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. have enabled comprehensive profiling of tumors, revealing actionable genetic
Introduction & & v

alterations that can be targeted with precision therapies. NGS has also
facilitated the identification of minimal residual disease (MRD) in hematologic

Molecular markers have revolutionized the field of surgical pathology,  malignancies, providing a powerful tool for monitoring treatment response and
offering profound insights into the biological behavior of diseases and  predicting relapse.

paving the way for personalized treatment approaches. By providing a

deeper understanding of the molecular underpinnings of various pathological Despite these advances, challenges remain in the implementation of
conditionsy these markers have become indispensabie in modern diagncstic molecular markers in routine clinical pI’aCtice. The h|gh cost of molecular testing
and therapeutic strategies_ Their appiication spans across cancer diagnostics’ and the need for Specialized expertise can limit access, pal'ticu|ar|y in resource-
prognostics and predictive anaiyses’ ensuring that patients receive tailored constrained Settings. Addltl0na||y, the intel’pl’etation of molecular data I’equires
therapies that maximize efficacy and minimize adverse effects. In the context @ multidisciplinary approach, involving pathologists, oncologists, geneticists
of oncoiogy' molecular markers have been particuiariy transformative. and biOinformatiCianS, to ensure accurate and Clinica”y meaningful results.
For instance, in breast cancer, the expression of Estrogen Receptor (ER), ~ Standardization of testing protocols and the development of robust quality
Progesterone Receptor (PR) and human epidermal growth factor receptor 2 control measures are essential to overcome these barriers and ensure the
(HERZ) has |0ng been established as critical markers for gwdmg therapeutic I’e|labI|Ity of molecular diagnostics. Looking to the future, the field of molecular
decisions. Patients with ER-positive tumors, for example, benefit from  Pathology is poised for further innovation. Emerging technologies, such as
hormonal therapies such as tamoxifen or aromatase inhibitors, while HER2-  liquid biopsies and single-cell sequencing, hold promise for non-invasive
positive tumors respond to targeted therapies like trastuzumab. These markers and h|gh|y sensitive detection of molecular alterations. LIqUId biOpSieS, which
not only assist in selecting appropriate treatments but also provide prognostic ~ analyze circulating tumor DNA (ctDNA) or Circulating Tumor Cells (CTCs)
information that can influence patient management strategies [1,2]. in the blood, have the potential to revolutionize cancer monitoring and early
detection. Single-cell sequencing, on the other hand, provides unprecedented
. - insights into cellular heterogeneity, enabling the identification of rare cell
DGSCI’IptIOﬂ populations and their roles in disease processes.

Similarly, molecular markers in colorectal cancer, such as KRAS, NRAS .
and BRAF mutations, have gained prominence in determining the suitability of CO"C'USIO“
targeted therapies. KRAS and NRAS mutations, for instance, predict resistance
to anti-EGFR monoclonal antibodies, thereby sparing patients from ineffective Molecular markers have become a cornerstone of surgical pathology,
treatments and their associated toxicities. In melanoma, the identification of ~ driving advancements in personalized medicine and improving patient
BRAF mutations has led to the development of BRAF inhibitors, which have ~ outcomes. Their application across a wide range of diseases highlights
significantly improved outcomes for patients with advanced disease. These  their versatility and clinical relevance. As technology continues to evolve,
examples underscore the critical role of molecular markers in enabling the potential for molecular markers to further transform healthcare is
precision oncology. Beyond cancer, molecular markers have also made immense, promising a future where diagnostic precision and therapeutic
significant strides in other areas of surgical pathology. In infectious diseases, ~efficacy are seamlessly integrated into patient care.
molecular diagnostic tools can identify pathogens with high sensitivity and
specifi.city, facilitating timply and appropriate treatment. For instance, the References
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The integration of molecular markers into surgical pathology has also

advanced the understanding of tumor heterogeneity and clonal evolution,

which are critical factors in disease progression and therapeutic resistance.

High-throughput technologies, such as Next-Generation Sequencing (NGS),
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