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Melanoma: The Skin Cancer
Epidemic — Mechanisms, Risk
Factors, and Emerging Thera-
pies

Abstract

Melanoma, a malignant tumor originating from melanocytes, rep-
resents the deadliest form of skin cancer. Its global incidence has risen
dramatically due to increasing Ultraviolet (UV) exposure and changes
in lifestyle. This article explores the pathophysiology of melanoma,
emphasizing its genetic, environmental, and molecular underpinnings.
We also discuss the risk factors, including UV radiation, genetic pre-
dispositions, and immunosuppression. Advancements in therapeutic
strategies, such as immune checkpoint inhibitors, targeted therapies,
and novel interventions like oncolytic virotherapy, are also examined.
Understanding melanoma'’s biological mechanisms and identifying po-
tential therapeutic targets will enhance early detection, improve treat-
ment outcomes, and reduce melanoma-associated mortality.
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Introduction

Melanoma is a malignant tumor arising from melanocytes, the pig-
ment-producing cells located in the basal layer of the epidermis.
Though accounting for only a small percentage of skin cancers, mel-
anoma is responsible for the majority of skin cancer-related deaths
due to its aggressive nature and high metastatic potential. This article
delves into the etiology, pathophysiology, risk factors, clinical features,
diagnostic approaches, and therapeutic advancements in melanoma
management.

Pathophysiology of melanoma

Cellular origin and progression: Melanocytes, derived from neural
crest cells, are responsible for melanin production. Melanoma devel-
ops when melanocytes undergo genetic mutations leading to uncon-
trolled proliferation. The transformation from benign melanocytes to
malignant melanoma involves:

o Dysregulation of cell cycle control.
o Activation of oncogenes such as BRAF and NRAS.

o Loss of tumor suppressor genes like p53.
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«  Resistance to apoptosis.
Molecular mechanisms

BRAF mutations: Approximately 50% of melanomas harbor muta-
tions in the BRAF gene, with BRAF V600E being the most common.
These mutations activate the MAPK pathway, driving tumor growth.

NRAS mutations: NRAS mutations are present in 15%-20% of mela-
nomas, promoting cell proliferation and survival.

PTEN loss: PTEN inactivation leads to hyperactivation of the PI3K-
AKT pathway, contributing to tumor growth and immune evasion.

Tumor microenvironment

The melanoma microenvironment, composed of immune cells, fibro-
blasts, and endothelial cells, plays a crucial role in tumor progression.
Tumors often evade immune surveillance by upregulating immune
checkpoint proteins like PD-L1.

Risk Factors for melanoma

Ultraviolet (UV) radiation: Chronic UV exposure is the leading
cause of melanoma. UVB radiation directly damages DNA, while
UVA induces oxidative stress and mutagenesis.

Intermittent sunburns during childhood and tanning bed use signifi-
cantly increase melanoma risk.

Genetic factors: Individuals with mutations in genes such as CDK-
N2A (p16) and MCIR are at higher risk.

A family history of melanoma increases susceptibility.

Skin type and pigmentation: Fair-skinned individuals with low mel-
anin levels are more prone to UV-induced damage.

Immune suppression: Immunosuppressed patients, such as organ
transplant recipients, have a higher incidence of melanoma.

Other factors

Moles and atypical nevi: A large number of nevi is associated with
increased melanoma risk.

Environmental exposure: Aresnic and ionizing radiation are linked
to melanom development.

Clinical Features

Primary melanoma: Melanoma typically appears as a pigmented le-
sion with asymmetry, border irregularity, color variation, diameter
>6mm, and evolving characteristics (ABCDE rule).

Metastatic melanoma: Advanced melanoma may involve regional
lymph nodes, distant organs (lungs, liver, brain), and bone. Symptoms
include weight loss, fatigue, and pain.

Diagnosis

Dermatoscopy: Dermatoscopic examination aids in distinguishing
benign from malignant lesions.

Biopsy: Excisional biopsy with histopathological examination is the
gold standard for melanoma diagnosis.

Molecular Testing: Genetic testing for mutations in BRAF, NRAS,
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and KIT informs therapeutic decisions.

Imaging: CT, MRI, or PET scans assess metastasis and staging.

Therapeutic approaches

Surgical management: Surgery remains the primary treatment for
localized melanoma, involving wide local excision and sentinel lymph
node biopsy.

Immunotherapy

Immune checkpoint inhibitors: Anti-CTLA-4 (e.g., ipilimumab) and
anti-PD-1/PD-L1 (e.g., nivolumab, pembrolizumab) therapies en-
hance T-cell activation, improving survival in metastatic melanoma.

Cytokine-Based therapy: Interleukin-2 (IL-2) stimulates T-cell activ-
ity, although its use is limited by toxicity.

Increased serum levels of VEGEF, angiopoietins, and Basic Fibroblast
Growth Factor (bFGF) indicate heightened angiogenic activity and
endothelial dysfunction.

Targeted therapy

BRAF inhibitors: Vemurafenib and dabrafenib target BRAF-mutated
melanomas.

MEK inhibitors: Trametinib inhibits downstream MAPK signaling.

Combination therapies (BRAF + MEK inhibitors) improve efficacy
and reduce resistance.

Oncolytic virotherapy

Talimogene Laherparepvec (T-VEC), a modified herpes simplex virus,
selectively infects and kills tumor cells while stimulating an anti-tu-
mor immune response.

Radiation therapy

Radiotherapy is used for palliation in metastatic melanoma or as an
adjuvant in high-risk cases.

Emerging therapies

Nanomedicine: Nanoparticle-based drug delivery systems enhance
treatment specificity.

CRISPR technology: Gene editing holds potential for correcting mel-

anoma-associated mutations.
Prevention and early detection

Sun protection: Use of broad-spectrum sunscreen, protective cloth-
ing, and avoiding peak UV exposure.

Regular skin checks: Self-examination and dermatologist visits for
high-risk individuals facilitate early detection.

Public awareness campaigns: Education about the dangers of tan-
ning beds and sunburns.

Challenges in melanoma management

Therapeutic resistance: Tumors often develop resistance to targeted
therapies, necessitating combination regimens.

Late diagnosis: Advanced-stage melanomas are difficult to treat, em-
phasizing the need for early detection strategies.

Adverse effects of therapy: Immune-related toxicities and drug resis-
tance limit the long-term efficacy of current treatments.

Future directions

Biomarker discovery: identifying novel biomarkers for early detec-
tion, prognosis, and therapy response prediction is critical.

Personalized medicine: Advances in genomic profiling will enable
tailored treatments based on individual tumor characteristics.

Combination therapies: Combining immunotherapy, targeted thera-
py, and emerging modalities could overcome resistance and enhance
outcomes.

Artificial Intelligence (AI): AI algorithms in dermatoscopy and im-
aging improve melanoma detection accuracy and staging.

Conclusion

Melanoma is a formidable public health challenge due to its aggressive
nature and increasing incidence. Advances in our understanding of its
pathophysiology have revolutionized diagnosis and treatment. Early
detection remains the cornerstone of melanoma control, while inno-
vative therapies offer hope for improved survival in advanced cases.
Continued research and public health initiatives are essential to com-
bat this deadly skin cancer effectively.
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