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Abstract

Merkel cell carcinoma (MCC) is an aggressive cutaneous neuroendocrine carcinoma. Incidence of MCC continues to rise,
and risk factors include advanced age, pale skin, chronic sun exposure, and immune suppression. Diagnosing MCC utilizes
a combination of morphology and immunohistochemistry. Merkel cell polyomavirus (MCPyV) is present in approximately
70-80% of MCCs and represents a key pathogenic driver in those MCCs. In contrast, MCPyV-negative MCCs arise through
progressive accumulation of ultraviolet-light induced somatic mutations. Staging of MCC proceeds according to the Ameri-
can Joint Commission on Cancer (AJCC) 8th Edition, which utilizes features of the primary tumor together with regional
lymph node(s) (clinically and/or pathologically detected) and/or distant metastases. Many potentially useful biomarkers have
been studied to refine risk stratification in MCC. In recent years, the host immune infiltrate has been leveraged as immune
checkpoint blockade has emerged as an efficacious mode of treatment for patients with advanced MCC.
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Introduction

Merkel cell carcinoma (MCC) is an aggressive primary cuta-
neous neuroendocrine carcinoma with frequent metastasis.
Death due to disease is common. MCC develops in older
patients with pale skin with chronic exposure to ultravio-
let light and/or immune suppression [1-7]. The diagnosis
of MCC relies on a combination of morphologic recogni-
tion of a neuroendocrine phenotype in cutaneous tumors
consisting of monomorphous round basaloid cells together
with judicious application of immunohistochemical stud-
ies. A pivotal development that significantly advanced the
understanding of MCC was the identification of Merkel
cell polyomavirus (MCPyV) as a pivotal driver of carcino-
genesis in approximately 70% of MCCs [8]. MCPyV can
be detected by polymerase chain reaction amplification of
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MCPyV-specific sequences or immunohistochemical detec-
tion of MCPyV-specific proteins. In contrast, MCPyV-nega-
tive MCCs appear to arise through progressive accumulation
of ultraviolet light (UV)-induced somatic mutations. Staging
in MCC proceeds according to the American Joint Commis-
sion on Cancer (AJCC) 8th Edition, which utilizes features
of the primary tumor (size and extent of invasion) together
with the involvement of regional lymph nodes (clinically
and/or pathologically detected) and distant metastases to
predict prognosis and stratify patient risk in MCC. A number
of potentially useful biomarkers have been proffered includ-
ing p63 and the density, composition and distribution of the
tumor-associated immune infiltrate. The latter has been
recently leveraged therapeutically as immune checkpoint
blockade has emerged as a robust and efficacious mode of
treatment for patients with advanced MCC.

Incidence and Epidemiology

A review of demographic information from 14,414 patients
with MCC from the National Cancer Data Base (spanning
1998-2012) highlighted several important themes regarding
the pathobiology of MCC [9]. First, MCC occurs almost
twice as commonly in men (62.1%) as in women (37.9%).
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Second, MCC affects older patients: approximately 81.7%
of patients with MCC are in their 7th-9th decade of life,
including 18.6% between 60 and 69 years, 33.1% between
70 and 79 years, and 30% between 80 and 89 years. Third,
MCC most commonly arises on the head and neck (42.6%),
followed by the upper limb and shoulder (23.6%). Finally,
MCC overwhelmingly affects Caucasians (96.4%) and is
exceedingly rare among individuals of African American
(1.2%) and Asian (0.8%) descent. Taken together, MCC is a
disease commonly affecting elderly, Caucasian men on sites
of chronic sun exposure.

In the United States, the incidence of MCC has increased
roughly fivefold over the past 30 years: from 1.5 cases per
million in 1986 to 4.4 cases per million in 2001 to 7.9 cases
per million in 2011 [4, 10, 11]. Similar trends have been
reported in older, fair skinned individuals living in other
parts of the world, with highest incidence rates occurring
in regions with highest UV exposure (including the United
States, Australia and New Zealand).

Risk Factors for MCC

Risk factors for the development of MCC in part reflect the
epidemiology of the disease and ultimately, manifest the
divergent pathways driving MCC development: (1) infec-
tion by MCPyV (see below) or (2) progressive accumula-
tion of UV-induced somatic mutations. As MCC is related
to cumulative UV-induced mutations, risk factors include
advanced patient age, fair-skin and chronic sun exposure,
and these in turn directly reflect the disease demographics:
older Caucasian men on the head and neck.

A parallel risk factor for the development of MCC is
immunosuppression. Patients with immune suppression
due to hematologic malignancy (most commonly chronic
lymphocytic leukemia) [12, 13] or HIV/AIDS [3], and iat-
rogenic immune suppression in the setting of solid organ
transplantation [14] and autoimmune disease treatment [15]
are at increased risk for the development of MCC compared
to immune competent patients.

Cell of Origin in MCC

As of yet, the precise cell of origin for MCC has not been
identified. Intraepidermal Merkel cells are post-mitotic and
terminally differentiated and reside in the basal layer of epi-
dermis, while the vast majority of MCCs are dermal-based
proliferations lacking an intraepithelial component. Endog-
enous intraepidermal Merkel cells, therefore, are unlikely to
be the cells giving rise to MCC. Possible candidates include
epidermal stem cells, B-cells and fibroblasts. Some stud-
ies implicate epidermal/dermal stem cells as the origin of
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Merkel cells [16]. Merkel cells have been shown to derive
from epidermal progenitors during development and are
replenished during adulthood by epidermal stem cells. The
Merkel cell lineage is dependent on the Atoh1/Mathl tran-
scription factor [16], as its deletion results in loss of Merkel
cells.

Because MCCs have been shown to express B-cell mark-
ers, including PAX-5 and TdT, some authors have suggested
they arise from primitive B-cells [17]. In a series of studies,
~90% (128/143) MCCs express PAX-5 [18-22], whereas
~65% (117/181) express TdT [19, 21-26]. Effectively all
lesions tested showed variable expression of immunoglobu-
lins. Further, a subset of MCCs additionally showed mono-
clonal immunoglobulin gene rearrangement, although this
was not demonstrated in the tumor cells themselves [22].
Together, these findings implicated the cell of origin of
MCCs to be an early B cell. However, these findings may
also represent aberrant expression of B-cell markers as other
malignancies (including small cell carcinoma of the lung)
also express PAX-5 and TdT at variable frequencies. Finally,
when considering the potential cell of origin for MCC, it is
possible that different MCCs arise from distinct subsets of
progenitor cells [27-29].

Merkel Cell Carcinoma Polyomavirus

The frequent association between MCC and immunosup-
pression prompted the search to identify a relationship to an
underlying pathogen. RNA sequencing from MCC samples
identified sequences of a novel human polyomavirus, named
Merkel Cell Polyomavirus (MCPyV). Subsequent testing
of 10 MCCs revealed MCPyV in 8/10 (80%) of tumors,
whereas 10/84 control tissues (11%) also tested positive
for MCPyV DNA, but most of those showed comparatively
lower copy numbers. Further analysis also revealed that
MCPyV DNA integration occurred at a single genomic site
in the majority of neoplastic cells from any given tumor, sug-
gesting that infection and integration of MCPyV is an early
event in Merkel cell carcinogenesis [8]. Depending on the
patient population, MCPyV can be detected in ~60-80% of
MCC by either polymerase chain reaction (PCR) or immu-
nohistochemical detection of MCPyV T-antigen (see below).

The mechanisms by which MCPyV transforms cells are
numerous, but rely largely on 2 MCPyV-encoded proteins:
large T-antigen (LT-ag) and small T-antigen (ST-ag) [30].
The main function of LT-ag is to bind to and inactivate the
retinoblastoma (RB) protein. RB serves as a critical tumor
suppressor that functions normally to prevent cellular entry
into S-phase by repressing E2F transcriptional activation of
cyclin E [31]. Of note, tumor specific alterations/polymor-
phisms in the LT-ag sequence result in consistent truncation
of C-terminal elements in LT-ag, which contains elements
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that counteract pathways leading to cellular proliferation and
is necessary for MCC development [30]. ST-ag has several
critical oncogenic functions. The first involves interfering
with the function of FBXW7 protein, a key component
of the ubiquitin ligase complex SCF™"7_ In general, the
SCF ubiquitin ligase complex attaches ubiquitin moieties
to target proteins. Ubiquitination, in turn, designates those
target proteins for proteolytic destruction. FBXW7 is one
of a large family of proteins that provide the SCF complex
with target protein specificity. Thus, ST-ag interaction with
FBXW?7 results in the stabilization of SCFFBXW7 targets,
including LT-ag (itself a target of SCFTBXW7) ¢-Myc and
cyclin E. Another critical function of ST-ag is to increase
cellular levels of phosphorylated (and inactivated) 4E-BP1,
a eukaryotic translational initiation factor, which results in
widespread dysregulation of translation. In addition, ST-ag
drives the concomitant expression of genes involved in gly-
colysis—a key requirement for rapidly dividing MCC cells
[29, 32].

Detection of Merkel Cell Carcinoma
Polyomavirus in Tissue

The first study to detect MCPyV in MCC demonstrated a
relative frequency of 80% of MCCs to harbor MCPyV [8].
Subsequent studies (mostly relying on PCR based amplifica-
tion of MCPyV sequences) have demonstrated a frequency
that ranges from 40-100% in MCC [23, 33—44]. The range in
sensitivity of detection reflects a myriad of factors, including
geographical differences in MCPyV prevalence (lower in
Australian populations compared to North American) and
technical factors (tissue substrate [formalin fixed paraffin
embedded versus fresh frozen], efficacy of primers used and
length of DNA template to be amplified). MCPyV has addi-
tionally been detected at varying frequencies and in other
cutaneous malignancies [45] (including SCCs and BCCs),
in normal skin, and in hematolymphoid cells [38], although
most studies agree that detection of MCPyV is a relatively
specific marker of MCC [46].

The development of a monoclonal antibody against a
specific region of the T-antigen—unique to the MCPyV
(the CM2B4 clone)—enabled the detection and visualiza-
tion of MCPyV in situ. In general, CM2B4 detects nuclear
T-antigen expression with variable cytoplasmic positivity.
The reported sensitivity for immunohistochemical detection
using CM2B4 ranges from 39 to 90% [38, 41, 44, 47-49]
and the sensitivity of immunohistochemistry (IHC) depends
in most instances on the extent of viral copy numbers
detected in the tissue [44]. Studies in which PCR and IHC
detection of MCPyV in tissue are compared to one another
reveal generally good agreement between the two, with PCR
being consistently more sensitive than IHC. In cases where

both approaches could be applied, PCR detected MCPyV in
76% (85/112) of MCCs, whereas IHC (using CM2B4 clone)
detected MCPyV T-antigen in 56% (63/112) of tumors [38,
41, 44, 47-49].

Diagnosis of MCC: Clinical
and Histopathologic Features

Merkel cell carcinoma typically presents as a rapidly grow-
ing, violaceous firm nodule on the skin that may be ulcer-
ated. MCC exhibits a variable distribution (intraepidermal,
dermal or subcutaneous) and pattern of growth in the skin.
At low power, MCC may grow as an expansile, well-circum-
scribed nodule or as an infiltrative tumor (Fig. 1). Typically,
the tumor effaces the dermal architecture and adjacent struc-
tures as it evolves with variable extension into the subcutis.
The cells of MCC may be arranged as sheets, nests, trabecu-
lae or as variable admixtures of these patterns. Although
MCC is typically an intradermal tumor, intraepidermal MCC
may occasionally occur—either exclusively (i.e. as MCC
in situ with variable intraepidermal pagetoid spread) or in
association with invasive MCC [50].

The cells comprising MCC generally exhibit scant pale
eosinophilic cytoplasm and enlarged oval-irregular nuclei
(often with molding among adjacent nuclei) and with finely
granular (“salt and pepper”’) chromatin and indistinct nucle-
oli. Typically, mitotic figures and apoptotic bodies are abun-
dant. Areas of geographic necrosis may also be seen in some
cases. MCC may also exhibit divergent differentiation within
the tumor, notably with focal areas of squamous, sarcoma-
toid and rarely eccrine differentiation [51-56]. In addition,
MCC may arise in association with other distinctive malig-
nancies, most commonly cutaneous squamous cell carci-
noma, which may be either in situ or invasive [53, 56]. The
difference between ‘divergent differentiation’ and a ‘separate
associated malignancy’ typically rests on the extent to which
the second component grows distinctly from the MCC.

Diagnosis of MCC: Immunohistochemical
Features

In general, MCC are positive with antibodies directed against
cytokeratins. The most specific and highly sensitive (>90%)
marker of MCC is cytokeratin 20 (CK20), which is expressed
in a ‘perinuclear dot-like’ pattern (Fig. 2). Additionally,
cytokeratin cocktails (Cam5.2, cytokeratin AE1/AE3) are also
sensitive markers and may similarly manifest with perinuclear
dot-like positivity. Reflecting its neuroendocrine phenotype,
MCC virtually always expresses at least one neuroendocrine
marker, including CD56, chromogranin, synaptophysin,
and neurofilament, and these may also exhibit a perinuclear
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Fig. 1 Merkel cell carcinoma a Scanning magnification reveals a dif-
fuse proliferation of small round blue cells effacing the dermis (H&E,
%20). b The tumor consists of sheets of cells and admixed lympho-
cytes (H&E, x100). ¢ The tumor cells are tightly packed with numer-

dot-like or cytoplasmic pattern of positivity. Finally, MCPyV
may be detected in ~70-80% of MCCs—either by immuno-
histochemical detection of MCPyV large T-antigen expression
in the nucleus and/or cytoplasm of tumor cells.

The immunohistochemical evaluation of a tumor pre-
sumed to be MCC generally includes antibodies for CK20,
neuroendocrine markers (synaptophysin and chromogranin)
as well as pertinent negative epitopes, including melanocytic
markers (some combination of SOX-10, HMB-45, tyrosinase
and MART-1), lymphoid markers (CD45, CD3, CD20) and
TTF-1 to exclude cutaneous metastasis. The relative utility
of these different antibodies will be discussed in the context
of the various differential diagnostic considerations below.

Differential Diagnosis of MCC
Basal Cell Carcinoma

In most cases, the morphologic difference between basal cell
carcinoma (BCC) and MCC is readily apparent by evaluation
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ous mitotic figures (solid arrowheads) and apoptotic bodies (open
arrowheads). The tumor cells exhibit scant pale eosinophilic cyto-
plasm and enlarged oval-irregular nuclei with coarse granular chro-
matin (H&E, x400; inset: H&E, x600)

of H&E stained tissue sections. Like MCC, BCC consists of
variably sized and shaped islands of basaloid cells. However,
whereas MCC shows characteristic ‘neuroendocrine’ (speck-
led or finely granular) chromatin, BCC shows hyperchro-
matic nuclei with smooth to coarse chromatin. BCC often
exhibits a characteristic palisading arrangement of the basal
cells around the periphery of these islands and typically has
an associated mucinous stroma. Further, between the muci-
nous stroma and the basaloid cells, there is often a cleft or
retraction artifact present.

In some cases, however, morphologic overlap between
BCC and MCC may be apparent. Ball and Tanhuanco-Kho
[57] described 30 such cases where MCCs variably exhib-
ited mucinous stroma (93%), stromal retraction (90%), and
peripheral palisading of tumor cells (27%). Immunohisto-
chemical studies are useful in such cases to inform the diag-
nosis. In this regard, CK20 represents the most sensitive
and specific marker, demonstrating positivity (usually in a
peri-nuclear dot-like pattern) in 212/241 MCCs (88% sensi-
tivity), whereas CK20 was reportedly negative in the tumor
cells of all 72 cases of BCC tested to date (100% specificity)
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Fig.2 Immunohistochemical profile of Merkel cell carcinoma Mer-
kel cell carcinoma may show variable perinuclear dot-like positivity
for a Cam 5.2 (x400), b CK20 (x400), ¢ Synaptophysin (also shows

[25, 26, 58-70]. Additionally, McPyV T-antigen by IHC can
only be detected in exceptionally rare cases of BCC (2/88;
2%); thus, the specificity of detecting MCPyV T-ag is high
for MCC [45].

Melanoma

Melanoma can exhibit overlapping morphology with MCC.
In particular, cases with an intraepithelial pattern of growth
and prominent pagetoid scatter may mimic melanoma [50,
71, 72]. For such cases, immunohistochemical studies for
melanocytic antigens are useful. S100 has only rarely been
reported positive in MCC (3/146; 2%) [73-75], while other
melanocytic antigens (MART-1/Melan-A; HMB-45; SOX-
10; MiTF) offer additional support for the diagnosis of mela-
noma, although the prevalence of their expression in MCC
has been largely understudied. The proclivity of melanoma
to exhibit reactivity for cytokeratins poses additional cave-
ats, although positivity for CK20 has not been reported in
melanoma.

Lymphoma/Leukemia

As MCCs often grow as sheets of monotonous mononu-
clear cells, their differential diagnosis often also includes
lymphoma. Immunohistochemical studies for MCC-specific
antigens, including CK20, Cam5.2, chromogranin, and
synaptophysin are generally negative in hematolymphoid

diffuse cytoplasmic; X400), and d Chromogranin (x400). The tumor
cells are negative for TTF-1 (e; x400) and LCA (f; x400)

proliferations. However, recognition that up to 70% of
MCCs (72/103) express TdT [19, 22, 25, 26] and 94% MCCs
(45/48) express the B-cell marker PAX-5 [19, 22] is a critical
pitfall in the differential diagnosis of MCC and lymphoma.
An additional possible pitfall is the co-expression of CD56
in MCC, which may also be expressed in cutaneous lym-
phomas, including extranodal NK/T-cell lymphoma and
blastic plasmacytoid dendritic cell neoplasm. Application
of a broad panel of antibodies is important when the dif-
ferential diagnosis includes a neoplasm of hematolymphoid
lineage, and it is important to recognize the MCC may arise
in association with CLL.

Metastatic Small Cell Carcinoma of the Lung

An additional challenging differential diagnostic challenge
in the skin is differentiating between primary cutaneous
MCC and small cell lung carcinoma (SCLC) metastatic
to the skin. Whereas CK20 is positive in 212/241 MCCs
(~88%), [25, 26, 58-70] only 15/203 (~7%) of SCLC show
CK20-positivity [25, 58, 59, 61, 64, 69]. Furthermore, MCC
has only rarely been reported to express TTF-1 (2/172), [26,
64, 66-69, 76] whereas TTF-1 highlights ~80% of SCLC
(115/145) [25, 64, 66, 69, 76]. Additional informative mark-
ers include MCPyV T-antigen. Of note, B-cell markers
PAX-5 (55%; 22/40) and TdT (28%; 11/40) are expressed
at variable frequencies in SCLC. Detection of MCPyV
sequences by PCR has only rarely been reported in SCLC
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(2/62) [46, 77]. Thus far, the relative frequency of immuno-
histochemical detection of MCPyV T-antigen in SCLC has
not been reported, but would be expected to be low. Other
useful markers include MASH 1, which reportedly exhibited
nuclear positivity in 49/59 SCLC (83%) compared to 0/30
MCCs [76].

Staging MCC

Historically, as many as five different staging systems have
been utilized to stratify risk and prognosis for patients with
MCC [78]. As for most other solid cancers, staging and
prognosis of MCC depend largely on the extent of disease
burden. At presentation, 65% of patients present with local
disease only, 26% of patients present with regional lymph
node metastases, and 8% present with distant metastases [9].
Prognosis in these patients directly reflects the extent of their
disease at presentation. Five year overall survival (OS) rates
are 50.6% for those with disease localized to the primary
site, 35.4% for those with regional lymph node metastases,
and 13.5% for those with distant metastases [9]. These dif-
ferences form the foundation for the currently used TNM
based staging system.

When considering the primary tumor, the two most
important variables that determine patient survival are (1)
tumor size and (2) the extent of anatomic invasion. The
cut-offs for these are applied as follows: pT1 (<2 cm), pT2
(>2 cm, but <5 cm), pT3 (>5 cm) and pT4 (primary tumor
invades the underlying fascia, cartilage, muscle or bone).
Five year OS rates accurately and robustly reflect categoriz-
ing primary MCC according to these criteria: 55.8% (pT1);
41.1% (pT2/pT3) and 31.8% (pT4) [9]. A number of addi-
tional histopathologic features of the primary tumor have
also been studied and shown to correlate with patient sur-
vival and are therefore also reported in pathologic descrip-
tions of the primary tumor. In a study of 156 patients with
MCC, features of the primary tumor that associated with
patient survival in univariate analyses included tumor thick-
ness, tumor size, deepest anatomic level of involvement,
tumor growth pattern, presence of lymphovascular invasion
(LVI), presence of tumor infiltrating lymphocytes and pres-
ence of solar elastosis. In multivariate models, only stage,
tumor thickness, tumor growth pattern and LVI indepen-
dently associated with patient survival. When patients with
negative lymph nodes (confirmed by pathologic evaluation)
were considered in isolation, histopathologic features that
associated with survival included the deepest anatomic com-
partment of involvement, growth pattern of the tumor, and
tumor associated lymphocytic infiltrate [2].

Regional metastases in MCC are described first accord-
ing to whether the lymph node disease (or lack thereof)
was determined by pathologic or clinical evaluation of the
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lymph node basin. In general, outcome is worse based on
the extent of regional nodal disease burden. Some patients
(most often due to other comorbidities) are only staged by
clinical modalities (imaging studies and/or physical exam).
Those with clinically evident lymph node metastases have
the worst prognosis. Patients with clinically negative lymph
nodes may either have clinically occult metastases (i.e.
microscopic metastases requiring pathologic confirmation
but which evade clinical detection) or pathologically con-
firmed negative lymph nodes. Therefore, patients with clini-
cally negative lymph nodes collectively have an intermediate
prognosis. Among patients who do undergo pathologic eval-
uation of their regional lymph nodes, those with pathologi-
cally confirmed lymph node negative disease have the best
prognosis, while survival for patients with pathologically
confirmed lymph node positive (i.e. clinically occult) disease
is slightly worse. Given these findings, sentinel lymph node
biopsy is recommended for staging of patients with MCC
who are “...reasonably healthy...” [9]. In general, both
morphologic assessment together with immunohistochemi-
cal studies are recommended to maximize sensitivity in the
appraisal of SLNs in MCC [79]. An additional important
variable captured in the updated AJCC staging system is
the distinction of patients with regional lymph node disease
without a known primary MCC (Stage IITA) from patients
with clinically evident regional lymph node disease with a
known primary MCC (Stage IIIB). A number of studies have
shown improved prognosis for the former compared to the
latter set of patients, although the reasons underlying this
difference remain unclear [80-82].

Prognostic Biomarkers in Merkel Cell
Carcinomas

In order to improve risk modeling in MCC and to improve
stratification of patient outcomes, a number of studies have
explored various biomarkers as surrogates of patient sur-
vival. High levels of expression of the receptor tyrosine
kinase CKIT in primary MCC showed a trend towards worse
survival compared to patients with low CKIT expression
(p=0.07); however, activating mutations in CKIT have not
been identified in MCC [83, 84]. Additional biomarkers pre-
viously explored in MCC include: nuclear survivin expres-
sion [85]; activating mutations in PIK3CA, a key kinase in
the phosphatidylinositol-4,5-bisphosphate 3-kinase (PI3K)
oncogenic pathway MCC [86]; expression of hedgehog
pathway molecules [87, 88], although hedgehog inhibi-
tors have not shown efficacy against MCC [89]; and mark-
ers of cell cycle and cell proliferation [90, 91]. In general,
MCPyV +MCCs have been shown to have a better prognosis
compared to MCPyV- MCCs [39, 86, 92, 93]—both when
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primary and metastatic lesions are tested [94], although not
all studies agree [95, 96].

p63 as a Prognostic Marker in MCC

However, probably the best studied biomarkers predictive of
patient outcome in MCC is p63 [93, 97-99]. In a series of 47
primary MCCs, p63 positivity (25/47; 53%) associated with
significantly worse survival compared to patients whose
tumors lack p63 expression (22/47; 47%; p <0.0001) [97].
Positivity for p63 does not appear to correlate with squa-
mous differentiation in the tumor cells. The same authors
explored p63 in a larger cohort of 70 patients [98] and found:
(1) patients with p63-positive MCC had a significantly
reduced OS and disease-free survival compared to patients
with p63-negative MCCs; (2) in multivariate analyses, only
p63 and disease stage were independent prognostic indi-
cators; and (3) among patients presenting with early stage
MCC (stage I-II), patients whose tumors were p63-positive
exhibited worse survival compared to those with p63-nega-
tive tumors (p < 0.0001) [98]. However, not all studies have
confirmed this, as Higaki-Mori et al. showed no differences
in survival in their cohort of MCC patients according to p63
expression [93]. In the largest single institution study to date,
[100] Stetsenko et al. showed that among 128 patients with
MCC that p63-positivity (together with stage) was indeed
an independent predictor of adverse MCC-specific survival.
However, when patients were grouped according to their
stage at presentation, p63 expression did not distinguish
patient outcomes within the distinct stage groups, and p63
expression itself did not appear to differ among the clinical
stage groups. Thus, to the extent that stage information is
known at the time of diagnosis, the prognostic utility of a
standardized p63 assessment remains controversial [100].

The Immune System as a Biomarker in MCC

The relationship between the integrity of the immune system
and the propensity to develop MCC is well established [3,
13—15]. The impact of chronic immune suppression on MCC
patient survival was demonstrated in a landmark study from
Paulson et al. [101] who showed that (1) among 471 patients
with MCC those with immune suppression (n=41; 40% at
3 years) showed shorter MCC-specific survival compared
to immune competent patients (n=430; 74% at 3 years)
and (2) immune status was a stage-independent predictor
of MCC specific survival as immune suppressed patients
had reduced MCC specific survival compared to immune
competent patients regardless of whether they presented
with localized disease, regional lymph node metastases or
distant metastases.

The components of the immune system driving prog-
nosis was first investigated by Paulson et al. [102] who

performed gene expression studies on a series of 35 MCCs
and showed that CD8 + T-cell associated gene expression
(in particular, CD8A and granzyme) was highest among
patients with better MCC outcomes. High intratumoral
CD8 + T-cell infiltration was independently associated with
improved outcomes in univariate and multivariate analyses
in a validation cohort of 146 primary and metastatic (nodal
and distant) MCCs [102]. An assessment of the immune
infiltrates in 116 MCCs revealed that higher densities of
tumor-associated CD3 4+ T-cells correlated with improved
patient survival [103]. Feldmeyer et al. [104] applied
automated image analysis and showed that the density of
CD3 +and CD8 + T-cells at the tumor periphery robustly
associated with OS in a series of 62 primary MCCs, and
higher densities of CD8 + T-cell along the tumor periphery
further correlated with longer DSS. The impact of the T-cell
infiltrate was most pronounced among MCPyV + but not
MCPyV- MCC [104]. Together, these findings establish the
tumor-associated T-cell infiltrate as a powerful prognostic
biomarker in MCC.

Mutational Signature of MCC Depends
on MCPyV Status

Wong et al. [105] subjected 32 MCCs (including 13
MCPyV +and 21 MCPyV- tumors or cell lines) and Harms
et al. [106] subjected 16 MCCs (including 7 MCPyV + and
9 MCPyV- tumors) to DNA sequencing to determine differ-
ences and/or similarities between the mutational signature of
MCPyV +and MCPyV- MCCs (Fig. 3). Several fundamen-
tal observations emerged from these seminal studies. First,
MCPyV- MCC carry a significantly higher mutational bur-
den compared to MCPyV +MCC. Second, the vast major-
ity of those mutations are UV-signature mutations. Third,
the most common mutations observed in MCPyV- MCCs
included mutations in tumor suppressor genes including
TP53, RB, and NOTCH family members. Together, these
studies establish a dichotomous molecular genetic para-
digm for MCC development: MCPyV- tumors driven by
the progressive accumulation of UV-induced somatically
acquired mutations and MCPyV + tumors driven by infec-
tion and integration of the MCPyV and expression of onco-
genic LT-ag and ST-ag proteins [29, 105, 106]. It is worth
emphasizing that in geographic regions with lower UV
exposure, most MCCs are driven by MCPyV. In contrast,
countries with high UV exposure have a higher incidence
of MCPyV-negative MCCs, which are typified by a high
burden of UV-induced DNA mutations [107]. To the extent
that combined SCC/Merkel cell carcinomas are negative for
MCPyV [41, 108-110], their mutational background gen-
erally resembles histopathologically ‘pure’ MCPyV-MCC
[111]. Furthermore, cytokeratin 20-negative MCCs exhibit
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MCPyV+ MCC

Viral proteins bind to and
abrogate RB and interfere
with TP53 related pathways

* Relatively few
mutations

* Viral proteins drive
MCC

* Prognosis may be
better

* Related to
immunosuppression

Fig.3 Models for Merkel cell carcinomagenesis. Left: Merkel cell
carcinoma polyomavirus (MCPyV) infection and expression of long
T-antigen and short T-antigen abrogate RB functions directly and
interfere with TP53-dependent pathways. Immunohistochemical
studies for MCPyV T-antigen highlight T-antigen in the tumor cells

mutational profiles that ultimately reflect their MCPyV sta-
tus (similar to the above studies): namely, an enrichment
in UV-signature mutations impacting tumor suppressors
(TP53, RB) and oncogenes (PIK3CA) in MCPyV- compared
to MCPyV + tumors. In addition, CK20-negative MCCs
additionally harbor mutations in TET2, APC, and BAPI—
not previously described in CK20-positive MCCs [112].
These observations are further supported by analyses of
the MCC transcriptome [113]. Harms et al. applied DNA
microarrays to determine the gene expression profiles of
30 MCC (including 12 MCPyV +and 14 MCPyV- tumors)
from 27 patients and showed (1) distinct patterns of gene
expression in MCC compared to other primary cutaneous
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MCPyV- MCC

UV-induced mutational
inactivation of TP53 and RB

e Higher burden of
UV-induced
mutations

* Prognosis may be
worse

¢ Tumors with
divergent
differentiation
common

(x100). Right: In MCPyV-negative MCCs, the accumulation of UV-
induced mutations (most commonly affecting TP53 and RB) contrib-
ute to tumor development. Immunohistochemical studies for MCPyV
T-antigen are negative in the tumor cells (x100)

carcinomas and (2) distinct patterns of gene expression
in MCPyV + compared to MCPyV- MCCs. In particu-
lar, MCPyV- MCCs showed upregulation of Notch and
receptor tyrosine kinase signaling pathways compared to
MCPyV +MCCs [113].

Therapies for Merkel Cell Carcinoma

Surgical excision of the primary tumor remains the main-
stay of treatment for patients with local/regional MCC
[114]. Additional front line management strategies depend
on the presence of absence of clinically detectable lymph
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node disease. For patients with clinically detectable regional
lymph node metastases, options include completion lym-
phadenectomy and/or adjuvant radiation therapy. For
patients without clinically evident regional lymph node dis-
ease, sentinel lymph node (SLN) biopsy (SLNB) performed
at the time of surgical excision of the primary MCC is rec-
ommended for staging and to direct subsequent manage-
ment. Patients with negative SLN typically receive radia-
tion to the primary site and the regional lymph node basin.
Patients with positive SLN typically proceed to completion
lymphadenectomy and/or radiation therapy [27, 29], as MCC
is responsive to radiation therapy. The benefit of radiation
therapy in early stage patients was established in a study of
4843 patients with localized MCC (stage I/II disease). For
those patients, surgical excision followed by adjuvant radi-
ation therapy independently correlated with improved OS
compared to surgery alone, whereas in patients with regional
nodal metastases (n=2065), adjuvant radiation therapy or
chemotherapy did not correlate with improved OS [115].
Radiation therapy is also reserved for treatment of patients
who are not good surgical candidates or as a palliative meas-
ure in patients with inoperable tumors [116].

Patients with systemic involvement by MCC historically
have had relatively few efficacious options. Although MCC
is sensitive to many chemotherapeutic agents including vary-
ing combinations of cisplatin, carboplatin, etoposide, taxols
(including paclitaxel/docetaxel) and anthracylcines (includ-
ing doxorubicin), responses have not been shown to be dura-
ble, and a clear survival benefit has not been demonstrated
[27, 29]. Most of these are applied in MCC based on its
morphologic similarity to small cell lung carcinoma (and the
susceptibility of the latter to these agents). Based on muta-
tional studies, somatically acquired mutations occasionally
activate the phosphatidylinositol-3 kinase (PI3K) pathway,
[105, 106] thus indicating the potential therapeutic utility of
PI3K pathway inhibitors in MCC [28].

The abundance of neoantigens in MCC (either in the form
of virally encoded proteins in MCPyV-positive cases or in
the form of numerous UV-driven mutations in MCPyV-neg-
ative tumors) [27, 29, 105, 106] the increased susceptibility
to develop MCC in immunosuppressed populations and the
close relationship between the density and composition of
the tumor associated immune infiltrate and patient survival
together strongly implicate the susceptibility of MCC to
immune checkpoint blockade therapy. In the first clinical
trial, 26 previously untreated patients with advanced MCC
were given the PD-1 inhibitor pembrolizumab [117]. The
objective response rate was 56%, including 4 patients who
had a complete response and 10 who had a partial response.
In a second trial, 88 patients with stage IV chemotherapy-
refractory MCC (i.e. they had failed prior chemotherapy)
were given the PD-L1 inhibitor avelumab with an objec-
tive response rate of 31.8% (28 of 88 patients—including 8

complete responders and 20 partial responders) [118]. Given
the efficacy of avelumab in chemotherapy-resistant meta-
static MCC resulted in its FDA approval for MCC. Addi-
tional reports of isolated patients with MCC who had clini-
cal responses to checkpoint blockade have been described
[119, 120]. Of note, thus far, responses to immune check-
point blockade were not associated with either MCPyV
status or PD-L1 expression in the tumor cells, and there is
a critical unmet need to identify biomarkers predictive of
response in MCC.

Summary and Future Directions

Merkel cell carcinoma is an aggressive, high grade neu-
roendocrine carcinoma of the skin that continues to present
formidable diagnostic and clinical challenges. Recognition
of its distinctive histopathologic and immunophenotypic
features facilitates accurate diagnosis. Refinements to the
staging system have improved patient risk stratification.
The identification of molecular-genetic drivers has greatly
improved understanding of pathogenesis. Together with the
recognition of the intricate relationship between MCC and
the host immune system, these observations have culminated
in potentially efficacious therapies, and the identification of
informative biomarkers predictive of response will facilitate
tailored management strategies accordingly.
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