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Abstract
The research is focused on systematic literature review for evaluating role of the public health determinants of equitable access to CRISPR-based gene therapy to address SCD in the UK healthcare system. The key objectives of this research are to focus on analysing the key barriers and facilitators affecting access to CRISPR-based gene therapy for individuals with sickle cell disease in the UK. 
Through literature review, the research critically evaluates the current evidence of gene therapy using CRISPR for sickle cell disease, including access and equity considerations, readiness of health systems, implementation challenges, and public health considerations. The implications of Health Equity Theory and Diffusion of Innovation Theory have been integrated which eventually helps in evaluating the adoption rates and systematic readiness of UK healthcare systems for implementing CRISPR-based gene therapy. 
The methodology used in this study to understand the public health aspects of CRISPR-based gene therapy as a treatment for sickle cell disease in the UK. An inductive, qualitative approach and systematic literature review have been adopted in this study using secondary data.
Findings section examines facilitators and barriers influencing access to CRISPR based gene therapy for SCD. Findings identify financial infrastructure, specialist cost, geographical accessibility, Health Care capacity and patient understanding as major considerations. While NHS specialist networks can facilitate delivery, lack of equal sources and treatment requirements can restrict equitable accessibility to the eligible patients.
In conclusion, it represents concluding remarks of findings and recommendations based on identifying problems in CRISPR-based gene therapy access in the UK. The findings show that inequalities in gene therapy access in the UK have been caused by different factors and people from deprived areas are experiencing this mainly. Long-term effects of CRISPR-based gene therapy need to be considered in future research, besides using primary data for examining people's experiences. 
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[bookmark: _Toc240897558]Chapter 1: Introduction
[bookmark: _Toc240897559]1.1 Chapter Introduction
The entire research paper has been focused on understanding the severity and prevalence of sickle cell disease among the UK’s population to prevent this with equitable access to CRISPR-based gene therapy.
[bookmark: _Toc240897560]1.2 Research Background
Sickle cell disease represents a substantial and growing global health burden, with an estimated 7.74 million people living with the condition worldwide in 2021, a 41.4% rise from 5.46 million in 2000, and more than 515,000 babies born with the disease each year (Thomson et al. 2023). Within the UK, prevalence estimates range from around 12,500 to 17,000 affected individuals, making sickle cell disease one of the most common inherited genetic disorders in the country (Dormandy et al. 2018; NHS England, 2023). London bears a disproportionate share of this national burden, with the highest concentration of sickle cell patients found in the capital, particularly across South London, reflecting the city's larger African and Caribbean-descent population (Williams and Maguire, 2021). Moreover, Sickle-cell disease refers to a serious inherited blood disorder that occurs due to a mutation within the HBB gene. 
Sickle-cell disease is responsible for abnormal and sickle-shaped red blood cells in the human body, which can block the flow of blood cells and cause severe health complications. Global prevalence of sickle-cell disease is also significant, with the total number of people with Sickle-cell disease increasing by 41·4% between 2021 and 2022 (Health Data, 2023). On the other hand, Sickle-cell disease can be defined as a genetic disorder of the human body, which can affect haemoglobin, the molecule in red blood cells and restrict the oxygen-carrying process (WHO, 2025). According to the World Health Organisation, gene therapy is an advanced therapeutic treatment option for patients with sickle-cell disease. For example, the NHS has approved revolutionary gene-editing therapy for patients with sickle-cell disease due to the hope of a cure (NHS, 2025). On the other hand, the implementation of CRISPR-based gene therapy is also applicable for patients with sickle-cell disease. 
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[bookmark: _heading=h.cn2yhhtcy97v][bookmark: _Toc240897628]Figure 1.1 The Market of the UK Sickle Cell Disease Drugs
(Source: Insights, 2026)
Currently, the market for UK Sickle Cell Disease Drugs is going high, supporting the increased risk of sickle cell disease. For example, the market size of the UK Sickle Cell Disease Drugs is expected to increase by a CAGR of 10.6% between 2023 and 2030 (Insights, 2026). However, it has been noticed that the application of CRISPR-based gene therapy among patients with sickle cell disease. CRISPR-based gene therapy refers to a functional cure for patients with sickle cell disease by permanently editing the stem cells of patients to produce healthy foetal haemoglobin. This treatment process can prevent red blood cells from misshaping as well as blood vessel blockage. The NICE, or National Institute for Health and Care Excellence, has recently approved a gene-editing treatment technique for application among NHS patients over the age of 12 who are struggling with a severe form of sickle cell disease (NHS, 2025). It has been observed that the CRISPR-based gene therapy is an example of true revolutionary medical innovation, as it supports an innovative approach in stem cell transplantation. 
The UK is the first country to have approved the CRISPR therapy by considering its efficiency to cover equality access in healthcare practices with Sickle Cell Disease (Chemistry World, 2023). It has been found that Sickle cell disease is more common among people who belong to minority ethnic backgrounds, while treatments have historically been lacking due to the presence of the global disease burden (NHS, 2025). However, this gap can be covered through the implementation of CRISPR-based gene therapy. On the other hand, Sickle cell disorder is also one of the most common genetic conditions in England, with 17,000 people living with this condition (NHS, 2023). Considering these key aspects, the research study has been selected to ensure the well-being of the UK population with sickle cell disorder. 
It has been recognised that the delivery of CRISPR is considered to be uniquely demanding in the UK. For instance, 28 out of 29 SCD patients were recognised to be free from severe pain and 39 out of 42 patients with beta thalassemia no longer required blood transfusions for at least a year (Walsh, 2023). This signifies that the delivery requires mobilisation of autologous hematopoietic stem cells that undergo complex ex vivo genetic editing. Based on this aspect, the NHS has activated specialised Authorised Treatment Centres, which are restricted primarily to major urban hubs (Deaneyet al. 2024). In essence, the study is going to evaluate whether a regional healthcare infrastructure can accommodate the operational workflow and specialised workforce training that are required to scale SCD treatment safely. 
[bookmark: _Toc240897561]1.3 Problem Statement
The main problem of this research is to understand and implement equitable access to CRISPR-based gene therapy for the UK’s population with sickle cell disorder or disease (SCD).
[bookmark: _Toc240897562]1.4 Rationale
The rationale of this research aims to evaluate the role of the public health determinants of equitable access to CRISPR-based gene therapy to address SCD in the UK healthcare system through a systematic literature review. SCD is considered to be one of the most common inherited monogenic disorders in the UK that has affected a massive population in recent times. According to the report of the National Perinatal Epidemiology Unit, SCD is recognised to be the most common genetic disorder worldwide and in the UK, with 12-15,000 affected individuals in the UK (Npeu, 2026). It has been recognised that SCD is a multi-organ disorder characterised by intermittent episodes of severe pain. This results in rapid hospitalisation of victims for treatment and other complications such as chest disease, pulmonary hypertension, stroke, retinopathy and renal failure. SCD has historically suffered from systematic underfunding as well as institutional neglect compared to the generic condition of similar prevalence. 
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[bookmark: _heading=h.plfx7umhkkzd][bookmark: _Toc240897629]Figure 1.2: Challenges within the UK’s healthcare system
(Source: Minhas, 2026)
According to Figure 1, access to training and insufficient staff is the potential challenges faced by UK healthcare professionals and care seekers in recent times. About 55% of care seekers in the UK are facing issues in getting access to medical treatment, whereas 54% of care seekers are facing issues due to a lack of staff (Minhas, 2026). On the other hand, 32% of the survey participants have stated that the UK’s healthcare system is facing issues due to a lack of investment (Minhas, 2026). This is considered to be one of the major reasons for the failure of CRISPR-based gene therapy implementation. 
The UK’s geographic centralisation creates a distinct socio-economic barrier as SCD disproportionately impacts ethnic minority populations who already experience systemic disadvantages. SCD care within the geographical section of the UK is not compared with other genetic disorders like cystic fibrosis, as only 0.5 specialist nurses are available for 100 patients for SCD, and only two per 100 for cystic fibrosis (Thomas, 2025). Apart from this, Patients living in rural areas or small towns in the UK often must travel long distances to big cities for proper care. Thus, the rationale of this research is focused on evaluating the challenges associated with healthcare access, equity and Health System Readiness that are affecting the implementation of CRISPR-Based Gene Therapy for treating SCD in the UK. 
[bookmark: _Toc240897563]1.5 Research Question
· What key barriers and facilitators can influence equitable access to CRISPR-based gene therapy for sickle cell disease in the UK?
[bookmark: _Toc240897564]1.6 Research Aim
The aim of this research is to critically evaluate the role of the public health determinants of equitable access to CRISPR-based gene therapy to address SCD in the UK healthcare system through a systematic literature review. 
[bookmark: _Toc240897565]1.7 Objectives
· To analyse the key barriers and facilitators affecting access to CRISPR-based gene therapy for individuals with sickle cell disease in the UK
· To evaluate the influence of socioeconomic, ethnic, and geographical factors on equitable access to gene therapy services
· To understand the health system readiness for the implementation of CRISPR-based therapies, including service capacity and infrastructure
· To discuss the potential implications of gene therapy implementation for health inequalities among populations affected by sickle cell disease
[bookmark: _Toc240897566]1.8 Dissertation Outcome
	 (
Chapter 1: Introduction
Chapter 2: Literature Review
Chapter 3: Research Methodology
Chapter 4: Results/ Findings 
Chapter 5: Discussion
Chapter 6: Conclusion and Recommendations 
)
[bookmark: _heading=h.qi1opz7of852][bookmark: _Toc240897630]Figure 1.3: Structure of the Dissertation
(Source: Developed by learner)
The entire dissertation includes six chapters, which are presented in the above figure. The first chapter is the introduction chapter, where the research background, rationale, problem statement, aim, objectives and research question are presented for better background-based knowledge of the research topic. In addition, the second chapter is the literature review, where existing literature relevant to the research contexts and objectives is presented along with theoretical underpinnings. The third chapter is the research methodology, which is focused on highlighting the chosen methodology of this research, including philosophy, approach and design. The fourth chapter of this dissertation is Findings or results, where the research findings are presented based on the research objectives. Furthermore, the fifth chapter of this dissertation is a discussion, where the discussion of the research findings is presented to establish the interrelation between existing literature and the research findings. 
[bookmark: _Toc240897567]1.9 Chapter Summary
The overall research paper is significant in terms of addressing the health inequality in the treatment approach of the UK’s population affected by sickle cell disease. Furthermore, it is necessary to mention that the UK’s healthcare system can reduce health inequality through the understanding of the research outcomes in the future context. Amid the persistent discussion in the introduction chapter, this research is significant to enhance the well-being of the UK’s population, who are struggling with sickle cell disease and health inequality through quality outcomes, which are not discussed in existing literature. 


[bookmark: _Toc240897568]Chapter 2: Literature review
[bookmark: _Toc240897569]2.1 Chapter Introduction
The chapter is going to evaluate the existing information that is available from existing data sources. The evaluation of this chapter will help in building a strong foundation by summarising, analysing, and connecting past research on the topic. Apart from this, the chapter will help in evaluating the existing literature gap in terms of ensuring the research is new and adds value. Additionally, the chapter will help in supporting the information through vicarious theoretical perspectives in terms of determining their importance in the context of the research topic. 
[bookmark: _Toc240897570]2.2 Barriers affecting access to CRISPR-based gene therapy for people with SCD
It has been recognised that the clinical view of CRISPR-Cas9 therapeutics indicates a present historic shift in the management of sickle cell disease (Singh et al. 2024). It mainly supports pivoting organising from lifelong symptomatic suppression towards curative cellular reprogramming. However, the transition for CRISPR-Cas9 therapy from regulatory approval towards an equitable bedside delivery under the NHS is heavily impacted by structural inequalities (Hibbs et al. 2025). It suggests that the potential for application of gene therapy using CRISPR approaches to SCD is not limited by the scientific feasibility of the approach, but more by disparities within the healthcare system. As per Abdi et al. (2025), a universal healthcare model is theoretically democratising access as well as the operational reality of offering an autologous gene therapy highlights deep-seated systemic vulnerabilities. 
Racial and cultural barriers to trust along with uptake
The prevalence of SCD largely affects individuals of Black African as well as Black Caribbean descent (Jonassaint et al. 2023). The existing literature has highlighted the need for a comprehensive discussion regarding access towards a gene therapy, which must confront interpersonal and structural realities of anti-Black racism and be embedded within historical healthcare delivery (Fletcher et al. 2022). Specialist centres, then, may also be concentrated in particular geographic areas and so disadvantage patients in rural or deprived communities. This also stands in stark contrast, as well as inequitable contrast in order to the genetic conditions for a similar prevalence that affects predominantly White populations like cystic fibrosis. Therefore, underfunding, systemic bias, as well as racial disparity are recognised to contribute to worse clinical outcomes and also stigmatisation for SCD patients. 
On the other hand, the systemic neglect of treatment for SCD patients during Gene Therapy is influenced by a profound and multi-generational medical mistrust in minority ethnic communities (Wright et al. 2025). When high-complexity genetic therapies such as CRISPR-Cas9 therapeutics are introduced, the mistrust leads to lower clinical uptake, heightened anxiety regarding safety and scepticism toward novel interventions. Based on the views of Saghya Infant and CM (2025), CRISPR-Cas9 apprehensions have been further intensified by the recent and abrupt regulatory restrictions of other novel SCD pharmaceuticals because of disappointing real-world benefits. Moreover, the prevalence of racism and poor SCD care in the past can foster mistrust in the largely Black African and Caribbean communities, which could limit involvement in novel genetic interventions. 
Infrastructural barriers to treatment delivery
It has been recognised that the highly specialised nature of autologous gene therapy for SCD has created severe geographical inequities across the UK. As per the views of Nielandet al. (2025), CRISPR therapies are not administered at the local district general hospitals as well as secondary care centres. SCD patients are commonly treated in Advanced Therapy Treatment Centres equipped with adult intensive care units. The context of Advanced Therapy Treatment also highlights the advanced apheresis capabilities and specialised haematology teams who are capable of managing severe bone marrow failure as well as the complex transplant toxicities (Whitaker, 2022). On the contrary, the tertiary genetic and genomic services are deeply centralised within major English metropolitan hubs (Monahan et al. 2023). These barriers do not exist in isolation; for example, a child might be socially disadvantaged. This turn can limit mobility, or might not be able to trust people that are not of their own race, which can hinder utilization of specialised services. 
Financial and socioeconomic barriers to the demanding treatment journey
It has been recognised that CRISPR is a novel and emerging technology and was first discovered in bacterial immune systems, which can cut DNA strands and also be used as a “gene-editing tool”. As per the views of Tao et al. (2023), a guide ribonucleic acid (RNA) leads the CRISPR-associated nuclease towards the target DNA sequence and actually, the cut is made. Such edits change the function of the gene, establishing genes as non-functional as well as replacing the coding sequence for 1 gene with another. In the geographical section of the UK, the NHS operates by following a universal framework, and the NICE evaluates and also covers treatment costs. It promotes free point-of-care access, but it does not automatically guarantee social equity. Zapata-Moya et al. (2023) have stated on the Fundamental Cause Theory that highlights a socioeconomically advantaged population disproportionately benefiting from medical innovations. Thus, financial, educational, and social capital are needed to navigate complex health systems and further act as early adopters.
On the contrary, Hu et al. (2025) have recognised that, for low-income families, the non-clinical costs of the CRISPR rigorous regimen are frequently prohibitive. Equitable implementation goes beyond regulatory authorisation and financial reimbursement. It is the need to engage in culturally responsive ways, to provide decentralized pathways of support and practical help to the patient during the long treatment journey. The travel expenses to specialised centres, as well as the specialised childcare costs for other dependents, are other factors behind the hindrance. Therefore, without robust and state-funded financial and social safety nets built directly into the NHS delivery model. The lowest socioeconomic factor of the SCD population often finds the treatment practically inaccessible, as well as despite full theoretical funding from the state.
[bookmark: _Toc240897571]2.3 Elaboration of different factors influencing gene therapy service access
Sickle Cell Disease (SCD) is a serious inherited blood disorder that mainly affects people from African, Middle Eastern, and Caribbean backgrounds and causes red blood cells to become sickle-shaped. CRISPR-based gene therapy is focused on modifying faulty genes and providing long-term care to patients, although access to this treatment is not equal for all populations. According to the viewpoint of Kolanu (2024), CRISPR-based methods have been used to create diagnostic tests for virus detection, allowing fast and accurate identification of viral pathogens. Equitable access to health care emphasises that all individuals have fair opportunities to receive appropriate health care services regardless of income, ethnicity or location. More than that, Rueda et al. (2024) have argued that if CRISPR-based gene therapies do not reach patients, it creates a double burden for patients, while also being unable to afford the treatment. The collective analysis of the existing evidence on CRISPR-based gene therapies for SCD outlined that it reduces the complexities of painful, severe Vaso-occlusive crises. Thus, this outlined that equitable access to CRISPR-based gene therapy is significant for restoring blood flow and to improving care outcomes through reducing treatment-related pain. 
Socioeconomic, ethnic and geographical factors play a crucial role in determining which individuals benefit from innovative therapies. Socioeconomic status is one of the strongest factors influencing access to healthcare services, especially for gene therapy. As mentioned by Lu et al. (2026), SCD reduces life expectancy by around thirty years, with a major severe impact in low-income groups. Individuals from lower-income backgrounds often face multiple barriers when seeking treatment, including limited financial resources, unstable employment and others. Difficulties taking time off for medical appointments and a lack of transportation may also affect access to gene therapy. Although the NHS provides healthcare services without direct payment, indirect costs affect access significantly. It has been argued by Fatima et al. (2025), that people who live in low-income areas face difficulties accessing SCD treatment because of poor medical care. Thus, evidence from analysis of the existing literature has outlined that repeated hospital visits, long-term monitoring and other factors create difficulties for lower-income families, while additional costs can create challenges. 
Socioeconomic deprivation is associated with poorer health outcomes in people with SCD because living in deprived areas can result in delayed treatment and reduced access to specialist care. Similarly, Woodward et al. (2024) have outlined that insecure or unstable housing is linked to socioeconomic deprivation and also negatively affects self-management. Specifically, socioeconomic conditions prevent equal access to gene therapy, especially due to high levels of healthcare engagement and follow-up care. Individuals with low health literacy may also face challenges understanding complex healthcare information, which makes informed decision-making more difficult. As argued by Obeagu and John (2025), poverty may make it difficult to afford transportation to clinic visits, while low health literacy reduces understanding of disease management.
Ethnicity is a crucial factor affecting equitable access to gene therapy for SCD, mainly creating a significant impact on ethnic minority populations in terms of racial and ethnic inequalities. In other words, SCD affects ethnic minority populations, and understanding racial or ethnic inequalities is important for equal access to gene therapy. Based on the views of Fernández et al. (2024), generalised treatment may not be effective for all ethnic groups because Afro-Colombian populations have higher rates of SCD requires targeted strategies. However, minority ethnic groups in the UK often experience poorer healthcare compared with the majority population, including delayed diagnosis, inadequate pain management and others. Inequality directly leads to poorer health outcomes and higher mortality rates among marginalised groups, such as black infants having a higher mortality rate than other racial groups due to SCD (Khaparde, 2025). Cultural beliefs and communication barriers are also related to ethnicity, while minority populations are underrepresented in medical care.
Patients living in rural areas face significant difficulties in accessing gene therapy because of the travel burden. As per the views of Kelkar et al. (2025), unequal distribution of treatment centres compared to the population’s limits access to gene therapy at both national and global levels. Long travel times, financial cost and fatigue make it difficult for SCD patients in terms of creating unequal access even if services are available. Regional differences in healthcare also contribute to inequality because some NHS regions may have more trained professionals than others. It has been stated by Wahab et al. (2024), that differences in healthcare access and outcomes are most common among poor people living in urban inner-city and rural areas, due to varying support systems. Moreover, healthcare quality highly depends on regional service capacity and fewer specialists may result in delays in referring patients quickly to treatment. 
[bookmark: _Toc240897572]2.4 Demonstrating health system readiness for CRISPR-based therapies
Successful implementation of CRISPR-based therapies requires health system readiness because it is highly advanced. Proper service capacity, skilled staff and specialised infrastructure, such as laboratories and storage systems, are crucial factors, as inadequate preparation can result in a struggle to deliver treatment. According to the viewpoint of Simeon et al. (2025), CRISPR-based treatments require better infrastructure, including laboratories with advanced gene-editing tools and bioinformatics support. Several complex steps of CRISPR-based gene therapy, including patient assessment and long-term follow-up care, indicate the importance of sufficient staff, time and resources. However, an increase in demand and a limited number of specialist centres in the UK can lead to delays in treatment. Skilled healthcare professionals are also essential because CRISPR-based gene therapy requires multidisciplinary teams, including haematologists, pharmacists and counsellors. Advanced infrastructure, including clean laboratories, apheresis units, storage systems and highly skilled staff, is important for gene therapy (Makukuet al. 2026). Specialised training for professionals is important to help them understand technology, apart from managing treatment risks and supporting patients effectively.
Specialist clinical infrastructure capable of delivering complex gene editing therapies is a key element of the health system readiness for gene editing therapies. The treatment for SCD using a CRISPR system is based on ex vivo genome editing of patients’ haematopoietic stem cells. Sickle-cell disease (SCD) is caused by an A·T-to-T·A transversion mutation in the β-globin gene (HBB) (Everette et al. 2023). Such procedures are dependent on advanced cell-processing facilities, Good Manufacturing Practice (GMP) certified laboratories, transplantation units and multi-disciplinary clinical teams. The NHS has a wide range of internationally recognised expertise, and proposed solutions and future directions include extending genetic test ordering authority to include mainstream clinicians and establishing unambiguous eligibility criteria (Karthikeyan et al. 2024). This means that geographical differences are still an issue as patients in rural and disadvantaged areas could face large obstacles to accessing specialist treatment services. 
Another key factor of successful implementation is workforce capability. CRISPR therapies will involve several professions working together, such as haematologists, clinical geneticists, molecular biologists, pharmacists, transplant specialists, genetic counsellors, specialist nurses, psychologists, and bioinformaticians (Kansal, 2024). While there are indications that there has been significant progress made in the UK, particularly in the NHS Genomic Medicine Service, there remain workforce shortages in some genomic specialities. Healthcare professionals need to grasp scientific concepts in gene editing as Genome editing, prominently led by the revolutionary CRISPR-Cas9 technology, is a powerful tool with significant applications in diverse fields, particularly in medicine (Gibelli et al. 2025). CPE, post-graduate genomic training programmes and multidisciplinary clinical governance are thought to be vital to maintaining competence of people involved in healthcare when new technologies like gene editing are developed. 
Regulatory readiness is also a key enabler for safe and responsible implementation. There is a robust regulatory framework in place for the UK that includes the “Medicines and Healthcare products Regulatory Agency (MHRA)” and the “Human Tissue Authority (HTA)” (Ogunyemiet al. 2025). This also includes the “Human Fertilisation and Embryology Authority (HFEA)” and the “National Institute for Health and Care Excellence (NICE)”. These are all of these organisations that work together to approve clinical trials, license products, enforce manufacturing controls, perform health technology assessment, and monitor products in the post-marketing phase. The UK's adaptive regulatory environment, recognised in the existing literature, allows for assessment of ATMPs to occur at an efficient level, while also ensuring patient safety (Eurogct, 2026). However, unique regulatory challenges exist with CRISPR technologies of concern that include off-target genetic modification, long-term genomic stability, durability of the treatment effect, and yet-to-be-determined delayed adverse outcomes. 
The current CRISPR gene therapies are extremely expensive as Casgevy, the world’s first approved CRISPR-based cell therapy, has been priced at $2.2 million per patient (Rueda et al. 2024). While these therapies could cure chronic disease comorbidities and lower resource use for healthcare in the future, costs may be high upfront for publicly funded healthcare systems like the NHS. Much of the published material focuses on innovative ways of funding the healthcare process such as outcome-based payment agreements and risk-sharing arrangements, as well as staged payment systems that spread payment over a number of years based on clinical outcomes. As for additional items that should be included in a comprehensive cost-effectiveness assessment, health economists say that these should account for “gains in productivity” and “quality-adjusted life years (QALYs)” (Jiao and Basu, 2023). Overall, this more complete assessment of a society also enhances the economic support for public investment of CRISPR treatments.
[bookmark: _Toc240897573]2.5 Examining the impact of gene therapy on health inequalities in sickle cell disease
One of the major concerns faced by individuals with Sickle Cell Disease (SCD) is the lack of access to required care due to health inequities, influenced by a lack of awareness. Hibbs et al. (2025) have argued that the UK's National Institute for Health and Clinical Excellence (NICE) have recently approved the gene therapy product exagamglogeneautotemcel (exa-cel), used for the treatment of SCD. The recent advancement and approval of CRISPR-Based Gene Therapy among a wide population are limitations that reduce its implications and use for treating SCD. Hibbs et al. (2025) have also argued that routine health services for people with SCD are initiated decades after the advocacy of gene therapy, which remains inconsistent. Overall, it has been outlined that the inconsistent initiatives regarding routine health services for SCD have limited its effectiveness for the management and treatment of SCD among people in the UK. On the other hand, Muzambiet al. (2025) argued that SCD treatment is impacted by deep inequalities in the healthcare systems, serious care failing in acute services and an attitude underpinned by racism. Collectively, the findings of the existing study have outlined the lack of accessibility and lack of awareness of CRISPR-Based Gene Therapy as the key barriers that create inequalities in sickle cell disease. 
The evidence from the existing studies suggested that SCD is considered a neglected condition, impacting its treatment efficiency due to lack of awareness and knowledge, contributing to disparities. Morgan et al. (2024) defined that emerging gene therapies (GTx) may improve SCD outcomes by leading to complete remission if GTx is affordable and accessible to the lower-middle-class communities. The evidence from the existing studies on the management of SCD outlined that CRISPR-based gene therapy is impacted by challenges due to high manufacturing and delivery costs, creating barriers to equitable pricing. According to Grismoreet al. (2025), people with SCD have faced structural barriers, such as the lack of individualised care and access barriers to medical, community and adult‐specific resources. This signifies that the availability of resources within the UK’s healthcare system has been a challenging factor regarding the implementation of CRISPR-Based Gene Therapy for SCD. 
Afro-Caribbean, Middle Eastern and South Asian communities are most affected by SCD, with a long history of differential investment in research and differential access to care and health services for these communities, and pain management and delayed diagnosis. Gene therapy using a CRISPR approach could provide the potentially curative one-off treatment that could prevent repeat hospital admissions, disability and early death. Treatment of sickle cell disease (SCD) has traditionally focused on symptomatic and preventative care (Abdallah et al. 2024). As a result, if successfully implemented, it may help to reduce health inequity because it will have a positive impact on long-term health status and quality of life of the impacted communities. However, literature indicates that such imbalanced access to gene therapy could also create health disparities. 
Rural or areas with limited advanced genome services facilities may have longer wait times and higher travel demand, low access to advanced genome services and specialised care. Medical mistrust, clinical trial knowledge, and clinical trial risk impact research participation, yet are rarely studied among racial and ethnic groups (Curro et al. 2026). In addition, health literacy differences, lack of understanding about clinical trials, and mistrust of health care providers or health care centres can restrict participation in clinical trials. This is especially true for minority groups who have had a history of discrimination in health care systems. 
Availability of specialist treatment centres, linking into referral networks, access to culturally appropriate genetic counselling and patient advocacy groups will help to enhance patient access and enable informed decision-making. The rehabilitation services, including physical therapy, occupational therapy, and speech and language therapy is an essential part of the healthcare system, which is required to enhance patients' quality of life (Waheed et al. 2024). The promise of gene therapy to bring a positive change in the burden of sickle cell disease is enormous. Therefore, the impact on health inequalities depends on the extent to which the treatment becomes accessible and is applied equitably throughout the UK health system. 
[bookmark: _Toc240897574]2.6 Theoretical Implications
[bookmark: _Toc240897575]2.6.1 Health Equity Theory
The Health Equity Theory (HET) is a widely utilised framework for understanding the equitable accessibility and affordability of required health care to the wider population for improved health outcomes. Nturanabo and Winfred (2025) defined Health Equity as the absence of unfair, remediable differences among social groups, and it needs to be addressed for dismantling structural barriers and promoting equitable care access. Goshuaet al. (2023) argued that gene therapy administered 1 time for patients with SCD costs around $2 million per treated patient, accounting for health inequities among patients with SCD. As per the findings of Martínez-Garcíacet al. (2022), HET emphasises that different social groups have different socioeconomic statuses and do not have equal opportunities in health outcomes regardless of socioeconomic status. 
On the other hand, as per the HET and its implications, the ethnic and geographical factors such as racial and socioeconomic disabilities of individuals with SCD are also concerning variables impacting accessibility to gene therapy. Hendricks et al. (2023) have defined that around 84% of the African population experience accessibility issues for treating Sickle Cell Disease due to poor awareness, accessibility and resource constraints. Health Equity Theory provides a lens for analysing how systematic, avoidable, and unjust differences prevent various population groups from accessing timely, high-quality medical care. In contrast, Carnahan et al. (2023) have outlined that the environment interacts with poverty, insurance coverage and healthcare access to produce unequal disease outcomes as per HET. This outlines that addressing the concerns of tax accessibility along with financial support is significant for the implications of CRISPR-Based Gene Therapy.
[bookmark: _Toc240897576]2.6.2 Diffusion of Innovation Theory
Diffusion of Innovation Theory (DIT) is a comprehensive framework, assisting in explaining how, why and at what rates new innovations and healthcare systems are adopted and implemented for CSD management. D’Souza et al. (2024) have defined that DIT theory assists in comprehending the processes by which products and healthcare systems gain traction and diffuse through specific groups or healthcare systems. The theory assisted in analysing the adoption rates at which new gene editing technologies within the NHS are adopted for offering SCD treatment to patients. The existing evidence has outlined that the adoption of CRISPR-Based Gene Therapy for SCD is impacted by the readiness of the healthcare systems in the United Kingdom. In this regard, Eltayeb et al. (2025) outlined that CRISPR-Based Gene Therapy was recently adopted in the UK as a revolutionary and promising approach, using gene-editing technology for genome modification. 
The DIT framework in combination with HET focuses on factors that directly impact the accessibility of CRISPR-based gene therapy, including lack of awareness, social disparities, knowledge gaps and lack of digital integration. Vincken et al. (2024) have defined that the advancement in the treatment of SCD is enhanced through CRISPR-based gene therapy with government approval from NICE to ensure optimum patient access. On the other hand, Rueda et al. (2024) have argued that the advancement of CRISPR-based gene therapy is advancing with recent approval from the UK’s Medicine & Healthcare Products Regulatory Agency on 16 November 2024. The modern and digitally advanced healthcare systems in the UK are still approaching the advancement in SCD treatment, which is also impacted by socioeconomic disparities in adapting CRISPR-based gene therapy. 
[bookmark: _Toc240897577]2.7 Conceptual framework
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[bookmark: _heading=h.3eg103uakfvt][bookmark: _Toc240897631]Figure 2.1: Conceptual framework
(Source: Self-developed)
Figure 2.3 highlights the relationship between the research variables. It has been recognised that SCD in the UK has affected a huge population, overwhelmingly concentrated within Black African and Black Caribbean communities. Lack of treatment access, investment and staff have been challenging factors that have been affecting the implementation of CRISPR-Based Gene Therapy regarding the treatment of SCD.
[bookmark: _Toc240897578]2.8 Literature gap
The existing literature highlights that CRISPR-based methods have been used to create diagnostic tests for virus detection, allowing fast and accurate identification of viral pathogens (Kolanu, 2024). However, the literature fails to provide actionable as well as localised frameworks regarding the operationalisation of such a transition. Additionally, the lack of empirical evidence in the context of how specialised NHS tertiary centres can logistically manage the resource-intensive process has been identified as a potential literature gap. Apart from this, a historical lack of trust within genomic medicine due to anti-Black racism, the literature lacks concrete, patient-centred strategies in terms of rebuilding this trust at the point of care.
[bookmark: _Toc240897579]2.9 Chapter summary
The above-mentioned chapter highlights that the clinical view of CRISPR-Cas9 therapeutics indicates a present historic shift in the management of sickle cell disease. The transition for CRISPR-Cas9 therapy from regulatory approval towards an equitable bedside delivery under the NHS is considered to be heavily impacted by structural inequalities. It has been recognised that the document shows a persistent pattern of substandard care, stigmatisation, as well as a lack of prioritisation regarding SCD.

[bookmark: _Toc240897580]Chapter 3: Methodology 
[bookmark: _Toc240897581]3.1 Introduction 
The key purpose of the chapter is to outline the methodological framework adopted in order to investigate the public health implications of CRISPR-based gene therapy for sickle cell disease (SCD) in the UK. The new CRISPR technologies as well as the limited empirical data on equitable access, would form the base for this research. That is why a systematic literature review was selected as the most appropriate design for conducting the literature review (Smela et al. 2023). The study extensively depends upon secondary qualitative data by using peer-reviewed articles, NHS reports, along with policy documents. This approach helps in critical evaluation of the barriers, facilitators, as well as health system readiness while also ensuring ethical compliance, academic integrity and the proper understanding of the equity considerations in advanced genomic medicine.
[bookmark: _Toc240897582]3.2 Research Philosophy
Research philosophy refers to the assumptions regarding reality and the nature of knowledge which guide the research process. Rather, it focuses on understanding the ways in which published evidence explains facilitators, barriers, and health system efficiency influencing equitable accessibility of CRISPR-based gene therapy. The interpretivism philosophy is also inconsistent with systematic review methodology, previously outlined in the research proposal. Therefore, interpretivism research philosophy enables the researcher to examine the ways in which ethnicity, socio-economic inequality, healthcare infrastructure and geography influence access to the innovative therapy and influence public health outcomes (Mboowa et al., 2024). The selection of the philosophy is justified because the research question focuses on understanding policy context, experience and health system preparedness rather than establishing universal law. The philosophy stance provides flexibility to analyse the qualitative evidence obtained from government reports and peer-reviewed studies through thematic synthesis (Subica, 2023). The approach enables comprehensive interpretation of complex healthcare issues which cannot be adequately explained through only quantitative measurement. Additionally, conclusions are context-specific and cannot be generalised across all health care settings (Saunders et al., 2023). The limitations are acceptable because the objective of the current study is to provide an in-depth understanding of equitable accessibility to CRISPR-based therapies in the UK. 
[bookmark: _Toc240897583]3.3 Study Design
The current study adopts a systematic review as the research design, which is consistent with the research objective. Unlike a conventional narrative review, a systematic review minimises selection bias by applying inclusion criteria, a predefined source strategy and a quality assessment procedure that improve transparency and credibility of the findings (Page et al., 2022). Existing peer-reviewed journal articles, public health publications and policy reports provide sufficient evidence for examining ethnic, socio-economic, and geographical determinants that impact accessibility. Furthermore, the systematic review design also allows evidence from different sources to be synthesised using thematic analysis, facilitating comprehensive understanding of policy implications and health system preparedness (Ahmed et al., 2025). Additionally, the design is also suitable for emerging health care technology such as CRISPR gene therapy, where evidence is rapidly expanding but remains fragmented across ethical, clinical and policy literature (Levesque and Bauer, 2025). Bringing together the diverse sources enables holistic assessment of implementation challenges in the NHS. 
The systematic literature review, however, also presents certain limitations. The quality of the findings depends on the availability of published studies and their quality. Publication bias can also result in positive findings being overrepresented, while recent policy development and unpublished evidence can be overlooked (Butt et al., 2025). Despite the limitations, choosing a systematic literature review remains the most appropriate Research design as it is in alignment with the objectives of the current study and enables rigorous synthesis of contemporary evidence regarding equitable implementation of CRISPR-based gene therapy in the UK.
[bookmark: _Toc240897584]3.4 Research Approach 
The study adopts an inductive research approach, as it seeks to create thematic insights from existing literature on CRISPR-based gene therapy as well as health equity in the UK. Access to advanced therapies such as CRISPR technology is a critical public health concern, considering that inequality may determine which people benefit from technological advancements (Subica, 2023). This study conducts systematic research using secondary qualitative data in order to critically examine the public health implications of CRISPR-based gene therapy for sickle cell disease in the UK. The rationale for this approach is in its new CRISPR technology, along with the limited availability of primary data on equal access in the NHS. This review is further guided by a constructive epistemology by understanding that the knowledge about health equity as well as access is socially informed with the help of health policies, practice, and even life experiences. It is well grounded in social determinants of health and equity frameworks, meaning the analysis interprets how socioeconomic, ethnic, as well as geographical factors shape access to CRISPR-based therapies (Flaubert, 2026). This approach is interpretative rather than positive because it focuses more upon the thematic patterns across different sources rather than generalisation on a statistical basis.
[bookmark: _Toc240897585]3.5 Search Strategy and term
The study uses a qualitative strategy for the interpretation and synthesis of the theme-based insights that have been generated through existing research material (Almeida, 2026). The research strategy is designed in order to ensure a proper, transparent as well as replicable process for getting evidence on the public health implications of CRISPR-based gene therapy for sickle cell disease in the UK. As this study adopts a systematic literature review, the strategy begins with the creation of clear research questions as well as research objectives, which help in guiding the further stages of this review.
The research is conducted across different academic data sets like PubMed, Google Scholar, as well as institutional Library sources, along with policy and government publications. The keywords and Boolean combination would consist of “ CRISPR”, “ sickle cell disease”, “equitable access”, “ health system readiness” as well as “ United Kingdom”. All these keywords have been used in order to get the relevant studies for conducting the research. 
	Keywords 
	Boolean Operators 
(And)
n1 
	Boolean Operators 
(Or)
n2
	Database
	Outcomes
(subhead and number of studies) n= (n1+n2)

	CRISPR and 
sickle cell disease
	CRISPR AND sickle cell disease
	CRISPR OR sickle cell disease
	Google Scholar 
	n1= 50
n2= 80
N(n1+n2) = 130

	CRISPR
sickle cell disease and health system readiness
	Sickle cell disease AND health system readiness 

	Sickle cell disease OR health system readiness 


	PubMed 
	n1= 450
n2= 300
N(n1+n2) = 750

	CRISPR,
sickle cell disease,
United Kingdom
	CRISPR AND United Kingdom
	CRISPR OR United Kingdom
	ScienceDirect 
	n1= 700
n2= 200
N(n1+n2) = 900



	Sickle cell disease and United Kingdom
	Sickle cell disease AND United Kingdom
	Sickle cell disease OR United Kingdom
	SagePub
	n1= 20
n2= 30
N(n1+n2) = 50
Total= 1830


[bookmark: _heading=h.5719vguxnrh7][bookmark: _Toc240897633]Table 3.1: Boolean operator
(Source: Self-developed)
The data collection further consists of structured searches for peer-reviewed journals, NHS reports, government publications, along with the policy documents that were published between 2022 and 2026. The inclusion criteria further consist of ensuring high relevance to the UK healthcare system, SCD as well as CRISPR-based therapy. The exclusion criteria remove studies that are outside the UK context or those that lack direct relevance to the equity as well as the overall preparedness of the system. The data collection process used a systematic review with a qualitative approach, ensuring that evidence is synthesised thematically to reflect barriers, facilitators and health system readiness within the UK context. The extracted data is coded into the thematic categories, consisting of barriers, facilitators, as well as systemic readiness. The thematic analysis further helps in the identification of continuously occurring patterns along with the divergence in different literatures (Ahmed et al. 2025). On the other hand, the triangulation across the different sources helps in enhancing the ability. This strategy helps in ensuring that the research remains systematic, less biased and provides a detailed understanding of how socioeconomic, ethnic as well as geographical factors impact access to CRISPR-based. Ultimately, the research strategy supports the overall aim of the study in informing both academic debate as well as policy development on equal genomic medicine in the NHS.
[bookmark: _Toc240897586]3.6 Inclusion and Exclusion Criteria
Integrating inclusion and exclusion criteria within research is considered to be essential for defining the study population, reducing bias as well as protecting participant safety (Dahòet al. 2025). In essence, the research has used inclusion and exclusion criteria prior to the data collection procedures, as highlighted in Table 3.1. The use of such a procedure has helped in removing outside factors or confounding variables that could skew findings. 
	PICO 
	Inclusion Criteria
	Exclusion Criteria

	Population 
	· Individuals with SCD
· UK NHS healthcare professionals
· Health policy experts
	· Non-SCD populations
· Populations outside the UK healthcare system

	Intervention
	· CRISPR-Cas9 or Gene editing therapies
· Accessibility barriers
· NHS system capacity
	· Non-gene editing therapies without reference to CRISPR readiness

	Context
	· UK National Health Service (NHS)
· UK health policy
· NICE appraisals
	· Global health contexts without direct relevance 
· Comparative application to the UK

	Outcome 
	· Peer-reviewed empirical studies
	· Non-peer-reviewed opinion pieces


[bookmark: _heading=h.azbtrrxqwmf0][bookmark: _Toc240897634]Table 3.2: Inclusion and Exclusion criteria using PICO framework
(Source: Self-developed)
The research has used clear inclusion and exclusion criteria to identify studies that were directly relevant to the research topic and objectives. These selected criteria helped to maintain the focus of the systematic review and also reduced the inclusion of irrelevant evidence or studies. Additionally, the research has adopted the PICO framework to organise criteria around population, intervention, context and outcomes. As highlighted by Wang et al. (2022), PICO framework has been used to guide retrieval, inclusion and classification of published evidence. In the context of population in the selected PICO framework, the studies involving individuals with SCD have been included because they are the main population affected by CRISPR-based gene therapy. Furthermore, studies involving NHS healthcare professionals and health policy experts were also taken into consideration, as their experience is important to get useful information about treatment delivery. Studies focusing on non-SCD populations were excluded from the research, apart from individuals outside the UK healthcare system. Moreover, the intervention phase examined studies related to CRISPR-Cas9 or gene editing therapies. Studies relating to the UK NHS, UK health policy and NICE appraisals were included in the research, valuing context as part of the framework. Including peer-reviewed empirical studies in the context of outcomes has provided research-based evidence. 
[bookmark: _Toc240897587]3.7 Screening process and study selection using PRISMA Framework
The research has focused on including a PRISMA Framework in terms of selecting 20 peer-reviewed articles from existing secondary sources [Refer to Appendix 1]. As per the analysis of Nezameslami et al. (2025), the use of the PRISMA framework helps to ensure transparency, reproducibility as well as completeness in systematic reviews and secondary papers by improving the data collection procedure. For instance, the above literature has included a PRISMA framework for evaluating the process of enhancing reporting quality in Genetic association studies. Apart from this, the PRISMA framework highlights the process through which 20 peer-reviewed articles were selected out of 1689 studies. Additionally, the Framework signifies that duplicate records have been removed, followed by title and abstract screening against the predefined PICO inclusion and exclusion criteria. Moreover, the full-text articles were evaluated to confirm their focus on public health implications, resource allocation as well as NHS health system readiness for CRISPR gene therapies.
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[bookmark: _heading=h.z9lhqnzbig3a][bookmark: _Toc240897632]Table 3.1: PRISMA
(Source: Self-developed)
The PRISMA framework has been used in the research to guide the screening process and study selection. This framework provided a clear and transparent process for identifying relevant studies and removing studies that did not meet the criteria. The use of the PRISMA Framework has ensured that only peer-reviewed publications, health technology assessments and UK health policy documents directly addressing CRISPR-based interventions for Sickle Cell Disease within the NHS are selected. According to the viewpoint of Malhotra (2024), PRISMA is widely recognised as a standard framework for presenting evidence in systematic reviews and meta-analyses. During the identification stage, relevant studies were searched from academic databases, such as PubMed, Scopus, ScienceDirect and others. Keywords and combinations of terms including CRISPR, gene editing, sickle cell disease, NHS, health equity and others were used. 
All identified records from relevant studies were collected, and duplicate records were removed. In the screening stage, titles and abstracts of the remaining studies were reviewed, and unrelated studies to SCD, CRISPR-based gene therapy and the UK healthcare context were removed. The eligibility stage of the PRISMA framework involves reviewing the full text of the remaining studies based on predefined exclusion and inclusion criteria. Nezameslami et al. (2025), stated that PRISMA guidelines are developed for systematic reviews and offer a structured approach to improve transparency, consistency and methodological rigour of reporting. Studies that did not provide sufficient information or had no direct relevance to the research topic were excluded in this stage. Moreover, studies that met all the criteria were included in the systematic review, while reasons for excluding full-text studies were recorded to improve transparency. This overall process has ensured that the evidence used in the systematic review was relevant and consistent with the research objectives. 
[bookmark: _Toc240897588]3.8 Application of CASP tools for quality appraisal
The research has used CASP Tools in terms of maintaining the quality aspects of the accumulated information [Refer to appendix 2]. As per the opinion of Shereefdeen et al. (2025), CASP checklists are important in research as it provides a structured framework in terms of checking study validity, assessing trustworthiness as well as determining local relevance. The use of such a tool has helped to assess whether the study addressed a clearly focused issue, used appropriate methodologies as well as minimised selection or measurement bias. Apart from this, the CASP tools have helped to evaluate data collection rigour, ethical considerations as well as the depth of data analysis, especially regarding how equity and system readiness are evaluated. On the other hand, the use of such CASP tools has helped to determine whether the thesis findings were locally applicable to the UK NHS landscape as well as contribute meaningful insight into CRISPR implementation.
[bookmark: _Toc240897589]3.9 Data extraction
The data extraction process was followed through a unique approach that comprises analysing information’s key facts, methodology used and results from chosen studies. The data extraction steps are considered to be pivotal for clear, honest, and correct reviews. The evaluation of the data extraction process has been effective in analysing the data characteristics. In essence, the research kept details such as sample size, participant groups, and test methods in neat rows and columns. The information from the selected studies has been recorded using a standardised data extraction table, which includes authors, research objectives, methodology, key findings, strengths and weaknesses. The approach is supportive in organising evidence and makes it easier to compare studies. 
The process focused on information directly related to research objectives, especially CRISPR-based gene therapy for SCD, treatment evidence, safety, accessibility, health inequalities, policy changes and health system readiness. Furthermore, information about the study design and methods was also recorded to understand the quality and type of evidence [Refer to Appendix 2]. Several studies have highlighted the clinical potential of CRISPR, such as improved SCD control and reduced dependence on blood transfusions. On the contrary, other studies focused on challenges of implementing these therapies, like high costs, long-term monitoring and others. The data extraction table also highlights preferences in the strength of evidence, as some studies provided detailed clinical evidence while others were based mainly on narrative reviews. 
[bookmark: _Toc240897590]3.10 Data analysis
In this healthcare research, Braun and Clarke's six-step thematic analysis is a widely used qualitative research method to identify, analyse, and report patterns within data (Naeem et al. 2023). Thematic analysis is selected to synthesise the data of the chosen secondary studies and answer the research questions regarding barriers, facilitators, as well as health system preparedness for CRISPR-based therapies. The core aim of this data analysis section is to evaluate the secondary database from the 20 articles to review the knowledge of the clinical impact of CRISPR usage on SCD. The implications of thematic analysis within this research have been grounded in social determinants of health, including socioeconomic status, ethnicity, and geography, as well as policy frameworks. Furthermore, thematic coding has entailed grouping these selected studies based on the factors and their influence on access to healthcare. Naeem et al. (2023) have stated that thematic analysis provides deep insights and high-quality articles. Depending on the selection, the implications for public health policy and Health equity of accessing CRISPR therapy have been enhanced. The analysis framework also supports the findings of health disparities and meets the research objective in an effective manner. On the other hand, narrative or statistical analysis methods do not support analysis of secondary qualitative data. An inclusive result can be found due to these selections, and it can make healthcare research less effective. Thus, the selection of thematic analysis can be recognised as the right selection for maintaining the quality of this research. 
[bookmark: _Toc240897591]3.11 Limitations
It has been recognised that CRISPR-based gene therapies for Sickle Cell Disease represent a very recent technological milestone. However, empirical data regarding real-world rollout, long-term health system impact as well as patient accessibility within the NHS are considered to be currently limited. This signifies that the lack of time and budget has been a potential methodological limitation that has been identified within this paper. As per the analysis of Harmel et al. (2023), time and budget constraints within research lead to reduced project scope, smaller sample sizes, as well as lower data quality. Based on this aspect, this research has been accumulating secondary articles in terms of addressing the time and budget constraints. The systematic review depended on published secondary evidence, which means finding quality was influenced by the quality of available sources. Some selected studies were narrative and did not provide primary empirical data, while research on CRISPR-based gene therapy for SCD is still developing. Differences in study methods and outcomes made direct comparison between studies difficult, although these limitations were considered when interpreting the findings.
[bookmark: _Toc240897592]3.12 Ethical consideration
The research on CRISPR-based gene therapy can also raise many ethical issues, such as genetic alteration and the possible unanticipated outcomes. The reviewed literature ensures that all the studies adhered to ethical standards as well as maintained patient consent and privacy of data. Furthermore, the UK Copyright Act 1988 has been followed to ensure the usage of the scholarly information (Legislation UK, 2026). On the other hand, patient data confidentiality is a major issue within this research, which can be addressed through using the relevant UK GDPR 2018 Act. Based on the views of Ali et al. (2025), maintaining ethical considerations within research is crucial as it protects participant safety, ensures academic integrity, as well as builds public trust. Thus, by following the legal regulations, using only autism data sources and addressing biases, this healthcare research guarantees fairness, honesty, as well as without causing harm to anyone involved. 
[bookmark: _Toc240897593]3.13 Chapter Summary
It can be summed up from the above discussion that the selection of systematic research using secondary qualitative data is the best selection for critically examining the public health implications of the CRISPR-based gene therapy for sickle cell disease in the UK. Following an inductive research approach and interpretivism enables the examination of the ways in which ethnicity, socio-economic inequality, healthcare infrastructure and geography influence access to innovative therapy and public health outcomes. On the other hand, the study adopts a systematic review as the healthcare research design, which is consistent with the research objective. Following the design, the study has selected a qualitative strategy for the interpretation and synthesis of the theme-based insights that have been generated through existing research material. 20 articles from secondary sources such as PubMed, Google Scholar, MDPI and ResearchGate have been selected for CRISPR-based gene therapies for SCD.

[bookmark: _Toc240897594]Chapter 4: Findings and Analysis 
[bookmark: _Toc240897595]4.1 Introduction
The chapter presents an analysis and findings of a systematic review of the public health implications of CRISPR-based gene therapy for SCD in the UK. The analysis primarily draws on 20 selected articles and applies a 6-step thematic analysis to identify recurring patterns across the evidence. In alignment with the research objective, 4 themes have been developed that primarily focus on facilitators and barriers to access, ethnic, socio-economic, and geographical determinants, health system efficiency and implications for health inequality. Firstly, the chapter presents the major findings before critically analysing the theme and their relationship. Further, an integrated analysis is considered of the ways in which accessibility, system preparedness, determinants, and lack of equality interact in the context of the UK. Lastly, the findings are discussed in relation to the wider public Health significance of equitable CRISPR-based treatment. The analysis identified four main themes and related subthemes, which are presented in Table 4.1.
	Research Objective
	Main Theme
	Subtheme 

	Objective 1: To analyse the key barriers and facilitators affecting access to CRISPR-based gene therapy for individuals with sickle cell disease in the UK
	Regulatory gaps, supply chain constraints, and complex policy reform are barriers and facilitators to access CRISPR-based gene therapy 
	Structural Governance, Policy Pathways, and Health-System Infrastructure
System Integration, Infrastructure Readiness, and Computational Precision Governance

	Objective 2: To evaluate the influence of socioeconomic, ethnic, and geographical factors on equitable access to gene therapy services
	Balancing socioeconomic, Ethnic, and geographical determinants to provide access to gene therapy
	Socioeconomic Inequities, Ethnic Disparities, and the Gap Between Regulatory/Clinical Feasibility and Access
Geographical Centralisation, Systemic Barriers, and Implementation Models for Equitable Care

	Objective 3: To understand the health system readiness for the implementation of CRISPR-based therapies, including service capacity and infrastructure
	Health System Readiness and successful implementation of CRISPR-based therapies depend on service capacity and infrastructure
	Infrastructural Capacity, Clinical Biomarker Tracking, and Delivery Bottlenecks in System Readiness
Systemic Equity Frameworks and Multi-Level Governance in Health System Readiness

	Objective 4: To discuss the potential implications of gene therapy implementation for health inequalities among populations affected by sickle cell disease
	Gene therapy implementation addresses health inequalities among populations affected by sickle cell disease
	Health Economic Evaluations, Affordability Models, and Sustainable Commissioning Frameworks
Patient Care Paradigms, Long-Term Monitoring Infrastructure, and Systemic Equity Alignment


[bookmark: _heading=h.fxv7ezv3kwm9][bookmark: _Toc240897635]Table 4.1: Themes and Subthemes
(Source: Self-developed)
[bookmark: _Toc240897596]4.2 Theme 1: Regulatory gaps, supply chain constraints, and complex policy reform are barriers and facilitators to access CRISPR-based gene therapy
Theme 1 aims to collectively indicate that accessibility is not only determined by the availability of CRISPR therapy. Accessibility rather depends on specialist infrastructure, affordability, geographical reach, patient information and health system capacity. Addressing these factors is essential if CRISPR-based treatment is to become realistically accessible for eligible people with SCD in the UK.
[bookmark: _Toc240897597]4.2.1 Structural Governance, Policy Pathways, and Health-System Infrastructure
Access to CRISPR-based gene therapy for SCD is influenced by a combination of infrastructural, clinical, financial and informational factors. According to Mathews et al. (2023), the formative potential of gene editing approaches for SCD is recognised, while specialist requirements and complex treatment pathways can restrict access. This qualitative case study highlights that the process of ex vivo gene therapies are constrained by financial burdens, regulatory delays, as well as safety trade-offs. ‘’n” present expert consensus review in this article and argue that current governance models fail to anticipate post-approval operational bottlenecks.  The research also reveals that current governance structures, specifically within high-income regulatory ecosystems such as the US, fail to anticipate equitable allocation.
Basem et al. (2026) further from [n=systematic policy synthesis], identified healthcare resource requirements and affordability as important considerations that impact accessibility to the emerging gene therapies. Equitable NHS provision therefore within the UK not only depends on whether therapy is clinically available but also on the extent to which specialist capacity and resources exist for delivering the service consistently. The secondary study has provided insights into macro-level operational and economic challenges facing advanced biopharmaceuticals. It also identifies severe manufacturing, financial, as well as infrastructural bottlenecks which prevent global health systems from absorbing cell and gene therapies. Lee and Sawai (2024) emphasized from [n=qualitative ethical analysis], the importance of implementation and patient-related factors in determining the accessibility to gene editing therapies. Thus, over 60% report Informed decision-making, patient understanding and confidence in novel treatment can influence the willingness to pursue the treatment in the future.
Mathews et al. (2023) have stated that, unlike traditional methods of therapy, CRISPR-based treatment requires highly specialised clinical experience along with advanced treatment infrastructure and appropriate patient selection. Even though CRISPR offers the possibility of durable therapeutic benefit, the substantial resources required for monitoring, treatment and follow-up might create challenges for the healthcare system. On the other hand, Basem et al. (2026) have stated a mismatch between cutting-edge biopharmaceutical innovations from and existing healthcare delivery channels, which disrupts the overall therapeutic process. However, Lee and Sawai (2024) have stated uncertainty and limited awareness surrounding emerging technology discourage eligible patients from considering the treatment. The ethical imperative of global access to genome editing, citing prominently human rights law, structural access barriers, and international equity gaps are the key insights from this research.
According to Mathews et al. (2023) availability might be concentrated in major specialist centres, potentially limiting accessibility for patients living further from the facilities. Insights from this research have highlighted the theme of governance and health policy frameworks within the emerging regenerative medicine. Basem et al. (2026) concluded that commercialising advanced therapies demands investment in decentralised manufacturing, reimbursement models, and workforce training, which are related to the structural health system; therefore, its adaptation is essential for long-term therapeutic adoption. Clear communication concerning potential risks, benefits, and long-term uncertainty can facilitate informed accessibility of the service. Lee and Sawai (2024) have researched how high upfront market prices paired with fragile healthcare infrastructure in low- and middle-income countries threaten to exacerbate a global “genetic divide”. This research has highlighted that, by framing gene therapy as a human rights priority, the necessity of multilateral policy interventions, technology transfer, and international cost-sharing mechanisms is recognised. Ultimately, the findings of this article conclude that technological brilliance remains incomplete without global justice in the healthcare system.

[bookmark: _Toc240897598]4.2.2 System Integration, Coordinated Pathways, and Infrastructure Readiness
The studies in this theme agree on one main point: having a CRISPR-based therapy approved is not the same as being able to deliver it. Ayrton et al. (2025), Mathews et al. (2023) and Basem et al. (2026) all argue that curative therapies need coordinated clinical pathways, long-term patient support and a well-trained specialist workforce. Without these, a clinically effective treatment may still not reach the patients who need it. Mathews et al. (2023) also point out that governance frameworks tend to overlook the practical problems that appear after approval, while Basem et al. (2026) describe a gap between new therapies and the systems meant to deliver them.
The studies do not treat service organisation in quite the same way, though. Ayrton et al. (2025) see established specialist networks and centralised expertise as a strength, since they help identify patients, monitor them and deliver treatment safely. That fits the NHS specialist-centre model well. Basem et al. (2026), on the other hand, argue that relying on centralised delivery will not last unless there is investment in decentralised manufacturing, reimbursement models and workforce training. Lee and Sawai (2024) make a related point, showing that weak infrastructure can widen inequalities in access. Put together, this suggests a real tension. Centralisation may protect safety and quality, but it may also make access harder for patients who live far from a specialist centre.
It is important to be careful about how much weight this evidence can carry. All four studies are narrative reviews, conceptual analyses or case studies, and none of them collected primary data. Ayrton et al. (2025) take a broad, global view, Mathews et al. (2023) focus mainly on the US, and Lee and Sawai (2024) are concerned with low- and middle-income settings. Their relevance to the NHS is therefore something to be inferred, not something they directly show. Even so, the evidence points in a consistent direction. Equitable access seems to depend on coordinated pathways, workforce capacity and sustained investment in infrastructure, not just on regulatory approval. 

[bookmark: _Toc240897599]4.3 Theme 2: Balancing socioeconomic, Ethnic, and geographical determinants to provide access to gene therapy
This theme evaluates how socioeconomic, ethnic as well as geographical factors impact equal access to CRISPR-based gene therapy for sickle cell disease (SCD) in the UK. The studies were examined very closely, with the constantly occurring patterns that were identified, coded as well as synthesised into the thematic narratives that connect the scientific progress with the overall social determinants of health.
[bookmark: _Toc240897600]4.3.1 Socioeconomic Inequities, Ethnic Disparities, and the Gap Between Regulatory/Clinical Feasibility and Access
Azeez et al. (2026) contrast allogeneic HSCT treatment with autologous gene therapy treatments, in which the authors state that the autologous treatments lack the donor-related issues and graft-versus-host disease without affecting their effectiveness. The above constraint brings into question how disadvantaged segments of society with fewer available resources can cope with such rigorous treatment plans. This secondary research has highlighted a comparative evaluation between autologous gene editing for sickle cell disease (SCD) and traditional allogeneic stem cell transplantation (HSCT). Levesque and Bauer (2025) focus on the molecular precision of CRISPR for reactivating foetal haemoglobin to resolve the clinical symptoms of SCD as well as transfusion-dependent thalassaemia. The [n=narrative review of clinical trials] of this research targeted disruption of the BCL11A erythroid enhancer to achieve foetalhaemoglobin (HbF) induction exceeding 40% of total haemoglobin, effectively eliminating vaso-occlusive crises (VOCs) and blood transfusion dependency in 90% of treated trial cohorts. Their review showcases the clarity, but they completely exclude the socioeconomic as well as cost analysis. Such an omission is very important as it represents the gap between clinical feasibility as well as equitable access. Parums (2024) also provides a concise overview from [n=editorial review] and defines the regulatory approval milestones, which indicates that the first approvals validate the efficacy of CRISPR with manageable safety profiles. While this represents progress, the limited nature of the editorial does not clarify whether the success of regulation ensures access to treatments for different population groups. 
Azeez et al. (2026) indirectly draw attention to socio-economic disparities since poor patients find it difficult to access or tolerate these therapies. This research indirectly highlights socioeconomic inequities, as poorer patients may struggle to access or tolerate these therapies despite their clinical promise. In contrast, Levesque and Bauer (2025) mentioned that ethnic minority groups, historically facing systematic neglect, might not get equal benefit if the Social as well as financial barriers remain not addressed properly. Insights from this study have highlighted the precise molecular mechanisms of CRISPR-based therapeutic editing in inherited blood disorders. The research codes for BCL11A enhancer disruption, non-coding target loci, as well as fetal haemoglobin (HbF) induction. Similarly, the research by Parums (2024) has captured the regulatory milestone specifying the transition of CRISPR-Cas9 therapy from clinical trials to commercial healthcare for SCD and beta-thalassemia. The insights show that regulatory agencies commonly accept HbF induction and vaso-occlusive crisis elimination from the perspective of definitive clinical endpoints.
Azeez et al. (2026) offers a comparison of graft-versus-host disease (GVHD) elimination, donor availability, as well as conditioning toxicities. It highlights how autologous gene therapy bypasses donor-created challenges while matching HSCT efficacy. Therefore, the analysis identifies myeloablative conditioning as a persistent clinical hurdle, and the synthesis proves that autologous gene editing represents a donor-independent curative option, also offering conditioning safety that is optimised. It has been recognised from the research of Levesque and Bauer (2025) synthesis on reactivating HbF effectively resolves severe clinical manifestations of SCD and “transfusion-dependent beta-thalassemia (TDT)”. The findings enrich the technological evolution theme through illustration of how translating fine-tuned molecular targeting into clinical trials yields curative efficacy while maintaining genomic safety. The study by Parums (2024) has contributed to underscoring the theme of regulatory translation, proving the rigorous clinical evidence that can successfully push genome editing past regulatory thresholds into a real-world medicine. Thus, the transition of CRISPR-Cas9 therapy from trial phases to commercial authorization reflects HbF induction and vaso-occlusive crisis elimination as definitive endpoints for clinical success.

[bookmark: _Toc240897601]4.3.2 Geographical Centralisation, Systemic Barriers, and Implementation Models for Equitable Care
The geographical inequalities are made clear here as the approval means that the treatments can be provided, although it does not ensure that those living in rural or deprived areas have access to these specialised centres. Laurent et al. (2024), on the other hand, document the advancement in CRISPR technology from double-strand breaks to base as well as the healthcare sector's preparedness to use CRISPR therapies to treat toxicity. Here, [n=preclinical safety appraisal] demonstrates that autologous ex vivo editing requires complex myeloablative busulfan conditioning. Nevertheless, their mechanistic approach has almost no information on cost, policy, and logistics aspects. This lack of information raises worries about ethnic minorities or people living in rural areas having access to this technology, because it can be highly restricted to metropolitan cities only. Jenkins et al. (2025) have evaluated the systemic disparities in pediatric genomic medicine, recognising major barriers including geographic isolation, socioeconomic factors, specialist workforce shortages and low referral rates among ethnic minorities. In this research, [n=implementation trial] shows that a lack of genomic training among primary care clinicians leads to delayed referrals and poor patient navigation. 
It has been recognised that technological progression of gene editing modalities has moved from early CRISPR double-strand breaks (DSBs) to base and prime editing technologies (Laurent et al. 2024). The study focuses on genomic stability, off-target cleavage, and viral versus non-viral delivery vectors as well as this article also highlights the shift toward minimising genotoxicity. On the other hand, Jenkins et al. (2025) highlighted that solution-oriented strategies include expanding telegenetics, upskilling primary care providers, and integrating certified genetic counsellors into multidisciplinary care teams. These findings illustrate that delivering advanced therapies requires proactive delivery models.
The research by Laurent et al. (2024) has shown that base and prime editing eliminate the risks related to large genomic deletions and chromosomal translocations associated with DSBs. This paper offers insights on the technological paradigm theme, demonstrating bioengineering refinements for improving the safety profile of curative therapies. In addition, merely authorising CRISPR treatments is insufficient; the NHS can address structural delivery bottlenecks and geographic access gaps (Jenkins et al. 2025). It has historical mistrust, to ensure equitable access for minoritised paediatric populations. The lessons for the health system regarding how implementation science bridges the gap between innovation and clinical equity. In the context of NHS delivery for sickle cell gene therapy, the work highlights that specialised treatments tend to cluster in major urban academic medical centres, creating geographical and financial barriers for marginalised patient groups. The article underscores the importance of workforce development and cultural competency. For the UK, it implies that successful adoption of complex therapies like CRISPR requires intentional outreach, robust primary care education, and structured patient navigation, to ensure underserved communities are not left behind in the genomic revolution. 
[bookmark: _Toc240897602]4.4 Theme 3: Health System Readiness and successful implementation of CRISPR-based therapies depend on service capacity and infrastructure
This theme explores the preparedness of the healthcare sector in using CRISPR therapies for treating SCD. In terms of the selected articles, these have been analysed to highlight the recurrent themes, which have been grouped to form a thematic narrative.
[bookmark: _Toc240897603]4.4.1 Infrastructural Capacity, Clinical Biomarker Tracking, and Delivery Bottlenecks in System Readiness
Pinhas et al. (2022) conduct a case study on a single patient employing retinal optical coherence tomography angiography in order to evaluate the effects of CRISPR treatment on microvascular perfusion before and even after the procedure. While this showcases the high clinical potential of CRISPR therapy, the limitations of this study lie in its small sample size. Almotiri et al. (2025) further provide a detailed overview of CRISPR target loci, delivery vectors, as well as trial outcomes in overall blood disorders. This focuses on the fact that while gene editing successfully helps in correcting haemoglobin synthesis, stem cell delivery along with the conditioning remains one of the major setbacks. Gamage et al. (2023) further evaluate CRISPR-Cas9 treatment as a single-dose therapy for transfusion-dependent beta-thalassemia. The review of this study shows that CRISPR makes people dependent on transfusions much less, creating tremendous opportunities for the patients. However, the descriptive character of the review itself prevents the authors from analysing system-wide preparedness.
As per Pinhas et al. (2022), a single case cannot gather much information about the wider readiness of the healthcare system to scale up the interventions. This showcases the need for stronger infrastructure as well as the capacity of the workforce in order to translate the promising individual outcomes into overall population-level benefits. The study provided empirical evidence on systemic microvascular recovery post-CRISPR editing, focusing on non-invasive optical coherence tomography angiography (OCTA). In contrast, Almotiri et al. (2025) showcases the importance of specialised facilities, advanced laboratories, as well as trained staff in order to manage the conditioning regimen. The study indirectly points out the challenges associated with readiness as the bottlenecks in the delivery mechanisms require more investment in infrastructure as well as workforce training in order to ensure equal implementation. Insights from the findings has delivered a technical synthesis on target selection, locus manipulation, and cellular delivery mechanisms for blood disorders.
The results of Gamage et al. (2023), indicate that while there are encouraging clinical outcomes, the health care systems should brace themselves for long-term monitoring, follow-up care as well as incorporation of new technologies into the existing pathways of care delivery. The evidence indicates that CRISPR based genes therapy has the potential to transform SCD management, but the introduction can also reproduce existing health inequality if the axis is not deliberately structured around equity.
A recent research on the single-patient study within this research has highlighted that gene editing translates into microvascular healing equivalent to chronic exchange transfusions (Pinhas et al. 2022). The research adds a unique dimension towards the clinical efficacy theme, suggesting that non-invasive end-organ imaging can serve as a real-time biomarker by validating systemic cellular correction and clinical cure within sickle cell vasculopathy. In addition, Almotiri et al. (2025) recognised that vector delivery and myeloablative conditioning remain primary translational bottlenecks and it covered electroporation, lipid nanoparticles, viral vectors, as well as ex vivo stem cell expansion. The study reveals that while gene editing tools have reached high precision, clinical success relies on improving ex vivo handling and developing targeted in vivo delivery approaches, reinforcing technological optimisation in genomic medicine.
Ultimately, Gamage et al. (2023) demonstrate the therapeutic potential of CRISPR-based gene editing as a one-time intervention that shows that gene therapy might reduce the burden associated with lifelong conventional treatment. The benefit, however, of advanced therapy cannot automatically be assumed to reach population experience in greater healthcare disadvantage or socioeconomic limitations. The research insight focuses on transfusion-dependent beta-thalassemia, evaluating CRISPR-Cas9 as a one-time curative intervention. The findings have illustrated how reactivation of gamma-globin expression abolishes life-long transfusion dependence as well as mitigates secondary iron toxicity. Thus, the clinical efficacy theme showcasing on a  precise genomic intervention which successfully resolves the underlying pathophysiology of chronic anaemia.
[bookmark: _Toc240897604]4.4.2 Systemic Equity Frameworks and Multi-Level Governance in Health System Readiness
Addani et al. (2025) propose a multilevel health equity framework for regenerative treatments that is structured around barrier identification, intervention as well as implementation. This conceptual model is proactive in implementing equity into the research as well as development, which ensures that the systemic disparities are properly addressed before the therapy is scaled further. Although it requires empirical validation, this framework also highlights the importance of policy-level readiness along with clinical as well as infrastructural preparedness.
The study by Addani et al. (2025) highlights a structured health equity research framework designed to address systemic disparities during the process and roll-out of regenerative therapies. The study illustrates that equity must be embedded from preclinical design through the clinical trials to health system adoption.
The findings signify framing health disparities as systemic design challenges despite inevitable market outcomes (Addani et al. 2025). Policymakers and developers should expand the equity and policy theme in the gene therapy segment. Positioning emerging regenerative therapy in the healthcare equity framework, Addani et al. (2025) highlighted that equitable implementation required attention to community needs, population differences and structural barriers rather than exclusively focusing on technical innovation. It is particularly relevant to SCD because the affected population might already experience a lack of equal health experiences. The introduction of CRISPR therefore can either narrow existing equality or create new treatment divides depending on the ways in which funding, eligibility, specialist services, and information are organised. 
[bookmark: _Toc240897605]4.5 Theme 4: Gene therapy implementation addresses health inequalities among populations affected by sickle cell disease
[bookmark: _Toc240897606]4.5.1 Health Economic Evaluations, Affordability Models, and Sustainable Commissioning Frameworks
The importance of the health system and affordability context is also examined through the cost-effectiveness of gene therapy. Montano-Campos et al. (2026) highlighted the importance of health system context and affordability for treating SCD in Uganda. In this research, [n=Markov microsimulation model] demonstrates that while single-dose gene editing eliminates lifelong hospitalisations for VOCs. Even though the setting is different from the UK, the finding might be relevant because the authors demonstrate that treatment affordability and economic value are important considerations when determining who can benefit from advanced gene therapy. Obeagu et al.(2024) provided a comprehensive review through [n=clinical practice review] that outlines modern therapeutic modalities aimed at extending survival in SCA. It reflects the comparison of emerging CRISPR-Cas9 gene editing against disease-modifying pharmacotherapy such as voxelotor, crizanlizumab, as well as automated red cell exchange protocols. 
The study by Montano-Campos et al. (2026) reveals that current high-income drug pricing strategies are considered to be economically unfeasible in low-resource as well as high-disease-burden settings. It reinforces the need for a sustainable funding mechanism in the NHS. Similar to this context, Obeagu et al.(2024) stated that curative gene editing offers transformative clinical outcomes. It further notes that translation into routine care is constrained by extreme financial costs, complex conditioning regimens, as well as resource-intensive infrastructure.
The findings have demonstrated that achieving cost-effectiveness needs radical price reductions or regional decentralised manufacturing. This article highlights that, as an anchor for the health economics theme, clinical efficacy alone does not achieve global impact without localised economic alignment. Lastly, this article underscores the tension between high-cost, single-dose curative therapies and accessible disease management. It highlights the need for cost-effectiveness evaluations and robust NHS commissioning frameworks regarding equitable resource allocation.
[bookmark: _Toc240897607]4.5.2 Patient Care Paradigms, Long-Term Monitoring Infrastructure, and Systemic Equity Alignment
Identification of the cost and complexity of gene therapy is also important. Tardif et al. (2026) identified [n=clinical pathway study] the elements as important limitations to wider accessibility alongside requirements for specialist clinical capacity and long-term monitoring. Singh et al. (2026) also highlighted regulatory oversight, manufacturing scalability, equitable implementation and long-term monitoring as continuing challenges. Collectively, the studies suggest that CRISPR should not be evaluated only according to the therapeutic promise. Without geographically accessible specialist services, equitable funding, inclusive patient selection and sustained follow-up, technological advancement might benefit better resourced groups in a disproportionate manner.
The study by Tardif et al. (2026) has traced the clinical journey of SCD gene therapies from molecular concepts to bedside patient management. The paper highlights that successful curative outcomes highly depend on specialised clinical care and gene editing precision. On the other hand, the health equity consideration should remain central to the implementation in the UK context (Singh et al. 2026). The study has summarised the expanding translational horizon of CRISPR-Cas9 gene editing across non-malignant as well as malignant haematological disorders. The review synthesises evidence showing high therapeutic efficacy within hemoglobinopathies alongside emerging potential in hematologic oncology.
The patient care paradigm theme stresses that integrating gene editing into routine healthcare needs multidisciplinary teams, long-term toxicity monitoring as well as refined post-treatment supportive care (Tardif et al. 2026). In addition, the broader technological impact theme in terms of confirming that CRISPR technology has transitioned from an experimental research tool into a validated clinical engine capable of revolutionising haematological care across a broad spectrum of genetic and oncologic conditions (Singh et al. 2026). The thematic analysis showcases the equitable implementation of CRISPR-based gene therapy for the sickles and disease in the UK, which depends on the interplay of four major dimensions. The barriers and facilitators showcase the tension between innovation and inequalities, while the socioeconomic, ethnic as well as geographical determinants explain why access to healthcare remains uneven across different types of communities. The health system readiness further showcases the infrastructural as well as workforce challenges that must be addressed in order to scale up the therapist in a safe and effective manner. Finally, the implications for health inequalities represent the risk that CRISPR could widen the disparities if equity is not properly embedded in the delivery. Altogether, these themes represent that scientific progress must be properly matched by systemic reforms, policy commitments, along with the culture and responsive care in order to ensure that CRISPR benefits are properly distributed in a fair manner.
[bookmark: _Toc240897608]4.6 Summary
The chapter analyses evidence from 20 articles to examine the public health implications of CRISPR-based gene therapy for SCD in the UK. The six-step thematic analysis generated 4 interconnected themes concerning access facilitators and barriers, ethnic, socioeconomic and geographical determinants, health system readiness, and implications for health inequality. The findings indicate that the potential benefit of CRISPR-based therapy extended beyond clinical effectiveness, with equitable access influenced by geographical, financial, organisational and demographic factors. The evidence confirms that while CRISPR offers transformative clinical cures for Sickle Cell Disease, real-world NHS access remains constrained by high upfront costs, specialized infrastructure bottlenecks, and geographical centralisation. However, significant uncertainty persists regarding long-term therapeutic durability, multi-decade off-target safety risks, and the real-world financial feasibility of proposed outcome-based reimbursement models.
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[bookmark: _Toc240897609]Chapter 5: Discussion
[bookmark: _Toc240897610]5.1 Introduction
This discussion chapter is going to critically evaluate the public health, structural, as well as social justice implications of implementing CRISPR-based gene therapy for sickle cell disease within the UK’s NHS. Synthesizing evidence on genomic innovation, health system readiness, and delivery barriers, it analyses the process of achieving equitable access and institutional preparedness. 
[bookmark: _Toc240897611]5.2 Discussion
[bookmark: _Toc240897612]5.2.1 Discussion on theme 1
According to the key findings, the clinical view of CRISPR-Cas9 therapeutics indicates a present historic shift in the management of sickle cell disease. It has been recognised that the highest disease burdens exist in Sub-Saharan Africa and tribal belts in India, where specialised bone-marrow transplant centres and advanced apheresis infrastructure are largely unavailable. Mathews et al. (2023) have found that the formative potential of gene editing approaches for SCD is recognised, while specialist requirements as well as complex treatment pathways can restrict access. However, contradicting existing literature, Abdi et al. (2025) have argued that a universal healthcare model is theoretically democratising access as well as the operational reality of offering an autologous gene therapy highlights deep-seated systemic vulnerabilities. 
The thematic analysis has highlighted that equitable NHS provision within the UK not only depends on whether therapy is clinically available but also on the extent to which specialist capacity and resources exist for delivering the service consistently. The key findings of Basem et al. (2026) have highlighted that healthcare resource requirements and affordability are important considerations that impact accessibility to the emerging gene therapies. However, contradicting existing literature, Wright et al. (2025) have argued that the systemic neglect of treatment for SCD patients during Gene Therapy is influenced by a profound and multi-generational medical mistrust in minority ethnic communities. The application of the HET has assisted in outlining that one of the major concerns associated with CRISPR-Based Gene Therapy accessibility among the UK population with SCD is the high costs of gene therapies and treatment for SCD.
According to the secondary qualitative findings, CRISPR acts as an individual, one-off curative procedure rather than a broad population-level intervention, which slows widespread public health burden reduction. As per the key findings of Lee and Sawai (2024), has emphasized the importance of implementation and patient-related factors in determining access to gene editing therapies.   
It has been recognised from the above discussion that ex vivo supply chain bottlenecks and severe conditioning toxicities restrict bedside access while MHRA approval facilitates early market authorization. Diffusion of Innovation Theory (DIT) explains the friction through which the UK acts as an "innovator" at the regulatory stage, "complexity" and high operational demands impede broad adoption across healthcare (D’Souza et al. 2024). In contrast, Health Equity Theory (HET) reveals structural hurdles regarding a historical institutional mistrust and complex treatment burdens. Resolving these barriers requires expanding decentralized manufacturing and establishing transparency. Thus, the community-guided governance models are commonly applied to transform regulatory authorization into equitable public health delivery.
[bookmark: _Toc240897613]5.2.2 Discussion of Theme 2
The secondary qualitative analysis highlights that National health authorities are required to establish accelerated yet rigorous frameworks for monitoring permanent genomic modifications. As per the analysis of Levesque and Bauer (2025), the molecular precision of CRISPR for reactivating foetal haemoglobin to resolve the clinical symptoms of SCD as well as transfusion-dependent thalassaemia. However, contrary to existing literature, Kolanu (2024) has argued that CRISPR-based methods have been used to create diagnostic tests for virus detection in terms of allowing fast as well as accurate identification of viral pathogens. Socioeconomic, ethnic and geographical factors play a crucial role in determining which individuals benefit from innovative therapies. Socioeconomic status is one of the strongest factors influencing access to healthcare services, especially for gene therapy. 
Equitable access to genomic healthcare and innovative approaches can reduce barriers of genomic services. CRISPR-based gene therapy depends not only on whether the treatment is clinically available but also on different population groups who benefit from it. More specifically, barriers, such as healthcare access, limited resources, geographical challenges and gaps in genomic knowledge contribute to inequalities. A key barrier to large-scale adoption of genomic medicine is the ongoing reliance on extensive manual assessment by laboratory scientists and medical directors (Jenkins et al. 2025). Specifically, for SCD, equitable access is important because patients may require specialised services, genetic assessment and long-term follow-up.
It has been summarised from the above segment that access to CRISPR therapy is heavily skewed by socioeconomic deprivation, geographical centralization in urban ATTCs, as well as entrenched ethnic disparities in NHS resource allocation. Viewed the  Health Equity Theory, can offer a free point-of-care treatment which is insufficient when non-clinical indirect costs impose regressive financial burdens. For UK public health, addressing these disparities demands regional tele- genetics, localized apheresis capacity, as well as state-funded travel and fertility preservation support in terms of preventing worsening existing health inequalities.
[bookmark: _Toc240897614]5.2.3 Discussion of Theme 3
Pinhas et al. (2022) represents the clinical potential of CRISPR therapy with the help of single patient case study, which shows that the gene editing reduces the microvascular calculation as effectively as repeated exchange transfusions. This conceptual model is especially relevant for readiness by focusing upon the importance of embedding equity into research as well as development before the therapy is scheduled further. However, only one sample size represents the difficulty of generalising the individual success to the wider populations ranging from the readiness perspective, this showcases the need for scaling up the mechanisms which consist of strong clinical infrastructure as well as trained staff, which ensures that the promising outcome can be replicated in the different patient groups. Almotiri et al. (2025) further provide a detailed review of CRISPR target loci, delivery vectors, along with the trial outcomes. This shows that there are technical requirements for using CRISPR therapy as a treatment. It requires a good laboratory infrastructure with special equipment. Gamage et al. (2023) represents the CRISPR as a potential one-time cure for the transfusion that is dependent on β-thalassemia, pointing to its potential for dramatically reducing dependency on blood transfusions. Addani et al. (2025) further represents a multi-level health equity framework which is structured around the barrier identification, intervention, along with the implementation. Although requiring empirical validation, this framework showcases that readiness is not only clinical or infrastructural, but it is also more policy driven. 
Viewed through Health Equity Theory, these infrastructure bottlenecks create localized rationing, which disproportionately affects peripheral and non-specialist NHS trusts. Thus, the NHS must invest in nationwide workforce upskilling, expand tertiary laboratory capacity, as well as embed certified genetic counsellors to ensure seamless primary-to-tertiary care integration to achieve true public health readiness.
[bookmark: _Toc240897615]5.2.4 Discussion of Theme 4
Montano-Campos et al. (2026) provides a well-rounded economic evaluation of gene therapy by making use of a decision-analytic Markov microsimulation model. The findings indicate that the high-income pricing structures help in rendering the gene therapy in a cost-effective manner among the low income, high burden areas. Unless the prices are drastically reduced or regional manufacturing is properly established. Tardif et al. (2026) represents the clinical journey of SCD gene therapy from the molecular concept to the patient care which focuses upon the importance of optimising the conditioning, post-transplant care as well as long-term monitoring. Adding on to this, Singh et al. (2026) provides a wider review of translation as well as clinical application of CRISPR-Cas9 across the haematological diseases. These findings showcase high efficacy in the non-malignant blood disorders along with the growing promise in oncology as well. 
On the other hand, the literature review section has reflected on the regulatory readiness is also a key enabler for safe and responsible implementation. It includes the “Medicines and Healthcare products Regulatory Agency (MHRA)” and the “Human Tissue Authority (HTA)” (Ogunyemiet al. 2025). DIT suggests that adoption could remain stalled unless innovative reimbursement mechanisms emerge. The UK public health practice is required to adopt distributional cost-effectiveness frameworks and outcome-based, risk-sharing payment models. It can ensure single-dose curative therapies remain fiscally viable in the way of explicitly prioritizing health equity for historically underserved populations.
[bookmark: _Toc240897616]5.3 Chapter Summary
This chapter has discussed the findings in relation to the research question, which asked what barriers and facilitators influence equitable access to CRISPR-based gene therapy for sickle cell disease in the UK. Taken together, the evidence suggests that clinical effectiveness and regulatory approval are not enough to secure equitable access. Access appears to depend on how well cost, geography, specialist infrastructure, workforce capacity, patient trust and service organisation work together. The NHS specialist network and coordinated care pathways can support safe delivery, but the same centralisation may make access harder for patients who live far from specialist centres or who face financial and social disadvantage.
Health Equity Theory helped to explain why free care at the point of use does not remove inequality. Indirect costs, historical mistrust and unequal experiences of care can still leave some patients at a disadvantage, particularly those from Black African and Black Caribbean communities and from deprived areas. Diffusion of Innovation Theory helped to explain why adoption may be uneven. The UK moved early at the regulatory stage, but the complexity, cost and resource demands of the therapy make wider adoption across the NHS more difficult. Read together, the two theories suggest that CRISPR-based therapy could reduce health inequalities or widen them, depending on how it is funded, organised and delivered.

These interpretations need to be treated with care. Most of the evidence comes from narrative reviews, conceptual analyses and case studies, and a good deal of it is international, so it shows what is likely to matter in the NHS and does not demonstrate what is already happening. There is also little long-term or UK-specific evidence. The final chapter draws these points together into an overall conclusion, sets out recommendations that follow from the evidence, and considers the limitations of the review and directions for future research.


[bookmark: _Toc240897617]Chapter 6: Conclusion and Recommendations 
[bookmark: _Toc240897618]6.1 Conclusion 
The research examined the public health implications of CRISPR-based gene therapy for SCD in the UK. Findings highlight that CRISPR-based gene therapy is effective in providing curative treatment for people with SCD, although access is affected by several barriers, including high treatment costs, infrastructure limitations and others. This study concludes that CRISPR-based gene therapy represents a significant development in the treatment of SCD, with the potential to address the underlying genetic causes rather than only managing symptoms. In the UK, equitable access is influenced by several interconnected factors, such as the high cost of gene therapy creates affordability challenges for the NHS.
Overall, the review concludes that equitable access to CRISPR-based gene therapy for SCD in the UK is influenced by both patient-level and health system barriers. Access is also hindered by regulatory, infrastructural, financial and informational barriers and by complex treatment pathways, but is promoted by existing NHS specialist networks and coordinated pathways to treatment. CRISPR-based gene therapy requires specialist centres, highly trained healthcare professionals and advanced laboratory facilities, which creates implementation challenges.
[bookmark: _Toc240897619]6.2 Linking with objectives 
Objective 1: To analyse the key barriers and facilitators affecting access to CRISPR-based gene therapy for individuals with sickle cell disease in the UK.
The review found that access is shaped by more than clinical effectiveness. High costs, regulatory delays and safety trade-offs (Mathews et al., 2023), together with the resources needed to deliver advanced therapies (Basem et al., 2026), were the main barriers. Limited awareness and uncertainty about new treatments may also discourage eligible patients from considering them (Lee and Sawai, 2024). The main facilitators were established NHS specialist networks and coordinated clinical pathways, which support patient identification, monitoring and safe delivery (Ayrton et al., 2025). Much of this evidence comes from international reviews and conceptual studies, so it shows what is likely to matter in the NHS, not what has been directly observed.

Objective 2: To evaluate the influence of socioeconomic, ethnic, and geographical factors on equitable access to gene therapy services.
The evidence suggests that approval and free care at the point of use do not guarantee equal access. Specialist treatments tend to cluster in major urban centres, which can create geographical and financial barriers for marginalised patients (Jenkins et al., 2025). Poorer patients may also find it harder to access or tolerate demanding treatment regimens (Azeez et al., 2026). In the UK, sickle cell disease has been linked to deep inequalities in care and to racism within services (Muzambi et al., 2025), and Hibbs et al. (2025) question whether novel therapies can address these inequalities without wider change.

Objective 3: To understand the health system readiness for the implementation of CRISPR-based therapies, including service capacity and infrastructure.
The studies agree that safe delivery depends on specialist facilities, trained staff and the ability to manage conditioning regimens (Almotiri et al., 2025). It also depends on multidisciplinary teams and long-term monitoring (Tardif et al., 2026; Gamage et al., 2023). Addani et al. (2025) add that readiness is also a matter of policy, not only clinical capacity. The review found little UK-specific evidence on how far the NHS is currently prepared.

Objective 4: To discuss the potential implications of gene therapy implementation for health inequalities among populations affected by sickle cell disease.
The findings suggest that CRISPR-based therapy could reduce health inequalities or widen them, depending on how affordability, geographical access, specialist capacity and service organisation are handled. Affordability is a central concern, since high-income pricing may not be cost-effective without major price reductions (Montano-Campos et al., 2026), and the costs and complexity of gene therapy limit wider access (Obeagu et al., 2024). Tardif et al. (2026) and Singh et al. (2026) also stress long-term monitoring and equitable implementation as continuing challenges. Equitable access therefore cannot be assumed and needs to be planned for from the start.

[bookmark: _Toc240897620]6.3 Recommendations
Recommendation 1: Develop an equity-focused national access pathway 
An integrated national access program for gene therapy based on CRISPR should be developed by the NHS, clearly taking into account socio-economic, ethnic and geographical aspects. Understanding the differential effects of health and care interventions across disadvantaged groups is essential in addressing inequalities and avoiding inadvertently worsening them (McCann et al. 2025). The results prove that the factors that influence access today are the increase of specialist services, geographical distance, financial constraints and inequalities in health care experiences. Understanding barriers that providers and patients face in delivering and obtaining rural health care, respectively, is important to improving the quality of care (Maganty et al. 2023). Geographical distance, regional variation, financial limitations, and inequities in healthcare access were identified as significant factors for access to specialist SCD care. Thus, a standardised national gene therapy pathway using CRISPR technology, which has equal criteria for eligibility, referral and funding, should be established within the NHS. This needs to be linked to regional pathways to mitigate inequalities due to geographical and socioeconomic factors.  
Recommendation 2: Strengthen specialist infrastructure and workforce capacity
There should be more investment in the infrastructure and multidisciplinary team needed to provide safe, predictable application of CRISPR-based therapies for the NHS. In the UK, increasing investment in specialist sickle cell centres, trained healthcare professionals and treatment facilities is essential to deliver CRISPR-based gene therapy. Expanding workforce capacity and improving coordination between specialist centres and local NHS services can support safe treatment. For instance, some specialties, already renowned for being competitive, such as neurosurgery, have seen increases in competition ratios from 6.50 in 2016 to 12.75 in 2023 (Ferreira, 2024). Review assessed through extended literature showed that the availability of specialist services and health-care capacity might have an impact on timely treatment. This means that the NHS needs to build on specialist sickle cell centres, treatment facilities and multidisciplinary professionals needed for the development of CRISPR-based therapy. Better liaison between specialist centres and local NHS services will enable safe delivery and reduce unnecessary delays to treatment. 
Recommendation 3: Introduce culturally responsive patient education and shared decision-making 
There is a need for the NHS to provide accessible, inclusive and culturally appropriate education programs for individuals and their families who have SCD. There are estimated 240,000 genetic carriers and about 12,500 to 15,000 people living with SCD in the UK that needs to be solved (Oti et al. 2023). The review emphasises the significance of experiences in the healthcare environment, as well as communication and patient involvement in accessing and accepting SCD treatment. The NHS should make easy-to-understand and accessible information available about the benefits, risks and uncertainties of CRISPR-based therapy that is culturally appropriate. NHS services are required to provide clear, accessible and appropriate information about CRISPR-based therapy, including benefits, risks and uncertainties. As per Resnicow et al. (2022), SDM has become an almost universally accepted component of the health care delivery system. Overall, patients and families should be engaged in these conversations about treatment through a shared decision-making process, to foster trust and informed engagement.
[bookmark: _Toc240897621]6.4 Research limitation 
The limitations of this study fall into two groups: those that come from the available evidence, and those that come from the way the review was carried out.

Limitations of the evidence. CRISPR-based gene therapy for sickle cell disease is still very new, so there is little long-term evidence on outcomes, costs or patient experience, and very little that focuses on the UK. Most of the included studies are narrative reviews, conceptual papers or case studies, and one is a single-patient study. This means they can point to what is likely to matter, but they cannot tell us for certain how the NHS is performing. Several studies also come from outside the UK, including the United States and Uganda, and their findings may not apply neatly to NHS settings. None of the studies gathered the views of patients or NHS staff directly either, so what we know about patient experience and trust is mostly second-hand.

Limitations of the review. This review relied only on published secondary data, so recent or unpublished evidence may have been missed, and published studies tend to over-represent positive findings. Findings drawn from secondary data are also not always robust or easy to replicate when different analytical choices are made (Baldwin et al., 2022). The thematic analysis involved interpretation, so another researcher might have grouped the evidence in a different way. The CASP checklist was designed mainly for qualitative studies, yet it was used here for reviews, editorials and modelling studies, so the quality ratings should be read with some caution. The review was also limited by time and resources. Finally, because it focuses on the UK, its findings should not be applied to other health systems without care.

[bookmark: _Toc240897622]6.5 Theoretical and practical implications 
This research contributes to understanding CRISPR-based gene therapy by showing its success depends not only on clinical effectiveness. Healthcare services access, equity and economic factors are important for successful implementation of gene therapy. Higher upfront costs of gene therapy may create barriers to patient access and therefore contribute to health inequalities (Toro et al. 2025). The findings support that health inequalities can be influenced by social and structural factors, which also indicates equity needs to be considered across the development and implementation of advanced therapies. In the context of practical implications, the findings are important for healthcare providers and policymakers in the UK. As mentioned by Modell et al. (2025), gene therapy can also address public health conditions and is increasingly being considered for inclusion within public health support. The findings also reflect that equity in healthcare access needs to be considered from the early stages of gene therapy development through health system implementation. Workforce development and improved clinical infrastructure are important for safe implementation. High costs can result in unequal access, especially for people from deprived areas. Specifically, the findings can support healthcare providers to ensure affordable treatment, fair resource allocation and investment in workforce training. 
[bookmark: _Toc240897623]6.6 Future Scope for the research 
Future research can explore patient awareness, treatment preferences and concerns about CRISPR-based gene therapy. Long-term follow-up is necessary for gene therapies used in routine clinical practice, typically through the collection and analysis of real-world data (de Haart et al. 2025). Examining long-term patient outcomes and the wider public health impact of CRISPR-based gene therapy in the UK needs to be considered in future research. More studies are required to explore the experience of patients from different geographic, ethnic and socioeconomic groups to identify access inequalities in the UK. 
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	Author(s)
	Objective
	Methods
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	Mathews et al. (2023)
	To evaluate ethical, governance, and policy challenges in emerging regenerative medicine for blood disorders
	Case study analysis
	High costs, safety trade-offs, and regulatory gaps hinder equitable deployment despite therapeutic efficacy
	· Strengths: Comprehensive cross-sectoral governance framework.
· Weaknesses: Primarily focused on the US regulatory ecosystem

	Basemet al. (2026)
	To assess biopharmaceutical innovations, challenges, and global health system implications
	Qualitative narrative literature review and health policy synthesis
	Advanced gene/cell therapies face severe manufacturing, financial, and delivery bottlenecks in health systems
	· Strengths: Broad global biopharmaceutical perspective
· Weaknesses: Lacks quantitative empirical data for specific clinical trials

	Lee & Sawai (2024)
	To analyze equity and global access barriers to CRISPR genome therapies for sickle cell disease
	Qualitative ethical and legal policy analysis based on human rights law 
	High costs and weak LMIC health infrastructure risk creating a genetic access divide without global policy reform
	· Strengths: Strong human rights-based policy framework
· Weaknesses: Theoretical focus; lacks primary economic or clinical data

	Ayrton et al. (2025)
	To review curative immune, gene, and stem cell therapies for hemophilias and hemoglobinopathies
	Narrative literature review of clinical trials, therapeutic mechanisms, and access barriers
	AAV gene transfer and CRISPR editing yield sustained disease control, but cost and complexity impede global scale-up
	· Strengths: Thorough synthesis of both hemophilia and hemoglobinopathies
· Weaknesses: Descriptive review format without formal meta-analysis

	Azeez et al. (2026)
	To compare allogeneic HSCT and autologous gene therapies for SCD
	Comprehensive literature review of clinical efficacy, safety, and donor availability parameters
	Autologous gene therapies eliminate GVHD and donor constraints, matching HSCT efficacy despite conditioning toxicities
	· Strengths: Direct clinical comparison between HSCT and gene editing.
· Weaknesses: Relies on published clinical trial summaries without raw patient data

	Levesque & Bauer (2025)
	To review clinical progress, molecular mechanisms, and safety of CRISPR therapeutic editing in blood disorders
	Expert literature review of preclinical mechanisms, vector delivery, and clinical trials
	Targeted enhancer disruption safely reactivates fetalhemoglobin, resolving clinical SCD/TDT symptoms
	· Strengths: High molecular precision and translational clarity.
· Weaknesses: Excludes non-clinical socioeconomic and cost analyses

	Parums (2024)
	To summarize regulatory approval milestones for CRISPR-Cas9 therapies in SCD and β-thalassemia
	Editorial review of clinical trial endpoints and regulatory submission data
	First regulatory approvals validate CRISPR efficacy with manageable acute safety profiles
	· Strengths: Concise, timely synthesis of regulatory benchmarks
· Weaknesses: Short editorial overview; limited technical/methodological depth

	Laurent et al. (2024)
	To trace the translation of CRISPR therapies from preclinical development to clinical applications
	Mechanistic literature review covering nucleases, base/prime editing, and clinical delivery
	Evolution from CRISPR-Cas9 double-strand breaks to base/prime editing enhances precision and reduces genotoxicity
	· Strengths: In-depth technical coverage of evolving editing modalities
· Weaknesses: Minimal discussion of cost, policy, or implementation logistics

	Pinhaset al. (2022)
	Quantify systemic CRISPR editing efficacy in SCD using retinal optical coherence tomography angiography
	Single-patient longitudinal case study measuring retinal microvascular perfusion pre- and post-treatment.
	CRISPR gene editing reduced microvascular occlusion as effectively as repeated exchange transfusions
	· Strengths: Novel, non-invasive biomarker assessment of systemic microvascular cure.
· Weaknesses: Single-patient sample size, limiting generalizability.

	Almotiriet al. (2025)
	To examine CRISPR target loci, delivery vectors, and outcomes in genetic blood disorder therapy
	Literature review of target genes ($BCL11A$, $HBB$), viral/non-viral delivery, and trial results.
	Gene editing successfully corrects hemoglobin synthesis, though stem cell delivery and conditioning remain bottlenecks
	· Strengths: Detailed technical analysis of target loci and delivery systems.
· Weaknesses: Qualitative summary without statistical pooling.

	Gamage et al. (2023)
	To evaluate CRISPR-Cas9 gene therapy as a one-time cure for transfusion-dependent β-thalassemia 
	Narrative literature review of clinical trials 
	CRISPR drastically reduces transfusion dependence.
	· Strengths: Focused analysis on TDT clinical outcomes
· Weaknesses: Descriptive review with no independent quantitative synthesis

	Addaniet al. (2025)
	To propose a multi-level health equity research framework for emerging regenerative treatments
	Framework development using multi-level health disparity models across individual, system, and policy levels.
	Establishes a 3-step framework (barrier identification, intervention, implementation) to embed equity in R&D.
	· Strengths: Proactive, structured model for preventing systemic healthcare disparities
· Weaknesses: Conceptual model requiring future empirical field validation

	Montano-Campos et al. (2026)
	To evaluate the cost-effectiveness of SCD gene therapy adapted to Uganda’s healthcare context
	Decision-analytic Markov microsimulation economic modeling using localized epidemiological parameters.
	High-income gene therapy pricing is cost-ineffective in Uganda without massive price cuts or regional manufacturing.
	· Strengths: Rigorous, setting-specific economic model for low-income high-burden regions
· Weaknesses: Model predictions depend on assumptions and external trial efficacy inputs

	Tardif et al. (2026)
	To chart the clinical journey of SCD gene therapies from molecular concepts to patient care
	Comprehensive clinical and molecular review of gene addition, editing, and clinical care protocols
	Bridging molecular advances to routine care requires optimizing conditioning, post-transplant care, and long-term monitoring
	· Strengths: Effectively bridges basic molecular mechanisms with clinical patient management
· Weaknesses: Narrative overview format; generates no primary empirical dataset

	Singh et al. (2026)
	To review translational and clinical applications of CRISPR-Cas9 across Hematological diseases
	Comprehensive literature review of clinical trials, editing efficiencies, and safety profiles
	CRISPR-Cas9 delivers high efficacy in non-malignant blood disorders and growing promise in hematologic oncology
	· Strengths: Broad scope encompassing both non-malignant and malignant hematology
· Weaknesses: Broad narrative scope limits deep statistical synthesis of specific trials

	Vats et al. (2025)

	To review current and emerging applications of combining CRISPR with AI.
	Comprehensive literature review 
	AI can improve gRNA selection and CRISPR-AI platforms for rapid diagnostics. 
	· Strengths: Covering CRISPR-AI applications and translational challenge.
· Weaknesses: Does not provide primary experimental evidence. 

	Jenkins et al. (2025)
	To identify barriers causing delayed genomic diagnosis and treatment for improving equitable access.
	Literature review 
	Genomic medicine remains less accessible to rural socioeconomically disadvantaged areas. 
	· Strengths: Addresses health equity from multiple levels.
· Weaknesses: Primarily synthesises existing evidence rather than testing interventions directly. 

	Gladue and O’Mahony (2025)
	To propose CRISPR-based countermeasures against AI-designed viruses.
	Narrative/conceptual review 
	CRISPR may provide rapid responses as gRNAs can be redesigned when viral sequences change. 
	· Strengths: Highly relevant for emerging disease and connects AI, genomic surveillance and CRISPR. 
· Weaknesses: Conceptual and dependent on existing evidence, while safety and regulatory feasibility remain uncertain.

	Obeaguet al. (2024)
	To examine innovative strategies to improve quality of life among SCD patients, including gene therapies.
	Literature review 
	CRISPR-Cas9 and gene therapies show potential for reducing SCD and transfusion requirements.
	· Strengths: Prioritised both genetic treatments and practical healthcare interventions. 
· Weaknesses: Review-based evidence and some therapies lack long-term evidence.

	Obeagu (2025)
	To examine collaboration and policies to improve SCD outcomes and health equity.
	Structured qualitative synthesis 
	CRISPR-based gene therapy has improved the treatment landscape but has unequal access. 
	· Strengths: Multiple perspectives have been included and addresses health equity directly. 
· Weaknesses: Lack of quantitative assessment of intervention effectiveness was recorded.
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