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The cutaneous form is the most common, but melanoma may also 
occur in the eyes, mucous membranes, and the central nervous 

system

It is a malignant tumor arising from melanocytes and can develop 
wherever these cells are present

Most melanomas are highly pigmented, although amelanotic 
variants exist

Systemic melanoma is characterized by early lymphatic and 
hematogenous metastasis
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Epidemiology
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Risk factors

Exposure to UV radiation (natural and artificial)

Skin phototype

Sunburns

High number of nevi (>50) and dysplastic nevi

Family history (CDKN2A, CDK4 mutations) and 
personal history of melanoma

Age

Shain AH, Bastian BC. From melanocytes to melano- mas. Nat Rev Cancer. 2016;16(6):345-358 Garbe, Claus, et al. "European consensus-based interdisciplinary guideline for melanoma. Part 1: Diagnostics: Update 2022." European Journal of Cancer 170 (2022): 236-255. 



A. Cutaneous melanoma
Types:

1. Superficial spreading melanoma: the most common
type; initially grows horizontally, followed by vertical
invasion

2. Nodular melanoma: exhibits only vertical growth,
becomes rapidly invasive, and frequently ulcerates

3. Acral lentiginous melanoma: located on the palms,
soles, and nail bed

4. Lentigo maligna melanoma: remains in situ for a
prolonged period, later progressing to vertical growth

B. Mucosal melanoma

C. Leptomeningeal melanoma
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• The high frequency of mutations in key genes involved in 
pathogenesis has led to the development of a molecular 
classification, which provides the foundation for targeted therapies 
tailored to the tumor’s genetic profile: 

•  BRAF-mutant
•  RAS-mutant
•  NF1-mutant
•  Triple wild-type

Mutation spectrum of driver genes (oncogenes and suppressor genes) 
of skin melanoma based on TCGA (The Cancer Genome Atlas)
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Molecular Biology of Melanoma
Mutation Key Biological Effect

BRAF (most often 
V600E)

40–60% of cases

Abnormal activation of the MAPK pathway → increased cell 
proliferation; alters tumor microenvironment by attracting 
immunosuppressive cells (Tregs, TAMs, MDSCs)

NRAS (often Q61 
mutations)

15–25% of cases

Constant activation of MAPK and PI3K/AKT pathways → 
uncontrolled tumor growth

NF1 (loss-of-function)
10–15% of cases

Loss of neurofibromin → RAS pathway remains active, 
promoting proliferation and survival
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• Triple wild-type melanomas are those 
without BRAF, NRAS, or NF1 mutations.

• They often develop in areas with low or 
absent UV exposure.
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Targeted Therapy

• Understanding the molecular mechanisms has led to the 
development of targeted therapies and immunotherapies 
for advanced melanoma (stages III - IV).

• Selective BRAF-V600 inhibitors:
• vemurafenib, dabrafenib, encorafenib - show strong 

antitumor activity but have limited durability due to rapid 
resistance and paradoxical MAPK activation.

• MEK inhibitors:
• trametinib, cobimetinib, binimetinib - are combined with 

BRAF inhibitors in BRAF-V600 - mutant melanoma and used 
as monotherapy in NRAS-mutant disease.
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Immunotherapy

• Over the past two decades, immunotherapy has transformed the treatment of advanced melanoma, offering patients 
real chances for long-term survival.

• The main classes of immune checkpoint inhibitors used are:
• Anti-CTLA-4: ipilimumab
• Anti-PD-1: pembrolizumab, nivolumab
• Anti-PD-L1: atezolizumab

Sarem Rashid, Michael Shaughnessy, Hensin Tsao,Melanoma classification and management in the era of molecular medicine,Dermatologic Clinics,Volume 41, Issue 
1,2023,Pages 49-63,ISSN 0733-8635,ISBN 9780323972840,https://doi.org/10.1016/j.det.2022.07.017.
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Immunotherapy

• In the CheckMate 067 phase III clinical 
trial, median overall survival was:

• 71.9 months with nivolumab + ipilimumab
• 36.9 months with nivolumab alone
• 19.9 months with ipilimumab alone

• Ten-year survival rates were:
• 43% for nivolumab + ipilimumab
• 37% for nivolumab
• 19% for ipilimumab

• Patients with no disease progression at 3 years had a >95% probability of being alive at 10 years.
• Progression-free survival (PFS) at 3 years appears to be a strong predictor of long-term survival.



Understanding Melanoma at the Genetic Level



Resistance to Therapy

• Targeted therapies (BRAFi/MEKi) often lead to acquired resistance through MAPK pathway reactivation, 
mutations in NRAS/MEK, or activation of alternative pathways such as PI3K/AKT.

• The presence of primary non-responders to immunotherapy remains one of the most important current clinical 
limitations, affecting a significant proportion of patients.

• The use of combination therapies (anti-PD-1 + anti-CTLA-4, anti-PD-1 + BRAFi/MEKi) is associated with a higher 
rate of immune-mediated toxicities, grade III/IV, which limits their applicability in some cases.



Current Challenges and Future Directions

Development of New Molecules for Immunotherapy
LAG-3: expressed on T lymphocytes, it binds to MHC class II on antigen-presenting cells, leading to inhibition of T cell proliferation 
and activation.

• RELATIVITY-047, phase III study – 12-month PFS:
• Relatlimab + Nivolumab: 47,7% 
• Nivolumab: 36,0% 

• This was the first approved combination (2022) of a LAG-3 inhibitor (relatlimab) with a PD-1 inhibitor (nivolumab) for 
metastatic melanoma.

N Engl J Med 2022;386:24-34. DOI: 10.1056/NEJMoa2109970



Current Challenges and Future Directions

The Link Between the Gut Microbiome and Immunotherapy Effectiveness:
• Preliminary data suggest an important relationship between the gut microbiome and the effectiveness of immunotherapy. This 

has led to the design and implementation of clinical studies aimed at:
• improving the response to cancer treatments
• identifying new predictive or prognostic biomarkers for immunotherapy.



Current Challenges and Future Directions

Long Synthetic Peptide Vaccines
This is an innovative method to stimulate the anti-tumor immune response in melanoma. These vaccines use long synthetic peptides 
that correspond to neoantigens identified in each patient’s tumor.
Advantages:

• High safety and low toxicity profile
• Potential for personalization (vaccines based on tumor-specific neoantigens)
• Possibility to combine with immunotherapy (e.g., anti-PD-1/PD-L1) for superior results



Current Challenges and Future Directions

Personalized Vaccines:
• mRNA-4157-P201 is a personalized mRNA-based vaccine created for each patient, encoding up to 34 neoantigens.
• The KEYNOTE-942 / mRNA-4157-P201 study is the first randomized trial to show a significant improvement in RFS (Recurrence-

Free Survival) and DMFS (Distant Metastasis-Free Survival) using a personalized neoantigen-based therapy.
• This represents a major breakthrough in personalized oncology and paves the way for integrating mRNA vaccines into the 

adjuvant treatment of melanoma.



Conclusions

• The management of melanoma has evolved dramatically in recent years, with significant advances in surgery, 
targeted therapy, and immunotherapy.

• Early diagnosis, accurate staging, and appropriate surgical management remain the foundation for successful 
treatment.

• Sentinel lymph node biopsy is crucial for staging and guiding adjuvant therapy decisions.

• Targeted therapies and immunotherapies have greatly improved long-term survival in advanced melanoma.

• New approaches - including LAG-3 inhibitors, microbiome modulation, long peptide vaccines, and personalized 
mRNA vaccines - are opening new possibilities for personalized treatment.



Thank you! 
Hvala! 
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