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Introduction
The landscape of cancer treatment has undergone a paradigm 
shift with the advent of targeted therapies, driven by a deeper 
understanding of the molecular mechanisms underlying 
tumorigenesis. Molecular pathology, which integrates genetic 
and molecular diagnostic tools, plays a pivotal role in the 
identification of specific tumor alterations that guide the use 
of these therapies. By focusing on the molecular drivers of 
cancer, targeted therapies offer a more personalized and 
precise approach to treatment, often with fewer side effects 
than traditional chemotherapy. This article explores the 
evolving role of molecular pathology in the diagnosis and 
treatment of cancer, with a focus on how molecular diagnostics 
are reshaping targeted therapies [1].

Traditional cancer treatments, such as surgery, chemotherapy, 
and radiation therapy, target rapidly dividing cells, often 
affecting both cancerous and healthy tissues. Targeted 
therapies, on the other hand, focus on specific molecules 
involved in cancer cell growth, survival, and spread. These 
therapies aim to disrupt the molecular pathways that drive 
tumorigenesis, providing a more effective and less toxic 
treatment option for patients. The success of targeted therapies, 
such as tyrosine kinase inhibitors (TKIs) for lung cancer and 
trastuzumab (Herceptin) for HER2-positive breast cancer, has 
revolutionized cancer care, offering hope for better outcomes 
and improved quality of life [2].

Molecular pathology involves the analysis of genetic 
mutations, protein expression, and other molecular features 
within tumor tissues. By utilizing techniques such as next-
generation sequencing (NGS), polymerase chain reaction 
(PCR), and fluorescence in situ hybridization (FISH), 
molecular pathologists can identify specific alterations in 
tumor DNA and RNA. These molecular changes, such as 
mutations, amplifications, and translocations, can provide 
valuable information about the underlying causes of cancer 
and the most appropriate therapeutic strategies. The role of 
molecular pathology is essential in determining which patients 
are most likely to benefit from targeted therapies based on 
their tumor's molecular profile [3].

NGS has emerged as a revolutionary tool in molecular 
pathology, enabling the simultaneous sequencing of multiple 
genes and providing comprehensive genetic information 
about a tumor. Unlike traditional methods, which focus on 

individual gene mutations, NGS can identify a wide range 
of genetic alterations, including point mutations, insertions, 
deletions, and gene fusions. In cancers such as non-small 
cell lung cancer (NSCLC) and melanoma, NGS has been 
instrumental in identifying actionable mutations, such as 
EGFR, ALK, and BRAF, which can be targeted by specific 
therapies. NGS allows for a more detailed and personalized 
approach to cancer treatment, improving patient outcomes [4].

Biomarker testing plays a central role in determining whether 
a patient is a suitable candidate for targeted therapy. Various 
molecular markers, including mutations, amplifications, 
and gene fusions, are assessed through diagnostic tests to 
predict the likelihood of response to specific treatments. For 
example, testing for mutations in the EGFR gene in NSCLC 
patients helps identify individuals who are likely to respond 
to EGFR inhibitors like erlotinib and gefitinib. Similarly, 
HER2 amplification testing in breast cancer helps guide the 
use of HER2-targeted therapies such as trastuzumab. These 
biomarker-driven approaches ensure that patients receive 
the most effective therapy based on their tumor’s molecular 
characteristics [5].

Targeted therapies have shown significant promise in the 
treatment of solid tumors, offering better precision and fewer 
side effects compared to traditional treatments. In addition to 
EGFR inhibitors in NSCLC and HER2-targeted therapies in 
breast cancer, other targeted therapies are emerging for a variety 
of solid tumors. For example, the use of BRAF inhibitors in 
melanoma has led to improved survival outcomes for patients 
with BRAF V600E mutations. Similarly, inhibitors targeting 
the PI3K/AKT/mTOR pathway are being explored for cancers 
such as breast cancer, endometrial cancer, and glioblastoma. 
The ability to match specific molecular alterations with 
targeted therapies has revolutionized the treatment landscape 
for many solid tumors [6].

Molecular diagnostics have also transformed the treatment 
of hematologic malignancies, such as leukemia, lymphoma, 
and multiple myeloma. In chronic myelogenous leukemia 
(CML), the discovery of the BCR-ABL fusion gene has 
led to the development of tyrosine kinase inhibitors like 
imatinib, which specifically target the abnormal fusion 
protein. Similarly, the identification of mutations in the JAK2 
gene in myeloproliferative disorders has led to the use of 
JAK2 inhibitors such as ruxolitinib. Molecular profiling of 
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hematologic cancers has enabled the development of targeted 
therapies that significantly improve patient survival and 
quality of life, while minimizing toxicity [7].

One of the challenges in targeted therapy is the development 
of resistance, which can occur through secondary mutations, 
bypass pathways, or altered drug metabolism. For instance, 
resistance to EGFR inhibitors in NSCLC can develop through 
secondary mutations in the EGFR gene or activation of 
alternate signaling pathways. To overcome this, molecular 
pathologists use ongoing genomic testing to monitor changes 
in the tumor’s molecular profile and identify new mutations 
associated with resistance. Combination therapies, which 
target multiple molecular pathways simultaneously, are also 
being explored to prevent or overcome resistance and improve 
long-term outcomes [8].

Liquid biopsy is an emerging non-invasive technique that 
allows for the analysis of tumor-derived genetic material, 
such as ctDNA, CTCs, and exosomes, in blood or other bodily 
fluids. Liquid biopsy can be used to monitor the genetic 
alterations present in tumors, detect minimal residual disease 
(MRD), and assess resistance mechanisms during treatment. 
This technique offers a less invasive alternative to traditional 
tissue biopsies, enabling real-time monitoring of tumor 
dynamics and providing insights into treatment response and 
disease progression. Liquid biopsy is particularly useful for 
tracking mutations in cancers such as lung, colorectal, and 
breast cancer, where tissue biopsy may be challenging or 
unavailable [9].

Companion diagnostics are tests developed alongside targeted 
therapies to identify patients who are most likely to benefit 
from the treatment. These tests are essential in ensuring that 
targeted therapies are used appropriately and effectively. For 
example, the FDA-approved companion diagnostic for the 
use of pembrolizumab (Keytruda) in cancer immunotherapy 
tests for PD-L1 expression, identifying patients who are more 
likely to respond to immune checkpoint inhibitors. Companion 
diagnostics also play a crucial role in the development of new 
targeted therapies, as they help define patient populations that 
are likely to benefit from novel treatments in clinical trials 
[10].

Conclusion
Molecular pathology has become an indispensable part of 
modern cancer diagnosis and treatment, driving the success 
of targeted therapies. By identifying specific molecular 
alterations in tumors, molecular diagnostics enable clinicians 
to match patients with the most appropriate and effective 

therapies, leading to improved outcomes and reduced 
side effects. As technologies continue to evolve, the role 
of molecular pathology in personalized cancer care will 
only grow, offering new opportunities to treat cancer more 
effectively and with greater precision. Targeted therapies, 
guided by molecular diagnostics, represent the future of cancer 
treatment, transforming the way we approach and manage this 
complex disease.
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