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Introduction
Leukemia, a group of cancers originating in the bone marrow 
and blood, is characterized by the uncontrolled proliferation 
of abnormal white blood cells. Its classification into acute or 
chronic and lymphoid or myeloid types is based on the speed 
of disease progression and the type of blood cells affected. 
Genetic mutations play a critical role in leukemia's onset, 
progression, and response to treatment. Understanding these 
genetic alterations has become essential for developing 
targeted therapies and improving patient outcomes [1].

Genetic mutations in leukemia can occur in oncogenes, tumor 
suppressor genes, and genes involved in cell cycle regulation. 
In acute myeloid leukemia (AML), mutations in the FLT3, 
NPM1, and IDH1/2 genes are common and significantly impact 
disease progression. FLT3 mutations, particularly internal 
tandem duplications (ITDs), are associated with aggressive 
disease and poor prognosis due to their role in promoting 
uncontrolled cell growth. Similarly, NPM1 mutations often co-
occur with other mutations and are linked to distinct clinical 
outcomes depending on their genetic context [2].

Chronic lymphocytic leukemia (CLL) frequently involves 
mutations in the TP53 gene, which encodes a key tumor 
suppressor protein responsible for regulating cell death and 
DNA repair. Loss of TP53 function leads to genomic instability 
and resistance to chemotherapy. Mutations in the NOTCH1 and 
SF3B1 genes also contribute to CLL progression by altering 
cell signaling and splicing mechanisms, respectively, which 
disrupt normal cell differentiation and survival pathways [3].

In chronic myeloid leukemia (CML), the BCR-ABL1 fusion 
gene resulting from a translocation between chromosomes 
9 and 22, known as the Philadelphia chromosome, drives 
uncontrolled cell proliferation. Tyrosine kinase inhibitors 
(TKIs) like imatinib target the BCR-ABL1 protein and have 
revolutionized CML treatment. However, point mutations in 
the BCR-ABL1 kinase domain, such as the T315I mutation, 
confer resistance to first- and second-generation TKIs, 
necessitating the development of more potent inhibitors like 
ponatinib [4]. 

Genetic mutations not only influence leukemia progression 
but also play a pivotal role in treatment resistance. Resistance 
can be primary, where patients do not respond to initial 
therapy, or secondary, where resistance develops over time. 

In AML, FLT3-ITD mutations often lead to resistance against 
conventional chemotherapy and targeted inhibitors due to 
clonal evolution and the emergence of secondary mutations. 
Similarly, in CLL, TP53 mutations are a well-established 
predictor of poor response to chemoimmunotherapy [5].

Clonal evolution—the process by which cancer cells 
acquire additional mutations over time—further complicates 
treatment. Subclonal populations with resistance-associated 
mutations can expand under the selective pressure of therapy, 
leading to relapse. This dynamic evolution is evident in CML, 
where different BCR-ABL1 mutations emerge under TKI 
therapy, making it challenging to achieve long-term remission 
[6].

Advances in genomic sequencing have enabled the 
identification of rare and novel mutations that contribute 
to leukemia progression and resistance. Next-generation 
sequencing (NGS) allows for comprehensive profiling of 
the leukemia genome, facilitating personalized treatment 
approaches. By identifying specific mutations, clinicians can 
tailor therapies to target the molecular drivers of the disease, 
improving treatment efficacy [7].

Targeted therapies have emerged as a promising strategy to 
overcome genetic-driven resistance. For example, second- 
and third-generation FLT3 inhibitors, such as gilteritinib and 
quizartinib, offer effective treatment options for AML patients 
with FLT3 mutations. Similarly, BCL-2 inhibitors like 
venetoclax have shown efficacy in CLL, especially in patients 
with TP53 mutations, by inducing apoptosis in leukemia cells 
[8].

Despite these advancements, treatment resistance remains 
a significant challenge. Combination therapies that target 
multiple pathways simultaneously are being explored to 
prevent or overcome resistance. For instance, combining FLT3 
inhibitors with BCL-2 inhibitors or chemotherapy has shown 
promise in AML by attacking leukemia cells through different 
mechanisms and limiting the survival of resistant clones [9].

Emerging therapies targeting genetic mutations also include 
immunotherapies like chimeric antigen receptor (CAR) T-cell 
therapy and bispecific antibodies. These treatments harness 
the immune system to eliminate leukemia cells, providing an 
alternative approach for patients with refractory or relapsed 
disease due to genetic resistance [10].
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Conclusion
In conclusion, genetic mutations are central to the progression 
and treatment resistance of leukemia. Understanding the 
genetic landscape of leukemia has led to significant advances 
in targeted therapies, yet overcoming resistance remains a key 
challenge. Continued research into the molecular mechanisms 
driving leukemia and treatment resistance will be crucial for 
developing more effective and durable therapeutic strategies, 
ultimately improving patient outcomes.
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