ways accessible to different adult-learning 

styles, is beneficial and may be particularly helpful among adults with limited literacy 

Clinicians should also tailor their discussions about potentially curative therapies in a way 

that in meets the unique informational needs of individual families. These approaches can 

promote understanding and enhance informed decision-making among patients receiving 

complex medical treatments; or in circumstances where multiple treatment options are 

being considered. Furthermore, individuals with SCD who have experienced neurovascular 

events may require additional tailored communication support if they have neurocognitive 

deficits.[21] Other groups have shown that SCD patients and caregivers prefer one-on-one 

conversations with providers and augmentation of information sharing through use of 

electronic media.[22] Although this finding is consistent with our ongoing stakeholder 

research, further implementation research is needed to establish best practices for education 

about GT or BMT and informed consent communication in patients with SCD.

We found no relationship between health literacy and self-reported knowledge of BMT 

or GT. This is consistent with our work in parents of children with cancer which 

found no relationship between self-reported literacy or parental educational attainment and 

improvements in their genetic knowledge following an educational intervention.[23] We 

postulate that neither higher educational attainment nor greater baseline health literacy 

adequately prepares patients to readily understand unfamiliar or complex medical concepts 

and that repetition is likely necessary to facilitate understanding. Our results did find a 

positive association between greater knowledge of BMT or GT and perceptions that it was 
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a good treatment. We also found a positive association between knowing someone who 

had a BMT and belief that it was a good treatment. It may be that greater familiarity 

with the intervention and its potential benefits (as measured by self-reported knowledge or 

experience) reduce uncertainty and fear and increase one’s belief that it is a good and/or 

safe treatment for SCD. Greater education, including the opportunity to interact with others 

who have undergone BMT or GT, may be effective in increasing the acceptability of these 

potentially curative treatments among at-risk patients.

Although recent data by Booth et al found that eight of nine focus group participants with 

SCD would select GT as a curative option, the informational sheet shared with patients 

did not disclose detailed information about potential side effects[24]. As indicated by our 

results, detailed information about risk is important to patients and may influence decision-

making around potentially curative high risk-high reward therapies for SCD. For example, in 

our assessment almost half of all respondents (48%) said a potential risk of development of 

cancer after GT would “definitely/probably would preclude their participation” in a clinical 

trial. Given the recent reports of patients enrolled in a SCD GT clinical trial developing 

leukemia/myelodysplastic syndrome and the subsequent temporary suspension of these 

trials,[25] it is critical that providers honestly and transparently discuss what is known and 

not known about this potential risk. The risk of developing infertility from the conditioning 

regimen is another important barrier in acceptability of these novel treatments as it will 

“definitely prevent” one-third of patients from pursuing GT or BMT and “may prevent” 

another one-third from pursuing these potentially curative interventions. Although future 

research is needed about effects of GT and BMT on fertility, increased access to fertility 

preservation services may ameliorate this barrier for some patients. Relatedly, advocacy 

efforts are necessary to improve insurance coverage and ensure these, as well as other 

supportive care services, are accessible to interested patients.

This study, surveying patients and caregivers from both a pediatric and adult SCD clinics 

adds important information to the literature as attitudes toward GT or BMT, in comparison 

to standard treatments such as transfusion or HU are poorly described to date. This is 

a cross-sectional survey of patients/ caregivers in the Southeastern United States. It is 

possible that patients/caregivers in other regions may have different literacy levels or varying 

knowledge, attitudes, and beliefs regarding potential medical interventions for SCD. Hence 

the generalizability of these data may be limited, but the emergent themes remain valid. 

Another limitation is that the survey did not assess patient attitudes and beliefs towards the 

more recently approved disease modifying agents as they were not widely used by patients 

at the time of study initiation but are being increasingly accessed by patients. Further 

research is needed to understand how patients consider these newer disease-modifying 

agents, particularly in comparison to hydroxyurea, and potentially curative interventions 

such as GT and BMT. Further qualitative data is needed to better understand why individuals 

choose or decline a particular treatment, as well as to elicit preferences for the informational 

content that patient stakeholders wish to see in educational materials about SCD treatments. 

The latter area is the focus of our ongoing research work.
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Conclusion:

In summary, there exists a great unmet need to communicate more effectively about 

potentially curative treatment options for serious monogenic disorders, particularly as new 

treatments are emerging. As evidenced by the association between increasing knowledge of 

GT and the belief that it is a good and safe therapy, there is a tremendous opportunity to 

develop educational materials which are broadly accessible to members of the SCD disease 

community. Community engagement[26] is highly encouraged to democratize the process 

and foster the development of trial designs and educational materials most acceptable to the 

patients and caregivers. As evidenced elsewhere in healthcare, failing to effectively partner 

and communicate with underrepresented patient groups may perpetuate mistrust, foster a 

lack of interest, and ultimately result in low uptake of new interventions. To avoid this 

undesirable outcome, we must also partner with patient stakeholders to identify interventions 

and endpoints that are most desirable and meet their needs.
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Figure 1: Self-Reported Knowledge About Gene Therapy, Bone Marrow Transplantation, and 
Hydroxyurea as Potential Treatments for Sickle Cell Disease
Using a five-point Likert Scale, participants were asked to report their knowledge 

of two potentially curative treatments for Sickle Cell Disease (SCD) alongside a 

commonly available disease-modifying therapy (Hydroxyurea). Self-reported knowledge 

about Hydroxyurea therapy for SCD was significantly greater than for either bone marrow 

transplantation or gene therapy (P < 0.0001, for both comparisons).
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Figure 2: Participant Assessment of Safety and Utility of Various Treatments for Sickle Cell 
Disease
Using a five-point Likert Scale, participants were asked to rate the safety and utility of two 

potentially curative treatments for Sickle Cell Disease (SCD) (Gene Therapy, Bone Marrow 

Treatment) alongside two commonly utilized disease-modifying interventions (Hydroxyurea 

and Chronic Blood Transfusion Therapy).
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Figure 3: Impact of Potential Treatment Risks and Benefits on Participant Willingness to 
Undergo Gene Therapy or Bone Marrow Transplant
Figure 3A depicts the likelihood of potential therapy-related side effects on one’s decision to 

undergo gene therapy (GT) or bone marrow transplant (BMT), while Figure 3B depicts the 

impact of potential treatment benefits on one’s decision to undergo GT or BMT. Significant 

p-values (P < 0.05) are included when applicable.
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Figure 4: Impact of Psychosocial Factors on Participant Willingness to Undergo Gene Therapy 
or Bone Marrow Transplant
The potential impact of external psycho-social factors influencing a respondent’s decision 

to undergo gene therapy (GT) or bone marrow transplant (BMT). Significant p-values (p < 

0.05) are included when applicable.
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Figure 5: Association Between Participant Characteristics and Beliefs about Gene Therapy, 
Bone Marrow Transplantation, and Hydroxyurea as Treatment for Sickle Cell Disease Measured 
by Goodman and Kruskal’s Gamma coefficient (γ)
The figure displays the results of an association analysis (Goodman and Kruskal’s Gamma) 

looking at the relationship between participant characteristics and their beliefs about gene 

therapy (GT), bone marrow transplant (BMT), and Hydroxyurea (HU) as interventions for 

Sickle Cell Disease (SCD). Significant associations are indicated with one asterisk (*) for p 
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< 0.05 and two asterisks (**) for p < 0.001. See results for full explanation of the significant 

associations.
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Table 1:

Demographics and Self-Reported Disease Assessment Among Study Participant.

Overall (N=104) %

Sickle cell disease patient sex (N = 66)

 Male 32 (48.5%)

 Female 34 (51.5%)

Parent/Caregiver sex (N = 38)

 Male 6 (15.8%)

 Female 32 (84.2%)

Race

 Black or African American 100 (96.2%)

 White (not Hispanic or Latino) 0

 Hispanic or Latino 4 (3.8%)

Age of parent/ caregiver respondents (N = 38)

 Median (IQR) 36 (30, 39)

Age of Sickle Cell Disease Patient respondents (N = 66)

 Median (IQR) 23 (18, 29)

Type of Sickle cell disease

 Hb SS 64 (61.5%)

 Hb SC 25 (24%)

 Hb Sβ0 thalassemia 6 (5.8%)

 Hb Sβ+ thalassemia 6 (5.8%)

 Other 2 (1.9%)

 Don’t know 1 (1%)

Health Literacy score (The Newest Vital Sign) 1 

 Mean (SD) 2.3 (1.7)

 Median (IQR) 2 (1, 3)

Other than you/your child, does anybody else in your family have sickle cell disease

 Yes 39 (37.5%)

 No 65 (62.5%)

How would you describe you/your child’s overall health?

 Poor 5 (4.8%)

 Fair 23 (22.1%)

 Good 47 (45.2%)

 Very good 20 (19.2%)

 Excellent 9 (8.7%)

How you think you/your child’s disease has changed over time?

 Worsened 22 (21.2%)

 Stabilized 64 (61.5%)
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Overall (N=104) %

 Improved 18 (17.3%)

My/my child’s treatment is controlling my disease satisfactorily

 Strongly Disagree 3 (2.9%)

 Disagree 7 (6.7%)

 Neither agree nor disagree 22 (21.2%)

 Agree 55 (52.9%)

 Strongly agree 17 (16.4%)

Have you/your child been offered the following treatments before?
1

 Blood transfusions 57 (54.8%)

 Hydroxyurea 69 (66.3%)

 Bone marrow transplant 19 (18.3%)

 Gene therapy 6 (5.8%)

 None of the above 20 (19.2%)

Do you / your child 1 :

 Currently take Hydroxyurea 64 (61.5%)

 Taken Hydroxyurea in the past 14 (13.5%)

 Currently receive chronic blood transfusions 13 (12.5%)

 Has received chronic blood transfusions in the past 11 (10.6%)

 None of the above 26 (25%)

Do you know anyone with sickle cell disease who has had a bone marrow transplant?

 Yes 20 (19.2%)

 No 84 (80.8%)

Which of the following treatments can cure sickle cell disease? 2 

 Blood transfusions 20 (19.2%)

 Hydroxyurea 31 (29.8%)

 Bone marrow transplant 62 (59.6%)

 Gene therapy 23 (22.1%)

 There is no cure for sickle cell disease 11 (10.6%)

1
A score of less than for indicates the possibility of limited literacy on The Newest Vital Sign.

2
Does not sum to 104, participants could select multiple choices.
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