
cancers

Review

Biomarkers for Diagnosis, Prognosis and Response to
Immunotherapy in Melanoma

Rossella Puglisi, Maria Bellenghi, Giada Pontecorvi, Giulia Pallante, Alessandra Carè * and Gianfranco Mattia

����������
�������

Citation: Puglisi, R.; Bellenghi, M.;

Pontecorvi, G.; Pallante, G.; Carè, A.;

Mattia, G. Biomarkers for Diagnosis,

Prognosis and Response to

Immunotherapy in Melanoma.

Cancers 2021, 13, 2875. https://

doi.org/10.3390/cancers13122875

Academic Editor: David Wong

Received: 7 May 2021

Accepted: 4 June 2021

Published: 9 June 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 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 (https://

creativecommons.org/licenses/by/

4.0/).

Center for Gender-Specific Medicine, Istituto Superiore di Sanità, Viale Regina Elena 299, 00161 Rome, Italy;
rossella.puglisi@iss.it (R.P.); maria.bellenghi@iss.it (M.B.); giada.pontecorvi@iss.it (G.P.);
giulia.pallante@iss.it (G.P.); gianfranco.mattia@iss.it (G.M.)
* Correspondence: alessandra.care@iss.it

Simple Summary: Cutaneous Melanoma is a form of skin cancer characterized by an elevated muta-
tional load that favors high spread to distant organs and resistance to therapies. The identification of
biomarkers, able to dissect normal and pathogenic biological processes and response to therapeutic
intervention, is necessary to describe melanoma as accurately as possible, having a positive impact
on early diagnosis, in turn selecting the best therapeutic option. Recently, a great number of new
biomarkers were evaluated, in order to identify those patients who may have clinical benefit from a
therapeutic choice, particularly for immunotherapy. At present, these new biomarkers wait to be
validated before clinical use. Hence, the requirement to look at and periodically update the advances
in this field.

Abstract: Cutaneous Melanoma classification is constantly looking for specific and sensitive biomark-
ers capable of having a positive effect on diagnosis, prognosis and risk assessment, eventually
affecting clinical outcome. Classical morphological, immunohistochemical and the well-known
BRAF and NRAS genetic biomarkers do not allow the correct categorization of patients, being
melanoma conditioned by high genetic heterogeneity. At the same time, classic prognostic methods
are unsatisfactory. Therefore, new advances in omics and high-throughput analytical techniques
have enabled the identification of numerous possible biomarkers, but their potentiality needs to
be validated and standardized in prospective studies. Melanoma is considered an immunogenic
tumor, being the first form of cancer to take advantage of the clinical use of the immune-checkpoint
blockers. However, as immunotherapy is effective only in a limited number of patients, biomarkers
associated with different responses are essential to select the more promising therapeutic approach
and maximize clinical benefits. In this review, we summarize the most utilized biomarkers for
Cutaneous Melanoma diagnosis, focusing on new prognostic and predictive biomarkers mainly
associated with immunotherapy.
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1. Introduction

In the last decade, research in melanoma treatment saw two historical moments,
defined in 2011 by the FDA approval of ipilimumab and vemurafenib for BRAF proto-
oncogene (BRAF) mutated metastatic melanoma treatment, and in 2014 by the authorization
of pembrolizumab and nivolumab for unresectable and metastatic melanoma. These two
different approaches, targeted therapy and immunotherapy, are able to attack the advanced
stages of melanoma that, until those dates, accounted for the majority of skin cancer related
death, although representing less than 5% of all cutaneous malignancies [1].

This new picture in the control of advanced melanoma, even if representing a mile-
stone in cancer treatment, still evidences some dark zones, since patients suffer from
drug resistance or are non-responders, and progression free or overall survival are still
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low [2]. Certainly, we need to increase knowledge of the molecular pathways responsible
for melanoma pathogenesis and progression, but also understand why effectiveness of
therapies is so different among patients. Just after a full comprehension of the underlying
specificities, we will be able to select the more promising therapeutic approach recognizing
the risk of disease progression or the actual chance of response.

At diagnosis, 85% of patients have circumscribed disease, 15% show regional lymph
nodal involvement, about 2–5% present distant metastases [3]. Determination of melanoma
staging results from a complex histopathological examination of lesions that also considers
the absence of specific and sensitive biomarkers with exclusive features and that is capable
of obtaining univocal impact for prognosis assessment and treatment planning.

The American Joint Committee on Cancer (AJCC) has recently revised melanoma
classification based on Breslow thickness. In this implementation, patients can be stratified
in risk category by the TNM (tumor, lymph node, metastasis) system, individuating four
stages, stage I–IV, comprising different localizations of the disease with different impact
on the overall survive and profound effects on prognosis. Stage I and II identify localized
disease, while stage III and IV diagnose disease progression with nodal or distant metas-
tases respectively. In AJCC classification, primary tumors are also divided in four classes
(T1–T4) based of tumor thickness, again subdivided in a or b for absence or presence of
ulcerations. Nodal category indicates whether melanoma has moved from the primary site
to the vicinal lymph nodes and is individuated by different subgroups, designated by 0 to 3,
indicating the absence (N0) or presence of lymph nodal metastasis. With M are classified
only melanoma that have developed distant metastases and represent the most advanced
staging of disease [4]. In this context, the accuracy and improvement of melanoma diag-
nosis, staging and risk assessment are essential for adequate prognostication, eventually
allowing for the best therapeutic choice. Classical diagnostic and prognostic methods have
evidenced accuracy failure in patient stratification. However, if we look at the last 20 years,
the evolution of melanoma biomarkers discovery went from around 900 biomarker pub-
lications in 1999 to 51,000 in 2019 [5]. Indeed, the recent combination with new omics
technologies from tumor or sera of patients, have produced an impressive increment of
new possible biomarkers. However, all these potential biomarkers need to be investigated
in large-scale studies for validation and standardization.

This review provides information on the current landscape of biomarkers for melanoma
diagnosis, prognosis and prediction described in the literature, reporting those with the
best impact on disease classification. In addition, in view of the recently developed
immunotherapies, we also describe some biomarkers recently associated with different
response to immune checkpoint blockers (ICBs) treatment. Indeed, biomarkers predicting
clinical benefits are a new scientific challenge and their identification essential for an actual
precision medicine.

2. Pathogenic and Epidemiological Diagnostic Biomarkers in Melanoma

Cutaneous Melanoma (CM) is characterized by extensive mutational burden causing
elevated genetic heterogeneity, resistance to treatments and high propensity to spread.
Therefore, the necessity to individuate different therapeutic intervention and, more im-
portant, the need for early detection and diagnosis is essential. Briefly, melanoma cells
originate either from normal epidermal melanocytes or from melanocytic cells internal to
preexisting nevi (generally individuating a dysplastic condition). In both cases, some cells,
losing growth control by multiple mutational hits, tend to accumulate in the epidermal stra-
tum of the skin. This phase of melanoma growth is termed radial phase and tumor growth
is circumscribed in the epidermal area (Figure 1). Then, its growth becomes vertical, when
cells acquire the propensity to growth in the derma below. During transition from radial to
vertical growth phase, melanoma cells begin to secrete angiogenic factors responsible for
development of intratumor blood and lymphatic vessels. Dissemination to regional lymph
nodes is usually the first metastatization event, suggesting melanoma cells propensity to
take the road of the lymphatic vasculature. At the onset of this phase, melanoma cells
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undergo morphological and functional modifications through the epithelial mesenchymal
transition (EMT) necessary to exalt their migratory capability, eventually allowing cell
transmigration through the circulation or lymphatic vessels and then to metastasize in both
regional lymph nodes and distant organs [6].
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sociated and lymphangiogenic specific immunohistochemical markers are reported. PRAME: preferential expressed antigen
in melanoma, CDKN2A: cyclin dependent kinase inhibitor 2A, PTEN: phosphatase and tensin homolog, MITF-M: microph-
thalmia transcription factor protein M, LYVE-1: lymphatic vessel endothelial hyaluronan receptor 1, D2-40: podoplanin
antibody, VEGF-C: vascular endothelial growth factors C, pHH3: phospho-Histone H3, MART-1: melanoma antigen
recognized by T cells 1, CSPG4: chondroitin sulfate proteoglycan 4, SOX10: SRY-related HMG-box transcription factor 10.

For a long time surgical resection of localized primary early lesions has been the only
approach to counteract melanoma aggressiveness, with about 90% of patients getting to
long-term survival. Conversely, advanced forms were mostly incurable.

In the last decade, an increment of incidence of CM was observed worldwide, par-
ticularly in aged subjects of more than fifty years. Fortunately, this increment is coun-
terbalanced by the recent improvement in therapeutic approaches associated with target
therapy and the promising immune checkpoint blockers, capable to significantly reduce
mortality [7].

Recent data also evidenced that incidence rate and mortality of melanoma are influ-
enced by gender disparity [8] and that melanoma incidence is growing faster in men than
in women [9]. Ultraviolet exposure and behavioral difference in sun exposure and tanning
between sexes play a role. These differences are made more complex by the less propensity
of males to engage in preventive behaviors, also in consideration of the different body-site
distribution, being melanoma more often on the lower extremities in females and more
truncal in males, so in part detectable only in dermatological visit. These differences in
early detection and primary care access can partly explain the female better survival [10,11].
Differences in survival between the two sexes have been associated with a lower tumor
dissemination, explained by a different mutational burden in the female compared to
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male population, but also and more importantly with the more efficient female immune
system [12,13].

Since melanoma classification remains a diagnostic challenge for the lack of the
necessary specificity, including distinction between malignant and benign lesions, as well
as the different forms and stages of melanoma, the identification of different level of
diagnostic markers is necessary to frame the disease as accurately as possible.

2.1. Classic Diagnostic Criteria and Markers

The earliest step of disease indication is visual, through dermoscopy, according to
ABCDE criteria of asymmetry, border irregularity, color variation, diameter (>6 mm) and
evolution. This criterion is supported by the histopathological examination of the lesion in
the vertical plane from epidermis to derma to individuate morphological characters that
photograph the instant features of the tumor possibly associate to specific functionality
and stage. At this level, cases of misinterpretation have been observed indicating the
necessity of implementation in diagnostic criteria. Particularly, specific biomarkers are
required to distinguish benign from malignant lesions. Among them, the proliferative
marker Ki-67, found at very low level in common nevi and present in 30% up to 100% of
melanoma cells, and the Melanoma antigen recognized by T cells-cloned gene (MART-1)
can be utilized as markers for the presence of melanoma cells in the lymph nodes (Figure 1).
Several other markers have been identified, but all show some limitation in their diagnostic
capability. Important examples are the proteins of the S100 family, reported to control
different cellular activity, from proliferation to migration, calcium homeostasis and protein
phosphorylation and utilized for specific diagnosis [14,15]. Chondroitin Sulfate Proteo-
glycan 4 (CSPG4) is a plasma membrane protein showing high specificity for metastatic
melanoma [16] while tyrosinase, the enzyme involved in melanin synthesis, is a biomarker
useful for diagnosis of primary melanoma [17]. Conversely, a PNL2 monoclonal antibody
specifically against an unknown target and the microphthalmia transcription factor protein
M (MITF-M) are useful in the immunohistochemical panels, but demonstrated low speci-
ficity against melanoma cells, being present in neutrophilic population and in other tumor
cells respectively [18]. Seemingly, the melanocyte specific isoform of the Melanocortin 1
Receptor (MC1R), involved in pigmentation of melanocytes, is not specific for melanoma
cells, being also expressed in neuronal cells [19]. The protein SRY-related HMG-box tran-
scription factor 10 (SOX10) involved in the determination of embryonal cell fate, represents
a sensitive biomarker for melanoma and lymph nodal staining [20], whereas the preferen-
tial expressed antigen in melanoma (PRAME), p16 and phospho-histone H3 (pHH3) are
utilized for specific staining panels for discrimination of uncertain lesions [21].

2.2. Tumor Specific Lymphatic Vessel Biomarkers

Lymphovascular invasion (LVI) has been shown in primary vertical growth phase
melanomas, often associated with a positive sentinel lymph node biopsy and a worse
clinical outcome [22] but with discussed predictive potential [23]. Until the discovery
of some lymphatic endothelium specific antibodies, distinguishing blood vessels from
lymphatics on patient histological specimens was a challenge for pathologists. Largely used
in immunohistochemistry (IHC) were LYVE-1 (a lymphatic vessel endothelial hyaluronan
receptor 1) [24] and D2-40 (a monoclonal antibody for podoplanin) [25], whereas the
pan-endothelial cell markers CD31/CD34 were often used for blood vessel detection.
In particular, double IHC assays combining these markers with others for melanoma,
although not tumor-exclusive (S-100, MART-1, Melan A and MITF), were performed to
better identify foci of lymphatic invasion in melanoma. Thus, improvement in histology
field has enabled to better define LVI and evaluate the lymphatic vessel density (LVD) and
localization, such as intra- or/and peritumoral, whose prognostic relevance remains to be
fully determined [26].
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2.3. Genetic Diagnostic Markers

Genetic diagnostic markers allow the best patient stratification also in view of thera-
peutic decision. Thanks to whole genome sequence approach, we were able to evidence
how extraordinary the genetic heterogeneity in patients with melanoma is. The best-
characterized mutation in melanoma, present in about 40–60% of patients, is in the BRAF
proto-oncogene. More than 90% of these mutations harbor the transversion T to A, involv-
ing nucleotide 1799 and resulting in the substitution of valine by glutamic acid (V600E).
More rare mutational events in the same codon involve lysine (V600K, 8–20%), arginine
(p. V600R, 1%), methionine (p. V600M, 0.3%) or aspartic acid (p. V600D, 0.1%) [27]. BRAF
mutations occur more frequently in young people, in no-chronical ultraviolet (UV) expo-
sure and are more aggressive compared to wild type melanomas [28,29]. A second group of
“driver” mutations involves the small GTPase Neuroblastoma rat sarcoma viral oncogene
homolog (NRAS) proto-oncogene, representing 15–20% of all the BRAF-WT melanoma
patients. Commonly, point mutations in NRAS lead to the substitution of glutamine to
leucine at position 61, or rarely at positions 12 and 13 [30]. NRAS mutated tumors are
aggressive with high mitotic activity and progression rate [31]. This group of patients is
characterized by advanced age with chronic skin exposure to UV [32].

BRAF mutations are already present in benign nevi, but functional mechanisms of
growth control for years limit their expansion in adjacent areas. Particularly in UV radiation-
induced DNA damage, melanocytes respond with DNA repair or activation of senescence
or apoptotic pathways. The mechanisms of DNA repair are notoriously error-prone and
can contribute to accumulate mutations in DNA of melanocytes already carrying mutation
of BRAF. Indeed, multiple mutational “hits” are necessary to transform a benign nevus
into a melanoma in situ, being this event estimated to occur in a 0.03% and 0.009% between
male and female, respectively, during the lifespan [33]. The picture is more problematic
when genetic predisposition to the development of melanoma is genetically evident as in
pathological conditions such as xeroderma pigmentosum (XP), congenital melanocytic nevi,
familial atypical multiple moles and melanoma (FAMMM) syndrome, as well as breast
cancer type 2 susceptibility protein (BRCA2) mutation [34,35]. Besides the influence of en-
vironmental factors, melanoma can occur in low sun exposed district (mucosal surfaces for
instance), implicating that more than a linear mutational sequence can underlie melanoma
development. However, considering the capability of eumelanin to protect DNA more effi-
ciently than pheomelanin, a difference in incidence of melanoma was observed in lighter-
than in darker-skinned individuals [36]. To schematize, going from nevus to melanoma is
necessary the loss of cyclin dependent kinase inhibitor 2A (CDKN2A) and phosphatase
and tensin homologue (PTEN), together with the down-regulation of MITF master gene in
the evolution from radial to vertical growth phase melanoma. This characterizes dermal
invasion of melanoma cells and involves the epithelial to mesenchymal transition gene
modulation with loss of E-cadherin and increased expression of N-cadherin (Figure 1) [37].
Conversely, additional genetic mutations accumulating in NRAS mutated cells, mainly in
chronically sun damaged skin, form intermediate dysplastic invasive lesions, generally
associated to the tumor protein p53 (TP53) oncosuppressor gene silencing [38]. About 45%
of melanomas, displaying wt BRAF and NRAS proteins, show mutation of the Neurofi-
bromin 1 (NF1) oncosuppressor gene and loss of its control on Mitogen-Activated Protein
Kinase (MAPK) activation. Mutation of NF1 is associated with decreased response to
BRAF inhibitors and poor overall survival [39]. Mutations also occur in the proto-oncogene
tyrosine-protein kinase KIT (c-KIT) in 1–7% of melanomas, being specifically associated to
acral lentiginous melanoma and mucosal melanoma or chronic sun damage. Generally, ma-
jor mutations (L576P and K642E) or copy number gains are present, resulting in increased
MAPK signaling [40].

2.4. Lymph Node Evaluation

The sentinel lymph node status at diagnosis provides more accurate disease staging.
The American Society of Clinical Oncology in the guidelines on the management of the



Cancers 2021, 13, 2875 6 of 15

regional lymph nodes in patients with melanoma declares that the sentinel lymph node
biopsy is not recommended for patients with T1a melanoma, but may be considered for
patients with T1b melanoma and it is recommended for melanomas classified T2–T4 [41].
Nodal (N) category indicates whether melanoma has moved from the primary site to the
vicinal lymph nodes. This is a very important prognostic parameter indicating the spread
of primary melanoma: the more lymph nodes involved, the higher the risk. In the AJCC
evaluation, different subgroups are designated by 0 to 3, indicating the absence (N0) or
presence of metastasis diffusion in only one (N1), in two or three (N2) and four or more
lymph nodes (N3), respectively. NX indicates the absence of lymph node evaluation, while
a second suffix, designated with a, b and c, specifies the presence of occult metastases in
sentinel lymph node biopsy (indicated with a), or by physical or radiological detection in
regional lymph nodes (indicated as b), as well as the presence of in-transit microsatellite
metastases (indicated as c) [4].

2.5. New Possible Diagnostic Parameters

More recently, progress in the accuracy of melanoma diagnosis took advantage from
the molecular approach to classify borderline lesions. These methods utilize DNA probe
to measure cellular genetic copy numbers by fluorescent in situ hybridization (FISH)
and single nucleotide polymorphism (SNP). Genome loci in different chromosomes have
been evaluated evidencing chromosomal aberrations associated with different diseases, as
abnormalities of chromosomes 5p, 11q, 12q and 15q in acral melanoma, and chromosomes
17p and 13q in lentigo maligna melanomas or severely sun-damaged skin. All these
patterns of aberrations were nearly absent in benign nevi (96.2% aberrations in melanoma
against 13% in nevi) [42,43].

3. Prognostic and Predictive Biomarkers

To complete the presentation of biomarkers for melanoma, categorization is essential
to define a group of them capable to dissect the impact on tumor biology and disease
course (prognostic biomarkers) and a second group defining tumor response to treatment
(predictive biomarkers) as well as the improvement in overall survival (OS), disease
free survival (DFS) and progression free survival (PFS). The last aspects are essential to
define those patients that can have clinical benefit from therapeutic choice, particularly
for immunotherapy that, if it has revolutionized the melanoma cure, still presents many
questions to be addressed related to the limited efficacy and high toxicity [44]. To date, many
possible biomarkers have been evaluated essentially in retrospective studies. Therefore, in
the AJCC staging system, intrinsic limitations in the number of the categorized biomarkers
were observed. Thus, many different parameters are normally utilized to obtain more
accurate disease prognosis and prediction, although their implementation in larger data
set is necessary to support a validation for routine procedures in clinical practice.

In primary melanoma, the prognosis is strongly dependent on tumor thickness, ulcer-
ation, mitotic rate, vasculature development, presence of tumor-infiltrating lymphocytes
(TILs) and melanoma subtype. Other characteristics are intrinsic to the patients, such as
age, sex and anatomical site of the lesion. In general, young and females are associated
with a more favorable prognosis.

3.1. Genetic Prognostic Factors

The genetic background of a tumor, beyond addressing patients to specific treatment,
has a clear prognostic value. BRAF mutation is the most common mutation of CM, gener-
ally affecting young people and characterized by decrease of CD8+ number and increased
release of immunosuppressive cytokines. BRAF mutation displays unfavorable prognostic
value compared to wild type melanomas, although may benefit of approved combination
therapy with BRAF and MEK inhibitors (dabrafenib plus trametinib or vemurafenib plus co-
bimetinib). Unfortunately, these patients are often subjected to acquired resistance [45–47].
NRAS mutations identify a more aggressive disease and these mutations are predictor of
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poorer outcomes in view of the lack of any novel specific therapy, being progress limited
to MEK inhibitors with modest clinical benefit in PFS and substantially inefficacious to
increase the OS [48].

Other molecular markers with important prognostic and predictive value are guanine
nucleotide-binding protein alpha subunits G(q) /11 (GNAQ/11) and TP53 mutations.
GNAQ/11 are involved in signaling via G-protein-coupled receptors. GNAQ/11 mutations,
found in uveal melanoma and in little percentage of the so-called triple wild type subtype of
CM, induce overexpression of RAS Guanyl releasing protein 3 (RasGRP3) with consequent
constitutive activation of RAS, event associated with poor OS. Currently, therapies for
treatment of this mutation are essentially inadequate [49]. Associated with poor OS and
PFS, the TP53 mutations are present in 20% of CM and characterized by senescence evasion
and autophagy activation. TP53 mutations characterize older group of patients, mainly
presenting head and neck melanomas [50]. Familial melanoma susceptibility is a sporadic
event that occur in 2% of all melanomas and the incidence strongly increases with increased
number of familiar cases. The screening among the familial population of the CDKN2A
mutation is necessary and essential [51].

3.2. Prognostic Factors in Lymphangiogenesis

Melanoma cells secrete, among others, some vascular endothelial growth factors
(VEGF), namely VEGF-C and -D that, together with their receptor VEGFR3, have been
proposed as lymphangiogenetic markers, albeit with contradictory results [52]. Further-
more, lymphatic invasion is characterized by cancer cells ability to adhere to endothelial
cells and to migrate along the lymphatic vasculature. In this regard, protein phosphatase 2
regulatory subunit A (PPP2R1A), responsible of active interaction between melanoma and
lymphatic endothelial cells, has been proposed as a new biomarker in melanoma metasta-
tization [53]. Overall, the immunohistochemical approach, although very expensive and
time-consuming, provides a representative picture of the lymphohematological status of
the primary tumor, yielding information for diagnosis and prognosis. In recent years, how-
ever, researchers have begun to look at lymph as a greater reservoir of cancer biomarkers
compared to plasma liquid biopsy. In this respect, the use of postoperative lymphatic
exudate from metastatic melanoma patients is becoming a powerful non-invasive clinical
practice for the identification of tumor-derived factors, including extracellular vesicles
charged of proteins and miRNAs reminiscent of metastatic progression [54,55].

3.3. Lymph Node Prognostic Role

Sentinel lymph node status was indicated as the major prognostic factor for disease
free survival and choice of therapy in adjuvant setting [56]. Lymph nodal involvement cor-
related with tumor thickness and their biopsy was justified for thick melanomas (>4 mm),
in presence of ulceration, tumor lymphocyte infiltration and mitotic rate >1 mm2. In
the recent past, the possibility that patients with lymph nodal metastatic disease could
benefit from complete surgical eradication of lymph nodal station/basin has generated
a deep scientific debate that produced a number of studies [57]. Among these studies,
two important international multicenter trials led to similar conclusions. In these trials,
there appears to be no survival benefit associated with complete lymph node dissection,
but for a major regional node control of the disease [58,59]. Consequently, surgical lymph
node dissection for patients with sentinel lymph node-positive melanoma is no longer
routinely recommended, mainly when melanoma had spread to distant sites (stage III and
IV), also considering the major efficacy of targeted and immune strategies introduced in
the adjuvant setting [60].

3.4. Prognostic and Predictive Biomarkers and Immunotherapy

The recent use of ICBs as standard therapy for advanced melanomas evidenced effi-
cacy only in a limited number of patients and adverse events, developed in some patients,
were so severe to induce therapy blockage. Thus, it is now essential to characterize and
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validate standard biomarkers predicting response and toxicity before treatment, in order
to achieve the best potential clinical benefit (Table 1, Figure 2). In melanoma, the high
mutational burden correlates with more effective immunotherapy, considering that differ-
ent somatic mutations can generate immunogenic tumor neoantigens able to sustain an
immune response in ICB-responder melanoma patients [61]. Riaz and coworkers demon-
strated that during immunotherapy with Nivolumab, compared to baseline, the tumor
mutation burden decreased in responder patients. Furthermore, in these patients, the loss
of a number of certain neoantigens proportionally reflexed the clonal expansion of T cell
populations [62]. However, this association was able to predict improved survival but
not treatment responses. In this respect, a transcriptomic study in biopsies of pretreated
melanoma revealed that the mutational loads improved survival independently from the
capacity to respond to immunotherapy, whereas responder patients were characterized
by an enrichment for mutations in the DNA repair gene BRCA2. On the contrary, non-
responder patients showed a transcriptional signature, referred as innate anti-programed
cell death 1 (PD-1) resistance, with high expression of genes involved in regulation of
epithelial mesenchymal transition, extracellular matrix remodeling, cell adhesion and
angiogenesis (Figure 2) [61]. Several investigations found a direct correlation between gene
expression associated to the interferon γ (IFNγ) pathway, T cell inflamed tumor microenvi-
ronment with abundant expression of chemokines and response to immune checkpoint
blockers. Other studies indicated the deficiency of ICB clinical efficacy in melanomas char-
acterized by PTEN mutations and functional deficiency of the IFNγ signaling triggered by
loss-of-function mutations in Janus kinase JAK1/2 and β2 microglobulin (Table 1) [63–65].

Table 1. Activity of predictive cellular and circulating biomarkers described in Figure 2. sCD73: soluble CD73, IFN:
interferon, IL: interleukin, T-reg: regulatory T cell, M2-type TAMs: M2 tumor associated macrophages, M-MDSCs: monocyte-
myeloid derived suppressor cells, Th-cells: T helper cells, TILs: tumor-infiltrating lymphocytes.

Cellular Markers Activity References

CD8+Foxp3+ TILs Antitumoral acitivity [44]

CD8+ T Cytotoxic cells Antigen primed cells against tumor cells, encountering
dysfunction and exhaustion due to immunosuppression [46]

CD14+ M-MDSCs Cell population that inhibits T cell activation [66]
M2-Type TAMs Negatively modulates the antitumor T lymphocyte activity [67]

T-reg Cells that produce cytokines with immunosuppressive activities [68]
CD8+CD45RO+ cells T Memory cell subset [69]

CD4+ Th-cells Secreting cytokines with differential activities on other immune
system cells [70]

Circulating Molecules Activity References

IL-9 Anti-tumoral actions in melanoma, increases granzyme B and
perforin in CD8+ T cells [70]

IL-8 Key neutrophil chemotactic factor inducing chemotaxis and
phagocytosis of target cells [71]

IL-6 Key pleiotropic cytokine with pro-tumorigenic and
anti-tumoral role [72]

IL-10 Key immune-suppressive cytokine produced by T-reg [72]

IFNγ
Cytokine playing an important role in inducing and modulating

an array of immune responses [72]

sCD73 Participates in the extracellular production of adenosine that
down-regulates inflammatory and immune responses [73]
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Expression on tumor cells of programed cell death ligand 1 (PD-L1) has been evalu-
ated as predictive of ICB response and considered a precondition for patient enrollment
to immunotherapy. However, some divergences respect to this prerequisite emerged, in-
dicating that the association of PD-L1 expression and the certainty of positive response
to immunotherapy was unpredictable. Inflammatory state and treatments can regulate
PD-L1 expression and its inconsistence as predictive biomarker was mainly evidenced
by good response in patients with barely detectable PD-L1 expression [74]. A systematic
review by Jessurun and coworkers provides an important overview of candidate predictive
biomarkers for ICBs in melanoma patients [75]. In this study, the predictive value of PD-L1
was strongly influenced by its expression in different cell contexts. Thus, tumor PD-L1
expression can be considered a valid prognostic marker more than a predictive one. On the
contrary, when PD-L1 expression level was considered in tumor immune cells population,
its value as predictive biomarker to ICBs response was more consistent [76]. More specific
is the negative predictive role of soluble PD-L1 on ICB response. High levels of sPD-L1
correlate with progression of advanced melanoma treated with ICBs showing incomplete
response to treatment (Figure 2) [77].

Emerging data indicated the TIL population in tumor stroma as a predictive marker
for response to immunotherapy and associated to a better OS. However, the significance of
this presence produced contradictory information. Different meta-analyses demonstrated
that the most adherent phenotype associated with favorable prognosis is the subpopula-
tion characterized by coexpression of CD8/forkhead box p3 (FoxP3) compared to CD8
alone [44].

The effect of nivolumab was associated with reduced clonal expansion of the T cell
receptor repertoire (TCR), characterized by loss of antigens during treatment and reflecting
the decrease in tumor mutational load [62]. The association of mutational/neoantigen
load and T cell clonality correlated with outcome associated with specific sequential ICB
treatment: Yusko and coauthors demonstrated this association only when nivolumab was
administered before ipilimumab, but not the opposite [78]. In general in melanoma, as
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in other solid tumors, the presence of CD14+ monocyte-myeloid derived suppressor (M-
MDSC) cells, M2 tumor associated macrophages (M2-Type TAMs) and regulatory T cells in
the tumor microenvironment and in blood circulation, negatively modulates the antitumor
T lymphocyte activity, eventually favoring tumor growth and spreading, in turn largely
reducing outcome of immunotherapy. The presence of all these regulatory cells should
be considered and understood in detail, in association to treatment response [66–68]. In
contrast, some studies indicated longer DFS and OS in response to ipilimumab treatment,
which increased the proportion of circulating CD8+CD45RO+ effector memory T cells
(Table 1, Figure 2) [69]. Considering how complex is the immune context in solid tumors,
including melanoma, a comprehension of the mechanisms underlying the antitumor ac-
tions of different ICBs is necessary to characterize the effects on the immune profiles. The
study of Wei and coworkers demonstrated two distinct cellular mechanisms underlying
the anti-PD-1 and anti-cytotoxic T-lymphocyte associated protein 4 (CTLA-4) blockade
immune response. Both the blockers induced the expansion of specific tumor-infiltrating
exhausted-like CD8 T cell subsets, while only the anti-CTLA-4 treatment induced the
robust expansion of the subset of inducible costimulatory+ (ICOS+) Th1-like CD4+ effector
population [79]. Different studies on circulating CD4+ T cells revealed a strong associa-
tion between good response to anti-PD-1 therapy and increased circulation of a subset of
CD4+ memory cells, characterized by CD27+, FAS−, CD45RA− and CCR7+ expression in
association with interleukin 9 (IL-9) expressing CD4+ T helper cells (Table 1, Figure 2) [70].
Another interesting finding comes from studies on circulating CD8+ T cells expressing
CD28 (a member of the same family of PD-1, CTLA-4 and ICOS), a molecule considered
important in CD8 effector T cell inactivation following PD-L1 ligation. Hui and co-workers
reported that PD-1 phosphorylation induced dephosphorylation of CD28 and inhibition of
T cell proliferation. In lung cancer treated with immunotherapy, the rescue of exhausted
CD8+ T cells was associated with expression of CD28 [80,81]. The validation of the de-
scribed circulating immune cell subpopulations as prognostic and/or predictive factors of
immunotherapy outcome needs some more studies before application in clinical setting.

Another important reservoir of possible biomarkers of immunotherapy response is
represented by soluble plasma level of cytokines. Thus, the serum level of interleukin-8
was indicated as indicator of efficacy, reflecting tumor burden and response in melanoma
patients treated with nivolumab plus ipilimumab. In these patients, the responder group
showed decreased levels of IL-8 from baseline to the best response with ICBs and early
decrease was associated with longer overall survival (Figure 2). Furthermore, VEGF-C level
correlated with T cell expansion and potentiated response to ICBs [71,82]. In murine model
of melanoma, it has been demonstrated that VEGF-C was able to promote immune response
via induction of CCL21 and tumor infiltration of naïve T cells before immunotherapy,
indicating serum VEGF-C as a predictive biomarker for immunotherapy response [82]. In
parallel, multivariate analysis of human melanoma specimens demonstrated VEGF-C as
an independent predictor of metastatic risk [83].

Among patients treated with nivolumab, higher serum levels of IL-6, INFγ and IL-10
before treatment were associated to responder patients, while elevated basal levels of solu-
ble CD73 (sCD73), the enzyme that hydrolyzes the extracellular adenosine monophosphate
(AMP) into adenosine, were associated with lower response rate to treatment (Table 1,
Figure 2) [72,73].

The prognostic role of eosinophil count was evaluated in retrospective studies. In
melanoma patients, treated or not with ICBs, the eosinophilic count was associated with
longer survival independently from therapy. Indeed, in patients treated with immunother-
apy, survival improved proportionally to eosinophilia level [84].

3.5. miRNAs as Possible Biomarkers

Among new possible biomarkers in melanoma, circulating microRNAs (miRNAs)
have always attracted many attentions for the enormous potential of correlating their
expression with different phases of tumor disease. More than 2600 miRNAs are encoded
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by human genome and their biogenesis has been largely described [85,86]. Implicated in
numerous cellular functions, the higher expression of miRNAs with an oncogenic role
can favor tumor development and progression, acting on proliferation, migration and
metastatization of tumor cells. Conversely, other miRNAs with tumor suppressive function
are systematically silenced [87]. Their potential as non-invasive biomarkers are associated
with their release in circulation as free molecules, included in microvesicles and exosomes
or linked to lipoproteins. In this way, miRNAs are protected and transported in the blood
to distant districts, where can be released establishing remote communication between
cells [88]. Generally, the function associated with their release is protumoral and contribute
to remodel tumor microenvironment or metastatic distant sites to favor tumor growth and
tumor cell colonization, respectively. The high stability of exosomes or the protective role of
lipoproteins, that rescue miRNAs from degradation in the body fluids, make advantageous
their use as biomarker with diagnostic and prognostic utility in different cancer type,
including melanoma [89,90]. Efforts to define in melanoma miRNAs with diagnostic
value have been proposed by reports that demonstrated different expression profiles in
serum of patients compared to healthy people. Unfortunately, divergence in sample source
(plasma or serum), methodology, data set generation and interpretation made validation
of these results very difficult [91,92]. More intriguing is the potential of using miRNAs as
prognostic biomarkers, assisting the clinicians to distinguish high recurrent disease before
metastasis development. We are at beginning of the journey and associating validated
prognostic and/or predictive roles to specific miRNA signatures is challenging due to
limitations on sample collection, processing and analysis (Figure 2) [93]. A good example
of the tortuous journey to validate the prognostic role of miRNAs comes from miR-16
study. This miRNA has been shown to be gradually downregulated from healthy, stage
I/II and during progression to III/IV stage, suggesting both diagnostic and prognostic
value, as its expression positively correlated with longer survival [94]. On the contrary,
previous studies demonstrated that miR-16 levels increased in melanoma patients during
progression and in healthy people its expression was positively influenced by stress [95,96].
Therefore, these contradictory results indicated that miR-16 could not be used as melanoma
biomarker, confirming how difficult is to definitely validate a biomarker.

4. Conclusions

In the last decade, clinical studies have shown important improvements in patients
with metastatic melanoma, the first cancer successfully treated with ICB. Now an important
added value should be the capability to choose the more promising first-line therapeu-
tic approach, such us selecting targeted or ICB therapies in BRAF mutated melanomas.
In addition, the identification of predictive biomarkers able to select responders from
non-responders and, possibly, progression from long-lasting disease-free people would rep-
resent a fundamental additional step. Moreover, in the presence of complete remissions, the
capability to continue or stop the treatments without increasing the risk of recurrence will
give us the opportunity to reduce the adverse events associated with very long treatments.

To this end, new approaches are under study. One of this is the RNA-Seq technique,
able to analyze the whole transcriptome in the plasma or serum of patients, offering higher
quantification and detection of poor abundant mRNA transcripts. Besides miRNAs, this
analysis includes the expression of other regulatory RNA molecules, such as small nucleolar
RNAs, long non-coding RNAs, piwi-interacting RNA and transfer RNAs, all interesting as
new possible biomarkers for a better melanoma prognosis and prediction. Another aspect
that is becoming relevant is the role of microbiome in view of its complex crosstalk with the
immune system. Indeed, patients with an “unfavorable” gut microbiome showed reduced
antitumor immune responses because of limited intratumoral lymphoid infiltrated and
reduced antigen presentation capacity [97].

All together, these results indicate that, although significant progress has been obtained
in the last few years, we have still to add some pieces to this complex puzzle to actually
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move from evidence-based to a precision medicine that, taking account of algorithms, will
give us the possibility of selecting the best therapeutic approach for each person.
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