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Introduction
Melanoma incidence rates continue to rise, and primary 

head and neck melanomas (HNM) account for roughly 18-
22% of all malignant melanoma diagnoses, although this 
region accounts for only 9% of the total surface area of the 
skin [1].

HNM are high-risk lesions because of the anatomy-
related features such as active vascularization at and 
lymph outflow from head and neck sites, which makes a 
multidisciplinary approach to these patients essential.

The casual factors influencing the development of 
HNM can be divided into epidemiological (the gender, 
age, Fitzpatrick skin type, history of sunburns and chronic 
exposure to sun light) and clinical (the presence of freckles, 
lentigo, actinic keratosis, congenital melanocytic nevi 
larger than 20 cm in diameter (“giant nevi”), family history 
of melanoma, history of several primary melanomas, 
and xeroderma pigmentosum (an autosomal recessive 
disorder)). Prognosis is poorer with increased age, in male 
patients and truncal head and neck tumors compared to 
melanomas on limbs [2, 3].

In a study by Shaw and Fay (2011) [4], the most common 
site of HNM was the skin of face (52%), followed by scalp 
(19%), neck (17%), ear (9%), and mucosal lesions (3%). 

Primary melanomas of the eyelid skin are rare and account 
for < 7% of the HNM [5]. In the 2018 WHO Classification 
of skin tumors (4th edition), melanoma is classified based 
on the likely pathogenesis and the degree of its association 
with sun-exposure. For melanomas arising on sun-exposed 
skin, further classification is based on the degree of 
cumulative sun damage (CSD) as assessed by the degree 
of solar elastosis on biopsy specimen [6].

Typical mactoscopic features, as summarized in the 
ABCD rule, include Asymmetry of the lesion, irregular 
Borders, variability in Colors and Diameter larger than 
5 mm. The clinical diagnosis of melanoma is based on: 
(1) total body visual site examination for the detection of 
lesions displaying one or more of the ABCDE criteria; (2) 
intra-individual comparative analysis, which is searching 
for the lesion that is not alike the others in the same patient 
(ugly duckling sign); and (3) assessment of the evolution 
of lesions in case there is available documentation [7]. 
Ulceration and a nodular component might develop with 
the evolution of the tumor. In terms of history of the 
lesion, melanoma is almost always growing and changing 
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shape and/or colors. The sensitivity of clinical diagnosis 
by experienced dermatologists is difficult to assess but is 
estimated to be around 70% [8, 9].

Less frequently, melanoma might be hypo- or amelanotic, 
rendering its recognition particularly challenging. Nodular 
melanoma may lack the aforementioned diagnostic 
features. In this case the EFG rule, standing for Elevated, 
Firm and Growing, is relevant to prompting excision of a 
potentially aggressive melanoma [9].

Dermatoscopy should always be used in the clinical 
diagnosis of skin tumors. It addition, it should be applied on 
all lesions and not only in clinically suspicious ones. This 
is because dermatoscopy has the potential to uncover the 
morphologic asymmetry of melanoma before it becomes 
clinically recognizable and reveal clues that are strongly 
suggestive of melanoma. Training in dermatoscopy is 
mandatory since the technique becomes more beneficial 
with increasing experience. A meta-analysis of 22 studies 
showed that when experts employed dermatoscopy, they 
achieved an increase in diagnostic accuracy over the 
clinical diagnosis alone in questionable lesions, reaching a 
sensitivity of 89% and a specificity of 79% [10].

Subtypes of invasive melanoma have been traditionally 
distinguished into four major clinicopathological 
subtypes: superficial spreading melanoma (SSM), nodular 
melanoma (NM), lentigo maligna melanoma (LMM) and 
acral lentiginous melanoma (ALM). The three first of 
these can occur on the head and neck.

SSM is the most common subtype of HNM and begins 
with an intraepidermal horizontal or radial growth phase, 
appearing first as a macular lesion. In addition, SSM is 
often associated with nevi and is often seen in younger 
patients.

ND is the second most common subtype of HNM and 
begins with a vertical growth phase [11].

LMM is characterized by a long radial growth phase. 
It is an in situ melanoma arising on chronically sun-
exposed skin (often the face and the necki) and presents as 
a slowly growing patch. In addition, it is characterized by 
a lentiginous proliferation of atypical melanocytes at the 
dermo-epidermal junction and confluence, and commonly 
follows hair follicles [12].

The prototypical dermatoscopic progression model for 
LMM on the face includes four sequential patterns that 
are annular-granular pattern, asymmetrically pigmented 
follicular openings, rhomboidal structures [13, 14], 
whilst the importance of additional features such as 
increased vascular network and red rhomboidal structures 
have been linked to the development of tumor-induced 
neovascularization [15].

Desmoplastic melanoma (DM) and mucosal 
melanoma are rare subtypes.

DM commonly presents in conjunction with existing 
melanocytic lesions and can more frequently be amelanotic, 
which makes their diagnosis difficult. Desmoplastic/
amelanotic melanomas tend to be characterized by 
infrequent metastasis with a higher local recurrence rate, 

as well as more frequent perineural involvement. DM 
commonly develops in the dermis and can present as ill-
defined scar-like lesions; it is composed of population of 
low to moderate density spindle cells, with individual cells 
separated from each other by collagen fibers of fibrous 
stroma [16]. Amelanotypic melanoma lacks most of the 
aforementioned dermatoscopic criteria and is characterized 
by a polymorphic vascular pattern and white shiny streals/
lines [17-20].

Head and neck mucosal melanoma primarily 
manifests in the mucosa of nasal cavity and paranasal 
sinus, followed by the oral cavity and and nasopharynx. 
It is dermatoscopically characterized by multiple colors, 
including various combinations of brown, black, red, 
white and gray [21]. This rare type of lesion has a poor 
prognosis. Since it develops in clinically occult sites, 
late diagnosis is common, which requires a more radical 
treatment and contributes to worse prognosis.

Melanomas can metastasize either by the lymphatic or 
the hematogenous route. About two thirds of metastases 
are originally confined to the drainage area of regional 
lymph nodes. Regional metastases can appear as:

• Satellite metastases (defined as up to 2 cm from the 
primary tumor)

• In-transit metastases (located in the skin between 2 
cm from the site of primary tumor and the first draining 
lymph node).

• Micro-metastases in the regional lymph nodes 
identified via sentinel lymph node biopsy [22, 23]. 
In contrast to macrometastases, micrometastases are 
clinically recognizable neither by palpation, nor by 
imaging techniques.

Distant metastases have a very poor prognosis in 
untreated patients, although there is considerable variation 
depending on progression of the tumor, which can be 
clinically defined by the number of organs involved, 
presence of brain metastases, and serum levels of lactate 
dehydrogenase (LDH). The gold standard for the diagnosis 
of melanoma is biopsy followed by histopathological 
analysis. An initial biopsy allows us to determine the stage 
of melanoma. The American Joint Committee on Cancer 
(AJCC) staging system, which is based on evaluations 
of the primary tumor, regional lymphatics, and sites 
of metastasis, is widely used for the categorization of 
cutaneous melanoma and prognostication purposes. There 
are marked differences in melanoma-specific survival 
for the different tumor/node/metastasis (TNM) stages. 
The eighth edition of the AJCC staging system combines 
several well-established prognostic factors for melanoma, 
including the Breslow thickness, mitotic rate, presence 
of ulceration, extent of metastasis, and serum LDH level 
[24]. At present, genetic tests can facilitate the diagnosis 
and staging of melanoma. Further paramount advances in 
melanoma treatment include recently emerged immune 
checkpoint inhibitors (ICPi) which improve survival in 
late-stage melanoma. Pennock and colleagues (2012) [25] 
state that their study of patient responses to ipilimumab, 
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a novel immunopotentiator for metastatic melanoma, 
showed (1) difficulties with the prognosis of this response 
and (2) insufficiency of the conventional treatment 
response criteria for the prognosis for therapeutic benefit, 
because the benefits differ from patient to patient.

Therefore, research on potential biomarkers indicating 
patient response to therapy and prognostic biomarkers 
for survival in malignant HNM may be beneficial for 
developing individual follow-up methods to be used in the 
course of treatment for and during regular check-ups of 
patients with this condition.

In recent years, important developments in molecular 
analyses, genomics, and cancer biology technologies have 
led to the discovery of numerous new cancer biomarkers.

Biomarker is a parameter that can be measured 
accurately and reproducibly and may indicate the health 
status or death of a patient.

In other words, it is an objective index that reflects the 
events taking place in the cell or body at a certain point.

Cancer biomarkers can be classified into three 
categories: diagnostic, prognostic, or predictive. 
Diagnostic biomarkers are used to identify and confirm 
cancer occurrence and can facilitate early detection of 
recurrence. Prognostic biomarkers are used to predict 
the likely course and probable outcomes of the disease. 
Lastly, predictive biomarkers are used to evaluate the 
possible response from a specific treatment. Importantly, 
prognostic biomarkers can also aid in the stratification of 
patients into optimal treatment strategies, and predictive 
biomarkers can be helpful for the implementation of 
personalized therapy.

The first and historically best-recognized category 
of nonhistological prognostic biomarkers of cutaneous 
melanoma are the serologic tumor biomarkers.

In the United States, Canada, Europe, Australia and 
New Zeland, serum LDH level is assessed at the initial visit 
of a patient with early melanoma and at subsequent follow-
up visits. An elevated serum LDH level is an independent 
prognostic factor for poor prognosis and may be used for 
melanoma staging. The national melanoma guidelines in 
Germany and Switzerland recommend measuring serum 
S100 calcium-binding protein B (S100B), levels in high-
risk melanoma patients at follow-up in order to facilitate 
early detection of relapse. In addition, the national 
melanoma guidelines in Germany recommend measuring 
melanoma inhibitory activity (MIA) at the initial visit of a 
patient with suspected early melanoma and at subsequent 
follow-up visits. A high-serum MIA concentration at 
diagnosis correlates with an elevated risk of recurrence 
[26-28].

Therefore, serum biomarkers offer a convenient 
and potentially widely adopted method for assessing 
for the presence of residual disease and its extent [29]. 
The most studied serological prognostic markers are as 
follows: S100B, MIA, hepatocyte growth factor (HGF), 
eosinophil cationic protein (ECP), serum indoleamine 
2,3-dioxygenase (IDO), decreased vitamin D level, and 

decreased serum LDH. These serological prognostic 
markers are reviewed briefly below.

S100 calcium-binding protein B (S100B)
The proposed utility of S100B as a prognostic 

biomarker of melanoma can be traced to its widely studied 
role in melanoma progression. This protein is secreted 
from malignant melanocytes into the blood, where its 
concentration can be measured. S100B is a member of the 
EF-hand family of calcium-binding proteins responsible 
for many cell processes, including cell-cycle progression 
and differentiation. Elevated serum S100B correlates with 
poor patient survival and a higher risk of relapse [30, 31]. 

In cutaneous malignant melanoma, the serum 
concentration of S100B has been shown to be correlated 
with the clinical stage, and the sensitivity for S100 was 
found to be 1.3%, 8.7% and 73.9% in patients with stage I/
II, III and IV, respectively (p < 0.05) [32].

Krähn and colleagues (2001) [33] have found that 
S100B may be superior to LDH and MIA as a prognostic 
factor for overall and long-term survival in metastatic 
melanoma. The national melanoma guidelines in Germany 
and Switzerland recommend measuring serum S100B 
levels in high-risk melanoma patients at follow-up in 
order to facilitate early detection of relapse. However, 
such guidelines have not been adopted in the United States 
and other countries because there are data suggestive of 
a limited prognostic value for serum S100B to advanced 
melanoma [27, 34]. Given that an elevated serum S100B 
level is rarely seen in early melanoma, the biomarker 
should not be utilized for screening HNM, but it can 
be utilized for the detection of melanoma relapse and 
progression. Tarhini and colleagues [35] reported that a 
changing S100B from low at baseline to high on follow-
up seemed to be associated with the worst relapse-free 
survival and overall survival in patients with high-risk 
resected melanoma.

Melanoma inhibitory activity (MIA)
MIA is a small protein secreted by melanoma tumor 

cells and interacting with proteins of the extracellular 
matrix (ECM). MIA overexpression promotes metastatic 
behavior of malignant melanoma cells, which makes it a 
potential prognostic marker for a patient with the disease 
[36].

MIA promotes the spread of metastatic cells over the 
entire body since the protein enables melanoma cells to 
detach from some of their ECM contacts. In individuals 
with melanoma, MIA binds to other proteins on or near 
the surface of healthy cells. This binding supports tumor 
cells as they invade healthy tissues in the body. Neoplastic 
melanocytes specifically change their attachment to 
components of the ECM and basement membranes to 
enhance their metastatic capability. In addition, MIA 
decreases the growth of new tumor cells in the body, 
making it harder for the immune system to defend the 
body against melanoma cells.
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MIA levels increased in 5.6% of individuals with 
early-stage melanoma and up to 89.5% of people with 
late-stage melanoma. Moreover, a preoperative serum 
MIA concentration of 9.4 ng/mL or higher in patients 
with localized cutaneous malignant melanoma represents 
an alarm signal [37]! Therefore these patients should 
be monitored at shorter time intervals and thoroughly 
investigated in more detail in order to identify potential 
metastases.

We believe that quantitative measurements of serum 
MIA may be utilized for the detection of both clinically 
significant and insignificant metastatic HNM as well as 
for monitoring of the therapy for changes in the patient’s 
condition [38, 39].

Hepatocyte growth factor (HGF)
HGF is a fibroblast-derived protein that affects the 

growth, motility and differentiation of epithelial cells. As 
early as the early 1990s, it has been demonstrated that 
HGF stimulates melanoma growth [40, 41]. 

HGF, an angiogenetic factor, is a heparin-binding 
growth factor. It is secreted by fibroblasts and is mitogenic 
for epithelial and endothelial cells and also melanocytes. 
Therefore, HGF creates a microenvironment through 
interaction between cancerous cells and adjacent stroma, 
increasing the further development and invasiveness of 
cancer.

HGF is a cytokine involved in multiple biological 
processes and facilitates melano-ma tumor genesis and 
tumor progression via its activation of the mitogen-
activated protein linase (MAPK) pathway [42, 43].

HGF showed a significant prognostic association with 
progression-free survival (PFS) and overall survival (OS) 
in advanced metastatic melanoma patients. Specifically, 
lower serum HGF levels were correlated with better PFS 
and OS [44].

Therefore, HGF monitoring may contribute to the 
optimization of the treatment process and improved 
survival prognosis, enabling a more personalized approach 
to treating patients with HNM.

Eosinophil cationic protein (ECP)
ECP is a primary protein in the granule matrix 

of eosinophils, and it is released during eosinophil 
degranulation [45]. Eosinophils have potential mechanisms 
of antitumor action and enable wide variations in 
biochemical parameters, leading to either antitumor or 
protumor effects. Kruckel and colleagues [45] found that 
lower serum ECP levels (˂12.2 ng/mL) were associated 
with longer OS in patients with metastatic melanoma. 
ECP is utilized as an early prognostic marker in metastatic 
melanoma because it mediates anticancer effects such as 
tissue remodeling and cytotoxis activity.

Patients with lower ECP levels showed a statistically 
significant longer OS than patients with higher ECP levels. 
Patients who exhibited an increase in eosinophils upon 
immunotherapy were shown to survive longer [46].

Therefore, tumor eosinophilia may help a clinician 
to manage a patient with HNM, depending on whether it 
developed due to systemic cancer-associated inflammation 
or was directly caused by the treatment.

Serum indoleamine 2,3-dioxygenase (IDO)
IDO is an intracellular enzyme and is rate-limiting 

during tryptophan catabolism to kynurenine, facilitating 
the development of some types of cancer, e.g., melanoma 
[47].

This enzyme helps cancer cells to produce kynurenine, 
an amino acid capable of contributing to tumor growth and 
spread. Overexpression of IDO in tumor cells and antigen 
presenting cells causes depletion of tryptophan and 
accumulation of kynurenine, a catabolite of tryptophan, 
in the local microenvironment of the tumor, resulting 
in immunosuppression via the induction of allergy and 
apoptosis of T-cells, and inhibition of T-cell differentiation 
[48-51]. It is worth of note that the enzyme ensures immune 
system protection against threats in a healthy individual.

Rubel and colleagues [52] showed that the level of IDO 
expression in primary human melanoma cells significantly 
correlates with Breslow thickness. They concluded 
that their results suggested that IDO induction within 
melanoma cells may directly reflect tumor progression, 
whereas IDO in antigen-presenting cells may determine 
immune surveillance with impact on local and systemic 
tolerance.

Moreover, the level of melanoma cell expression 
was strongly correlated to well-known prognostic 
histopathologic parameters such as ulceration, mitotic 
rate, lymphangioninvasion, microsatellitosis and tumor-
infiltrating lymphocytes [53].

Therefore, IDO has an important immunoregulatory 
role in melanoma (particularly, HNM). In melanoma, 
serum IDO levels are significantly associated with disease 
stage, relapses and overall survival. These results indicate 
IDO could be a useful prognostic marker for HNM.

Decreased serum vitamin D level
Serum vitamin D level has a strong impact on the 

survival prognosis in melanoma. The biologically active 
metabolite of vitamin D, 1,25-dihydroxyvitamin D(3) 
(1,25(OH)(2)D(3)) is a secosteroid whose genomic 
mechanism of action is similar to that of other steroid 
hormones [54, 55]. Lombardo and colleagues [56] 
recognize a deficiency status of vitamin D as a possible 
predisposing factor for the development of melanoma. 
The hypothesis is supported by the deficit of the known 
anti-proliferative and antiangiogenics effect attributable to 
calcitriol, which would have an antitumor action [56].

 A case control study showed higher vitamin D levels 
in serum of healthy controls than in patients at the time 
of melanoma diagnosis. A multivariate model revealed 
a negative association between vitamin D sufficiency 
and melanoma [57]. Subsequent studies confirmed that a 
lower vitamin D level was related to greater progression 
of melanoma (Breslow thickness, Clark level), the 
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presences of poor prognostic markers (ulceration, higher 
mitotic index), shorter overall survival and increased risk 
for melanoma-specific death [58-62]. However, some 
investigators [63] did not observe such relationships and 
found only longer disease-free survival for patients with 
higher vitamin D levels.

Given the above, it can be concluded that the activation 
of vitamin D receptors by 1,25(OH)2D regulates multiple 
cellular processes involved in carcinogenesis and cancer 
progression. Patients with aggressive skin cancer were 
found to have a shorter overall survival if they had vitamin 
D deficiency and the more severe the deficiency, the 
shorter the overall survival. A lower vitamin D level is also 
associated with the pathological parameters of melanoma, 
e.g., tumor thickness (the depth of tumor penetration into 
the skin), and can facilitate melanoma cell growth. On 
the contrary, a higher vitamin D level is associated with 
a reduced rate of melanoma progression and improved 
survival. Therefore, serum vitamin D measurements 
may be helpful in predicting the survival of patients with 
HNM, and in improving the efficacy of some anti-cancer 
treatment modalities.

Decreased serum LDH level
Despite emerging data on the prognostic significance 

of several serum markers discussed above, LDH remains 
the only widely adopted prognostic serum marker for 
melanoma that has been validated for metastatic disease 
[64]. However, there are also false-positive values through 
hemolysis, hepatocellular injuries like hepatitis, myocardial 
infarction, muscle diseases, and other infectious diseases 
with high amounts of necrotic cells [65]. Moreover, LDH 
is non-specific for melanoma and elevated levels are also 
found in many other benign and malignant diseases.

LDH is an enzyme catalyzing the conversion of 
pyruvate to lactate. This reaction is essential when oxidative 
phosphorylation is disrupted, for instance, in anaerobic 
conditions and in hypoxia, and the latter is quite common 
in fast growing tumors with high consumption of nutrients 
and oxygen [66]. In the AJCC staging system, serum LDH 
is the only serum biomarker that was accepted as a strong 
prognostic parameter in clinical routine for melanoma, 
classifying those patients with elevated serum levels in 
Stage IV M1C [64, 65]. In a meta-analysis of 76 studies 
on the prognostic role of LDH in solid tumors, including 
12 melanoma studies from 1998 to 2014, Petrelli and 
colleagues confirmed that high serum LDH concentration 
is associated with lower overall survival in melanoma 
patients [67]. In a study by Kelderman and colleagues 
[68], baseline serum lactate dehydrogenase (LDH) was 
demonstrated to be the strongest predictive factor for 
overall survival in metastatic melanoma patients treated 
with immunotherapy. The suitability of serum LDH as a 
predictive factor was also demonstrated for therapy with 
further immunomodulatory drugs, anti-programmed death 
receptor-1 (anti-PD-1) antibodies pembrolizumab and 
nivolumab. It has been documented that anti-PD-1-treated 
patients with a relative reduction of serum LDH compared 

with their baseline LDH achieved partial remission. On the 
other hand, patients with an increased serum LDH level 
compared with the baseline LDH showed progressive 
disease [69, 70]. Therefore, it can be concluded that serum 
LDH is a useful marker not only at baseline but also during 
treatment in patients treated with immunomodulating 
medications in advanced HNM.

Conclusion
Prognostic biomarkers are important additional 

tools for assessing HNM mortality risk in various 
clinicopathological stages of the disease. The universally 
adopted AJCC staging system integrates histological and 
clinical findings and categorizes melanoma patients into 
subgroups with distinctly different outcomes. However, 
because the current AJCC staging system is population-
based and was developed to aid clinical trials, it is not 
suitable for accurately predicting individual risk. The 
current staging approach initially categorizes most 
patients who ultimately succumb to the disease at the time 
of diagnosis as low risk. Therefore, better prognostic tools 
are needed to identify individuals at increased risk of HNM 
progression and metastasis, with the goal of providing 
earlier personalized treatment. Serological prognostic 
markers (S100B, MIA, S100B, MIA, HGF, ECP, IDO, 
decreased vitamin D level, and decreased serum LDH) 
offer a potential for predicting the risk of progression to 
metastasis, resistance to treatment, and relapse in HNM. 
The insufficient sensitivity, specificity and accuracy 
of serological biomarkers for melanoma are the key 
limitations for their clinical applications. This becomes 
especially important, given the heterogeneity of malignant 
melanoma. That is why we believe that further research 
is warranted to establish a combination of serological 
biomarkers with improved sensitivity, specificity and 
accuracy, which would enable early disease detection 
and staging, therapeutic monitoring and prognosis in 
melanoma.
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