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Introduction
Cancer, one of the leading causes of mortality worldwide, arises 
primarily from genetic mutations that disrupt normal cellular 
processes. These mutations, whether inherited or acquired, 
play a crucial role in the initiation, progression, and resistance 
of cancer to therapies. Understanding the mechanisms 
through which mutations contribute to cancer development 
and therapeutic resistance is essential for designing effective 
treatments and improving patient outcomes [1].

At its core, cancer is a genetic disease caused by mutations in 
critical genes that regulate cell growth, division, and death. 
These mutations can occur in two primary categories of genes: 
oncogenes and tumor suppressor genes. Oncogenes, when 
mutated, become hyperactive and drive uncontrolled cell 
proliferation, while mutations in tumor suppressor genes result 
in the loss of regulatory mechanisms that normally prevent 
excessive cell growth. Key examples include mutations in the 
TP53, RAS, and BRCA1/2 genes, each associated with specific 
cancer types [2].

Mutations in cancer can be classified into germline and somatic 
mutations. Germline mutations are inherited and present 
in every cell of the body, often increasing an individual's 
predisposition to certain cancers (e.g., BRCA mutations in 
breast cancer). In contrast, somatic mutations occur in specific 
cells during a person’s lifetime due to environmental factors, 
such as exposure to tobacco smoke, UV radiation, or chemical 
carcinogens. While germline mutations contribute to familial 
cancer syndromes, somatic mutations are more common in 
sporadic cancers [3].

Not all mutations contribute equally to cancer progression. 
Driver mutations directly confer growth advantages to cells, 
fueling cancer development, while passenger mutations 
are byproducts of genomic instability and do not directly 
contribute to malignancy. Identifying driver mutations 
through advanced genomic sequencing technologies has 
been pivotal in understanding cancer biology and developing 
targeted therapies [4].

Each mutagenic agent leaves a distinct "mutational signature" 
on the cancer genome. For instance, UV light causes 
characteristic C-to-T transitions in melanoma, while tobacco 
smoke leaves a different set of mutations in lung cancer. 
Analyzing these signatures helps identify the environmental 
and genetic factors driving specific cancers, offering 
opportunities for tailored prevention strategies [5].

While significant advances have been made in cancer 
treatment, therapeutic resistance remains a major hurdle. 
Mutations can cause resistance through various mechanisms, 
including alterations in drug targets, activation of alternative 
signaling pathways, or increased drug efflux from cancer cells. 
For example, mutations in the EGFR gene in lung cancer can 
render targeted therapies like gefitinib and erlotinib ineffective 
over time [6].

Cancer is not a static disease; it evolves dynamically through 
a process called clonal evolution. Mutations accumulate 
over time, leading to the emergence of subclones that may 
be resistant to chemotherapy or targeted therapies. This 
evolutionary process explains why initial treatments may be 
effective but lose efficacy as resistant clones dominate the 
tumor population [7].

Tumor heterogeneity, both intertumoral (differences between 
tumors in different patients) and intratumoral (differences 
within the same tumor), complicates treatment strategies. 
Mutations contribute to this heterogeneity, creating diverse 
cancer cell populations with varying sensitivity to treatments. 
Personalized medicine approaches aim to address this 
challenge by tailoring therapies to the specific genetic makeup 
of a patient’s tumor [8].

Advances in molecular biology have paved the way for 
therapies targeting specific mutations. Drugs like imatinib 
for BCR-ABL mutations in chronic myeloid leukemia 
and vemurafenib for BRAF mutations in melanoma have 
revolutionized cancer treatment. Additionally, CRISPR-Cas9 
gene-editing technology holds promise for directly correcting 
cancer-causing mutations in the future [9].

Despite targeted therapies, resistance remains a persistent 
issue. Secondary mutations, bypass signaling pathways, 
and epigenetic modifications often limit the long-term 
success of treatments. Combination therapies that target 
multiple pathways simultaneously and immunotherapies, 
such as immune checkpoint inhibitors, are being explored to 
counteract resistance mechanisms [10].

Conclusion
Mutations are at the heart of cancer development and 
therapeutic resistance. Understanding their mechanisms 
has led to significant advancements in targeted therapies 
and personalized medicine. However, challenges remain, 
particularly in overcoming drug resistance and addressing 
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tumor heterogeneity. Continued research, coupled with 
technological innovations, holds the key to transforming 
cancer into a manageable or even curable disease.
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