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Cutaneous melanoma, with a continuously rising incidence worldwide, represents
one of the most aggressive forms of skin cancer. Despite accounting for only 4% of all skin
cancers, it is responsible for 80% of skin cancer-related deaths, highlighting its particular
aggressiveness and the critical need for effective therapeutic strategies. The global burden
of melanoma has increased significantly over the past decades, with current estimates
suggesting that over 331,722 new cases are diagnosed annually worldwide [1,2].

This rising incidence, coupled with the complexity of treating advanced disease, has
driven intensive research efforts in developing more effective therapeutic approaches.
Recent epidemiological studies have shown significant variations in melanoma incidence
across different geographical regions and populations, with the highest rates observed in
Australia and New Zealand.

Immunotherapy has revolutionized the treatment landscape of advanced melanoma
over the past decade, marking a paradigm shift in cancer treatment. The introduction of im-
mune checkpoint inhibitors (ICIs) has represented a particularly significant breakthrough,
offering substantially improved survival compared to previous therapies.

This therapeutic revolution began with the understanding of how cancer cells evade
immune surveillance and the subsequent development of strategies to reactivate the sys-
tem’s natural ability to recognize and eliminate cancer cells.

The success of ICIs in melanoma has not only transformed patient outcomes but also
paved the way for immunotherapy applications in other cancer types. Long-term survival
data from pivotal clinical trials demonstrate the unprecedented durability of responses,
with some patients maintaining disease control for several years [3–5].

However, a proportion of patients still experience poor outcomes after immunotherapy,
as confirmed by several studies [6–10]. As a result, identifying predictive biomarkers
of the response to immunotherapy is an important area of research, aiming to prevent
overtreatment, unnecessary risk of toxicity, and wasteful resource usage. Since gene
expression signatures in liquid biopsies are non-invasive and repeatable tests that may
provide high specificity and sensitivity [11], they are widely investigated as potential
predictive or prognostic markers in cancer patients, specifically in subjects with cutaneous
melanoma [12–14].

The main goal of this Special Issue is to explore the most recent advancements in
immunotherapy for patients with skin cancers. The studies included cover a wide range
of research and treatment aspects, providing a comprehensive and in-depth view of the
challenges and opportunities in this rapidly evolving field. This collection of studies pro-
vides a comprehensive and up-to-date overview of the main trends and future challenges
in immunotherapy for skin cancers. Each study aims to better understand how we can
continue to improve care for patients suffering with these devastating diseases.
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A specific combined proteomic and transcriptomic signature was identified to predict
the response to anti-PD-1 treatment in patients with metastatic melanoma. The researchers
integrated whole proteome profiling of metastatic tissue with targeted transcriptomics
to uncover the molecular signatures associated with treatment outcomes. The findings
revealed that a combination of protein and gene signatures could predict poorer responses
to immunotherapy. Patients with high expressions of these signatures exhibited signifi-
cantly better progression-free (PFS) and overall survival (OS) compared to those with low
expressions [15].

In another study, researchers investigated the anti-melanoma effects of miconazole,
particularly its impact on mitochondrial functions. They treated human melanoma cell lines
with miconazole and clotrimazole, observing the significant inhibition of cell proliferation
and viability, along with reduced vascular mimicry. They found that miconazole decreased
ATP levels and increased ROS production, indicating mitochondrial dysfunction. Addi-
tionally, miconazole altered the expression of several metabolites and genes involved in
carnitine metabolism, which are crucial for mitochondrial function. These changes suggest
that miconazole’s anti-melanoma effects are mediated through mitochondrial disruption
and modulation of carnitine metabolism, ultimately leading to apoptosis in melanoma
cells [16].

In one study, the effectiveness of combining Mcl-1 with Bcl-2/Bcl-xL/Bcl-w inhibitors
was investigated in targeting melanoma cells. The researchers conducted in vitro exper-
iments on melanoma cell lines with and without BRAF mutations. They used various
inhibitors, including ABT-737, ABT-263, ABT-199, and S63845. The results showed that
none were significantly effective when used alone. However, combining S63845 with each
of the ABT inhibitors almost completely eliminated melanoma cell survival and induced
apoptosis in 50% to 90% of the cells. This effect was associated with caspase activation,
loss of mitochondrial membrane potential, phosphorylation of histone H2AX, and ROS
production [17].

Moreover, the antitumor activity of GP-2250, a GAPDH inhibitor, on BRAF-mutated
melanoma cell lines and benign melanocytes is examined. The results show that GP-2250
inhibits the proliferation and viability of melanoma cells in a dose-dependent manner
without significantly affecting benign melanocytes. This indicates that GP-2250 could
be a promising treatment for melanomas resistant to targeted therapies, highlighting the
potential for new therapeutic strategies in combating this aggressive form of cancer [18].

The expression of programmed cell death ligand 1 (PD-L1) in cutaneous melanoma
and its relationship with immunotherapy response is examined in another study. The
authors discuss the controversies surrounding the clinical utility of PD-L1 assessment and
suggest that specific evaluation methods could improve its predictive value for treatment
outcomes. This research emphasizes the need for precise biomarkers to guide immunother-
apy decisions and improve patient outcomes [19].

A comprehensive review of the status of molecular mechanisms of resistance to im-
munotherapy in oral malignant melanoma provides valuable insights into this challenging
area. The authors analyze clinical studies on the use of immune checkpoint inhibitors and
discuss future prospects for improving therapeutic efficacy and patient outcomes. This
review highlights the ongoing efforts to overcome resistance and enhance the effectiveness
of immunotherapy in treating oral malignant melanoma [20].

In a narrative review, the efficacy of pembrolizumab in advanced melanoma is exam-
ined. The authors review recent studies on the use of pembrolizumab, both as monotherapy
and in combination with other treatments, and discuss potential new therapeutic options
for patients who do not respond to immunotherapy. This review underscores the im-
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portance of ongoing research to expand the arsenal of effective treatments for advanced
melanoma [21].

Furthermore, in a retrospective study, other researchers examined how pentoxifylline
(PTX) and norcantharidin (NCTD) affect the expression of the p62 protein in melanoma cells,
using both two-dimensional (2D) monolayer cultures and three-dimensional (3D) spheroids
of B16F1 mouse melanoma cells. The researchers found that PTX decreases p62 expression
in both 2D and 3D cultures, while NCTD increases p62 expression specifically in 3D cultures
after 24 h. These findings suggest that PTX and NCTD could potentially regulate autophagy
in melanoma cells, depending on disease stage. This regulation of autophagy could be
crucial for developing new therapeutic strategies against melanoma [22].

Finally, advancements in immunotherapy have significantly transformed the thera-
peutic landscape for cutaneous melanoma, providing substantial clinical benefits. However,
challenges remain, particularly in predicting patient responses and overcoming resistance.
Ongoing research into biomarkers and novel therapeutic strategies is crucial for further
improving clinical outcomes. The studies highlighted in this Special Issue underscore the
importance of continuous innovation and interdisciplinary collaboration in melanoma
research. These combined efforts pave the way for more personalized and effective treat-
ments, ultimately aiming to reduce the global burden of this aggressive cancer.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. National Cancer Institute. Melanoma of the Skin Cancer Stat Facts. Available online: https://seer.cancer.gov/statfacts/html/

melan.html (accessed on 13 January 2025).
2. Ferlay, J.; Ervik, M.; Lam, F.; Colombet, M.; Mery, L.; Piñeros, M.; Znaor, A.; Soerjomataram, I.; Bray, F. Global Cancer Observatory:

Cancer Today; International Agency for Research on Cancer: Lyon, France, 2024. Available online: https://gco.iarc.fr/today
(accessed on 13 January 2025).

3. Mooradian, M.J.; Sullivan, R.J. Immunotherapy in Melanoma: Recent Advancements and Future Directions. Cancers 2023, 15, 4176.
[CrossRef]

4. Xu, J.; Mu, S.; Wang, Y.; Yu, S.; Wang, Z. Recent advances in immunotherapy and its combination therapies for advanced
melanoma: A review. Front. Oncol. 2024, 14, 1400193. [CrossRef]

5. Knight, A.; Karapetyan, L.; Kirkwood, J.M. Immunotherapy in Melanoma: Recent Advances and Future Directions. Cancers 2023,
15, 1106. [CrossRef]

6. Topalian, S.L.; Hodi, F.S.; Brahmer, J.R.; Gettinger, S.N.; Smith, D.C.; McDermott, D.F.; Powderly, J.D.; Sosman, J.A.; Atkins, M.B.;
Leming, P.D.; et al. Five-Year Survival and Correlates Among Patients with Advanced Melanoma, Renal Cell Carcinoma, or
Non-Small Cell Lung Cancer Treated With Nivolumab. JAMA Oncol. 2019, 5, 1411–1420. [CrossRef] [PubMed]

7. Robert, C.; Hwu, W.-J.; Hamid, O.; Ribas, A.; Weber, J.S.; Daud, A.I.; Hodi, F.S.; Wolchok, J.D.; Mitchell, T.C.; Hersey, P.; et al.
Long-term safety of pembrolizumab monotherapy and relationship with clinical outcome: A landmark analysis in patients with
advanced melanoma. Eur. J. Cancer 2021, 144, 182–191. [CrossRef] [PubMed]

8. Wolchok, J.D.; Chiarion-Sileni, V.; Gonzalez, R.; Grob, J.-J.; Rutkowski, P.; Lao, C.D.; Cowey, C.L.; Schadendorf, D.; Wagstaff, J.;
Dummer, R.; et al. Long-Term Outcomes with Nivolumab Plus Ipilimumab or Nivolumab Alone Versus Ipilimumab in Advanced
Melanoma. J. Clin. Oncol. 2022, 40, 127–137. [CrossRef] [PubMed]

9. Eljilany, I.; Castellano, E.; Tarhini, A.A. Adjuvant Therapy for High-Risk Melanoma: An In-Depth Examination. Cancers 2023,
15, 4125. [CrossRef] [PubMed]

10. Tang, Q.; Zhao, S.; Zhou, N.; He, J.; Zu, L.; Liu, T.; Song, Z.; Chen, J.; Peng, L.; Xu, S. PD-1/PD-L1 immune checkpoint inhibitors
in neoadjuvant therapy for solid tumors. Int. J. Oncol. 2023, 62, 49. [CrossRef] [PubMed]

11. Kinane, D.F.; Gabert, J.; Xynopoulos, G.; Guzeldemir-Akcakanat, E. Strategic approaches in oral squamous cell carcinoma
diagnostics using liquid biopsy. Periodontology 2000 2024, 96, 316–328. [CrossRef]

12. Jamshidi, A.; Liu, M.C.; Klein, E.A.; Venn, O.; Hubbell, E.; Beausang, J.F.; Gross, S.; Melton, C.; Fields, A.P.; Liu, Q.; et al.
Evaluation of cell-free DNA approaches for multi-cancer early detection. Cancer Cell 2022, 40, 1537–1549.e12. [CrossRef] [PubMed]

13. Oliveira, K.C.S.; Ramos, I.B.; Silva, J.M.C.; Barra, W.F.; Riggins, G.J.; Palande, V.; Pinho, C.T.; Frenkel-Morgenstern, M.; Santos,
S.E.B.; Assumpcao, P.P.; et al. Current Perspectives on Circulating Tumor DNA, Precision Medicine, and Personalized Clinical
Management of Cancer. Mol. Cancer Res. 2020, 18, 517–528. [CrossRef]

https://seer.cancer.gov/statfacts/html/melan.html
https://seer.cancer.gov/statfacts/html/melan.html
https://gco.iarc.fr/today
https://doi.org/10.3390/cancers15164176
https://doi.org/10.3389/fonc.2024.1400193
https://doi.org/10.3390/cancers15041106
https://doi.org/10.1001/jamaoncol.2019.2187
https://www.ncbi.nlm.nih.gov/pubmed/31343665
https://doi.org/10.1016/j.ejca.2020.11.010
https://www.ncbi.nlm.nih.gov/pubmed/33360855
https://doi.org/10.1200/JCO.21.02229
https://www.ncbi.nlm.nih.gov/pubmed/34818112
https://doi.org/10.3390/cancers15164125
https://www.ncbi.nlm.nih.gov/pubmed/37627153
https://doi.org/10.3892/ijo.2023.5497
https://www.ncbi.nlm.nih.gov/pubmed/36866750
https://doi.org/10.1111/prd.12567
https://doi.org/10.1016/j.ccell.2022.10.022
https://www.ncbi.nlm.nih.gov/pubmed/36400018
https://doi.org/10.1158/1541-7786.MCR-19-0768


Int. J. Mol. Sci. 2025, 26, 1849 4 of 4

14. Lukacova, E.; Hanzlikova, Z.; Podlesnyi, P.; Sedlackova, T.; Szemes, T.; Grendar, M.; Samec, M.; Hurtova, T.; Malicherova, B.;
Leskova, K.; et al. Novel liquid biopsy CNV biomarkers in malignant melanoma. Sci. Rep. 2024, 14, 15786. [CrossRef]

15. Mallardo, D.; Fordellone, M.; White, A.; Vowinckel, J.; Bailey, M.; Sparano, F.; Sorrentino, A.; Mallardo, M.; Facchini, B.A.; De
Filippi, R.; et al. A Combined Proteomic and Transcriptomic Signature Is Predictive of Response to Anti-PD-1 Treatment: A
Retrospective Study in Metastatic Melanoma Patients. Int. J. Mol. Sci. 2024, 25, 9345. [CrossRef] [PubMed]

16. Scatozza, F.; Giardina, M.M.; Valente, C.; Benedetti, V.V.; Facchiano, A. Anti-Melanoma Effects of Miconazole: Investigating the
Mitochondria Involvement. Int. J. Mol. Sci. 2024, 25, 3589. [CrossRef]

17. Peng, Z.; Gillissen, B.; Richter, A.; Sinnberg, T.; Schlaak, M.S.; Eberle, J. Effective Targeting of Melanoma Cells by Combination of
Mcl-1 and Bcl-2/Bcl-xL/Bcl-w Inhibitors. Int. J. Mol. Sci. 2024, 25, 3453. [CrossRef] [PubMed]

18. Gambichler, T.; Harnischfeger, F.; Skrygan, M.; Majchrzak-Stiller, B.; Buchholz, M.; Müller, T.; Braumann, C. In Vitro Experiments
on the Effects of GP-2250 on BRAF-Mutated Melanoma Cell Lines and Benign Melanocytes. Int. J. Mol. Sci. 2023, 24, 15336.
[CrossRef]

19. Fiorentino, V.; Pizzimenti, C.; Franchina, M.; Pepe, L.; Russotto, F.; Tralongo, P.; Micali, M.G.; Militi, G.B.; Lentini, M. Programmed
Cell Death Ligand 1 Immunohistochemical Expression and Cutaneous Melanoma: A Controversial Relationship. Int. J. Mol. Sci.
2024, 25, 676. [CrossRef] [PubMed]

20. Usta, S.Z.; Uchihashi, T.; Kodama, S.; Kurioka, K.; Inubushi, T.; Shimooka, T.; Sugauchi, A.; Seki, S.; Tanaka, S. Current Status and
Molecular Mechanisms of Resistance to Immunotherapy in Oral Malignant Melanoma. Int. J. Mol. Sci. 2023, 24, 17282. [CrossRef]
[PubMed]

21. Rizzetto, G.; De Simoni, E.; Molinelli, E.; Offidani, A.; Simonetti, O. Efficacy of Pembrolizumab in Advanced Melanoma: A
Narrative Review. Int. J. Mol. Sci. 2023, 24, 12383. [CrossRef]

22. González-Quiroz, J.L.; Ocampo-Godínez, J.M.; Hernández-González, V.N.; Lezama, R.A.; Reyes-Maldonado, E.; Vega-López, A.;
Domínguez-López, M.L. Pentoxifylline and Norcantharidin Modify p62 Expression in 2D and 3D Cultures of B16F1 Cells. Int. J.
Mol. Sci. 2024, 25, 5140. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1038/s41598-024-65928-y
https://doi.org/10.3390/ijms25179345
https://www.ncbi.nlm.nih.gov/pubmed/39273294
https://doi.org/10.3390/ijms25073589
https://doi.org/10.3390/ijms25063453
https://www.ncbi.nlm.nih.gov/pubmed/38542429
https://doi.org/10.3390/ijms242015336
https://doi.org/10.3390/ijms25010676
https://www.ncbi.nlm.nih.gov/pubmed/38203846
https://doi.org/10.3390/ijms242417282
https://www.ncbi.nlm.nih.gov/pubmed/38139110
https://doi.org/10.3390/ijms241512383
https://doi.org/10.3390/ijms25105140

	References

