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Introduction

Melanoma, a malignant tumor arising from melanocytes, is known for
its aggressive nature and high potential for metastasis. Early and accurate
diagnosis is crucial for improving patient outcomes. This article reviews
recent advances in diagnostic techniques for melanoma, from traditional
clinical evaluation methods to emerging molecular insights. By integrating
these advancements, we aim to highlight how they enhance early detection,
provide prognostic information and tailor personalized treatment strategies.
Melanoma accounts for a significant proportion of skin cancer deaths due to
its propensity to spread rapidly. The early detection and accurate diagnosis
of melanoma are essential for effective treatment and improved survival
rates. Traditionally, melanoma diagnosis relied on clinical evaluation and
histopathological examination. However, advances in diagnostic technologies
have introduced more sophisticated methods, including dermoscopy,
reflectance confocal microscopy and molecular techniques. This review
explores these advancements and their impact on melanoma diagnosis [1].

Description

Clinical evaluation
1. Physical examination

Physical examination remains the cornerstone of initial melanoma diagnosis.
Dermatologists evaluate skin lesions based on the ABCDE criteria
(Asymmetry, Border irregularity, Color variegation, Diameter >6 mm and
Evolution over time). This method helps in identifying suspicious lesions
that warrant further investigation.

2. Dermatoscopy

Dermatoscopy, or dermoscopy, is a non-invasive technique that allows for
the detailed visualization of skin lesions. It enhances the ability to detect
melanocytic lesions by providing magnified views of skin structures and
patterns. Dermatoscopic features, such as the presence of irregular
pigment networks and atypical vessels, aid in distinguishing melanoma
from benign conditions.

3. Total body photography

Total body photography is used for comprehensive documentation of skin
lesions, especially in patients with numerous moles or a history of
melanoma. It facilitates the monitoring of changes in lesions over time
and helps in identifying new or evolving lesions [2].

Advanced imaging techniques

1. Reflectance confocal microscopy
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Reflectance Confocal Microscopy (RCM) offers high-resolution, in vivo
imaging of the skin at a cellular level. RCM provides detailed information
about the morphology of melanocytes and other skin structures, which
improves the diagnostic accuracy of melanocytic lesions. It is particularly
useful for assessing lesions that are difficult to evaluate with traditional
methods.

2. Optical coherence tomography

Optical Coherence Tomography (OCT) is another non-invasive imaging
technique that provides cross-sectional images of the skin. OCT can
visualize the depth of skin lesions and assess their invasive potential,
aiding in the differentiation between benign and malignant lesions.

Molecular and genetic advances
1. Biomarkers and genomic profiling

Molecular and genetic studies have identified various biomarkers associated
with melanoma. For instance, mutations in genes such as BRAF, NRAS
and KIT are commonly found in melanoma patients. Genomic profiling
of tumors can reveal these mutations, guiding targeted therapies and
providing prognostic information [3].

2. Next-Generation Sequencing (NGS)

Next-Generation Sequencing (NGS) allows for comprehensive genomic
analysis of melanoma. NGS can identify genetic alterations, including
point mutations, copy number variations and gene fusions. This technique
aids in understanding the molecular mechanisms underlying melanoma
and facilitates the development of personalized treatment approaches.

3. Liquid biopsy

Liquid biopsy involves the analysis of Circulating Tumor DNA (ctDNA) or other
biomarkers found in blood or other body fluids. This minimally invasive
technique can detect genetic mutations and monitor disease progression
or response to treatment. Liquid biopsy is particularly valuable for patients
with metastatic melanoma, providing insights into tumor dynamics without
the need for invasive tissue biopsy [4].

Integration of diagnostic techniques

The integration of advanced diagnostic techniques with traditional
methods enhances the overall accuracy and effectiveness of melanoma
diagnosis. Combining clinical evaluation, dermatoscopy and advanced
imaging technologies allows for a more comprehensive assessment of skin
lesions. Furthermore, incorporating molecular and genetic insights into
diagnostic workflows enables personalized treatment strategies and improves
patient outcomes.

Challenges and future directions

Despite significant advancements, several challenges remain in
melanoma diagnosis. The high cost of advanced imaging techniques and
molecular testing may limit accessibility. Additionally, the interpretation of
complex genomic data requires expertise and may not be uniformly available.
Future research should focus on improving the affordability and accessibility
of advanced diagnostic tools and refining techniques for better integration into
clinical practice [5].
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Conclusion

Advances in diagnostic techniques for melanoma have significantly
improved early detection and personalized treatment approaches. From
traditional clinical evaluation to sophisticated molecular insights, these
advancements contribute to better outcomes for melanoma patients.
Continued innovation and research are essential for further enhancing
diagnostic accuracy and addressing existing challenges.
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