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Abstract

Introduction: Sickle cell disease (SCD) is a rare genetic disease with limited therapeutic options. 

Gene-based therapies are being investigated in clinical trials to evaluate their curative potential. 

The expected life-long benefits of one-time administration of genetically corrected stem cells 

present uncharted challenges in estimating value of these treatments. Our objective is to conduct a 

landscape analysis of clinical trials and prompt a discussion estimating the value of gene therapy 

as a therapeutic option for SCD.

Areas covered: We searched Clinicaltrials.gov to identify and characterize clinical trials in gene 

therapies for SCD. We report available results and discuss current concerns and elements of value 

necessary to consider as these products come to market.

Expert opinion: Gene therapies could represent a major advance in SCD treatment. Although 

clinical trials are ongoing, reports of serious adverse events have led to pause of these trials, 

emphasizing the need to prove long-term tolerability. Measured using the methods of health 

economic evaluation, we anticipate high up-front costs may be offset by potential life-long 

benefits of these treatments. During development and after treatment approval, attention should 
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be focused on ensuring adequate availability and equitable access to emerging therapies in 

underserved areas and low-middle-income countries (LMIC).
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1. Introduction

Gene-based therapies involve the introduction of exogenous genes into autologous or 

allogeneic cell types, altering the DNA of a cell, or modifying the expression of genes 

for the purpose of treating the underlying cause of a disease rather than simply treating its 

downstream symptoms[1]. Gene-based approaches to therapy are currently being evaluated 

for the purpose of correcting inherited genetic disorders such as cystic fibrosis, familial 

hypercholesterolemia, and hemoglobinopathies, including sickle cell disease (SCD)[1].

SCD is among the most prevalent and clinically significant of the hemoglobinopathies 

and occurs when a sickle hemoglobin (HbS) polymerizes on deoxygenation, reducing 

the deformability of red blood cells. This causes painful vasoocclusive episodes (VOEs), 

irreversible organ damage, poor quality of life, and reduced life expectancy. Although 

allogeneic hematopoietic stem-cell transplantation (HSCT) is a currently available curative 

option offered to certain children with SCD with a matched sibling donor, fewer than 18% 

of patients have access to a matched donor[2]. In addition, although HLA-mismatched donor 

transplants are possible, outcomes are not yet optimal and continue to be improved. Due 

to their potentially curative nature, without the need for a matched donor or risks of graft 

versus host disease, gene therapies may provide more accessible, long-term treatments for 

SCD. As gene therapies emerge, estimates of their value compared to available treatments 

will be useful in guiding treatment strategies that provide the greatest benefit to patients[3]. 

Within the National Heart, Lung and Blood Institute, National Institutes of Health, the 

Cure Sickle Cell Initiative (CureSCi), ‘is a collaborative, patient-focused research effort 

dedicated to accelerating development of treatments aimed at providing genetic-based cures 

in SCD’[4]. Investigators in the ‘blinded’ Consortium of the CureSCi are charged with 

creating a decision-modeling framework to compare estimates of value for these gene-based 

therapies to currently available therapies. The model will capture the disease and treatment 

trajectory of individuals with SCD over the lifetime horizon. In preparation for the modeling 

work, this landscape analysis is intended to systematically identify and characterize current 

gene therapy trials and their associated long-term follow-up studies in SCD, as represented 

in ClinicalTrials.gov. We first provide a general overview of gene-based therapies, followed 

by an overview of SCD treatments. We then accomplish two objectives. We first report 

the results of our landscape analysis and then discuss results of the gene-therapy trials in 

the context of SCD. We next discuss the potential value of using gene therapy in reducing 

lifetime healthcare use, improving productivity, and improving quality of life for SCD 

patients and families. We conclude with a discussion of the importance of ensuring adequate 

availability of and equitable access to these emerging therapies.

Quach et al. Page 2

Expert Rev Pharmacoecon Outcomes Res. Author manuscript; available in PMC 2024 January 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://ClinicalTrials.gov


2. Overview of gene-based therapies

Current approaches to gene-based therapies consist of two molecular gene modification 

approaches: gene addition and gene editing. Both approaches are being intensively studied 

for their use in treating inherited genetic disorders such as SCD. Hematopoietic stem cells 

(HSC) are ideal targets for gene-based therapies due to their high potential for longevity 

and their ability of self-renewal[5]. HSCs are collected after mobilization into blood or via 

direct harvest from bone marrow and undergo ex vivo gene manipulation and effective gene 

modification[6]. Once the safety and quality of the modified product has been assessed, 

a conditioning regimen is used to weaken or eliminate the patients sickle cell-producing 

marrow and is then followed by infusion of the modified HSCs [7]. By infusing autologous 

cells, graft versus host disease (GVHD), that is often seen in allogeneic HSCT, has not been 

a factor to date in gene therapy trials.

Gene addition refers to the addition of an exogenous gene or genes into autologous cells 

to compensate for an abnormal gene causing a certain disease. In gene addition, a vector 

containing the transferred gene of interest, also known as a transgene, is used to deliver 

and integrate one or more genes into the genome of a patient’s stem cells to correct 

deficiencies by expressing itself for, ideally, the entirety of the patient’s life[5]. Unlike gene 

addition, gene editing may be conducted without the addition of transgenes into the human 

genome, allowing for direct, site-specific altering of the endogenous genomic sequence of 

a cell, decreasing the risks posed by randomly inserting genes. Several nucleases have been 

developed for genetic editing, and may be introduced into cells as a recombinant protein 

and are able to induce DNA breaks in a targeted region to enable an array of desired gene 

modifications such as gene disruption and correction[8]. However this is not without risk, as 

off target edits may impact normal gene function and lead to mutations.

To achieve stable engraftment of modified HSC after infusion, administration of a 

conditioning regimen, likely a chemotherapy- and/or radiotherapy-based preparation, is 

required for myeloablation[9]. Current conditioning regimens, such as the commonly used, 

busulfan, often contribute to the overall side effect profile of gene therapy as they cause 

severe pancytopenia such as severe neutropenia and thrombocytopenia, and later infertility. 

Current research effort is focused on strategies to assure engraftment of the therapeutic 

product while limiting toxicity.

Due to the sizable benefits of potentially curative therapies, including gene therapy, the Food 

and Drug Administration (FDA) has designed several pathways to accelerate marketing 

authorization and product launch, especially for rare diseases. Quinn et al. conducted a study 

to estimate future cell and gene therapy launches, penetration rate, and predicted size of 

eligible and treated patient populations for the launched products. Of the various indications 

studied, hematology was one of the leading indications with five expected launches by 

2030[10].

Quach et al. Page 3

Expert Rev Pharmacoecon Outcomes Res. Author manuscript; available in PMC 2024 January 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3. Overview of sickle cell disease and treatments

SCD is one of the most commonly occurring, severe monogenic disorders worldwide. 

SCD affects multiple-organ systems and is associated with episodes of acute illness 

and progressive organ damage. SCD is the overarching term used to describe diseases 

of a characteristic clinical syndrome that can be specified by genotype. SCD affects 

approximately 100,000 individuals in the United States (US) with one SCD case occurring 

among 365 Black or African American births and one out of 16,300 Hispanic American 

births[11]. Global estimates of birth prevalence of homozygous SCD is 0.11% with a birth 

prevalence in Africa of 1,125 per 100 000 compared with 43.12 per 100,000 in Europe[12]. 

Nearly 75% of all SCD births occur in sub-Saharan Africa[13].

SCD is caused by a mutation in the β-globin gene, in which, HbS can polymerize following 

deoxygenation, resulting in the sickling and lysis of erythrocytes. The aggregation of 

mutated HbS-laden red cells leads to a series of alterations resulting in vaso-occlusion which 

promotes ischemia-reperfusion injury [14]. Along with the characteristic clinical syndromes 

such as severe pain episodes, acute chest syndrome, and stroke; natural disease progression 

involves other organ systems and complicated combinations of social determinants of health 

and the result of chronic illness with limited to no available therapies, which may contribute 

to mental health disorders[15].

The projected life expectancy and quality-adjusted life expectancy for patients with SCD in 

the US is 54 years and 33 years, respectively[16]. Using population-based surveillance data 

from California and Georgia from 2004 to 2008, the average age at death was 42.4 years 

(SD 16.9)[17]. The estimated mortality rate was 0.64 per 100 years of child observation 

with the highest rate of 7.3 per 100 seen in Africa[12]. A study investigating mortality rates 

in children and adults with SCD revealed that between 1975 and 2005, the mortality rate 

for adults 19 years and older increased by 1% per year, while in the pediatric population, 

mortality decreased by 3% per year[18]. The increased mortality rate in adults may reflect 

the possibility that SCD patients who would have died earlier in childhood, due to severity 

of disease, are now surviving to adulthood and thus shifting the curve as they are more likely 

to die sooner than those with less severe disease.

Current mainstay treatments for SCD are hydroxyurea, blood transfusions, and 

hematopoietic stem cell transplantation. Use of these therapies is limited by various barriers 

such as poor acceptability, low number of SCD specialists, increased numbers of health-care 

visits, and lack of matched donors. Moreover, availability of blood transfusions is limited 

to countries in which medical care is accessible on a long-term basis. In recent years, 

newer therapies have been approved in the US, such as crizanlizumab, voxelotor, and 

L-glutamine. Although approved for their positive impact on reduction of acute sickle cell 

events and hemoglobin response, these newer treatments have not yet been investigated 

for their efficacy in improving quality of life or prevent organ damage and death[19]. In 

addition, not all these newer agents are approved outside of the US.
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4. Gene therapy in the context of sickle cell disease

Due to the limited availability of matched sibling donors and the high risk of transplantation-

related risks associated with allogeneic HSCT, ex-vivo gene therapy is being extensively 

studied and tested in numerous clinical trials as a potential cure for SCD. Autologous HSCT 

would eliminate the need for donors, in theory, the risk of transplant rejection and GVHD, 

a potentially fatal condition, because the genetically modified cells are of patient origin[20]. 

Gene modification approaches could allow production of functionally improved RBCs in 

SCD. However, for gene therapy in SCD to be successful, three main objectives must be 

achieved to address technical complexity: (1) safe and efficient gene transfer or correction of 

long-term repopulating HSCs (2) high-level, appropriately regulated, stable gene expression 

and (3) reduction in risk of transplant rejection[21]. In addition, important factors such 

as long-term safety profiles, patient acceptance, unknown risks, and costs will affect the 

success of gene therapy in SCD and therefore must be considered.

Gene addition therapies studied in SCD involve anti-sickling β-globin or γ-globin gene 

transfer into lentiviral vectors. Lentiviral vectors provide stable gene addition, allow the 

ability to transduce nondividing HSCs, contain a larger capacity for DNA, and have a safe 

integration profile [21]. The defining mutation of the sickle allele occurs in the β-globin 

gene and therefore, developing a modified β-globin with antisickling activity may be 

advantageous. Use of the γ-globin gene is based on the observation that HbF (α2γ2) is 

a more potent anti-sickling hemoglobin when compared to the adult hemoglobin (α2β2), 

and therefore may require lower gene expression[21].

An additional gene therapy strategy used in SCD is gene editing. Targeted genome 

engineering using nucleases such as, zinc finger nucleases (ZFNs) and clustered regulatory-

interspaced short palindromic repeat-associated nuclease/ CRISPR associated protein 9 

(CRISPR/Cas9), are being studied in SCD to allow the introduction of site-specific DNA 

breaks into the human genome, followed by repair mechanisms, that ultimately correct the 

sickle mutation[21]. Instead of correction of the sickle mutation, a current target for gene 

editing in SCD is increased HbF endogenous production. A key protein in the regulation 

of HbF is BCL11A, which is required for γ-globin gene repression in adult erythropoiesis 

and therefore, HbF regulation in primary human cells. [21-23] Loss of erythroid-specific 

BCL11A in mouse models of SCD showed reversal of the hematologic and pathologic signs 

of the disease, thereby validating it as a therapeutic target[24]. In determining a therapeutic 

level of HbF, both the level per cell and percent of cells with this level are key (i.e. ability to 

achieve HbF pancelullarity). While these thresholds have not been definitively established, 

scientists have appreciated that SCD patients with increased levels of HbF >30% in a more 

pancellular pattern have an attenuated clinical course[25].

5. Landscape analysis current clinical trials for gene therapy in SCD

5.1. Methods

On 13 November 2020, we searched the Clinicaltrials.gov databases using a protocol 

that pre-specified treatment of SCD or thalassemia with gene therapy that were being 

conducted globally. We identified studies using at least one of the following search terms: 
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‘Sickle Cell Disease’ AND ‘Gene’; ‘Sickle Cell Disease’ AND ‘Gene therapy’; ‘Sickle 

Cell Thalassemia’ AND ‘gene’; ‘Sickle Cell Thalassemia’ AND ‘Gene therapy’; ‘Sickle 

Cell Disease’ AND ‘Autologous’; ‘Sickle Cell Disease’ AND ‘CRISPR’; ‘Sickle Cell 

Anemia’ AND ‘Gene’; ‘Sickle Cell Anemia’ AND ‘Gene therapy’; or ‘Sickle Cell Disease’ 

AND ‘BCL.’ Search terms were developed in consultation with a physician scientist and 

hematologist whose clinical practice consists of SCD patients (MAB).

One reviewer (DQ) extracted the main characteristics of each study. After duplicates were 

removed, the reviewer independently screened the titles, conditions, and intervention. We 

included multinational clinical trials that examined the safety and efficacy of gene addition 

therapy and gene-editing therapy for SCD. Studies were included if the clinical trials 

included a study intervention that was gene therapy treatment in SCD patients or if the 

long-term extension studies corresponded with a clinical trial for gene therapy in SCD 

patients. Studies were not included if identified as terminated. After the first reviewer 

extracted information populated from the searches and screened the trials for eligibility, 

an evidence synthesis methodologist (BD) and the clinician/scientist (MAB) confirmed 

the decisions. The content of this manuscript reflects the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) Statement. Clinical trial results were 

continuously updated as reports were released.

5.2. Results

5.2.1. Study selection—The PRISMA flow diagram of study selection and exclusion is 

presented in Figure 1. Our search identified 246 clinical trials or observational studies. After 

removing duplicates, we screened the titles, sickle cell conditions, and interventions of 79 

studies. Sixty-five studies were excluded; 14 studies met all our inclusion criteria.

5.2.2. Overview of included trials and observational studies—The study 

characteristics of the 14 included trials are found in Table 1. Of the 14 trials, 11 are 

interventional clinical trials and the remaining three studies are extension studies. Ten 

unique gene-based interventions are being evaluated (Table 2). Seven interventional trials 

evaluate gene addition therapy; of those, five use a β-globin-containing mobile gene element 

known as a gene cassette, and two use a γ-globin gene cassette. The remaining four 

interventional trials target BCL11A for gene editing or gene silencing. Table 3 provides 

detail on recruitment status, inclusion criteria, estimated study completion dates, and 

outcomes. For the clinical trials, severe disease is required for inclusion in all eleven. 

Inclusion criteria for the three long-term follow-up studies are simply that enrollees have 

been previously treated with a gene-based therapy product in the context of an interventional 

trial. Outcomes being evaluated are specific to each study, and range widely from overall 

survival and occurrence of adverse events, to successful neutrophil or platelet engraftment, 

from neutropenia, to malignancy, to number of required transfusions. Adverse events being 

evaluated include, but are not limited to, new malignancies, allergic reactions, infection, and 

organ toxicity.

5.2.3. Results of included trials—The 14 studies explore various gene addition and 

editing therapies in the therapeutic area of SCD. Of the 14, only one study has been 
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completed with results reported on Clinicaltrials.gov. In trial NCT02151526, conducted by 

Bluebird Bio, the anti-sickling gene therapy vector used is a lentiviral vector, LentiGlobin 

BB305 or bb1111, which encodes the human HBB variant βAT87Q. Three of the seven 

participants in the study carried the diagnosis of SCD. Neutrophil and platelet engraftment 

was achieved in all three participants with SCD. In terms of safety, all three participants 

experienced ‘any’ and ‘any serious’ adverse events; however, specific events are not yet 

disclosed. None of the three patients died during the trial. Results of the remainder of trials 

have not yet been reported on Clinicaltrials.gov as they are ongoing.

Among the 14 trials, five case reports are available, three summarizing non-oncologic 

follow-up and the latter two involving patients who were initially thought to have 

developed myelodysplastic syndrome (MDS) and acute myeloid leukemia (AML) related 

to the BB305 lentiviral vector (LVV) [2,26,27]. (Table 4) One case report from each 

of three trials (NCT02151526, NCT03745287, and NCT03282656) summarizes follow-

up (treatment completion, survival, comorbid events, transfusions, and serious adverse 

events) in eight patients. One of the eight patients was treated with LentiGlobin BB305 

(NCT02151526), one with CTX001 (NCT03745287), and six with BCH-BB694 lentiviral 

vector (NCT03282656). All eight patients survived the procedure and were able to complete 

treatment, once started. Patients were followed for an average of 16.5 months. When 

assessing clinical events of SCD since gene therapy infusion, such as vaso-occlusive 

crises, acute chest syndrome, or stroke, seven of the eight patients were symptom free. 

The eighth patient, treated with BCH-BB694 (NCT03282656), experienced several severe 

episodes of priapism, however, has not had priapism-related emergency department visits or 

hospitalizations since month eight. When assessing the need for transfusions, for the one 

patient each, treated with LentiGlobin BB305 and CTX001, transfusions were discontinued, 

with the last transfusion on day 88 and day 19, respectively. Of the six reported patients 

treated with BCH-BB694, five have not received a red-cell transfusion since engraftment. 

Serious adverse events were experienced in five of the eight patients (BB305, CTX001 

and three receiving BCH-BB694). Serious adverse events include sepsis in the presence 

of neutropenia, cholelithiasis, abdominal pain, fever and influenza infection, recurrent 

priapism, and leg pain, all of which resolved with treatment or required readmission for 

less than 24 hours [2,26,27].

Not reported in the three case reports above, are two more recently reported case reports 

that summarize incidents of myelodysplastic syndrome (MDS) and acute myeloid leukemia 

(AML) in three patients. The first incident of MDS after receiving the BB305 lentiviral 

vector (NCT02140554) was reported in May 2020[28]. The patient was diagnosed with 

MDS 36 months post-infusion. Multiple independent cytogenetic and molecular assays were 

performed to investigate the cause of MDS. The results demonstrated the absence of vector 

integration and therefore, lentiviral vector-mediated oncogenesis was eliminated as the cause 

of the MDS; instead, the MDS was attributed to busulfan conditioning that occurred before 

transplantation of the modified gene[28].

As of February 2021, bluebird bio announced the temporary suspension of two of their 

trials (NCT02140554 and NCT04293185) following a report that a patient who was treated 

more than 5 years ago was diagnosed with AML, in addition to a second case of MDS 

Quach et al. Page 7

Expert Rev Pharmacoecon Outcomes Res. Author manuscript; available in PMC 2024 January 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://Clinicaltrials.gov
https://clinicaltrials.gov/ct2/show/NCT02151526
http://Clinicaltrials.gov
https://clinicaltrials.gov/ct2/show/NCT02151526
https://clinicaltrials.gov/ct2/show/NCT03745287
https://clinicaltrials.gov/ct2/show/NCT03282656
https://clinicaltrials.gov/ct2/show/NCT02151526
https://clinicaltrials.gov/ct2/show/NCT03745287
https://clinicaltrials.gov/ct2/show/NCT03282656
https://clinicaltrials.gov/ct2/show/NCT03282656
https://clinicaltrials.gov/ct2/show/NCT02140554
https://clinicaltrials.gov/ct2/show/NCT02140554
https://clinicaltrials.gov/ct2/show/NCT04293185


in a separate patient, both in NCT02140554[29]. Bluebird bio later provided an update 

indicating that multiple independent analyses confirmed that vector insertion took place 

in the vesicle-associated membrane protein gene, a gene with ‘no known role in the 

development of AML or with any cellular process related to cancer’[30]. Based on these 

analyses, bluebird bio believes that the lentiviral vector BB305 is unlikely to be the cause 

of the AML and therefore has initiated a request to the FDA to resume their clinical trials. 

In April 2021, the treating investigator revised the case of suspected MDS to a diagnosis 

of transfusion-dependent anemia after reviewing results of additional tests[31]. Following 

the initial announcements regarding incidences of AML and MDS, the National Institutes 

of Health halted a similar, yet unrelated gene therapy trial (NCT03282656) being conducted 

at Boston’s Children’s Hospital, pending the investigation of the suspended bluebird bio 

trials. A recently proposed hypothesis suggests that some SCD patients may be predisposed 

to malignancy and therefore should be prescreened. However, evidence validating this 

hypothesis has not yet been collected[32].

After the U.S. FDA lifted clinical holds on the studies of LentiGlobin for SCD gene therapy 

in June 2021, bluebird bio announced they worked with study investigators and clinical trial 

sites to resume study activities[33]. According to ClinicalTrials.gov, the trial conducted at 

Boston’s Children’s Hospital, has resumed and is currently ‘active, not recruiting’ as of 9 

February 2022[34].

6. Estimating the value of gene therapy in SCD

As the use of gene-based therapies in SCD is becoming increasingly investigated, 

estimations of their value compared to currently available therapies is warranted. Although 

limited outcomes data are available, a recent presentation conducted by Kanter et al. 

discusses the impact of gene therapy on health-related quality of life (HRQoL) based on 

patient reported outcomes (PRO) 12 months post-treatment of LentiGlobin BB305 in trial 

NCT02140554. Gene therapy improved HRQoL in all domains of the PRO Measurement 

Information System (PROMIS)-57 for patients whose baseline scores were ‘worse’ than the 

population norm at Month 6; these were sustained through Month 12. Clinically meaningful 

improvement was seen in all evaluable domains (pain intensity, pain interference, anxiety, 

depression, satisfaction with social roles, and physical function.)[35]. The potential long-

term impacts of gene therapies in terms of better health, improved quality of life, as well 

as extended life expectancy, improved productivity, and a reduction in family and caregiver 

burden, provide sufficient incentive to pursue these novel therapies[36].

Although gene-based therapies for treatment of SCD are not yet approved or available 

globally, our analysis of clinical trials, via ClinicalTrials.gov, suggests the current 

clinical pipeline is active and some gene modification technologies may achieve market 

authorization in the coming years. However, the likely addition of curative therapies to the 

market presents financial challenges to existing funding mechanisms. To date, only one 

cost-efficacy analysis has been conducted in the context of gene therapy for a hemoglobin 

disorder. Coquerelle et al. performed a cost-efficacy analysis comparing β-thalassemia 

patients treated with gene therapy to those treated with an allogeneic HSCT between 

2006 and 2016. This French-based study analyzed relevant cost components including bone-
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marrow collection, viral vector production, medical procedure costs, and follow-up costs. 

After a 2-year follow-up period, results suggest that patients who received gene therapy 

experienced fewer complications and hospital admissions than patients who underwent 

HSCT. Average costs were €608,086 for patients treated with gene therapy and €215,571 

for HSCT. The vector comprised almost half of the total cost of gene therapy. The authors 

concluded that while gene therapy was more costly, it resulted in fewer complications than 

HSCT[37]. Although the costs for this analysis were gathered prior to the β-thalassemia 

gene therapy product being approved for marketing in September 2019, the results can 

advise us of what may be expected with the approval of gene therapies for SCD. More 

recent cost data from two different studies suggest that the cost of allogeneic HSCT 

may range from $78,702 to $618,367 and vary based on donor type and techniques used 

during the procedure. [38,39] Since no gene modification technologies are yet marketed for 

SCD, a useful approximation of cost can be made using the list price of the one currently 

marketed gene modification technology for β-thalassemia. Betibeglogene autotemcel costs 

approximately US$1.8 million per treatment[40]. Similarly, to betibeglogene autotemcel, it 

is likely that a gene modification approach approved for the treatment of SCD will have a 

high cost. According to a cost analysis conducted by the Institute for Clinical and Economic 

Review, the life-time treatment costs of crizanlizumab, voxelotor, and L-glutamine are 

$970,000, $1,100,000, and $299,000, respectively[19]. As there is not yet an estimate of the 

lifetime cost-effectiveness of betibeglogene autotemcel, let alone gene therapy for SCD, we 

are unable to compare the value of each treatment option over the lifetime.

Changes in future costs must be considered as the cost of gene therapy may also decrease 

overtime as manufacturing protocols are established and there is wider spread use and 

more competition. However, a discussion of cost only, is limiting. Long-term value includes 

comparative clinical effectiveness, estimated incremental cost-effectiveness, and contextual 

considerations such as access to treatment and resources in low-to-middle-income countries 

(LMIC), availability of other treatments, and ethical priorities. Benefits accrued over a 

lifetime must be considered as they may offset the expected high upfront costs. Benefits 

include measures beyond efficacy, such as reduced healthcare resource utilization over time, 

increased productivity, and reduction of caregiver burden. Although gene therapy has the 

potential to cure SCD and provide these benefits, irreversible consequences of the disease 

and unknown long-term risks of treatment may persist, such as infertility or secondary 

malignancy. These must also be considered and incorporated into the valuation of gene 

therapy in SCD. Although relevant, these elements may be difficult to quantify, especially as 

it pertains to gene therapy in SCD.

The standard economic measure used to quantify the benefits of therapies is the quality-

adjusted life year (QALY), which measures both quantity and quality of life. QALY 

calculations can incorporate elements of efficacy, healthcare resource use, productivity, 

caregiver burden, and more[41]. Challenges to estimating QALYs in gene therapy in general, 

and SCD specifically, include the lack of long-term studies and large-scale experiences. 

Incremental QALYs, comparing two alternate treatment strategies, form the denominator of 

the incremental cost-effectiveness ratio, with incremental costs forming the numerator. This 

ratio is benchmarked against a willingness to pay (WTP) threshold. For example, World 

Health Organization (WHO) suggests a WTP threshold of 1 to 3 times gross domestic 
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product (GDP) per capita for all countries. A 2016 study found that the thresholds estimated 

in LMIC are far less than that proposed by WHO. In Malawi, the country with the 

lowest income in the world, the estimated threshold was $3 to $116 and in Cambodia, a 

borderline low/low middle-income country, it was $4,485 to $8,018.38[40]. In countries 

with populations most impacted by SCD, such as those in Africa, there is limited available 

evidence to estimate WTP thresholds[42]. Therefore, similar estimates, alongside country-

specific healthcare fund information, must be used to inform value-based decisions.

Salcedo et al. conducted a cost-effectiveness analysis of a hypothetical cell or gene therapy 

cure for SCD from the US healthcare sector perspective[43]. For the durable treatment 

arm, the intervention was assumed to be fully effective and therefore completely suppressed 

disease-related complications and costs, restored life expectancy, and HRQoL (measured in 

QALYs) to that of a comparable individual unaffected by the disease. Durable treatment 

resulted in an ICER of $140,977 per QALY gained, which is cost-effective at the WTP 

threshold of $150,000 per QALY gained. Their sensitivity analyses suggested that a median 

20-year and 10-year duration scenario would result in an ICER of $410,607 per QALY/

gained and $740,058 per QALY/ gained, which is not considered cost-effective[43]. The 

analysis is limited in that it did not incorporate the indirect costs of managing SCD or 

consider the potential long-term risks of gene therapy. However, the results provide some 

insight into whether there is a need to increase the WTP threshold for rare diseases.

The Institute for Clinical and Economic Review has discussed increasing the WTP threshold 

up to $500,000 per QALY gained due to the considerable potential health benefits and 

reduction of related burdens by therapies for rare diseases, such as SCD[44]. An even 

greater challenge presented is the lack of WTP threshold data in countries with populations 

most affected by SCD. Additional elements of value for gene therapy, beyond the traditional 

framework, need to be assessed and may support a higher value-based cost-effectiveness 

threshold. [45]

Although incremental cost-effectiveness ratios estimate value compared to the next best 

alternative, an additional necessary estimate is that of affordability, estimated using a budget 

impact[41]. A budget impact analysis performed from January 1 to 31 May 2020, using a 

$1.85 million list price for gene therapy in SCD as the base case, projected a mean 1-year 

budget impact of $29.96 million per state Medicaid program ($1.91 per member per month). 

This study suggests that gene therapy in SCD will likely present affordability and unique 

financial challenges, therefore, reinforcing the need to take steps to ensure patient access as 

these therapies will potentially offer substantial benefit to patients[46].

7. Conclusion

As experimentation of gene modification technologies in SCD increases, the sooner the 

expected high-cost treatments will achieve market authorization and therefore, the sooner the 

value of these potentially curative treatments for rare diseases must be assessed. A broader 

concept of value may provide rationale for a higher list price and, consequently a higher 

cost-effectiveness threshold, as these costs may be offset by the potential life-long benefits 

of gene therapy. The expected outcomes that increase the value of these treatments for SCD 
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consist of increased patient eligibility for treatment, improved quality of life, extended life 

expectancy, improved productivity, and reduced family and caregiver burden. To estimate the 

true value, long-term efficacy and safety data and the social implications of treatment must 

be evaluated.

8. Expert opinion

Gene therapy is being studied in rare, chronic diseases, such as SCD. This landscape 

analysis of clinical trials for gene therapy in SCD has yielded information on the various 

gene modification approaches currently being investigated. The initial result of the single 

completed study is favorable and may indicate that gene therapy has potential to be a viable, 

curative treatment option for the SCD population. However, recent reports of AML and 

the reclassified MDS case report to transfusion-dependent anemia after treatment with gene 

therapy in SCD, leading to the suspension ongoing trials, gives pause to the interpretation 

of efficacy and safety of these emerging therapies[29]. Efforts to understand the risks and 

causes of adverse events are underway.

In addition to the recent reports of serious adverse events, current clinical trial design 

may also pose hesitation toward gene therapy in SCD. Current interventional trials of gene 

therapy in SCD have been single-arm and limited to a study population of 50 participants 

or less, which raises the issue of relative efficacy and generalizability, respectively, of 

the clinical evidence proposed. In addition, the lack of long-term studies, large-scale 

experiences, and the subjective nature of many assessment tools present a challenge to 

determining the value of gene therapy[47]. Although certain limitations, such as an open-

label design, are sometimes unavoidable due to the nature of gene therapy technology, 

investigators will need to use additional approaches to find the necessary data to provide 

evidence of treatment effect. Drummond et al. suggests the use of a historical control cohort 

of patients as a supplement to assess comparative effectiveness and safety, however in gene 

therapy trials, it may be more beneficial to compare allogenic transplant treatment groups 

to conventional therapy[48]. An example would be the STRIDE 2 trial, comparing survival 

and sickle-related outcomes in patients with severe SCD after bone marrow transplantation 

and standard of care[49]. In addition, long-term effectiveness is often unknown despite the 

expected long-term health benefits of gene therapy. To mitigate this lack of clinical and 

safety data, registries of patients treated with gene therapy will be necessary to capture 

and monitor long-term outcomes, as is being done in a sub-study of the STRIDE 2 trial, 

creating a biorepository[50]. Additionally, registries of patients who do not undergo curative 

treatments may serve as contemporary controls for those who do undergo gene therapy to 

cure sickle cell disease.

The expected consequence of the one-time administration of gene therapy may represent 

a breakthrough in the treatment of SCD. However, due to the potentially curative nature 

of gene therapy and its implications on the entire SCD community, it is likely to be 

expensive. The challenging aspect of gene therapy is the expected high upfront costs, 

followed by health benefits that accrue over a patient’s full life span. The methodologies of 

pharmacoeconomic evaluations make it possible to consider the potential lifelong benefits. 

The potential lifelong benefits such as improved quality of life, extended life expectancy, 
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reduced healthcare utilization, improved productivity, and reduction in family and caregiver 

burden create further value of gene therapy for the treatment of SCD, which provides the 

rationale for a higher list price, a higher WTP threshold, and increased experimentation in 

gene modification technologies. At this time, additional information is required to establish 

the differential cost-effectiveness ratio for gene therapies in SCD as well as to determine an 

appropriate efficiency threshold.

Additional unique elements of value for gene therapy must be considered and discussed in 

comparison to currently available chronic treatment options. Garrison et al. suggests that 

the value of full life may emerge from therapy that is able to cure a disease that may be 

otherwise fatal at a young age[45]. Other elements of value requiring a closer assessment 

for gene therapy are the real option value, value of hope, and value of knowing. The real 

option value suggests that therapies that increase life expectancy also provide patients with 

the option to benefit from future innovative therapies. If gene therapy were to result in an 

increased number of cures and reduced uncertainty about a response to an intervention, this 

would create the value of hope and the value of knowing for patients, respectively. The 

combination of these uncertainty-related elements of value supports adoption of a higher 

cost-effectiveness threshold as they may increase quality of life in these patients[45].

In the context of gene therapy for SCD, health care decision makers must also consider the 

availability of access to treatment and health fund resources in different socioeconomical 

areas. The current prospect of access to gene therapy in LMICs is unfavorable as, of the 

14 clinical trials reported, none are open in Africa, although an estimated 75% of infants 

born with SCD live in sub-Saharan Africa. While gene therapy in SCD currently shows 

promise in the United States and other high-income countries, limitations to supportive care 

(e.g. transfusions and anti-microbials), infrastructure, technical complexity, and the high 

cost of these therapies significantly limits the ability to deploy these in LMICs. That said, 

multiple countries are prioritizing developing the support structures, and the development 

of automated systems for stem cell modification will speed up the use of gene therapy in 

Africa.

In sum, many trials are currently underway for gene therapy in SCD with some reporting 

results for patients who have completed the treatment procedure already available. Gene 

therapy in SCD may show promise, however, special attention needs to be given to potential 

adverse effects and result generalizability. As treatment may move toward approval, 

consideration of the likely high cost, potential life-long benefits, and, therefore, the potential 

need for revised WTP thresholds is required. Lastly, for gene therapy in SCD to be 

successful, concerns for access and affordability need to be addressed in underserved areas 

and LMICs where SCD is most prevalent. Ozuah writes, ‘The irony here is inescapable 

– some of the most underserved patients in the world are ideal candidates for the most 

advanced medical treatment yet conceived’[51].
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Article highlights

• Gene therapy is an emerging area of science in which different approaches 

are taken to replace dysfunctional genes or add new ones. Gene therapies 

represent major advances in the treatment of genetic disorders, such as sickle 

cell disease (SCD), for which limited treatment options are available, as they 

hold curative promise; however, this is not without risk.

• SCD is rare genetic disorder caused by an inherited structural defect in 

the beta globin gene. It is a lifetime disorder characterized by painful vaso-

occlusive crises, anemia, and increased risk of stroke and other significant 

comorbidities, leading to increased utilization of health care resources.

• Gene therapies are currently being studied for use in SCD. Both gene editing 

and gene addition are at early stages of development in clinical trials and may 

hold promise as cures and for additional life-long benefits such as increased 

quality of life and decreased disease burden.

• Current mainstay treatments for SCD are hydroxyurea and blood transfusions. 

Other available treatment options include crizanlizumab, voxelotor, L-

glutamine, and hematopoietic stem cell transplantation. Use of these therapies 

is limited by various barriers such as poor acceptability, increased number of 

health care visits, and lack of matched donors.

• The one-time administration and expected upfront costs of gene therapy 

warrant accurate estimations of value including costs offset by lower lifetime 

health care resource use, improved productivity, and improved quality of life 

for patients and families.

• A major challenge to estimating the value of gene therapies for SCD is 

determining the impact on quantity and quality of life without available long-

term efficacy and safety data. In addition, challenges exist in establishing 

a willingness-to-pay (WTP) threshold for rare diseases in various regions, 

including LMICs.

• Efforts to determine the value of these therapies and social influences 

affecting access to treatment are important to ensure adequate availability 

of and equitable access to these emerging therapies in regions most impacted 

by SCD.
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Figure 1. 
PRISMA flow diagram.
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