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: based on the specific genetic makeup of the tumor. One prominent example
Introductlon is the use of EGFR (epidermal growth factor receptor) mutations in Non-Small
. . o ) Cell Lung Cancer (NSCLC). Patients with EGFR mutations in their tumors
Precision medicine has revolutionized cancer treatment by moving  gften respond well to EGFR-targeted inhibitors, such as erlotinib or gefitinib,
away from the one-size-fits-all approach to a more individualized model,  which block the aberrant signaling pathways driving tumor growth. Similarly,
where treatment decisions are based on the genetic and molecular profile of HER2 (human epidermal growth factor receptor 2) amplification in breast
both the patient and the tumor. Central to this paradigm shift are molecular cancer is a well-known molecular biomarker, with HER2-positive tumors
biomarkers, which provide valuable insights into the genetic and biochemical being treated effectively with trastuzumab (Herceptin), a monoclonal antibody
characteristics of cancer, enabling clinicians to tailor therapies that are more that targets and inhibits HER2. These examples demonstrate how molecular
effective and less toxic. These biomarkers can identify mutations, alterationsin ~ biomarker testing allows for the selection of specific therapies that target
gene expression, and other molecular changes that drive cancer progression,  the root cause of the tumor's growth, thereby improving treatment efficacy
helping to predict how a patient will respond to specific treatments. For ~ and minimizing th_e side effects_ associated wit_h non-targeted therap_ies._ The
example, the identification of specific mutations, such as EGFR mutations  &rowing list of actionable mutations across various cancers further highlights
in lung cancer or HER?2 amplification in breast cancer, can guide the use the power of genomic biomarkers in shaping precision medicine strategies for

of targeted therapies that are more likely to produce favorable outcomes.  cancer patients [3].

Additionally, molecular biomarkers are essential for monitoring treatment In addition to genomic biomarkers, protein biomarkers play an essential
response, detecting relapse early, and evaluating minimal residual disease.  role in assessing cancer treatment response. Proteins are the functional
As our understanding of the molecular underpinnings of cancer grows, the role  products of genes and often serve as direct indicators of tumor behavior,

of molecular biomarkers in precision medicine becomes increasingly central, response to therapy, and prognosis. For example, KRAS mutations are
offering the potential to significantly improve survival rates and quality of life common in several cancers, including colorectal and pancreatic cancers, and
for cancer patients [1]. have been linked to resistance to certain therapies, such as EGFR inhibitors.

The detection of PD-L1 expression, a protein found on the surface of tumor
cells, has become a crucial biomarker in determining eligibility for immune
checkpoint inhibitors like pembrolizumab (Keytruda) and nivolumab (Opdivo).
These drugs work by blocking the PD-1/PD-L1 pathway, which tumors often
Sequencing (NGS), and liquid biopsy has allowed for the identification of ~ USe to evade immune detection. Patients with high PD-L1 expression on
biomarkers that inform the choice of treatment, such as BRAF mutations in  their tumors tend to have better responses to immunotherapy, making PD-
melanoma or MSI-H (microsatellite instability-high) in colorectal cancer. These L1 testing a valuable tool for identifying suitable candidates for treatment.
biomarkers not only help predict the effectiveness of conventional treatments, ~ Furthermore, the detection of Circulating Tumor DNA (ctDNA) and circulating
such as chemotherapy, but also identify patients who may benefit from novel ~ Tumor Cells (CTCs) in blood samples is an exciting development in liquid
therapies, such as immune checkpoint inhibitors. The evolving landscape of ~ biopsy technology. These biomarkers provide real-time insights into tumor
molecular diagnostics also highlights the importance of understanding tumor ~ dynamics, enabling clinicians to monitor treatment response, detect minimal
heterogeneity—the presence of multiple subclones within a single tumor, each ~ residual disease, and identify early signs of relapse or resistance to therapy
with its own molecular signature. This complexity necessitates continuous [4].

monitoring of biomarkers throughout the course of treatment, as changes in
the molecular landscape of the tumor can lead to treatment resistance. As
precision medicine continues to evolve, the identification and application of
molecular biomarkers will be crucial for optimizing cancer treatment strategies,
improving clinical outcomes, and reducing the burden of side effects [2].

The integration of molecular biomarkers into clinical practice has
already begun to transform oncology, with several targeted therapies and
immunotherapies gaining approval based on the molecular characteristics of
tumors. For instance, the use of Immunohistochemistry (IHC), Next-Generation

Another critical aspect of precision medicine is understanding tumor
heterogeneity, which refers to the existence of multiple subpopulations of
cancer cells with different genetic and molecular characteristics within a
single tumor. Tumor heterogeneity can contribute to treatment resistance and
disease recurrence, complicating the management of cancer. Advances in
Next-Generation Sequencing (NGS) and single-cell RNA sequencing have
Description enabled the comprehensive profiling of tumor genomes and transcriptomes,
offering a deeper understanding of this complexity. By identifying the molecular
alterations present in different subclones within the tumor, clinicians can more
accurately predict which areas of the tumor may be resistant to treatment
and adjust therapy accordingly. For example, in melanoma, the presence of
BRAF V600E mutations predicts sensitivity to BRAF inhibitors, but secondary
mutations can occur in the tumor's subpopulations, leading to resistance.
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Genomic biomarkers have emerged as a cornerstone of precision
oncology, particularly in the realm of targeted therapies. These biomarkers,
which include mutations, gene amplifications, and deletions, can directly
inform the selection of targeted therapies that are more likely to be effective
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treatment represents a paradigm shift in how oncologists approach diagnosis,
treatment planning, and patient monitoring. By identifying genetic mutations,
protein expression levels, and tumor-specific alterations, precision medicine
allows for the development of targeted therapies that are tailored to the unique
molecular profile of each patient's cancer. This personalized approach leads
to more effective treatments with fewer side effects, ultimately improving
patient outcomes. Key molecular biomarkers, such as EGFR mutations,
HER2 amplifications, KRAS mutations, PD-L1 expression, and NFL
(neurofilament light chain), have already made a significant impact on clinical
practice, guiding treatment decisions and enabling more precise monitoring
of treatment response. Furthermore, ongoing advances in liquid biopsy,
NGS, and tumor heterogeneity research are poised to further enhance the
accuracy and adaptability of precision medicine. As we continue to uncover
new molecular biomarkers and refine our understanding of cancer biology, the
future of cancer treatment will increasingly rely on personalized, biomarker-
driven approaches. This will not only enhance the efficacy of treatments but
also offer hope for more targeted, less invasive, and more individualized
therapies, ultimately improving survival rates and quality of life for cancer
patients worldwide.
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