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Abstract: Merkel cell carcinoma (MCC) is a relatively uncommon, neuroendocrine, cutaneous
malignancy that often exhibits clinically aggressive features and is associated with a poor pro-
gnosis. It typically presents as a painless, rapidly enlarging, dome-shaped red or purplish nodule
in a sun-exposed area of the head and neck or upper extremities. Our understanding of MCC has
increased dramatically over the last several years and the pathogenesis continues to be an area
of active research. The etiology is likely multifactorial with immunosuppression, UV-induced
skin damage, and viral factors contributing to the development of MCC. The recent discovery
of Merkel cell polyomavirus has allowed for at least one aspect of disease development to be
much better understood. In most cases, treatment consists of wide local excision with adjuvant
radiation therapy. The role of chemotherapeutics is still being defined. The recent advancement
of knowledge regarding the pathogenesis of MCC has led to an explosion research into novel
therapeutic agents and strategies. This review seeks to summarize the current body of literature
regarding the pathogenesis of MCC and potential targets for future therapies.
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Introduction

Friedrich Sigmund Merkel first described “Tastzellen”, or touch cells, in the skin
in 1875." These cells would later become known as Merkel cells. Merkel cells are
epithelial cells that form a complex with sensory neurons at the epidermal-dermal
junction, but their role as sensory cells has been debated for years. Recent studies
confirm that Merkel cells are mechanosensitive and required for appropriate afferent
nerve fiber stimulation.?

Merkel cell carcinoma (MCC) is a relatively uncommon, neuroendocrine, cutaneous
malignancy that often exhibits clinically aggressive features and is associated with a
poor prognosis. Toker, in 1972, described trabecular carcinoma of the skin.® Six years
later, Tang and Toker suggested that trabecular carcinoma originated from Merkel cells,
which ultimately gave rise to the term MCC.* MCC typically presents as a painless,
rapidly enlarging, dome-shaped red or purplish nodule in a sun-exposed area of the
head and neck or upper extremities.>” The acronym AEIOU is used to summarize the
classic clinical characteristics of MCC (Asymptomatic, Expanding rapidly, Immune
suppression, Older than 50 years of age, UV exposure on fair skin).® The clinical pre-
sentation is frequently mistaken for basal cell carcinoma, amelanotic melanoma, or
other cutaneous malignancies. Risk factors include male sex, increased age, fair skin,
previous malignancies, UV light exposure, and immunosuppression (specifically, HIV
or organ transplantation).®'> There is a tendency for early and frequent locoregional
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metastases and recurrence, and the majority of patients die
from distant metastases.® Non-sun-exposed MCC variants
have been described, and they tend to be associated with
even worse survival.'?

The incidence of MCC is estimated to be approximately
0.3-0.6/100,000 in the US, and it appears to have been
increasing over the last few decades.'>!*' Data from the
SEER database indicate that in 1986, the incidence was
0.15 cases per 100,000 in the US. However, in 2001, the
incidence was noted to be 0.44 cases per 100,000.'7 During
this time period, the incidence was estimated to increase by
8% annually.'® It is unclear whether this trend is due to an
increasingly aged population or increased awareness and
diagnosis of the disease.' It is noted that the introduction
of CK-20 as a diagnostic tool for detecting MCC preceded
the time period of increasing incidence.'*" The incidence of
MCC in Denmark from 1995 to 2006 appears to be slightly
lower at 2.2 cases per million person years.?’ Secondary to its
rarity, it is difficult, if not impossible, to conduct controlled
trials to define optimal treatment regimens for MCC, and
prospective, randomized data guiding the management of
MCQC are lacking.

Pathogenesis
In 2008, Feng et al identified the Merkel cell polyomavirus
(MCPyV).2! MCPyV is part of normal skin flora and is a
nearly ubiquitous infection in adults.?? Infection likely occurs
during childhood via close contact though the exact mode of
transmission remains unknown.?>? The infection appears to
be asymptomatic?* and to persist throughout life as antibod-
ies can be detected for decades after infection.” The level
of anti-MCPyV antibodies correlates with the overall viral
load in the skin.?®* While MCPyV is a common infection in
healthy individuals, MCC remains relatively uncommon with
an estimated three cases occurring per million people.!'*?"2
The oncogenesis of MCC was historically poorly under-
stood; however, more recent technology has allowed viral
and molecular oncogenic mechanisms to be elucidated. Our
understanding of MCC has increased dramatically over
the last several years and continues to be an area of active
research. The etiology is likely multifactorial with immuno-
suppression, UV-induced skin damage, and viral factors con-
tributing to the development of MCC. However, the recent
discovery of MCPyV has allowed for at least one aspect of
disease development to be much better understood.
MCPyV belongs to the human polyomavirus (HPyV)
family. HPyVs share a common morphology, and all are
non-enveloped, double-stranded DNA viruses. Generally, the

genome of HPyVs can be divided into three functional parts:
noncoding control region, early gene region, and late gene
region. The noncoding control region contains the transcrip-
tion start sites and promoter elements. The early gene region
encodes small T antigen (ST) and large T antigen (LT). The
late gene region encodes capsid proteins VP-1, VP-2, and
VP-3.% Typically, HPyVs cause subclinical infection and
only progress to extensive disease in those who are immu-
nocompromised. Among the HPyVs, MCPyV is unique in
its association with a cancer, MCC.?* Feng et al found that
MCPyV was integrated into the human genome in specimens
of MCC, and it is estimated that between 66% and 80% of
MCC specimens are positive for MCPyV.2'*° Clonal integra-
tion was found in both primary and metastatic specimens,
suggesting that integration occurs prior to dissemination
supporting the theory that MCPyV is involved in the onco-
genesis of MCC. MCPyV encodes LT and ST;* both are
independently required for tumor survival and proliferation.*!
LT targets pocket proteins regulating the cell-cycle transit
including pRB, p107, and p130. A critical downstream result
of this is activation of survivin, an important mediator for
cancer cell proliferation.*? Interestingly, MCPyV mutations
resulting in premature truncation of LT are demonstrated
as a consistent feature in MCPyV-derived MCC. The muta-
tion prevents the inactivation of p53 tumor suppressor but
maintains the interaction between LT, HSC-70, and pRB.3
ST activates cap-dependent translation regulator, 4E-BP1,
and appears to be the major transforming oncogene.? These
oncogenic mechanisms continue to be investigated to further
understanding of this deadly disease.

Currently, detection of active MCPyV infection is based
primarily on polymerase chain reaction (PCR) amplification
of viral DNA. However, a recent study demonstrated the use
of fluorescence in situ hybridization (FISH) to determine the
quality of viral presence within individual MCC cells. The
study found similar rates of MCPyV positivity in MCC when
comparing FISH with PCR. Using FISH, the authors detected
two different intracellular patterns: punctate and diffuse.
The punctate pattern correlated with an integrated MCPyV
genome, while the diffuse pattern indicated an episomal
presence of the genome. The detection of current or past
exposure to MCPyV is based on the detection of anti-MCPyV
antibodies by enzyme-linked immunosorbent assay.** Anti-
VP1 antibodies are detected in many MCC patients, and
anti-LT may be particularly useful for identifying MCPyV
within MCC and for detecting tumor recurrence.?®-

Despite the improvement in detection methods for MCPyV
infection, the effect of MCPyV positivity on prognosis in
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MCC has yet to be determined.?* MCPyV-negative and
MCPyV-positive MCC may be distinct entities. Recent
studies suggest that MCPy V-positive variants are associated
with better prognosis,* and differences in miRNA expression
between MCPyV-positive and MCPyV-negative MCC have
been described.* It is possible that MCPyV-negative MCC
arises from UV-induced DNA damage®” or that MCPy V-
negative MCC is initially induced by MCPyV, but tumor
cells lose or eradicate the MCPyV genome after this induc-
tion (the “hit-and-run” hypothesis).*® MCC cell lines are
divided into two groups (classic and variant) and further
categorized based on morphology. It was hypothesized that
MCPyV positivity was associated with the classic form of
MCC. However, recent studies demonstrate MCPyV nega-
tivity in classic cell lines. Additionally, differing levels of
MCPyV are seen in various MCC cell lines. There does not
appear to be a simple relationship between cell morphology
and MCPyV positivity or copy number. Interestingly, all
MCPy V-positive cell lines were found to contain a premature
stop codon resulting in the aforementioned truncated LT.*
It appears that a sequential number of events may be required
for the development of MCC. First, MCPyV integrates into
the human domain. Second, expression of T antigens leads
to unlicensed viral replication. Third, mutations in the viral
domain result in the prevention of viral replication and virion
formation conferring protection to the cancer cells from
immune targeted destruction.?>4°

The molecular mechanisms underlying viral replication
and cancer development in MCC continue to be an area of
ongoing research. The replication cycle of MCPyV has yet
to be elucidated as it has been impossible to cultivate the
virus.?® The functional domains of MCPyV LT have been
examined. In order for LT to function appropriately, it must
be localized in the nucleus. However, a previously identified
nuclear localization motif is nonessential to this localiza-
tion process. Furthermore, LT interaction with HSC-70 is
required for growth promotion and induction of E2F target
genes.*! LT reduces the expression of Toll-like receptor 9, a
key receptor in the innate immune response, via downregula-
tion of the C/EBP transactivator providing a mechanism by
which MCPyV may subvert the innate immune system.*> ST
expression downregulates NF-kB-targeted transcription via
interactions with the regulatory protein NEMO, cytoplas-
mic kinase kB, and cellular phosphatases PP4c and PP2A
AP. These interactions prevent the nuclear translocation of
NF-xB resulting in the downregulation of a number of genes
involved in the innate immune response. These findings
may at least in part explain how MCC subverts the immune

response, persists, and replicates within host cells.* Similar to
other human tumor viruses, cell-mediated immune response
appears to be critical in suppressing MCC. Lending support
to the importance of cell-mediated immunity is the increased
risk for MCC in HIV infection and post-transplant patients.
Additionally, the increased risk seen in elderly patients may
be due to age-related loss of cell-mediated immunity.?

ST expression induces microtubule destabilization
by affecting the phosphorylation status of stathmin, a
microtubule-associated protein, via interactions with cellular
phosphorylase subunits. Microtubule destabilization may
result in an increasingly mobile and possibly metastatic
phenotype. Consequently, chemotherapeutics stabilizing
microtubules or targeting stathmin expression may offer
novel therapeutic approaches to the treatment of MCC.*

MCPyV has been detected by PCR in other non-melanoma
skin cancers including squamous cell carcinoma, basal cell
carcinoma, and Bowen disease in immunocompromised
patients further confusing the picture in terms of the signifi-
cance of MCPyV infection in MCC.* However, MCPyV
DNA loads are typically much lower in non-MCC cutaneous
neoplasms than in MCC, and MCPyV LT is not detected in
non-MCC cutaneous neoplasms.* The presence of MCPyV
has been sought in various other cancers including small
cell lung carcinoma,*” melanoma, ovary, breast, bowel,*
but has not been identified. Consequently, MCPyV is only
linked to tumorogenesis in MCC.?* There appear to be ethnic
and geographical differences in MCPyV infection. MCPyV
is seen in MCC in Korean and Japanese patients.**>* The
Japanese strains appear to be distinct from the Caucasian
strains.’! Further, there may be geographically related strains
of MCPyV spanning five continents.>

Certainly, there remain a large number of unanswered
questions regarding the pathogenesis of MCC, and the
recognition of multiple variants indicates the need for
further research to determine the impact of MCPyV, UV-
induced skin damage, cell variants, molecular mechanisms,
and immunologic microenvironment in the development,
behavior, and prognosis of MCC. This understanding will
drive the development of therapeutic strategies for MCC in
the future.

Histopathology

The histopathologic pattern of MCC is a localized, dermal
proliferation of uniform, small blue cells with scant cyto-
plasm and a high mitotic rate (Figures 1 and 2). Ultrastructur-
ally, cells are characterized by neurosecretory (dense core)
granules, cytoplasmic processes, and intermediate filaments
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Figure | Hematoxylin and eosin slide 2x10, Merkel cell carcinoma.

Notes: Dermal proliferation of small round blue cells with a trabecular and organoid
architecture. The demarcation between the tumor and the epidermis, the so-called
“Grenz zone”.

surrounding medium-sized nuclei.®!'>5* Approximately
80%—90% of MCC specimens are positive for cytokeratin
20 (CK20), which stains in a classic para-nuclear dot-like
distribution.'>1** CK20, along with other immunohistochem-
ical markers including synaptophysin, chromogranin A,
thyroid transcription factor-1 (TTF-1), HMB 45, and S100
help distinguish MCC from other tumors such as melanoma,
lymphoma, and cutaneous metastases of small cell carcinoma
of the lung. MCC typically stains positively for synaptophysin
and chromogranin A and negatively for TTF-1.!8:26:54-60
MCC is often difficult to distinguish from other neu-
roendocrine carcinomas. MCC has been noted to occur in
the submandibular gland and to arise from nasal mucosa.®'%
Neuroendocrine salivary carcinomas are rare. They are

» 61

divided into “Merkel cell type” and “pulmonary type”.

Figure 2 Hematoxylin and eosin slide 40x 10, Merkel cell carcinoma.

Notes: Neoplastic cells show scant amphophilic cytoplasm, uniform basophilic
nuclei, dispersed stippled nuclear chromatin, and inconspicuous nucleoli. Increased
mitotic activity is also seen.

CK20 can aid in distinguishing between these types as
CK20 positivity is a strong predictor of MCC.® However,
cases of primary submandibular MCC negative for CK20
are reported.®’ Small cell carcinoma of the parotid is a rare
diagnosis that warrants mention as it is extremely difficult to
differentiate from MCC. In fact, it may represent a metastasis
from an occult or regressed cutaneous MCC. Similar to MCC,
small cell carcinoma of the parotid stains positive for CK20
(in a para-nuclear dot-like pattern), neuron-specific enolase,
and chromogranin A. While MCC typically stains negative
for TTF-1, the staining pattern for this marker in small cell
carcinoma of the parotid is less clear. MCPyV positivity
was useful as a distinguishing feature, but recently a study
demonstrated MCPyV positivity in small cell carcinoma
of the parotid. It is unclear whether these cases represent
metastasis from occult cutaneous MCC or whether MCPyV
plays an oncogenic role in the parotid gland.**

Prognostic factors
Several factors related to MCC are associated with poorer
survival outcomes. Advanced age (>75 years), male sex, lip
primary site, tumor extension beyond the dermis, increas-
ing tumor size, and positive margins are associated with
reduced survival.”%> Additionally, high mitotic figure count
is associated with worse survival, and the immunodetection
of mitotic figures in combination with G2+ tumor nuclei
with histone-associated mitotic marker H3K79me3T80ph
is shown to be a significant predictor of impaired survival
when compared to G2+ tumor nuclei with histone-associated
mitotic marker phosphohistone H3 and manual mitotic figure
count alone.®

Regarding immunosuppression, studies show that worse
outcomes are seen with immunosuppressive states and
vitamin D deficiency.”-*® Behr et al recently found that the
presence of CD3, CD4, CDS8, CD8/CDA4 ratio, CD68-positive
cells, neutrophils, or the presence of PD-L1-positive immune
cells within the tumor or in the tumor periphery were not
associated with overall or recurrence-free survival. However,
they noted that the presence of tertiary lymphoid structures
within the tumor was associated with increased recurrence-
free survival.® This is in contrast to a previous study that
demonstrated better survival with increased number of
infiltrating T-cells.™

As with many head and neck malignancies, both locore-
gional and distant nodal metastasis are respectively and inde-
pendently associated with poorer disease-specific survival.”¢
Other work indicates that positive sentinel lymph nodes are
associated with increased local recurrence rates.”’’”> While
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Smith et al also found that the presence of multiple positive
nodes did not independently predict disease-specific survival
when positive nodes were found,” a recent study found that
the number of positive nodes was inversely correlated to the
5-year survival.” Lack of histopathologic nodal evaluation
is also associated with worse survival when compared with
pathologically proven negative nodes.”’ This data indicates
that pathologic evaluation of nodal metastasis should be
considered in all cases of MCC.

Nodal evaluation

Patients with clinically positive nodal metastases in the
setting of MCC should undergo fine needle aspiration for
pathological confirmation, and those with confirmed disease
should undergo surgical resection of the nodal basins. It is
currently recommended that patients who are clinically node
negative undergo a sentinel lymph node biopsy (SLNB)
in addition to management of the primary lesion.”” SLNB
will detect nodal metastases in approximately one-third of
patients who are clinically node negative, and locoregional
recurrence rate is greatly increased in the event of positive
SLNB.”® SLNB is preferable to elective neck dissection as it
has decreased postoperative morbidity and superior shoulder
function.”

Imaging
There is no standard imaging algorithm recommended for
MCC." Peloschek et al recommend ultrasonography as the
initial imaging modality to assess for nodal metastasis, as it
is cost effective.”® However, computed tomography (CT) is
routinely used for this purpose as well. CT is more effective
in assessing nodal status than magnetic resonance imaging
(MRI).” Positron emission tomography (PET)/CT has similar
sensitivity and specificity as conventional imaging when
assessing lymph-node involvement”” and is recommended
by some as first-line imaging for MCC.% In the event of
negative imaging, Enzenhofer et al recommend SLNB and
neck dissection as the morbidity of neck dissection is low
and the information obtained has high diagnostic and preven-
tive value.’ However, the National Comprehensive Cancer
Network (NCCN) guidelines recommend SLNB alone in this
circumstance. In patients with positive nodes or suspected
metastases, CT, MRI, or PET/CT can be obtained as all have
been shown to adequately detect MCC.78:81-86

Enzenhofer et al suggest routine follow-up imaging to
include chest radiograph and CT of the head and neck at
3 months posttreatment, chest radiograph and ultrasound
at 6,9, 15, 18, 21, and 30 months posttreatment, and chest

radiograph, CT head and neck, and MRI head and neck each
year after treatment.®® It would be reasonable to substitute
PET/CT for CT at 3 months posttreatment and each year
after treatment.”

Staging

In 2010, a consensus staging system for MCC was introduced
by the American Joint Commission on Cancer. In summary,
stage I includes those with primary tumor size =2 cm, while
stage Il includes those with primary tumor size >2 cm. Stages I
and II are further classified as A or B based on pathological
evaluation for nodal disease. Cases in which lymph nodes
were pathologically evaluated are considered either [A or
ITA, while cases in which there was no pathological evalu-
ation are considered either IB or IIB. Positive nodal disease
is considered stage III. Stage III is also further classified as
A or B based on the method by which nodal disease was
discovered. Those discovered on pathological examina-
tion alone are considered I1IA, while those appreciated on
clinical or radiological evaluation are considered I1IB. Any
distant metastasis is considered stage IV.”> A number of
potential prognostic factors including antibodies to MCPyV
capsid proteins or T-antigen oncoproteins, the presence of
lymphovascular invasion, the level of immune suppression,
the presence of tumor-infiltrating lymphocytes, unknown
primary, and p63 expression may be incorporated into the
staging algorithm in the future.®’

Treatment

Multidisciplinary treatment is essential to deliver optimal
care to patients with MCC.”*#® Treatment consists of wide
local excision with or without adjuvant therapy depending
on the size of the primary lesion and stage of disease. There
is controversy regarding the ideal margin width, and the
NCCN guidelines recommend 1-2 ¢cm margins when fea-
sible. Studies show no difference in recurrence-free survival
based on the size of surgical margin.***® Mohs micrographic
surgery has been proposed as an alternative to wide local
excision.”** Among the benefits of Mohs micrographic
surgery are tissue conservation and identification of tumors
that would otherwise require extremely wide excision
margins.”* Nevertheless, surgical resection of MCC with
negative margins is the preferred primary modality of therapy
when possible. Positive nodal disease should be treated with
neck dissection and adjuvant radiotherapy.®*** In the event
of pathologically confirmed negative nodes, patients at high
risk for locoregional recurrence should have neck dissection
and/or radiotherapy of nodal basins.”

OncoTargets and Therapy 2015:8
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Radiation therapy can be considered for primary therapy
in patients who are not surgical candidates.’>”” Veness and
Howle reported a 5-year overall survival of 40% using radio-
therapy alone (50-55 Gy) in a cohort of 41 patients.”® With
positive margins, definitive radiotherapy is an alternative to
re-resection and results in less treatment delay.”

Postsurgical adjuvant radiation is often indicated in the
treatment of MCC and is shown to improve outcomes. In
the only randomized, prospective trial concerning adjuvant
radiation, Jouary et al found that adjuvant radiation signifi-
cantly reduced the probability of regional recurrence but did
not affect overall survival.'” A number of other studies note
either lower recurrence rates’!°"1% or improved survival
with adjuvant radiation.®>101196.107 A gystematic review of lit-
erature found that adjuvant radiation resulted in significantly
higher 3-year local control rate, decreased recurrence rate,
and improved 1- and 3-year overall survival rates, and that
adjuvant chemotherapy did not offer any added benefit to
adjuvant radiation.'® Fang et al using data from the SEER
database, found similar cause-specific survival in patients
with MCC <1 cm with no nodal metastases when comparing
surgery alone to surgery with adjuvant radiation.'® Addi-
tionally, Ellis and Davis propose that adjuvant radiotherapy
be considered optional in patients with the lowest risk of
locoregional recurrence (immunocompetent patients with
primary tumor =1 cm with no adverse histologic features,
clear margins, and pathologically negative nodes). The rel-
evant studies related to radiation therapy for MCC are sum-
marized in Table 1. However, more research needs to define
specific prognostic factors that determine ideal candidates
for withholding adjuvant radiotherapy.’*

The use of chemotherapy is less well defined for MCC.
Chemotherapy is currently used in advanced stage MCC
and as palliative therapy. There is no standard choice of
chemotherapeutic agent. A variety of groups have used

chemotherapy regimens based on treatments for lung small
cell carcinoma as it is noted to have similar neuroendocrine
properties to MCC. Often, there is initial regression, but
recurrences develop within 4—15 months.'?!'11% A recent
retrospective study found that adjuvant chemoradiotherapy
resulted in improved overall survival when compared with
adjuvant radiotherapy in patients with positive margins, tumor
size at least 3 cm, and male sex.® Other studies suggest that
the effect of adjuvant chemotherapy on recurrence is unclear
or that there is no significant improvement in survival when
compared with adjuvant radiation therapy.’®!"*-12! Eng et al
retrospectively reviewed 85 cases of MCC. They found that
adjuvant therapy did not affect survival, and those treated
with adjuvant radiation had a similar recurrence rate as those
treated with adjuvant chemoradiotherapy. They concluded
that the role of adjuvant chemotherapy was unclear, though
they only had a small number of patients in the chemotherapy
group.!’” One study found that adjuvant chemotherapy was
actually associated with worse survival.'?! Currently, the
literature on chemotherapy use in MCC is inadequate to
suggest routine use.'?* 22 However, palliative brachytherapy
offers good palliation without affecting disease or overall
survival.'”® The relevant studies related to chemoradiotherapy
for MCC are summarized in Table 2.

Potential therapies

With the recent discovery of MCPyV and the elucidation
of molecular pathways instrumental in the development
of MCC, there has been an explosion of research into new
therapeutic options for the disease. A recent gene expression
analysis comparing MCPyV-positive MCC, MCPyV-negative
MCC, and normal Merkel cells identified a number of differ-
ences in the gene expression profile. Downregulated genes
were primarily involved in immune function. One of the
few distinguishing factors between MCPyV-negative and

Table | Key studies assessing recurrence and survival with adjuvant radiation therapy for Merkel cell carcinoma

Authors Study type n Conclusion

Gillenwater et al® Retrospective 66 Reduced recurrence rate but no survival difference with adjuvant radiation
Kokoska et al'' Retrospective 35 Reduced recurrence rate and improved survival with adjuvant radiation
Meeuwissen et al'% Retrospective 80 Reduced recurrence rate with adjuvant radiation

Lewis et al'® Systematic review 1,254 Reduced recurrence rate and improved survival with adjuvant radiation
Jabbour et al'™ Retrospective 82 Reduced recurrence rate and improved survival with adjuvant radiation
Chen et al®® Retrospective 4,815 Improved survival with adjuvant radiation

Mojica et al'% Retrospective 1,665 Improved survival with adjuvant radiation

Veness et al'” Retrospective 86 No change in recurrence rate but improved survival with adjuvant radiation
Jouary et al'® RCT 83 Reduced recurrence rate but no change in survival with adjuvant radiation

Hasan et al'® Systematic review 4,475

Reduced recurrence rate and improved survival with adjuvant radiation

Abbreviation: RCT, randomized controlled trial.
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Table 2 Key studies assessing recurrence rate and survival with adjuvant chemoradiotherapy for Merkel cell carcinoma

Authors Study type n

Conclusion

Voog et al'"* Retrospective 101

Overall response rate for chemotherapy is 61%
Improved survival with adjuvant chemoradiotherapy when compared with surgery alone;

improved survival for adjuvant chemoradiotherapy when compared with adjuvant

radiotherapy for males, tumors >3 cm, and positive margins

No change in recurrence rate but reduced survival for adjuvant chemotherapy

on univariable analysis

Reduced recurrence for adjuvant chemoradiotherapy compared with surgery alone

but no change in survival between surgery alone, adjuvant radiotherapy, or adjuvant

chemoradiotherapy

Chen et al®® Retrospective 4815
Allen et al'?! Retrospective 251
Eng et al'”? Retrospective 85
Eng et al'® Retrospective 46
Hasan et al'® Systematic review 4,475

alone

Improved survival in those with recurrence for adjuvant chemoradiotherapy
Improved survival with adjuvant chemoradiotherapy when compared with surgery

MCPyV-positive MCC was the increased expression of cell
adhesion molecules seen in MCPyV-negative MCC.!** No
definitive conclusions could be drawn; however, the study
identifies a number of genes and pathways that can be further
evaluated in the search for novel treatment strategies. Both
antiviral and immune-modulating therapeutic options are
being explored. A mouse model demonstrates the potential
benefit of vaccination for MCPyV.!?> MCC specimens show
upregulated vascular endothelial growth factor receptor,'*
platelet-derived growth factor receptor (PDGFR),'?” and
KIT,!?# 13! a tyrosine kinase receptor similar to PDGFR,
which have been shown to stimulate growth in MCC
in vitro.!* Pazopanib, a tyrosine kinase inhibitor acting
against vascular endothelial growth factor receptor and
PDGFR, is being explored as a potential treatment option.
Similarly, imatinib mesylate, a tyrosine kinase inhibitor tar-
geting KIT, has been investigated. Unfortunately, a phase 11
clinical trial was prematurely discontinued as imatinib failed
to show sufficient effects on progression-free and overall
survival (only one of 23 patients showed partial response, and
many patients demonstrated rapid progression).'*® Somatosta-
tin receptors are also upregulated in MCC. Unfortunately,
somatostatin analogs have shown poor results in terms of
response or time to recurrence.'** '3 As mentioned previ-
ously, survivin is upregulated in MCC. As a result, YM 155,
a survivin inhibitor, is currently being tested for efficacy in
MCC and has improved survival in mice with MCC.*
There have been reports of spontaneous regression of
MCC"137 and case reports of MCC development during
tumor necrosis factor-alpha inhibitor use."**!** Reconstitu-
tion of cell-mediated immunity and loss of cell-mediated
immunity may be responsible for these events, respectively.?
T-cell infiltration may play a role in spontaneous regression
as an increased number of lymphocytes have been noted
surrounding tumor nests in regressing MCC compared with

non-regressing MCC.'*° Previously, it was considered that a
biopsy might induce a T-cell response resulting in regression;
however, more recent studies fail to demonstrate an increase in
CDS8 T-cell infiltration after biopsy.'*! The role of the immune
system has led to research into immune-modulating drugs as
potential therapeutic options for MCC. Interferon therapy
has been reported but to date has been unsuccessful.!#>!143
Imiquimod has been topically applied in conjunction
with radiotherapy resulting in a complete response lasting
7 months."* A potential area of interest is cytokine-induced
inflammatory responses, where fusion proteins containing
antibodies and cytokines bind to their corresponding antigen
on tumor cells to produce an immune response.'* Inhibition
of T antigens is another area of potential interest, and there
is currently a phase II trial under way examining the results
of intratumoral injection of interleukin-12 in attempt to incite
an immune response against tumor cells.'??

A recent study associated MCC with a number of muta-
tions in various cancer-related genes. Among these genes
are PDE4DIP, MLL3, ERCC5, AURKB, ATR, TSHR, and
BCL2L2.'* Further studies including larger cohorts will be
required to clarify the significance of and potentially identify
therapeutic options targeted toward these gene mutations.

Another area of research involves telomerase reverse
transcriptase (TERT). Activation of telomerase is a key
step in malignant transformation in a number of cancers.
TERT, the catalytic component of telomerase, expression
is an important part of the activation process. TERT expres-
sion and telomerase activation are prominent in MCC.
Additionally, TERT promoter mutations are seen in MCC,
occur more often in sun-exposed areas, and are more com-
mon in MCPyV-negative tumors. Increased TERT mRNA
expression is associated with worse survival.'¥’” Once again,
studies with larger cohorts will need to confirm these find-
ings and determine whether novel therapeutic approaches
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targeting TERT expression and telomerase activity would
be beneficial in treating MCC. Desch and Kunstfeld also
calls for the implementation of an MCC network that will
allow collection of a sufficient number of patients in an MCC
registry and multicenter clinical trials to explore treatment
options.'?

Conclusion

MCC is a relatively uncommon, neuroendocrine, cutaneous
malignancy. Traditional therapy involves surgical resection
with negative margins, when feasible, with or without adju-
vant radiation depending on the size of the primary lesion
and stage of disease. The role of chemotherapy needs to be
further defined. With the discovery of MCPyV and the elu-
cidation of molecular pathways involved in the oncogenesis
of MCC, there has been an increase in research into new
targeted and immunologic therapeutic options. These efforts
are likely to yield improved treatment strategies for patients
afflicted with MCC.
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