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Abstract

Merkel cell carcinoma (MCC) is an aggressive tumour with neuroendocrine differentiation. Clinically significant differ-

ences within the entity we know as MCC are apparent. This review aims to evaluate the evidence for differences in

tumours within Merkel cell carcinoma and to stratify these. A literature search of research pertaining to various character-
istics MCC was undertaken from 1972, when Merkel cell carcinoma was first described, to 2018, using PubMed and sim-
ilar search engines. A total of 41 papers were analysed, including clinical trials, laboratory-based research and reviews. A
proportion of MCC has Merkel cell polyomavirus genome integrated (MCPyV+) while others do not (MCPyV—). Both
types have a different mutation burden. MCPyV+ tumours are likely true neuroendocrine carcinomas, with a dermal ori-

gin, probably from fibroblasts which have been transformed by integration of the viral genome. MCPyV—tumours are

likely derived from either keratinocytes or epidermal stem cells, are probably squamous cell carcinomas with neuroen-

docrine differentiation, and are related to sun damage. Prognostic factors (apart from tumour stage) include the MCPyV
status, with MCPyV+ tumours having a better prognosis. P63 expression confers a worse prognosis in most studies.
CD8+ lymphocytes play an important role, providing a possible target for PD1/PD-L1 blockade treatment. The incidence
of MCC varies from country to country. Countries such as Australia have a high rate and a far greater proportion of
MCPyV— tumours than places such as the United Kingdom. MCC doubtlessly encompasses two tumours. The two
tumours have demonstrated differences in prognosis and management. One is a neuroendocrine carcinoma related to
MCPyV integration likely derived from fibroblasts, and the other is a UV-related squamous cell carcinoma with neuroen-
docrine differentiation, presumptively derived from either keratinocytes or epidermal stem cells. We propose naming the

former Merkel type sarcoma and the latter squamous cell carcinoma, Merkel type.
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Introduction

Merkel cell carcinoma (MCC) is an aggressive tumour with neu-
roendocrine differentiation. Clinically significant differences
within the entity we know as MCC are apparent. This review
aims to evaluate the evidence for differences in tumours within
Merkel cell carcinoma and to stratify these.

Materials and methods

A literature search of research pertaining to various character-
istics MCC was undertaken from 1972, when Merkel cell car-
cinoma was first described, to 2018, using PubMed and
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similar search engines. A total of 41 papers were analysed,

including clinical trials, laboratory-based research and

reviews.
Results and discussion

Biology of merkel cell carcinoma: evidence for two
tumours

Merkel cell carcinoma is a rare cutaneous tumour with neuroen-
docrine differentiation. The most common sites on the body are
correlated with areas exposed to ultraviolet radiation (UVR),
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with the head and neck accounting for 48.8% of cases, followed
by the upper limbs and the legs in women."

Merkel cell carcinoma was first described by Toker? in 1972 as
trabecular carcinoma of the skin in a study of five patients. The
tumours were in elderly patients, both male and female. They
originated in the dermis and were composed of solid trabecula.
Toker postulated origin form cells capable of reproducing
sudoriferous structures.

In the early 1980s, electron microscopic studies showed a
resemblance of tumour cells to cutaneous Merkel cells and it was
then thought trabecular carcinoma arose from them.? In 1982,
three cases of combined small cell carcinoma and squamous cell
carcinoma (SCC) were described and thought to be part of the
spectrum of trabecular carcinoma* (Fig. 1).

In 2008, Feng et al.” demonstrated DNA from a previously
unknown polyomavirus integrated into the genome of 8 of 10
MCC, with six having a clonal pattern. Only 8% of various con-
trol tissues and 16% of control skin samples demonstrated this
viral genome integration. The researchers named the virus Mer-
kel cell polyomavirus (MCPyV) and postulated that it may be a
contributing factor to the development of MCC.?

Kuwamoto et al. in 2011° investigated whether MCC differs
in the presence or absence of Merkel cell polyomavirus genome
integration (MCPyV). The virus was found only in pure MCC
and not in those showing mixed features of MCC and SCC. They
concluded that the virus plays an important role in the patho-
genesis of MCPyV-positive (MCPyV+) MCC.

In serological studies, Nicol et al.” showed that MCPyV has a
high prevalence in the community which increases in prevalence
throughout early life, with a seroprevalence of 41.7% in children
aged 1—4 years, 87.6% in those aged 15-19 years and 79.0%—
96.2% in adulthood. Nicol hypothesized that exposure occurs in
childhood with reactivation in older age groups as a result of
waning immunity. Furthermore, virus-associated malignancies,
including MCC, are increased in immunosuppressed people.®

Figure 1 Merkel cell carcinoma. Photo by Dr. Alexander Nirenberg.
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Garneski et al.” compared the rates of MCPyV in MCC in
North America and Australia. They found an overall prevalence
of 43% in the 37 MCCs tested, with a prevalence of 69% (11 of
16) in tumours from North America and only 24% (five out
of 21) tumours from Australia. They also found a prevalence of
13% (two out of 15) in SCC. Garneski raised two possibilities
for the difference: firstly, there may be increased sun exposure in
Australia, making a possible viral contribution to pathogenesis
less frequent. However, they could not exclude the possibility of
a different undetectable strain of MCPyV or another virus being
present.’

Virus+ and virus-negative tumours have been shown to have
important biological and clinical differences. Goh et al.'’
showed that MCPyV-negative (MCPyV-) MCCs have a high
mutation burden (median of 1121 somatic single nucleotide
variants per exome), with frequent mutations in genes RB1 and
TP53 as well as mutations in JNK (MAP3K1 and TRAF7) and
DNA damage pathways (ATM, MSH2 and BRCA1). MCPyV+
tumours had a low mutation burden (median 12.5 somatic sin-
gle nucleotide variants per exome) with none in the above genes.

Gonzilez-Vela et al.'' noted the types of mutations found in
MCPyV— MCCs have a UV signature comparable to melano-
mas, including enrichment for C to T transitions. They further
found shared nuclear accumulation of oncogenic transcription
factors (NFAT, P-CREB, P-STAT3)."!

In the largest study to date, of 282 cases, Moshiri et al.’?
found that MCPyV— tumours had a poorer prognosis than
MCPyV+ tumours. MCPyV— tumours were smaller at presenta-
tion (1.1 vs. 1.9 cm) but were more likely to present with
advanced disease (66.7% vs. 48.3%) and had a 1.8-fold higher
risk of progression and a 1.79-fold higher risk of death from
MCC. This supports the findings of a previous study by Sihto

et al.?

of 60 cases. However, in a study of 127 cases Schrama
et al.'* found no significant survival difference based on viral
status.

Using these data, Sunshine et al’®

postulated that the cell of
origin for MCC originates in two distinct locations in the skin,
one protected from UV light (for MCPyV+ MCC) and the other
heavily exposed to UV irradiation (for MCPyV— MCC). Sun-
shine postulated a compelling argument that Merkel cells, found
in the basal layer of the epidermis, are not of the cell origin of
MCPyV+ MCC. The vast majority of MCPyV+ MCC are dermal
in origin. There are also important immunohistochemical staining
differences between the two, and Merkel cells are terminally differ-
entiated cells that arise from differentiated pluripotent epidermal
stem cells. The tumour suppressor genes RB1 and TP53 are fre-
quently mutated in MCPyV— MCCs.'® This may induce epige-
netic reprogramming of cancer cells, leading to lineage plasticity
and may promote transdifferentiation into a Merkel cell-like neu-
roendocrine phenotype'” (Fig. 2).

The evidence points to an epidermal origin for MCPyV—
MCC. The burden of mutations in MCPyV—MCC is similar to
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Figure 2 Possible cells of origin. Photo by Dr. Alexander Niren-
berg.

those found in UV light-affected, keratinocyte-derived tumours.
Furthermore, while a proportion of MCPyV— MCCs are associ-
ated with epidermal SCC in situ or invasive SCC, no MCPyV+
cases associated with these skin cancers have been reported to
date.'

Both keratinocytes and Merkel cells are derived from the same
epidermal progenitor cell,'” and it is possible that MCPyV—
MCC may arise from either keratinocytes or the progenitor
cell.”® However, MCPyV+ MCCs have few mutations which are
not UV signature mutations. This suggests they may not derive
from keratinocytes or epidermal progenitor cells.'®

Liu et al.'® showed that dermal fibroblasts were the host cells
for MCPyV and that MCPyV infection is stimulated by matrix
metalloproteinase (MMP) genes induction by the WNT/B-cate-
nin signalling pathway and other growth factors. Liu suggested
that MCC risk factors such as UV radiation and ageing, which
stimulate WNT signalling and MMP expression may promote
viral infection and thus drive growth of MCC.'®

Should there be two different mechanisms stimulating MCC
from different cell origins, then both pathways must lead to neu-
roendocrine differentiation. RB1 and TP53 mutations induce
epigenetic reprogramming of cancer cells, leading to lineage
plasticity and, change in phenotype, including neuroendocrine
features.'”> RB1 and TP53 are frequently mutated in MCPyV —
MCGs."

In a recent study'® of copy number aberrations and next-gen-
eration sequencing detected mutations, Carter ef al. investigated
a cohort of 46 MCCs. Histologically pure tumours consist only
of neuroendocrine cells whereas combined tumours contain
both neuroendocrine and squamous cell regions. Carter studied
9 histologically pure MCPyV+, 9 histologically pure MCPyV —
and 10 histologically combined MCPyV-negative tumours for
copy number aberrations. The entire cohort of 46 MCCs was
studied with next-generation sequencing. They found that pure
and combined MCPyV— tumours had more copy number aber-
rations and a greater fraction of the genome was changed than
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the MCPyV+ cases. No differences were found between pure and
combined MCPyV— tumours. Copy number loss and/or RB1
inactivating mutations was common in combined and pure
MCPyV— tumours (80% and 78%, respectively) but not in
MCPyV+ tumours (11%). Similar results were found for TP53,
with copy number losses and/or mutations in 20% of combined
and 56% of pure MCPyV— tumours and 0% in MCPyV+
tumours.'® Carter suggests that in combined tumours the origi-
nal clone may be squamous cell in type, which phenotypically
diverges to a neuroendocrine carcinoma in the dermis. The
alternative explanation is bidirectional squamous/neuroen-
docrine tumours."?

Another hypothesis is that MCC may be derived from early B
cells. In 2013, Zur Hausen et al. found that 100% of 21 Merkel
cell carcinomas tested, expressed PAX5 and 72.8% expressed
TdT, markers which are normally co-expressed on pro/pre-B
cells and pre-B cells. Most of the MCCs also expressed one or
more classes of immunoglobulin. This led the authors to pro-
pose that this was the cell of origin in MCC.*°

Murakami ef al., in a study of 10 MCPyV— and 20 MCPyV+
MCCs, found that 60% of MCPyV+ but no MCPyV— MCCs
expressed at least one immunoglobulin. There was no difference
in the expression of PAX5, TdT, Oct-2 and SOXI11 between the
two groups of MCC. Expression of IgG and PAX5 has been
reported in other epithelial carcinomas and may be the result of
viral infection. They concluded that expression of these is likely
a reflection of cancer-associated dysregulation of protein expres-
sion rather than an indication of lymphocytic origin of MCC.*!
Sauer et al.,*? in a recent review paper, however did not exclude
this possibility.

Epidemiology

The incidence of MCC varies by country, with a range of 0.10—
1.60 per 100 000-person years (100K-py). Schadendorf** anal-
ysed a total of ten countries: United States, Germany, Denmark,
Sweden, Eastern France, Netherlands, Australia, New Zealand,
England and Scotland. The lowest rate was in England (0.10),
and the highest in Australia (1.60), with the United States in the
middle (0.79). The high rate in Australia may be due to its high
UV incidence with some papers reporting an increasing inci-
dence.”?

Merkel cell carcinoma is more common in men, with an inci-
dence of 0.4-2.5 per 100 000 for men and 0.18-0.9 per 100 000
for women.?

Merkel cell carcinoma is a tumour of older Caucasians. In a
study in New Zealand by Robertson ef al.,' the average age at
diagnosis was 77.2 years, with an overall incidence of 0.88 per
100K-py. The incidence rose from 0.03 per 100K-py in the 35—
39 years age group to 17.56 per 100K-py in the 85+ age group.

In a study in Queensland, Australia, which has a high UVR

1 24

incidence, Youlden et al.“* showed similar trends. Between 2006

and 2010, the authors noted an overall incidence of 1.6 per
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100 000 population, with 2.5 per 100 000 population for men
and 0.9 per 100 000 population for women. The rate peaked at
20.7 per 100 000 population for those 80 years and older. They
noted an increase in age-standardized incidence of 2.6% per year
from 1993 onwards.

Select prognostic factors

Immune suppression both increases the risk of acquiring MCC
and has an adverse effect on prognosis.”” In a study of 195
patients by Heath et al.,>® 7.8% of MCC patients had profound
immune suppression. Causes included HIV, chronic lympho-
cytic leukaemia (CLL) and solid organ transplant (SLT). In a lar-
ger study of 471 cases by Paulson et al.,”> 8.7% of patients had
clinically recognized systemic immune suppression, including
patients with HIV/AIDS, CLL, other haematological malignan-
cies and long-term immunosuppressive treatment for autoim-
mune disease or SLT. This study also found a statistically
significant reduction in survival in immunosuppressed individu-
als vs. immune competent patients, with an MCC-specific sur-
vival of 40% vs. 73% at 3 years.”

Patients with MCPyV+ tumours have a better prognosis
than those with MCPyV — tumours.'? P63 is a marker of strati-
fied epithelia, including cutaneous squamous cell epithelium.
P63 expression by MCC may be an adverse prognostic factor.
In a study of 83 patients, Fleming’s group®” showed that stain-
ing for P63 correlated with an adverse prognosis, regardless of
whether the staining was focal or diffuse. This result was in
keeping with several previous studies, although two studies
failed to show such a link.?®?° P63, as an independent risk fac-
tor, was not predicative in multivariate analysis, with age and
clinical stage being the only independent parameters.”” This
study showed that other significant factors predicting a poorer
prognosis were larger tumour size, combined rather than pure
tumours and the nature of the lymphocytic infiltrate.?”

The role of lymphocytes

In vitro experiments showed that MCPyV+ tumours were depen-
dent on expression of viral T-antigen for survival.’® Paulson
et al.”' found that the circulating level of antibodies against the
T-antigen was proportional to disease burden.

In a study of tumour-infiltrating lymphocytes, Sihto et al.**
found that MCPyV+ tumours had a statistically significant
greater infiltrate of T cells (CD3+), natural killer cells (CD16+)
and macrophages (CD68+) compared to MCPyV— tumours.
Furthermore, high CD3+ count was associated with a better
prognosis in both MCPyV+ and MCPyV— tumours. This was an
independent prognostic indicator. Natural killer cells and
macrophages’ counts were not significant prognostic markers.
They further found that of the CD3+ cells, a high Tc cell (CD8+)
and regulatory T-cell (FOXP3+) counts were associated with
favourable survival, whereas Th (CD4) counts were not. Patients
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with a low CD8+/CD4+ or FOXP3+/CD4+ ratio had a poor out-
come.’?

Combining viral status with immune cell infiltration levels
suggests that patients with MCPyV+ tumours and high CD3+
and CD8+ counts had the best outcome. Sihto et al.*® propose
that this may pave the way for immune therapy of MCC with
such as  anticytotoxic

(CTLA-4)

immunostimulatory  antibodies

T-lymphocyte—associated protein 4 and anti-
programmed cell death-1 (PD-1).

In a study of 137 MCCs, Paulson et al.** showed that CD8+
infiltration was an independent prognostic factor with denser
infiltrates associated with a better prognosis. Three-year MCC-
specific survival rates were 56%, 72% and 100% for patients with
absent, low and moderate to strong intratumoural lymphocytic
infiltrates. A similar trend was observed for overall survival;
however, this did not reach statistical significance. The authors
hypothesized a high rate of non-MCC-related deaths among
older patients.**

Walsh et al.’® also found that all inflammatory cells except for
B cells and plasmacytoid dendritic cells were present in both
intra- and peritumoural locations, with CD8+ cells showing a
strong predilection for the intratumoural environment. The
CD8+ cells were between and in direct contact with the tumour
cells. CD4+ cells and macrophages were located mainly around
vessels. This study supported the concept of an anti-tumoural
role for CD8+ cells.”

In a larger study of 62 cases, Feldmeyer et al.”® showed that
increased CD8+ cells at the periphery of the tumour and CD3+
cells at the centre or periphery of the tumour were associated

l. 36

with reduced risk of visceral metastases. Increased density of
PDI1+ cells at the periphery of the tumour reduced the risk of
metastases to any site, including lymph nodes beyond the sen-
tinel node and visceral organs.*® This study confirmed improved
survival correlated with increased density of CD8+ cells, espe-
cially density at the tumour periphery. Five hundred CD8+ cells/
mm?, at the tumour periphery, were associated with a 61%
reduction in the risk of MCC-specific death. The impact on sur-
vival was greater in MCPyV+ tumours. These had greater density
of CD8+ cells (median 674.9/mm? vs. 213.3/mm” for MCPyV —
tumours). There was no statistically significant difference in PD-
L1 positivity between MCPyV+ and MCPyV — tumours.>®
Refining these studies, Walsh et al®®
and developed a morphological and immunotypic map of the

evaluated 22 patients

immune response in MCC, providing a global semi-quantitative
and topographic appreciation of the relevant agonists and antag-
onists involved in this process.”® They also found that in three of
four cases with available biopsy tissue, there was no significant
difference in tumour-infiltrating lymphocyte (TIL) density
between the original biopsy and the subsequent excisional speci-
men. There was a significant correlation between TILs &
MCPyV+ status and a non-statistically significant trend with
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histologically pure MCC. The TIL infiltrates were concentrated
at the stromal-tumour interface, with piecemeal penetration of
the tumour periphery and perivascular tracking of lymphocytes
into the centre of the tumour. T cells predominated with a med-
ian CD8:CD4 ratio of 30% : 20%. Remaining cells were B cells
(20%) and macrophages (30%).%

Lipson et al.”’ investigated the potential of MCC being a tar-
get for PD-1/PD-L1 blockade. PD-1 expressed by T cells is the
receptor for PDL-1, which is expressed by other immune and
stromal cells. Binding of PD-L1 to PD-1 inhibits T-cell function,
thus dampening the immune response. They found that PD-L1
expression was co-located with immune infiltrates. They also
saw an association between the presence of MCPyV DNA, a
brisk inflammatory response and PD-L1 expression. This sug-
gested that a local tumour-specific and potentially MCPyV-spe-
cific immune response drives tumour PD-L1 expression. In
multivariate analysis, PD-L1 tumours were independently asso-
ciated with worse overall survival.””

Current conventional therapies
The mainstay of MCC treatment remains surgical excision to
investing muscle fascia or periosteum with 1-2 cm clinical
margins. In sites where margin tissue sparing is a factor, Mohs
surgery (MS), modified MS, or complete circumferential
peripheral and deep margin assessment with permanent sec-
tions may be considered. If these alternatives are utilized, a
debulking specimen of the central tumour should be sent for
microstaging. These alternative excisional techniques should
not interfere with sentinel lymph node biopsy (SNLB), when
indicated.*®

To identify metastatic spread, all patients should be consid-
ered for a whole body PET scan or neck/chest/abdomen/pelvis
CT with contrast, with or without brain MRI. MCPyV antibody
status may be evaluated as part of the initial workup. Additional
workup and treatment recommendations include clinical and
ultrasound examination of local lymph nodes, with SLNB for
clinical NO disease. SLN+ patients should undergo complete
node dissection or radiation therapy (RT) to the nodal basin.
For SLN- patients, clinical observation or adjuvant RT may be
considered to the primary tumour site and in the case of high-
risk patients, to the nodal basin. For disseminated disease,
immune checkpoint inhibition is recommended (refer to section
Immunotherapy) unless inappropriate, in which case conven-
tional chemotherapy may be given. Close follow-up is main-
tained.”®

Immunotherapy

The discovery of the role of CD8+ lymphocytes and the PDI-
PD-L1 immune inhibitory pathway in MCC laid the ground-
work for new therapies. Tumours may upregulate PDLI as
adaptive immune resistance, dampening the immune response

L 39

against the tumour. Tumeh et al.”” showed that pre-existing
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CD8 T cells distinctly located at the invasive tumour margin are
associated with expression of the PD-1/PD-L1 immune inhibi-
tory axis.

In view of these findings, two recent trials were undertaken to
test the effectiveness of PD-1 immune inhibitory pathway block-
ade in the management of MCC. Nghiem et al.*® treated 26
patients with the PD-1 blocker pembrolizumab. This was a mul-
ticentre phase 2, non-controlled trial of patients with advanced
MCC who had not received previous systemic therapy. The
objective response rate among the 25 patients who had at least
one evaluation was 56%, with four patients having a complete
response and 10 having a partial response. The median follow-
up of 33 weeks (range 7-52 weeks) and the response duration
was 2.2-9.7 months. Relapse occurred in two of 14 patients
(14%) who experienced an initial response. Seventeen of the 26
patients (65%) had MCPyV+ tumours. Response rates were 62%
for patients with MCPyV+ tumours and 44% for those
MCPyV—. Fifteen percent of patients had drug-related grade 3
or 4 adverse effects.*

Figure 3 Pure neuroendocrine carcinoma. Photo by Dr. Alexan-
der Nirenberg.

-

Figure 4 Combined squamous cell and neuroendocrine carci-
noma. Photo by Dr. Alexander Nirenberg.
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Figure 5 Summary.

Kaufman et al.*' conducted a phase-2, single-group open-
label trial of the 88 patients with stage IV MCC which were
refractory to chemotherapy, using the anti-PD-L1 monoclonal
antibody avelumab. Median follow-up was for a median
10.4 months (range 8.6-13.1). An objective response was seen in
31.8% of cases (28 patients), with eight complete and 20 partial
responses. Responses were ongoing in 23 of the 28 patients
(82%) at the time of analysis.

Conclusion
Merkel cell carcinoma is an aggressive tumour with neuroen-
docrine differentiation. Evidence supports the hypothesis that
there are two subtypes of MCC, with distinct pathophysiology
and prognosis.

The first is a pure neuroendocrine carcinoma, possibly arising
from dermal fibroblasts, related to MCPyV DNA integration.
This tumour has a low number of genetic mutations and has a
high expression of RB1. It has a better prognosis (Fig. 3).

The second is probably a subtype of SCC with neuroen-
docrine differentiation, forming pure or combined tumours. It
is related to UV radiation and is likely derived from either ker-
atinocytes or an epidermal stem cell for keratinocytes (and Mer-
kel cells) (Fig. 4). It is MCPyV— and has a high mutation load
and high P63 expression. This subtype has a worse prognosis
(Fig. 5).

JEADV 2020, 34, 1425-1431

Given the two very different patterns and behaviours, nomen-
clature should be adjusted to reflect different tumours. We pro-
pose naming the former Merkel type sarcoma and the latter
squamous cell carcinoma, Merkel type.

An important prognostic factor is the presence of CD8+ lym-
phocytes. There is involvement of the PD1-PDL1 immune inhi-
bitory pathway. This has paved the way for immune therapy,
which is a promising addition to treatment options.
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