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CRISPR-Cas9 has transformed the landscape of genetic medicine by enabling 

precise, programmable editing of the human genome. The system relies on a 

guide RNA that directs the Cas9 endonuclease to a specific DNA sequence, where 

it introduces a double-strand break that the cell repairs either by non-homologous 

end joining, which typically disrupts gene function, or by homology-directed 

repair, which allows the insertion of a corrected sequence. This dual capability 

makes the platform equally suited to gene knockout and gene correction 

strategies, and it has rapidly moved from a laboratory tool into a clinically 

validated therapeutic modality. 

A landmark milestone was reached in late 2023 with the regulatory approval of 

exagamglogene autotemcel (Casgevy), the first CRISPR-Cas9-based therapy 

authorized for clinical use, initially in the United Kingdom and subsequently in 

the United States and the European Union. The therapy is indicated for sickle cell 

disease and transfusion-dependent beta-thalassemia and works by editing the 

BCL11A gene in a patient's own hematopoietic stem cells, thereby reactivating 

fetal hemoglobin production and compensating for the defective adult 

hemoglobin characteristic of these disorders [1]. 

Building on this success, 2024 and 2025 saw a broadening of CRISPR-Cas9 

clinical investigation beyond hemoglobinopathies. Early- and mid-stage trials 

have explored applications in oncology, where edited immune cells are 

engineered to more effectively recognize and eliminate tumor cells, as well as in 

chronic viral infections such as HIV, where the goal is to excise integrated 
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proviral DNA, and in HPV-related cervical dysplasia, where CRISPR is used to 

disrupt the viral oncogenes that drive malignant transformation [1]. 

Despite these advances, significant barriers to widespread adoption remain. The 

approved therapy carries a list price of approximately 2.2 million US dollars per 

patient, and its administration requires myeloablative chemotherapy conditioning 

prior to stem cell reinfusion, a physically demanding regimen that limits 

eligibility, particularly in resource-limited settings. These constraints have 

motivated an active research effort toward in vivo delivery systems that could 

edit target cells directly within the body, potentially eliminating the need for ex 

vivo cell manipulation and reducing both cost and treatment burden [1]. 
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