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Simple Summary


The incidence of cutaneous malignant melanoma is increasing worldwide. Despite available modern therapeutical options, long-term survival of patients in advanced stages of the disease remains rather limited until now. Detailed insights into etiopathogenesis and mechanisms of tumour progression enable physicians to manipulate distinct molecular structures and pathways therapeutically and so treat the tumour. Unfortunately, the acquisition of therapeutic resistance frequently terminates these therapeutical interventions. The presented special issue is focusing on the research and therapeutic experience of leading scientists, and it summarises the state of the art of targeted therapy of melanoma and suggests the new perspectives of the treatment of disease.
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The incidence of cutaneous malignant melanoma (CMM) is significantly increasing worldwide. While surgical therapy of initial stages is straightforward and highly efficient, the treatment of advanced-stage disease remains problematic, making CMM the most deadly cutaneous malignancy. Moreover, melanoma is one of the leading cancers in average years of life lost per death from the disease [1]. Therefore, this important issue attracts attention, and melanoma urgently requires innovative therapeutic strategies, including targeted therapy [1].



In the previous decade, we have witnessed an obvious enthusiasm associated with novel promising therapeutics in clinics. By now, many of these drugs became first-line therapy options in our daily clinical routine practice. Some of them are even available for application in the adjuvant setting. However, we were also saddened by the fast appearance of old enemies. Primary and acquired treatment resistance, the plethora of adverse effects, treatment toxicity, the necessity of combination therapies, and unsustainable healthcare budget rise are just some examples of these renewed challenges.



For this Special Issue of Cancers, we have summoned 13 articles, including three reviews and ten original articles, submitted by the leading melanoma researchers. These articles address a variety of issues, ranging from the experimental in vitro studies to the results summarising experience from clinical trials and routine therapy of advanced stages of melanoma. The experimental studies bring detailed insight into the therapy resistance, which is vital for the refinement of the therapeutic indication.



It is widely known that activating BRAF mutations are present in approximately 50% of all melanomas. This high frequency of BRAF mutations was a starting point for a new chapter in targeted therapy for advanced melanoma. Later, mitogen-activated protein kinase (MAPK) inhibition in combination with the inhibition of BRAF and mitogen-activated protein kinase kinase (MAPKK) became available for the therapy of CMM with BRAF V600 mutation. Unfortunately, we are frequently dealing with a high proportion of patients with primary/secondary (acquired) resistance. Profiling of MAPK activity in clinical samples and cell lines can well distinguish between responders and non-responders, which can help to select patients for this type of therapy [2]. Pyridinyl imidazole compounds SB202190, SB203580 and SB590085 can be used to block the proliferation pathways in BRAF V600E melanoma cells. These molecules directly inhibit BRAF V600E kinase, and they also influence the lysosomes of cancer cells. Together, this may have a significant inhibitory impact on melanoma biology. The possible therapeutic effect of these compounds in clinics is promising [3]. The therapy of CMM with BRAF mutation is also addressed by Ruggiero and co-workers at the tissue culture level [4]. Their results demonstrate the role played by autocrine production of neuregulin in ErbB3 activity in the phosphorylation and AKT (protein kinase B) activation in the population of cancer cells, which can influence the biological properties of melanoma cells. Moreover, the activation of PI3K/AKT/mTOR (phosphatidylinositol-3-kinase/AKT/mammalian target of rapamycin) signalling plays a significant role in the mechanism of resistance to targeted therapy.



The expression of Raf kinase inhibitor protein (RKIP) is inversely associated with the aggressiveness of several types of cancers. Unfortunately, data about its role in CMM have so far been limited. Cristina Penas and co-workers [5] have clearly shown that RKIP is more extensively expressed in nevi than in CMM. Inverse association between RKIP expression and cell migration, differentiation and epithelial to mesenchymal interaction was also shown in CMM cells in vitro. RKIP detection in tumour samples can therefore be useful for diagnostics and refinement of the therapeutic indication. The therapeutic manipulation of RKIP can be used as a potential therapeutic modality in the future.



The KIT (receptor tyrosine kinase protein) oncogene plays a significant role in various aspects of melanoma biology. Somatic mutation in the c-KIT (tyrosine-protein kinase KITgene) represents only about 2–4% of somatic mutations in CMM in the Caucasian population (10% in Asians), but in mucosal and acral lentiginous melanoma, it is found in about 20% of cases. KIT inhibitors such as Nilotinib are efficient in the elimination of melanoma cells with mutation of this oncogene. Unfortunately, the KIT-mutated cells readily acquire resistance to inhibitors, with a positive contribution of FGF-2. So, the combination of KIT inhibition with the application of FGF receptor that immobilises FGF-2 could be a relevant approach in future therapy of CMM patients with mutated KIT [6].



In recent years, the stromal cells and mechanisms of the microenvironment have emerged as important factors in driving invasion and metastasis. Obviously, melanoma cells are not the only target within the tumour. Melanoma cells are components of a complicated tumour ecosystem in which the cancerous and noncancerous cells interact. The stroma represented by various non-malignant cells is not an innocent bystander and forms an indispensable functional unit that influences the progression of CMM [7]. The multiple facets of stromal biology in CMM and its role in potential induction of resistance to anticancer therapy is extensively summarised in the review by Diazzi and colleagues [8]. The presence of fibrotic stroma with cancer-associated fibroblasts in CMM seems to be one of the markers of poor prognosis in patients with advanced disease. The resistance to targeted therapy depends, in addition to other parameters, on the production of extracellular matrix as well as cytokines, including inflammation-supporting molecules, by the noncancerous cells of CMM stroma. Therefore, application of anti-fibrotic drugs such as Nintenadib or Sorafenib can be useful in the therapy of CMM with extensive fibrotic stroma.



The majority of articles in this Special Issue focus on various aspects of clinical application of the targeted therapy of CMM. The dabrafenib/trametinib (DAB/TRA) combination is used for therapy of BRAF-mutated patients. However, the clinical results exhibit a tremendous inter-individual variability between the treated patients. To adjust the therapeutic protocols and to improve the efficacy of anti-melanoma therapy, pharmacokinetic measurements of the therapeutics are desirable. This approach highlights the importance of individualised pharmacokinetic monitoring [9]. To monitor the efficiency of MAPK inhibitors, TERT (telomerase reverse transcriptase) promoter region mutations can be used as a biomarker. These mutations may impact the progression-free survival of patients with generalised CMM [10].



The therapeutic combination targeting mutated BRAF along with anti-PD1 therapy represents a highly efficient strategy in suitable patients. It offers a safe combination of improved survival, better therapeutic response and higher life quality of patients with generalised CMM [11].



Traditional chemotherapeutic agent Dacarbazine has been an important therapeutic option in melanoma treatment for many years. Until now, unresectable NRAS (N rat sarcoma)-mutated CMM represent a serious therapeutic challenge. The presented phase 2 clinical trial has demonstrated that MEK (mitogen-activated protein kinase kinase) 1/MEK2 inhibitor Pimasertib exhibits anticancer activity with a safety profile consistent with Dacarbazine [12].



In clinical practice, some common adverse effects can easily hamper all therapeutic efforts. MEK inhibitors significantly improve the efficacy of BRAF inhibition in comparison with BRAF inhibitor application only. Of note, some adverse effects, such as extensive vomiting and diarrhoea, were more frequently observed under combined therapy than in monotherapy [13].



A concise overview summarising the molecular background of brain metastasising of CMM and utilisation of these data in experimental therapy included in several clinical studies show new approaches to improving the clinical outcome of patients with metastatic central nervous system involvement [14].



A report from Germany summarising data on targeted therapy demonstrates the efficiency of this therapeutic approach in comparison with classical chemotherapy or adjuvant therapy using interferon. Of note, this study demonstrates that the efficiency of CMM therapy is region dependent. Surprisingly, a significant difference between the eastern and western regions in Germany was identified even a quarter of a century after the German reunion. Importantly, this indicates the profound impact of the economic level on patients suffering from the CMM and their survival [15]. CMM is a complex disease with multiple genetic alterations at the single-cell level under important epigenetic control of the cancer microenvironment. Individualised and closely targeted therapy of CMM must inevitably be based on the detailed molecular analysis of individual patients. Then and only then can it avoid the risk of therapeutic resistance acquisition and improve the survival rate and life quality of patients, as presented by authors of this Special Issue. However, collectively, prevention, public awareness, precise clinical diagnosis, and early surgical excision in an early stage of CMM still constitute the most efficient and cost-effective approach to CMM therapy with the greatest benefit for patients.






Funding


Authors were funded by the Czech Science Foundation under grant no. 18-11908S, by the Operational Programme Research, Development and Education under the project “Centre for Tumour Ecology—Research of the Cancer Microenvironment Supporting Cancer Growth and Spread” (reg. No. CZ.02.1.01/0.0/0.0/16_019/0000785), by the Research and Development for Innovations Operational Programme under project no. CZ.1.05/2.1.00/19.0400 (co-funded by the European Regional Development Fund and the state budget of the Czech Republic) and by Charles University Programme PROGRES Q28.




Acknowledgments


The authors thank Šárka Takáčová for reading of the manuscript and English grammar check.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Brustugun, O.T.; Møller, B.; Helland, Å. Years of life lost as a measure of cancer burden on a national level. Br. J. Cancer 2020, 111, 1014–1020. [Google Scholar] [CrossRef] [PubMed]

	



Krayem, M.; Aftimos, P.; Najem, A.; van den Hooven, T.; van den Berg, A.; Hovestad-Bijl, L.; de Wijn, R.; Hilhorst, R.; Ruijtenbeek, R.; Sabbah, M.; et al. Kinome profiling to predict sensitivity to MAPK inhibition in melanoma and to provide new insights into intrinsic and acquired mechanism of resistance. Cancers 2020, 12, 512. [Google Scholar] [CrossRef] [PubMed]

	



Palušová, V.; Renzová, T.; Verlande, A.; Vaclová, T.; Medková, M.; Cetlová, L.; Sedláčková, M.; Hříbková, H.; Slaninová, I.; Krutá, M.; et al. Dual targeting of BRAF and mTOR signaling in melanoma cells with pyridinyl imidazole compounds. Cancers 2020, 12, 1516. [Google Scholar]

	



Ruggiero, C.F.; Malpicci, D.; Fattore, L.; Madonna, G.; Vanella, V.; Mallardo, D.; Liguoro, D.; Salvati, V.; Capone, M.; Bedogni, B.; et al. ErbB3 phosphorylation as central event in adaptive resistance to targeted therapy in metastatic melanoma: Early detection in CTCs during therapy and insights into regulation by autocrine neuregulin. Cancers 2019, 11, 1425. [Google Scholar] [CrossRef] [PubMed]

	



Penas, C.; Apraiz, A.; Muñoa, I.; Arroyo-Berdugo, Y.; Rasero, J.; Ezkurra, P.A.; Velasco, V.; Subiran, N.; Bosserhoff, A.K.; Alonso, S.; et al. RKIP regulates differentiation-related features in melanocytic cells. Cancers 2020, 12, 1451. [Google Scholar] [CrossRef] [PubMed]

	



Tétu, P.; Delyon, J.; André, J.; Reger de Moura, C.; Sabbah, M.; Ghanem, G.E.; Battistella, M.; Mourah, S.; Lebbé, C.; Dumaz., N. FGF2 Induces resistance to Nilotinib through MAPK pathway activation in KIT mutated melanoma. Cancers 2020, 12, 1062. [Google Scholar]

	



Kodet, O.; Kučera, J.; Strnadová, K.; Dvořánková, B.; Štork, J.; Lacina, L.; Smetana, K., Jr. Cutaneous melanoma dissemination is dependent on the malignant cell properties and factors of intercellular crosstalk in the cancer microenvironment (Review). Int. J. Oncol. 2020, 57, 619–630. [Google Scholar] [CrossRef] [PubMed]

	



Diazzi, S.; Tartare-Deckert, S.; Deckert, M. Bad neighborhood: Fibrotic stroma as a new player in melanoma resistance to targeted therapies. Cancers 2020, 12, 1364. [Google Scholar] [CrossRef] [PubMed]

	



Balakirouchenane, D.; Guégan, S.; Csajka, C.; Jouinot, A.; Heidelberger, V.; Puszkiel, A.; Zehou Khoudour, N.; Courlet, P.; Kramkimel, N.; Lheure, C.; et al. Population pharmacokinetics/pharmacodynamics of Dabrafenib plus Trametinib in patients with BRAF-mutated metastatic melanoma. Cancers 2020, 12, 931. [Google Scholar] [CrossRef] [PubMed]

	



Del Bianco, P.; Stagni, C.; Giunco, S.; Fabozzi, A.; Elefanti, L.; Pellegrini, S.; Vecchiato, A.; Pigozzo, J.; Zamuner, C.; De Rossi, A.; et al. TERT promoter mutations differently correlate with the clinical outcome of MAPK inhibitor-treated melanoma patients. Cancers 2020, 12, 946. [Google Scholar] [CrossRef] [PubMed]

	



Huynh, S.; Mortier, L.; Dutriaux, C.; Maubec, E.; Boileau, M.; Dereure, O.; Leccia, M.-T.; Arnault, J.-P.; Brunet-Possenti, F.; Aubin, F.; et al. Combined therapy with anti-PD1 and BRAF and/or MEK inhibitor for advanced melanoma: A multicenter cohort study. Cancers 2020, 12, 1666. [Google Scholar] [CrossRef] [PubMed]

	



Lebbé, C.; Dutriaux, C.; Lesimple, T.; Kruit, W.; Kerger, J.; Thomas, L.; Guillot, B.; de Braud, F.; Garbe, C.; Grob, J.J.; et al. Pimasertib versus Dacarbazine in patients with unresectable NRAS-mutated cutaneous melanoma: Phase II, randomised, controlled trial with crossover. Cancers 2020, 12, 1727. [Google Scholar]

	



Greco, A.; Safi, D.; Swami, U.; Ginader, T.; Milhem, M.; Zakharia, Y. Efficacy and adverse events in metastatic melanoma patients treated with combination BRAF plus MEK inhibitors versus BRAF inhibitors: A systematic review. Cancers 2019, 11, 1950. [Google Scholar] [CrossRef] [PubMed]

	



Becco, P.; Gallo, G.; Poletto, S.; Pio Manlio Frascione, M.; Crotto, L.; Zaccagna, A.; Paruzzo, L.; Caravelli, D.; Carnevale-Schianca, F.; Aglietta, M. Melanoma brain Metastases in the era of target therapies: An overview. Cancers 2020, 12, 1640. [Google Scholar] [CrossRef] [PubMed]

	



Hellmund, P.; Schmitt, J.; Roessler, M.; Meier, F.; Schoffer, O. Targeted and checkpoint inhibitor therapy of metastatic malignant melanoma in germany, 2000–2016. Cancers 2020, 12, 2354. [Google Scholar] [CrossRef] [PubMed]







© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  cancers-12-02494


  
    		
      cancers-12-02494
    


  




  





media/file0.png





