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Abstract 

Gene editing has great potential in treating diseases caused by well-characterized molecular alterations. The introduc-

tion of clustered regularly interspaced short palindromic repeats (CRISPR)/CRISPR-associated protein 9 (Cas9)–based 

gene-editing tools has substantially improved the precision and efficiency of gene editing. The CRISPR/Cas9 sys-

tem offers several advantages over the existing gene-editing approaches, such as its ability to target practically any 

genomic sequence, enabling the rapid development and deployment of novel CRISPR-mediated knock-out/knock-in 

methods. CRISPR/Cas9 has been widely used to develop cancer models, validate essential genes as druggable targets, 

study drug-resistance mechanisms, explore gene non-coding areas, and develop biomarkers. CRISPR gene editing can 

create more-effective chimeric antigen receptor (CAR)-T cells that are durable, cost-effective, and more readily avail-

able. However, further research is needed to define the CRISPR/Cas9 system’s pros and cons, establish best practices, 

and determine social and ethical implications. This review summarizes recent CRISPR/Cas9 developments, particularly 

in cancer research and immunotherapy, and the potential of CRISPR/Cas9-based screening in developing cancer pre-

cision medicine and engineering models for targeted cancer therapy, highlighting the existing challenges and future 

directions. Lastly, we highlight the role of artificial intelligence in refining the CRISPR system’s on-target and off-target 

effects, a critical factor for the broader application in cancer therapeutics.
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Introduction

As our understanding of the underlying genetic and 

molecular basis of malignancy has rapidly increased 

through massive tumor genetic profiling, modeling, and 

characterization, the ever-evolving list of molecular alter-

ations in cells holds great potential for identifying action-

able genomic events and treating malignancies. �e 

emergence of gene-editing tools in the last few decades 

has enabled scientists to manipulate genomic sequences 

to understand gene function better and develop tar-

geted treatments for inherited and acquired diseases. 

Although the 1970 discovery of restriction enzymes, the 

original genome editor, was a breakthrough enabling the 
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