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Objective: This review serves as a comprehensive update on key predictive and prognostic biomarkers
in the most aggressive and most common malignant tumors of the skin, including melanoma and non-
melanoma skin cancers (NMSC).

Background: Accurate dermatopathology diagnosis is critical for the appropriate therapeutic management
of patients with malignant neoplasms of the skin. Traditional pathologic staging parameters guide treatment
and inform prognosis. With the advent of novel targeted therapeutics and immunotherapeutics, accurate
prediction of response has gained importance.

Methods: We review recent advances in the available literature on established and emerging biomarkers for
cutaneous malignancies, including Merkel cell carcinoma (MCC), melanoma, and keratinocyte carcinomas
(KC) [squamous cell carcinoma and basal cell carcinoma (BCC)]. In addition, a general overview with
discussion of the etiopathogenesis as well as American Joint Commission on Cancer (AJCC) Staging
parameters is provided for each skin tumor type.

Conclusions: Recent immunohistochemical and molecular-genetic studies have furthered our
understanding of relevant predictive and prognostic biomarkers. These advances offer improved precision in

the clinical management and risk stratification of patients with cutaneous malignancies.
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Introduction

Merkel cell carcinoma (MCC), melanoma, and keratinocyte
carcinomas (KC), basal cell carcinoma (BCC) and squamous
cell carcinoma, are among the most common and/or
aggressive malignancies of the skin. Traditional staging
parameters remain the most important and widely utilized
prognostic and predictive tools. However, given the recent
explosion in the literature on immunohistochemical and
molecular-genetic markers for these skin tumors, novel
predictive and prognostic biomarkers are emerging. Herein,
we sought to summarize well-established and emerging
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predictive and prognostic biomarkers in these cutaneous
malignancies.

We present the following article in accordance with the
Narrative Review Reporting Checklist (available at: http://
dx.doi.org/10.21037/pcm-21-6).

Methods

A systematic literature search was conducted in PubMed
using the terms: Merkel cell carcinoma, melanoma, basal
cell carcinoma, squamous cell carcinoma, keratinocyte

carcinoma, staging, biomarker, and prognosis, over a
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Figure 1 Prognostic indicators: non-melanoma skin cancer. (A) Merkel cell carcinoma is present as nodules of basaloid carcinoma in the

dermis. (B) Metastatic Merkel cell carcinoma is highlighted within a lymph node using a cytokeratin 20 stain, which stains the tumor cells in

a perinuclear dot and ring-like pattern. (C) Vascular invasion in Merkel cell carcinoma. (D) Poorly differentiated squamous cell carcinoma

present in small nests and as single cells infiltrating through a markedly desmoplastic stroma.

15-year interval from 2006 through 2021. Only English
language articles were included. The American Joint
Commission on Cancer (AJCC) staging criteria were also
reviewed.

Non-melanoma skin cancers (NMSC)
McCC

Background

MCC is a clinically aggressive high-grade primary
cutaneous neuroendocrine carcinoma with a rising
incidence (1). MCC histopathologically demonstrates
characteristic small round blue cells with scant cytoplasm,
vesicular nuclei with fine, granular chromatin (‘salt and
pepper’), multiple nucleoli, and frequent peri-nuclear dot-
like immunoreactivity for cytokeratins (Figure 14,1B). In
tumors with demonstrated neuroendocrine differentiation
(e.g., expression for synaptophysin, chromogranin, and
CD56), a peri-nuclear pattern of positive staining for
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cytokeratin 20 (CK20) in conjunction with negative staining
for thyroid transcription factor 1 (T'TF-1) is highly specific
for the diagnosis of MCC (2). This immunohistochemical
profile is helpful for differentiating MCC from, for
example, metastatic small-cell neuroendocrine carcinoma
of the lung, in the vast majority of cases, but does not serve
as a marker for prognostication or predict therapeutic
response (3). Of note, CK20 negative MCC and MCC
with TTF-1 and/or cytokeratin 7 expression have been
reported (3). Despite the name suggestive of origin from
epidermal Merkel cells, MCC predominantly involves the
dermis and may demonstrate extension into the subcutis
or involvement of the overlying epidermis (1). The cell of
origin of MCC remains undefined (3).

Etiopathogenesis

MCC typically affects immunosuppressed and elderly
individuals, particularly older Caucasian males, and
commonly arises at sun-exposed skin sites such as those of
the head and neck region (1). Indeed, chronic exposure to
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ultraviolet (UV) light mediates carcinogenesis in MCC (3).
However, MCC etiopathogenesis is dichotomous. In a
seminal study in 2008, Feng and colleagues utilized digital
transcriptome subtraction and identified the novel Merkel
cell polyomavirus (MCV or MCPyV) in the majority of
human MCC tumors studied (80% of cases vs. 11% of non-
MCC control tissues including skin) and demonstrated viral
DNA integration into the tumor genome, suggestive of an
etiopathogenic role of MCPyV in MCC tumorigenesis (4).
MCC is now broadly divided into two subtypes: MCPyV'
and MCPyV". MCPyV" MCC demonstrates a high
frequency of DNA mutations related to UV damage,
aneuploidy, and inactivating mutations in various signaling
pathways, including RBI (RB transcriptional corepressor I
which encodes the retinoblastoma-associated protein) and
TP53 (tumor protein 53) (3). In contrast, MCPyV" MCC
lacks a UV mutational signature with wild type RBI and
TP53 and is predominantly diploid with infrequent copy
number alterations (3). Cellular transformation in MCPyV”
MCC involves the expression of large T antigen (L7-
ag) and small T antigen (ST-ag) genes (3). Interestingly,
while the molecular function(s) of mutant ST is not well
established, mutant LT is truncated with loss of DNA
binding, helicase and cell growth-inhibitory domains but
with preservation of the RB1-binding motif, LXCXE.

AJCC staging

MCC is an aggressive cutaneous malignancy with a 5-year
overall survival rate of 55.6% for local disease, 35.4% for
regional disease, and 13.5% for distant metastases (5). These
data are based on the analysis of 9,387 patients from the
National Cancer Database diagnosed with MCC between
1998 and 2012 comprising the eighth edition of the AJCC
tumor node metastasis (TINM) staging classification for
MCC (6,7).

The AJCC TNM staging criteria for MCC is used
to define prognostic groups based on clinical and
histopathological tumor parameters. Local disease is
defined as primary MCC with clinical measurement of
tumor size (T) as <2 ecm (T1) (Stage I), >2 cm but <5 cm
(T2), or >5 cm in greatest dimension (T3), or extension
beyond the subcutis involving fascia, muscle, cartilage or
bone (T4) (Stage II), without clinical or pathologic evidence
of regional or distant metastases. Five-year overall survival
rates vary from 55.8% for pT1, to 41.1% for pT2/pT3, and
31.8% for pT4 (2,7). Of note, the greatest dimension of the
tumor may be represented by tumor diameter and may not
be synonymous with tumor thickness (the maximum depth
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of invasion as measured in a perpendicular fashion from the
epidermal granular cell layer).

Regional disease (Stage III) is stratified by clinical/
radiologic and pathologic node (N) criteria (clinically
detected regional lymph node metastasis (cN1), or clinically
occult lymph node metastasis on sentinel lymph node
biopsy with absence or presence of completion lymph node
dissection (pNla, pN1b, respectively), and encompasses
in-transit metastases without lymph node metastasis
(cN2, pN2) or both in-transit and lymph node metastasis
(cN3, pN3). Of note, the eighth edition AJCC staging
system for MCC no longer formally distinguishes the
extent of intranodal tumor burden as ‘micrometastasis’
or ‘macrometastasis’ upon pathological evaluation (8),
although Stage III patients with ‘non-solid’/non-diffuse
sentinel lymph node involvement (Figure 1B) had improved
overall survival (2). The five-year overall survival rate for
clinically or radiologically detected and pathologically
confirmed regional lymph node metastasis with unknown
primary is 42.2% and drops to 26.8% in patients with
documented primary MCC (5). Clinically detected lymph
node metastasis portends a worse prognosis as compared to
pathologically confirmed lymph node metastasis (7).

Distant metastases (M1), microscopically confirmed
(Stage 1V), are subcategorized by location: skin/
subcutaneous (M1a), lung (M1b), and other locations (M1c)
(5,6,8).

Biomarkers

A number of prognostic and predictive biomarkers in MCC
have been studied. Among these are established markers of
poor prognosis, such as advanced age, male gender, greater
tumor depth, robust tumor-associated immune infiltrates,
lymph node metastases and non-MCPyV etiopathogenesis,
and emerging markers in need of further exploration.

Merkel cell polyomavirus (MCPyV)

As noted above, MCPyV infection and clonal integration
plays a causative role in MCC tumor development. The
prevalence of MCPyV has shown geographical variability
with some centers demonstrating positivity in up to 80%
of MCCs and others documenting much lower rates of
positivity, reflecting the greater tendency for solar UV
radiation exposure with proximity to the equator (e.g.,
Western Australia) (9). Seropositivity for MCPyV has
been correlated with improved prognosis in some studies
but has not consistently been shown to correlate with
outcome in other investigations (8). Nonetheless, MCPyV
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blood antibody titers have been shown to correlate with
tumor burden and may be a useful clinical surveillance
tool (3). Positive immunohistochemical staining for the
MCPyV encoded LT-ag in MCC is strongly associated
with MCPyV positivity and helps exclude metastatic
neuroendocrine carcinoma, however, negative staining does
not exclude the possibility of MCPyV" MCC (3). In a study
that evaluated two distinct MCPyV LT-ag antibodies by
immunohistochemistry (CM2B4 and Ab3) and quantitative
PCR for MCPyV DNA using the I'T'4 primer set, staining
for CM2B4 showed the highest overall sensitivity (0.882)
and specificity (0.943) for MCPyV (10). Of the 282 MCC’
tested, 19% were negative for MCPyV and were clinically
more aggressive with significantly increased risk of disease
progression and death (hazard ratios 1.77 and 1.85,
respectively) in multivariate analyses that included age, sex,
and immune status (10).

Immune status

Consistent with a viral etiopathogenesis in many cases,
immunodeficiency is a risk factor for MCC development.
However, baseline host immune status is also predictive of
survival, with immunosuppression correlating with poorer
MCC-specific patient survival (2). Immunocompetence
and the presence of brisk tumor-infiltrating lymphocytes
(particularly at the tumor periphery), typically of the
CD3+CD8+ T-cell cytotoxic immune phenotype, correlate
with an improved overall rate of survival (8,11). Prolonged
survival has also been demonstrated for primary MCCs
with increased CD8+ cytotoxic T-cell gene expression (2).
CD8+ T-cell mediated cellular immunity may also underlie
spontaneous regression of primary and/or metastatic MCC
and associate with improved prognosis (3).

Primary tumor parameters

Primary tumor parameters that are typically included in
MCC diagnostic reports but not formally incorporated
among eighth AJCC staging criteria are the following:
tumor thickness, mitotic rate, growth pattern and
lymphovascular invasion (LVI). As with other solid tumors
of the skin, such as Breslow thickness in melanoma, a
greater measured tumor thickness in MCC portends a
significantly poorer disease-free survival (8). A mitotic index
of >10 per high power field correlates with poor prognosis.
Similarly, an infiltrative tumor growth pattern, as opposed
to circumscribed nodular growth in the dermis, correlates
with poor survival. The presence of both peritumoral and
intratumoral LVI (Figure 1C) in MCC associates with a
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higher frequency of nodal metastasis (3,8). LVI has not
been formally included among AJCC staging parameters
in part due to the inconsistent reporting of this finding as
well as nonuniform utilization of IHC which may alter the
rate of detection (12). However, the presence of LVI has
been correlated with SLN metastasis and independently
associated with worse recurrence-free and disease-specific
survival (13). In addition, presence of isolated MCC cells
close to tissue margins and distinct from the main tumor
mass may underlie the tendency for locally recurrent
disease, often occurring within 2 years of initial MCC

diagnosis (3).

KIT (CD117)

Tumor cell expression of cKIT (CD117) in MCC has been
demonstrated in 53-95% of MCC’ and has been shown to
correlate with poor survival (2,14). In one study, 83.3% of
30 MCC'’s showed KIT protein expression (high intensity
of immunohistochemical staining). Compared to those with
low intensity staining, there was a trend towards decreased
overall survival at 2 and 5 years (15). However, these data
did not reach statistical significance (15). Other groups have
demonstrated that strong KIT expression correlates with
a higher mitotic rate and LVI, with higher rates of KIT
protein expression and KI7T exon 11 somatic gene mutations
detected among MCC patients that died of disease (14). A
potentially confounding factor is that KI'T positivity was
shown to correlate with p53 positivity and MCPyV MCC
which may, in part, account for the observed prognostic
differences (16). Further studies to investigate the role
of KIT protein expression in MCC progression and/or
metastasis are needed.

Ki-67

The role of the Ki-67 proliferation index in estimating
survival among MCC patients has been variably described,
in part due to inconsistent methods and lack of established
cutoffs (17). High Ki-67 proliferation rates have been
associated with poor disease-specific survival, particularly
between stage I/II and stage III/IV patient groups, but
these findings did not reach statistical significance as an
independent factor in multivariate analyses that included
age and sex (17).

p63

Tumor expression of p63 in MCC, present in roughly one-
third of cases, was observed to predict risk of death in a
number of early investigations, regardless of MCPyV status
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(3,18). However, more recent multivariate analyses have
not reported as high a rate of p63 expression among MCCs
and have failed to confirm this marker as an independent
variable predictive of poor outcome when tumor stage at
presentation is accounted for (2,9,12). Additional studies are
needed to define p63 as predictive of metastasis or survival.

Tumor site

Special prognostic considerations related to tumor site for
MCC include the ease of achieving a complete excision with
negative surgical margins, and other anatomical factors,
such as structural features or clinically inconspicuous sites
challenging early detection. MCCs commonly arise at sun-
exposed sites of the head and neck. On the scalp, large
MCC:s correlate with likelihood of distant metastases. On
the ear, MCC shows the highest rate of metastasis to lymph
nodes. On the lip, MCC often extends deep to the subcutis
with involvement of underlying muscle, cartilage and bone,
and negatively impacts prognosis. Vulvar or perianal sites of
involvement portend the poorest prognosis (8).

Imaging

Given the tendency for nodal involvement, imaging studies
such as ultrasonography and PET-CT are an essential
clinical staging tool useful for predicting outcome and
informing MCC patient management (3). Emerging
imaging modalities such as single-photon CT imaging,
use of intraoperative gamma camera technology, and
somatostatin analog-based imaging methods may enhance
the clinical detection of involved lymph nodes and better
characterize the localization/anatomical extent of MCC (12).
The importance of optimizing the capabilities of imaging
is underlined by the key role that lymph node status and
metastasis play among staging parameters that determine
patient prognosis (15).

KC

Background

KC represents the overwhelming majority of NMSC. KC
includes BCC and cutaneous squamous cell carcinoma
(cSCC). KC is the most frequently diagnosed cancer in
the United States (US) and in fair-skinned populations.
BCC is the most common human cancer, representing up
to 75-80% of KC, although the ratio of BCC to ¢SCC
is decreasing as the population ages (19,20). With over 5
million KC diagnoses yearly in the US and an increasing
incidence, KC represents a large public health burden (20).
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KC most commonly occurs on the head and neck, where
significant morbidity arises from destructive surgical
procedures that may involve removal of the eye, nose or
facial bones. ¢SCC has a non-negligible rate of metastatic
disease (<3% to 7%), and given its high incidence,
describing biomarkers that predict which tumors may
metastasize is important to prevent death. BCC is often
locally destructive, but it metastasizes only in very rare
cases (21).

BCC is a basaloid tumor thought to arise from a
pluripotent precursor cell associated with follicular units
and displays a variety of growth patterns. The histological
differential diagnosis includes other basaloid tumors
with follicular, eccrine or sebaceous differentiation,
particularly trichoepithelioma (22). ¢SCC histologically
ranges from a glassy eosinophilic tumor with a low
nuclear to cytoplasmic ratio, large amounts of cystic
keratin and an endophytic, pushing invasion pattern to a
highly infiltrative, poorly differentiated carcinoma set in a
desmoplastic stroma (23).

Etiopathogenesis

Although BCC and ¢SCC are typically histopathologically
distinct, both are largely driven by ultraviolent (UV)
radiation (particularly UV-A), which leads to the high
mutational burden seen in KC. Other risk factors for KC
include immunosuppression, skin type, ionizing radiation,
environmental exposures such as arsenic (BCC), and age.
BCC occurs at a younger age than SCC, the latter being
more closely associated with chronic cumulative sun
exposure (24).

Approximately 70% of sporadic BCCs have demonstrable
mutations in the PTCH gene on chromosome 9q22, a gene
with tumor suppressor activity in the highly conserved
Hedgehog (Hh) signaling pathway of organogenesis.
Likewise, germline mutations in PTCH result in the nevoid
BCC (Gorlin) syndrome (25). UV-driven mutations in
other genes that interact with the Hh pathway contribute
to the pathogenesis of the remaining subset of BCCs. For
example, alterations in the oncogene SMO upregulates
the Hh pathway (26). Other polymorphisms associated
with DNA repair or mutagen detoxification have also been
associated with increased risk of BCC.

Immunosuppression plays a significant role in the
development of KC, particularly aggressive cSCC (23).
Multiple forms of immunosuppression (primary and
acquired immunodeficiency syndromes, autoimmune
disease, hematologic malignancy) can increase the risk of
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KC, but solid organ transplantation in particular may bear
up to a 200 times risk of developing KC (19).

Germline mutations in other genes associated with DNA
repair and chromosomal stability also increase the risk
of the development of all KC. These include xeroderma
pigmentosum, Rothmund-Thompson and Bloom
syndromes (24).

Staging of KC

Staging of KC essentially refers to the staging of ¢SCC,
as BCC is rarely staged due to its very low propensity for
metastasis and nearly non-existent disease specific death
rate. Validation of staging systems has been generally
difficult since national cancer registries have historically not
included KC (27).

Two major staging systems are used to stage ¢cSCC in
the US: the American Joint Committee on Cancer (AJCC)
system and the Brigham and Women’s Hospital (BWH)
method. The AJCC published its eighth edition in 2017,
listing ¢SCC as a head and neck tumor; other special
anatomic sites use separate staging classifications (27).

Most ¢SCC is local disease and tumor size still forms the
backbone of the AJCC staging system. Tumor diameter of
<2 cm defines the T category, and tumors with a dimension
of greater than or equal to 2 cm but less than 4 c¢m are
considered T2. T3 tumors are 4 cm or larger o7 tumors
of any size with one high risk feature [invasion >6 mm or
into subcutis, minor bone erosion, perineural invasion
(PND)]. In this staging system, PNI must be deeper than the
dermis, involve a nerve 0.1 mm in diameter or greater, or be
clinically or radiologically evident. T4a tumors show gross
cortical bone or marrow invasion and T4b tumors invade
the skull base or involve skull base foramen (28). This
staging system has struggled to distinguish between the T2
and T3 categories in terms of disease related events, leading
investigators to attempt to further sub-stratify medium
sized tumors regarding the risk for poor outcome.

The BWH staging system is based on number of high-
risk features seen in a given tumor (0= T1, 1= T2a, 2-3=
"I2b, all 4 or bone invasion = T3) (29). The BWH high-risk
features are defined as the following: poorly differentiated
histology, tumor diameter of 2 cm or greater, PNI, and
deep invasion (beyond subcutis but excluding bone). This
system allows for better risk stratification of which AJCC
T2 tumors may locally recur or metastasize. Nodal (N) and
metastatic (M) staging is not included in this system due to
the rarity of these events.

Both systems, and others that have been proposed
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[Breuninger and colleagues, the International Union
Against Cancer (Union for International Cancer Control,
UICCQC)], are under continued evaluation and refinement
since >95% of cSCC does not metastasize (27). Multiple
nodal staging systems have been described, since the AJCC
system showed little difference in overall survival between
adjacent N stages. Interestingly, most cases of metastatic
c¢SCC show extra-nodal extension.

Biomarkers

KC show a UV-driven high mutational burden, with ¢SCC
having the highest mutation rate per megabase pair of any
cancer (30). However, certain genetic biomarkers including
mutations in specific tumor suppressor genes, have been
associated with more aggressive disease. These are better
described in c¢SCC given the higher risk for metastatic
disease. Anatomic parameters such as differentiation, size
and site have also been established as important predictive

and prognostic factors in ¢SCC and BCC.

Primary tumor parameters

Certain histologic subtypes of ¢SCC (desmoplastic,
Figure 1D) portend a much higher risk (up to 10 times)
of metastatic disease compared to others (23). Histologic
differentiation may be difficult to study due to the
subjectivity in grading, but poor differentiation has
consistently been associated with poor prognosis including
triple the recurrence rate and double the metastatic risk in
c¢SCC (31). Extension beyond the subcutis (or tumors 6 mm
or greater in depth) is associated with a >25% risk of both
local recurrence and metastases (23,29). Tumors larger than
2 cm have twice the risk of recurrence and three times the
risk of metastasis when compared to tumors under 2 cm.
Particular anatomic sites (ear, lip) and background diseases
(cSCC arising in a scar) have 10-26% risk of metastasis
compared to the overall rate of 1.5-5% (23). BCC with
an infiltrative, morpheaform or desmoplastic histologic
appearance/growth pattern also behaves more aggressively
and is more likely to locally recur (24).

Perineural invasion

PNI (Figure 2A4) has long been associated with a markedly
increased risk of metastatic cSCC (23,27). Recently, a study
of over 1000 tumors showed lymph node metastasis in
3% of non-desmoplastic cSCCs without PNI and 29% in
desmoplastic SCCs with PNI. Local recurrence increased
from 3% to 64% and overall tumor specific death was 54%
in desmoplastic tumors with perineural invasion, making
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Figure 2 Prognostic indicators: keratinocyte carcinomas and melanoma. (A) Poorly differentiated squamous cell carcinoma with multiple

foci of perineural invasion. (B) Morpheaform or infiltrative basal cell carcinoma with perineural invasion. (C) A dual immunostain for Ki-

67/Melan-A shows a high proliferative activity in this dermal nodule of a mitotically active melanoma. (D) This melanoma displays a brisk

pattern of tumor infiltrating lymphocytes.

identification of PNI critical in the prognostication of
¢SCC and the decision for adjuvant treatment (32). In
particular, large caliber nerve invasion (0.1 mm or larger) is
associated with nodal metastasis and mortality. BCC with
PNI (Figure 2B) is locally aggressive, particularly where it
more commonly occurs on the head and neck, but PNI does
not have the same well-established increased metastatic or
mortality risks as cSCC with PNI (21,33).

Human papillomavirus (HPV)

Unlike the clearly defined role of high-risk HPV in
oropharyngeal and anogenital SCC, the association of
HPV and ¢SCC is much less clear. HPV subtypes have
been detected in a widely variable number of ¢SCC and
evidence of HPV is more commonly found in tumors
arising in immunosuppressed patients (19). However, these
HPV types (types 8, 9, 15) have not been shown to be
transcriptionally active in ¢SCC (23). Until recently, the
precise role they play in the induction of such tumors was
not known. Studies have now demonstrated that the loss

© Precision Cancer Medicine. All rights reserved.

of T cell immunity against commensal papillomaviruses
in immunosuppressed patients (as opposed to a direct
oncogenic effect of HPV) likely underlies the increased risk
of skin cancer (34). Further investigations are needed to
elucidate the role of HPV in cSCC.

TP53

Mutations in TP53 appear to be an early event in the
development of ¢SCC and have been found in precursor
lesions such as actinic keratosis, further supportive of this
hypothesis. TP53 is the most commonly mutated tumor
suppressor gene in cSCC (up to 90% of cases) (23,35). In
BCC, TP53 mutations are less commonly encountered
(~50%) and appear to be a later event that some authors
postulate is crucial in tumor progression (25).

NOTCH, CDKN2A, TERT

Alterations in genes affecting cell signaling and proliferation
including Neurogenic Locus Notch Homolog Protein
(NOTCH) 1 and 2 and cell cycle inhibitors like CDKN2A4
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and are also common in ¢SCC (35,36). Small studies
have shown higher rates of these mutations in metastatic
¢SCC than in high-risk, non-metastatic ¢<SCC, but some
mutations (such as those in NOTCH 1) are reported at
such a high rate of ¢<SCC (~80%) it is unclear if they truly
drive metastatic potential. Similar mutations have also been
found in adjacent uninvolved skin, making true prognostic
significance difficult to ascertain (35).

"Telomerase reverse transcriptase gene (TERT) promoter
mutations, which are common in cutaneous melanomas,
are also found in a significant proportion (approximately a
third) of ¢SCC, including those with only 7z situ disease (37).
Despite the high prevalence overall, TERT promotor
mutations in a recent study were independently associated
with a higher rate of local recurrence and nodal disease,
although the statistical significance was uncertain due to the
low number of metastatic cases, particularly those without
TERT promoter mutations.

Melanoma
Background

Melanoma is a malignant skin tumor with a rising incidence
and high mortality rate worldwide despite screening
campaigns and public health awareness (38). Early diagnosis
and treatment are crucial for optimal patient outcome. The
understanding of prognostic and predictive biomarkers is
rapidly evolving and has the potential to further improve
melanoma patient survival through targeted therapeutics.

Etiopathogenesis

Melanomagenesis occurs through a number of concurrent
pathways and is closely linked to exposure to ultraviolet
radiation, particularly in fair-skinned individuals, and
often evolves from precursor nevi (39). Key molecular
underpinnings in melanoma development include
mutations in NRAS, BRAF(V600E), TERT, GNAQ,
GNAIL1, BAPI, and CDKN2A among others (39). The
acquisition of greater numbers of genetic mutations
generally correlates with disease progression from
benign nevus to malignant melanoma (39). However, the
progression is nonlinear and patient risk stratification
remains somewhat unpredictable owing in part to the
broad range of melanoma tumor subtypes (e.g., superficial
spreading, nodular, acral lentiginous, and lentigo maligna
melanoma) and difficult-to-classify melanocytic tumors of
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uncertain malignant potential (MELTUMP). The WHO
classification of skin tumors incorporates epidemiological,
clinical, pathological, and genomic features into the
classification of melanoma (39).

AFCC staging

The 5-year survival rate for localized melanoma (AJCC
stage I) is 98.5%, which drops to 62.5% in patients with
regional metastasis and to 19.9% in patients with distant
metastases (AJCC stage IV) (40). In addition to patient
age, gender, and tumor localization, important melanoma
pathological prognostic factors include Breslow thickness,
mitotic index and ulceration (41). The primary tumor
thickness (T category) cutoff of >0.75 mm for melanoma
originally proposed by Alexander Breslow in 1970 was later
updated to 1.0 mm and has now reverted to 0.8 mm in the
latest AJCC staging (39). Higher mitotic rates correlate with
decreased survival and predict a higher risk of metastasis
particularly in thin melanomas (39). Of note, despite
the importance of mitotic index as a prognostic marker,
it was not included among AJCC staging parameters in
the latest edition due to conflicting data, although many
pathologists continue to mention mitotic rate (Figure 2C)
in diagnostic reports of primary melanoma (39,42,43). In
contrast, the presence of and particularly the measured
width of ulceration continues to be recognized as a marker
of poor prognosis (higher nodal positivity rate) in the
latest AJCC staging system (39,42). The presence of brisk
tumor-infiltrating lymphocytes (TILs, Figure 2D) reflecting
host immune response portends favorable prognosis in
melanoma (39). Furthermore, host immune responses have
been leveraged for the development of immune checkpoint
inhibitors, including anti-cytotoxic T-lymphocyte antigen
4 (CTLA-4) and anti-programmed cell death 1 (PD-1)
therapies, in advanced melanoma (39). Sentinel lymph node
(SLN) status remains a key melanoma prognostic factor
for survival and guiding adjuvant systemic therapy (39). In
addition, SLN tumor burden is predictive of metastasis to
non-SLNs within the regional node field (43).

Biomarkers

Prognostic and predictive biomarkers ideally aid in
detection of early disease and/or in prediction of biological
behavior (propensity to recur or metastasize) and tumor
responsiveness (and/or resistance) to therapy (38). In
practice, melanoma tumor characteristics incorporated

Precis Cancer Med 2021;4:22 | http://dx.doi.org/10.21037/pem-21-6



Precision Cancer Medicine, 2021

into the AJCC staging system do not entirely align
with patient outcome imparting a degree uncertainty in
assessing the biological potential of this complex tumor
type. Molecular profiling of primary melanomas, such
as with the 31-gene expression profile test, can augment
prognostic accuracy (44).

Lactate dehydrogenase (LDH)

LDH is an enzyme responsible for catalyzing the conversion
of pyruvate to lactate under anaerobic conditions (38). In
melanoma, elevated serum LDH levels correlate with worse
overall survival (38). Despite its non-specificity, the use of
LDH as a melanoma serum biomarker is strongly supported
by data and represents the only prognostic serum biomarker
acknowledged by the AJCC. In the eighth edition cancer
staging manual, the M1 category of distant metastases is
subdivided by serum LDH level (40). LDH is also well-
suited as a predictive biomarker with high levels correlated
with improved outcome following ipilimumab treatment of
advanced melanoma (38). In addition, serum LDH levels
are reflective of disease burden, with regression correlating
with decreased levels, and progression correlating with an
increase over the baseline serum level of LDH, favoring
the use of this marker for disease monitoring. Care must
be taken in the interpretation of LDH serum levels as
laboratory values may be falsely elevated in the setting
of non-malignant disorders that result in cell death or
damage, such as hemolysis, rhabdomyolysis, and myocardial
infarction (38).

S$100

Members of the S100 family of calcium-binding proteins,
S100B, S100A4, and S100A9, associate with melanoma
progression and may serve as therapeutic targets (38). High
circulating SI00B levels have been shown to correlate with
Breslow thickness and tumor burden (38). In European
studies, S100B is proposed as a biomarker of disease
progression that rivals LDH (38). Therapeutic blockade
of S100A4 in melanoma xenograft models has been shown
to inhibit tumor growth and angiogenesis (38). SI00A9,
when dimerized with S100A8, plays a role in melanoma cell
proliferation and migration and high levels are predictive
of therapeutic resistance to ipilimumab (38). Thus, S100
is a useful serum biomarker of tumor progression, relapse
or metastasis, particularly in patients with advanced
melanoma (41). However, as a tissue marker, S100
immunohistochemical staining is unable to differentiate
benign melanocytic proliferations from malignant

© Precision Cancer Medicine. All rights reserved.

Page 9 of 12

melanoma and its expression does not inform prognosis (41).

BRAF

In melanocytes, activating mutations in BRAF (v-raf murine
sarcoma viral oncogene homolog B1), a downstream target
of ¢c-KIT, stimulate MITF (microphthalmia-associated
transcription factor) gene expression and activity via MAPK
pathway activation (MEK/ERK phosphorylation) (45).
At the protein level, MITF and ¢-KIT demonstrate
significantly reduced expression in metastatic melanoma
as compared to benign nevi and primary melanoma,
respectively (44). BRAF gene mutation is a key driver of
the transformation of melanocytes to melanoma and is
present in 35-60% of primary cutaneous and conjunctival
melanomas, in contrast to uveal melanoma and other
mucosal melanoma subtypes which demonstrate other key
driver mutations (46,47). Melanomas harboring mutant
BRAF demonstrate poorer patient prognosis and overall
survival (47). The vast majority of BRAF mutations involve
glutamic acid (E) replacement of valine (V) at amino acid
position 600 (V600E). Mutant BRAFV600E targeting with
combined BRAF/MEK inhibition significantly improves
progression-free survival and overall survival in patients
with metastatic disease (46,47). Thus, BRAF is both a strong
predictive biomarker and therapeutic target in patients with
advanced melanoma (47).

NRAS, KIT

NRAS and KIT are listed among College of American
Pathology (CAP) approved melanoma biomarkers (48).
Roughly 20% of melanomas harbor NRAS mutations,
with the majority occurring in exon 3, codons 60 and 61,
and some occurring in exon 2, codons 12 and 13 (48). Of
note, NRAS and BRAFV600E mutations in melanoma are
typically mutually exclusive (48) and clinical investigations
of NRAS as a predictive biomarker in melanoma are
ongoing. KIT mutations are identified in <5% of
melanomas, including those arising in mucosal, acral and
chronic actinically-damaged skin (48). In clinical trials,
targeted KIT inhibitors have shown promise, with response
documented in tumors with alterations in the L576 and
K642 hotspots (48).

Tyrosinase

Tyrosinase is widely regarded as a melanoma enzyme
biomarker responsible for catalyzing the conversion of
L-tyrosine to L-DOPA and L-DOPA to dopaquinone

in melanin biosynthesis. In melanoma, high tyrosinase
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levels correlate with presence of circulating tumor cells
and likelihood of metastasis (38). However, the utility of
RT-PCR detection of tyrosinase mRNA as a biomarker is
clinically limited due to methodological differences between
studies resulting in a broad range of cut-off values (38).

Cyclooxygenase-2 (Cox2)

Overexpression of Cox2 in melanoma has been reported to
be a marker of poor prognosis that correlates with tumor
thickness, ulceration and nodal metastasis (38). In addition,
Cox2 may serve as a predictive marker of treatment
resistance, such as to chemotherapy and radiotherapy (38).

Matrix metalloproteinases (MMP)

MMPs encompass a family of proteins, such as collagenases
and stromelysins, involved in an array of biological processes
ranging from wound healing and chronic inflammation to
neoplasia (38). MMP-2 and MMP-9, among others, are
known to play a role in melanoma disease progression,
associate with poor survival, and in some studies, correlate
with nodal metastasis (38).

B-cells

While the role of T-cells in the tumor infiltrating
lymphocyte (TIL) response in melanoma is well
established (see AJCC Staging above), the prognostic
role of B-cells has more recently been explored. B-cells
comprise approximately 30% of melanoma TILs and their
experimental depletion using anti-CD20 immunotherapy
was shown to not only reduce the overall TIL response
but decreased CD8+ T-cell numbers (49). In some
studies, melanoma associated B-cells were predictive
of response to anti-PD-1 therapy and longer overall
survival (49,50). In contrast, plasma cells, when present
in sheets/clusters, were associated with worse prognosis
with some reports showing that plasma cell-rich primary
cutaneous melanomas were significantly thicker, more
mitotically active, ulcerated, and occurred in older aged
patients (51). Further studies are needed to more fully
characterize the multifaceted role of humoral immunity
in melanoma prognosis and immunotherapeutic response

prediction (50).

Conclusions

In summary, we review recent advances in the literature
on established and emerging predictive and prognostic
biomarkers in MCC, melanoma, and KCs, including BCC
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and squamous cell carcinoma. Awareness of key predictive
and prognostic biomarkers augments traditional pathologic
staging parameters for improved precision in therapeutic
management and accurate prediction of response in patients
with malignancies of the skin.
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