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Melanoma represents the most malignant type of skin cancer, with increasing inci-
dence worldwide. Melanoma malignancy originates from pigment-producing melanocytes
in the skin (cutaneous melanoma), in the choroid, ciliary body and iris of the eye (uveal
melanoma) or in mucosal membranes from different sites (mucosal melanoma) [1]. Cuta-
neous melanoma (here referred simply as melanoma) is the most studied subtype among
the three. Different predisposing factors to melanoma development have been reported,
such as exposure to ultraviolet light radiation from sunlight, congenital and acquired
melanocytic nevi, genetic susceptibility and family history [1]. As concerning somatic
genetic alteration associated to melanoma, 40–50% of all melanoma patients harbor an
activating BRAF mutation (mostly BRAF V600E), 20–30% NRAS mutations, 10–15% NF1
mutations and 1–3% KIT mutations [2]. Melanoma is characterized by early lymphatic
dissemination in the regional lymph nodes and by lymph node metastases that significantly
influence the staging, prognosis and clinical approach [3]. Melanoma classification based
on Tumor-Node-Metastasis (TNM) staging is represented by stage I-II (patients with local
disease), stage III (node-positive disease) and stage IV (advanced or metastatic disease).
Most of the patients affected by melanoma are successfully treated with surgical excision
of the lesion, when early diagnosed [2]. Unresectable or metastatic melanoma patients are
treated with MAPK molecular targeted therapy directed at oncogenic BRAF (vemurafenib
and dabrafenib) alone or in combination with MEK inhibitor (cobimetinib and trame-
tinib). Improved life expectancy has been also achieved with the development of immune
checkpoint blockade strategies targeting the programmed death receptor-1 (PD-1) or the
cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) [2]. Even though the introduction
of BRAF and MEK inhibitors and immunotherapy has drastically improved the prognosis
of melanoma patients [4], therapeutic resistance eventually ensues, resulting in disease
progression and death. Moreover, therapeutic options are still limited for patients without
BRAF mutations or in relapse from current treatments. Thus, the urgent need to identify
predictive and prognostic molecules and to find novel druggable targets for additional
strategy of melanoma treatment, which are aspects investigated by the precision medicine.

This Special Issue comprises five review articles and four original studies on precision
oncology in melanoma progression.

In the review by Ottaviano et al. [5], the authors summarized the current knowledge
about BRAF biology, underling how to deep insight into BRAF gene biology is fundamental
to understand both the acquired resistance mechanisms and the molecular pathways that
are now being investigated in preclinical and clinical studies with the aim of improving
outcomes in BRAF-mutant patients. Epidemiology and clinic-pathological correlations
between BRAF mutations in melanoma have been discussed. Moreover, the modern
scenario of diagnostic and laboratory-developed tests for BRAF mutational assessment
has been described, including immunochemistry, Sanger sequencing, pyrosequencing,
real-time PCR and next-generation sequencing (NGS). Pharmacological treatment of unre-
sectable/metastatic BRAF mutated melanoma were reported: dabrafenib plus trametinib,
vemurafenib plus cobimetinib and encorafenib plus binimetinib. Three immunocheckpoint
inhibitors (ipilimumab, nivolumab, pembrolizumab) also approved alone or in combina-
tion in this setting of patients have been discussed. Finally, the authors reported results
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obtained in preclinical and clinical experiments regarding the possibility to combine target
therapy and immunotherapy with inhibitors of cell cycle, angiogenesis and discussed the
relevance of epigenetic mechanisms and tumor mutational burden, a measurement of the
genetic instability in the response to therapy. A melanoma distinguishing features is the
exhibition of one of the highest numbers of clones within tumors respect to all types of neo-
plasms [6]. Tumor heterogeneity has relevant clinical implications, being associated with
worsened prognosis and being among the cause of resistance to cancer therapies [7]. In this
regard, Grzywa and colleagues reported an experimental work, where they characterized
the somatic variations among high and low proliferating compartments of melanoma [8].
High and low proliferating compartments from four melanoma tumors, identified by dif-
ferent positivity to Ki-67 antibody, were dissected using laser-capture microdissection and
subjected to NGS analysis, detecting 206 variants in 42 genes in melanoma samples and
finding significant differences in mutational profiles between high and low proliferation
compartments.

Resistance to immunotherapy in melanoma is the topic of the review proposed by
Chacon and colleagues [9]. After describing the current immunotherapy strategies in
melanoma and the proposed mechanisms of resistance to immune checkpoint inhibition,
the authors introduced the class of “small molecules” (SMs), consisting of a variety of
novel and existing molecules developed or utilized for the purpose of targeting precise
extra- and intra-cellular proteins, many of which are critical to biological processes such
as cancer cell growth and replication [9]. SMs include BRAF/MEK inhibitors, oncogenic
driver inhibitors and kinase inhibitors, anti-angiogenic molecules, epigenetic modifiers,
dual immunomodulation molecules and novel checkpoint inhibitors (including antibodies
against the checkpoint molecules LAG-3, TIM-3 and TIGIT, among others). Alternative SMs
are fructose or other small carbohydrates, lipid-based therapies including short chain fatty
acid derivatives and other drugs with alternative targets such as metformin (and analogues)
and non-steroidal anti-inflammatory drugs (NSAIDs). The final aim of this review was
to highlight the potential synergy between well-studied SM classes and immune-check
point inhibitors for the treatment of metastatic melanoma, in order to overcome intrinsic
or acquired mechanism of resistance. The experimental work by Kim and colleagues
well fits in the context of the development of new small molecules for the treatment of
melanoma [10]. In this paper, a novel GNF-7 (a type-II multi-targeted kinase inhibitor)
derivative, SIJ1777, has been shown to have antiproliferative effects toward both class I
(i.e., BRAF V600 mutant), sensitive to vemurafenib and class II and class III (non-V600 BRAF
mutant), resistant to vemurafenib and PLX8394, melanoma cell lines. In particular, SIJ1777
inhibited the activation of MEK, ERK and AKT, induced apoptosis and significantly blocked
migration, invasion and anchorage-independent growth of melanoma cells harboring BRAF
class I/II/II mutations, while both vemurafenib and PLX8394 have little to no effects on
melanoma cells expressing BRAF class II/III mutations [10].

The era of precision medicine has an indissoluble link with the omics sciences. Valenti
and colleagues [11] summarized the state-of-the-art in different omics disciplines applied
to the monitoring of the immunotherapy response in melanoma patients, focusing on
genomics, transcriptomics, proteomics, metabolomics and radiomics approaches. In addi-
tion, the authors underlined the great potential of non-invasive diagnosis represented by
liquid biopsy, a new prognostic and predictive technique to monitor treatment response.
In this content, they described advantages and limitations in the use of circulating tumor
cells, CTCs, released by primary tumor or metastasis and present in peripheral blood, ctD-
NAs, small fragments of nucleic acid, released by CTCs through unclear mechanisms and
exosomes, vesicles surrounded by plasma membrane and released by cells into microenvi-
ronment in the management of metastatic melanoma patients [11]. In line with this review,
Tonella and colleagues reiterate the urgent need of predictive and prognostic markers to
improve patient management in advanced melanoma [12]. The authors summarized the
main biomarkers for stage III melanoma. In addition to biomarkers identified by gene
expression, CTCs and ctDNAs analysis, they reported biomarkers identified by miRNAs,



Int. J. Mol. Sci. 2021, 22, 7723 3 of 4

methylation and protein expression analysis. Among the factors affecting therapy effec-
tiveness, tumor microenvironment components, such as keratinocytes, cancer-associated
fibroblasts (CAFs), adipocytes and immune cells, as well as components of the extracellular
matrix, play a relevant role. In the review by Mazurkiewicz and colleagues [13] the authors
summarized the current knowledge concerning the influence of cancer-associated cells
(keratinocytes, CAFs, adipocytes) on melanomagenesis, tumor progression, invasiveness
and the emergence of drug resistance in melanoma. Soluble factors and intracellular path-
ways involved in cross-talk between microenvironment and cancer cells are described in
details, highlighting among them possible targets to improve the development of effective
antitumor therapeutic strategies. Papaccio and colleagues [14] in their experimental work
proposed to better characterize melanoma-associated fibroblasts. They firstly analyzed
low-passage primary CAFs derived from advanced-stage primary skin melanomas, eval-
uating mRNA levels of a panel of markers commonly used to identify cancer-associated
fibroblasts. From a functional point of view, they found that melanoma cells maintained
in CAFs- supernatant showed increased in vitro migratory ability respect to those main-
tained in normal huma fibroblast (NHF)-supernatant. Moreover, they demonstrated that
CAF-secreted factors protect melanoma cells from acute toxicity of chemotherapy, while
melanoma cells influence the paracrine activity of CAFs [14]. Finally, Pawlikowska and
colleagues investigated in vitro the cross-talk between melanoma and immune cells [15].
By using a human melanoma cell line in which the level of pigmentation can be controlled
by the L-tyrosine concentration in culture medium, the authors investigated the effect of the
suppression of melanogenesis on the melanoma cell response to Coriolus versicolor (CV)
Chinese fungus extract. They found that CV- extract can induce RIPK1/RIPK3/MLKL-
mediated necroptosis in depigmented melanoma cells. Interestingly, using the co-culture
system, they showed that pharmacological inhibition of melanogenesis obtained by in-
hibition of the tyrosinase activity in melanoma cells modulates cytokine expression in
co-cultured mononuclear cells. In particular, the upregulation of IL-1, IL-2, IL-6 and IL-12
mRNA expression was significant in mononuclear cells co-cultured with melanoma cells
depigmented by tyrosinase inhibitors treatment, compared to pigmented cells. These
results suggest that melanogenesis inhibits the reactivity of immune cells, which may
influence response to therapy.
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