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Abstract
Merkel cell carcinoma (MCC) is an aggressive neuroendocrine carcinoma of the skin. The main etiological agent is Merkel cell
polyomavirus (MCPyV), detected in 80% of cases. About 5% of cases, called combined MCC, feature an admixture of neuroen-
docrine and non-neuroendocrine tumor cells. Reports of the presence or absence of MCPyV in combined MCC are conflicting,
most favoring the absence, which suggests that combined MCC might have independent etiological factors and pathogenesis.
These discrepancies might occur with the use of different virus identification assays, with different sensitivities. In this study, we
aimed to determine the viral status of combined MCC by a multimodal approach. We histologically reviewed 128 cases of MCC
and sub-classified them as Bcombined^ or Bconventional.^ Both groups were compared by clinical data (age, sex, site, American
Joint Committee on Cancer [AJCC] stage, immunosuppression, risk of recurrence, and death during follow-up) and immunochem-
ical features (cytokeratin 20 and 7, thyroid transcription factor 1 [TTF1], p53, large T antigen [CM2B4], CD8 infiltrates). After a
first calibration step with 12 conventional MCCs and 12 cutaneous squamous cell carcinomas as controls, all eight cases of
combined MCC were investigated for MCPyV viral status by combining two independent molecular procedures. Furthermore,
on multiplex genotyping assay, the samples were examined for the presence of other polyoma- and papillomaviruses. Combined
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MCC differed from conventional MCC in earlier AJCC stage, increased risk of recurrence and death, decreased CD8 infiltrates,
more frequent TTF1 positivity (5/8), abnormal p53 expression (8/8), and frequent lack of large Tantigen expression (7/8). With the
molecular procedure, half of the combined MCC cases were positive for MCPyV in the neuroendocrine component. Beta papil-
lomaviruses were detected in 5/8 combinedMCC cases and 9/12 conventional MCC cases. In conclusion, the detection of MCPyV
DNA in half of the combined MCC cases suggests similar routes of carcinogenesis for combined and conventional MCC.

Keywords Merkel cell carcinoma . Merkel cell polyomavirus . Combined merkel cell carcinoma . Squamous carcinoma .

Polyomavirus . Papillomavirus

Introduction

Merkel cell carcinoma (MCC) is a rare tumor of the skin that
features an aggressive course, with overall 5-year survival
estimated at 40% [1]. MCC occurs essentially in older people
and the two main risk factors are sun exposure and immuno-
deficiency [1]. The diagnosis is based on histology, which
reveals high-grade neuroendocrine morphological features
close to small cell carcinoma and expression of neuroendo-
crine markers and/or cytokeratin 20 [2].

In 2008, Moore et al. described Merkel cell polyomavirus
(MCPyV) as the major etiological agent of MCC [3]. MCPyV
establishes a latent chronic infection in the dermis of most
healthy individuals, and the mechanisms leading to oncogen-
esis are still under investigation. In about 80% of cases, tumor
cells harbor integrated virus. Of note, MCPyV large T antigen
in tumor cells is characterized by non-sense mutations leading
to the loss of replicative abilities of the virus and the lack of
late protein synthesis [4]. MCPyV genome expression in tu-
mors is restricted to the early oncogenic proteins (small and
large T antigens), and expression of T antigens is required for
tumor proliferation [5]. These two viral proteins are probably
the main early determinants of MCC oncogenesis.

Whether MCPyV-negative tumors should be considered a
specific biological entity is debated. Indeed, MCPyV-negative
MCC is thought to be essentially due toUVexposure [6] because
the rates of somatic genetic mutations with a predominant UV
signature are higher than in MCPyV-positive tumors. Moreover,
levels of intratumoral CD8 infiltrates are lower, which suggests
decreased immunogenicity [7] and a worse outcome [8].

CombinedMCC involves rareMCC variants that represent
5 to 10% of MCC cases [9]. Combined MCC cases are char-
acterized by the association of a main component of MCC
with one or more other tumor components harboring non-
neuroendocrine differentiation, including an epidermic
orthologous component [2] (squamous, basal-cell-like,
adnexial, and melanocytic) or a heterologous component
[10] (glandular and sarcomatous).

Three main studies detected noMCPyV in combinedMCC
[9–11]. Conversely, a few recent case reports have demon-
strated the presence of MCPyV in the MCC component of
combined MCC [12], associated with papillomavirus infec-
tion in one case [13].

Papillomaviruses and polyomaviruses are closely related
double-strand DNA viruses with similar oncogenic abilities.
Indeed, beta human papillomaviruses are involved in the on-
cogenesis of cutaneous squamous cell carcinoma, and alpha-
human papillomaviruses involved in cutaneous Bowen dis-
ease and combined tumors in the oropharynx (associating
neuroendocrine and squamous components) [14]. Hence, hu-
man papillomavirus might be an etiological agent of com-
bined carcinomas.

Whether combined MCC belongs to the spectrum of virus-
induced tumors or should be considered a non-MCPyVMCC
induced by an alternative oncogenetic pathway remains un-
clear. In this study, we compared the clinical features of con-
ventional and combined MCC and determined the viral status
of combined MCC by systematic assessment of MCPyV, 9
other polyomaviruses and 46 papillomaviruses.

Methods

Study period, data, and settings

MCC cases were selected from an ongoing historical/
prospective cohort of 223 patients with MCC from six French
hospital centers. The diagnosis of MCC was established be-
tween 1998 and 2015 (local ethics committee approval,
Tours, France, no. RCB2009-A01056-51). The cohort inclu-
sion criteria were previously reported [15]. All tumors were
submitted to histological review by an endocrine pathologist
(SG), based on the identification of morphological features of
high-grade neuroendocrine carcinoma and immunohistochem-
ical expression of epithelial and neuroendocrine markers. Only
cases with available formalin-fixed paraffin-embeded (FFPE)
samples and sufficient tumor material for tissue microarray
inclusion were included in the study (n = 107).

Design of the study

Tumors were classified as combined MCC when the follow-
ing criteria were met on pathological examination: presence in
the same tumor mass of a conventional MCC component and
an additional subpopulation of tumor cells showing non-
neuroendocrine differentiation in contact with MCC. Both
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conventional and combined MCC were compared on clinical
and immunochemical features.

All cases of combined MCC, 12 randomly selected con-
ventional MCC cases from the cohort and 12 cutaneous squa-
mous cell carcinoma cases from the pathology department of
the hospital center of Tours were considered for molecular
analysis.

Clinical and histological data

The following data were collected from patient files: age, sex,
tumor site, tumor extension at the time of diagnosis (reported
in accordance with American Joint Committee on Cancer
[AJCC] staging), immunosuppression (HIV infection, organ
transplant recipients, hematological malignancies) [16], and
follow-up data. On histology, the characteristics of the non-
MCC component were noted: histological type confirmed by
immunochemistry, notable expression of squamous cell carci-
noma markers, degree of cytological atypia, and presence of
keratinization. In addition, the relation between the two tu-
moral components was investigated: the tumor was consid-
ered admixed when one component surroundedmultiple small
foci of another component and distinct when the two compo-
nents were located in two distinct areas of the tumor. Finally,
the characteristics of the epidermis (connection with the tumor
or not, presence of an ulceration) were noted.

Immunohistochemistry

FFPE tumor samples were included in a tissue microarray.
Briefly, representative areas were selected on hematoxylin/
eosin-stained sections (representative of the two tumor com-
ponents in combinedMCC), extracted by using a 1-mm tissue
core and mounted by using a semi-motorized tissue arrayer
(MTA booster OI v2.00, Alphelys). For each patient, five
tumor cores were placed adjacent to each other on the tissue
microarray.

Tumors were screened with a panel of antibodies including
conventional MCC markers used for diagnosis (pan-
cytokeratin AE1-AE3, chromogranin A, synaptophysin,
cytokeratin 20), several markers rarely expressed by MCC
(thyroid transcription factor 1 (TTF-1), cytokeratin 7), squa-
mous differentiation markers (cytokeratin 5/6, p40), MCPyV
large Tantigen, and p53. Antibodies and dilutions are available
in Supplemental Table S1. Staining was performed on a
Benchmark platform, except for CM2B4 staining, which
was manually performed, as previously described [5].
Immunohistochemical viral status was interpreted by using
the Allred score [8]: intensity and percentage of positive cells
were assessed by an 8-point semi-quantitative score. A score >
2 was considered MCPyV-positive. In the same way, p53
expression was evaluated according to the Allred score, con-
sidering scores 0, 7, and 8 as abnormal expression, predictive

for loss of active p53 [17]. Intratumor CD8 infiltrate was
scored as previously described [7]. For all immunohistochem-
ical analyses, the number of uninterpretable samples (mainly
due to failure of tissue microarray inclusion) is mentioned in
the figures.

DNA extraction

Three 10-μm-thick FFPE sections of representative tumor
areas were used for molecular analysis. In addition, for
MCPyV-positive combined MCC cases showing Bdistinct
patterns^ (defined as a large distinct area of both components),
each component underwent specific sample coring, followed
by a morphological control on HE slides. Genomic DNAwas
isolated from FFPE tissue samples by using a Maxwell 16
instrument (Promega) with the Maxwell 16 FFPE Plus LEV
DNA purification kit (Promega) according to the manufac-
turer’s instructions.

VP1 gene PCR assay

MCPyVVP1 coding sequence was detected by nested PCR as
previously described [4]. Primer sequences are listed in
Supplemental Table S2.

Large T antigen quantitative PCR assay

Quantitative PCR assay was performed as reported previously
[18]. Briefly, 100 ng DNA was mixed with 0.2 μM primers
(Supplemental Table S2), 0.1 μMDNA probe, and 2xTaqman
Universal PCR Master Mix (Applied Biosystems) in a final
volume of 25 μl. PCR reaction involved use of Applied
Biosystems 7500 Real-Time PCR Systems programmed for
50 °C × 2 min with an initial denaturation at 95 °C × 15 min,
followed by 45 cycles at 95 °C × 15 s and 60 °C × 60 s.
Normalization was to human albumin gene level under the
same conditions. DNA range was determined by using the
MKL-1 cell line as a reference (6 points: 100 copies to
10,000,000 copies).

MCPyV viral status determination

Because MCPyV is a ubiquitous virus of the skin infecting a
large part of the population and the papillary dermis is the site
of replication of wild-type episomal MCPyV [19], low viral
load detection may be expected in the dermis of healthy peo-
ple in the absence of MCC and in non-MCC skin neoplasms
when using ultrasensitive methods [19–21]. To avoid detec-
tion of wild-type episomal MCPyVof the dermis unrelated to
MCC tumors, a first validation step of the MCPyV detection
procedures (VP1 PCR, large T antigen quantitative PCR) was
performed with 12 conventional MCC and 12 non-MCC tu-
mor samples as positive and negative controls, which
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confirmed the high sensitivity and specificity of the proce-
dures. Therefore, MCPyV-positive status was retained only
in cases positive with both validated molecular procedures.

Type-specific multiplex genotyping assays

In total, 76 different polyomaviruses and papillomaviruses
were investigated by type-specific multiplex genotyping
(TS-MPG) assay, a validated, highly sensitive procedure
[22] designed to detect low load of episomal viruses in the
skin [23] and the environment [24].

The procedure combines multiplex PCR and bead-
based Luminex technology (Luminex Corp., Austin,
TX, USA), as previously described [22, 25]. Multiplex
type-specific PCR involved use of specific primers for
detecting 9 polyomaviruses (BKV, KIV, JCV, WUV,
TSV, HPyV6, HPyV7, HPyV9, and SV40), 19 high-
risk alpha-human papillomaviruses (types 16, 18, 26,
31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68a,
68b, 70, 73, and 82), 2 low-risk alpha-human papillo-
maviruses (types 6, 11), and 46 beta human papilloma-
viruses (types 5, 8, 9, 12, 14, 15, 17, 19, 20, 21, 22,
23, 24, 25, 36, 37, 38, 47, 49, 75, 76, 80, 92, 93, 96,
98, 99, 100, 104, 105, 107, 110, 111, 113, 115, 118,
120, 122, 124, 143, 145, 150, 151, 152, 159 and 174).
Two primers for amplifying beta-globin were added to
provide a positive control for determining quality of the
template DNA. Of note, the original set of primers in-
cluded MCPyV sequences, which were excluded from
the present study because of detection of the episomal
virus in healthy skin as well as non-MCC tumors [21]
as described previously.

Statistical analysis

Continuous data are described as median and range and cate-
gorical data as number and percentage of cases for which data
were available. Proportional analysis was assessed by two-
tailed Fisher’s exact test. Continuous variables were compared
by non-parametric Mann-Whitney U test. Recurrence-free
survival and overall survival related to patient characteristics
were analyzed by log-rank test and represented by Kaplan-
Meier curves. Univariate and multivariate Cox proportional-
hazards regression was used to identify factors associated with
MCC recurrence and death, estimating hazard ratios (HRs)
and 95% confidence intervals (CIs). Overall deaths were con-
sidered as events and living patients were censored on the date
of last follow-up. AJCC stage [26], immunosuppression [16]
and covariates with p ≤ 0.20 on Cox univariate analysis were
included in the multivariate Cox analysis as potential prog-
nostic confounders. Statistical analysis involved use of XL-
Stat-Life (Addinsoft, Paris, France). p < 0.05 was considered
statistically significant.

Results

Characterization of the MCC population

Among 128 MCC cases with available FFPE samples, 8 (6%)
met combinedMCC criteria (Fig. 1), exhibiting squamous cell
carcinoma differentiation in all cases. Characteristics of these
cases are shown in Table 1. The 120 other tumors were clas-
sified as conventional MCC; the 8 combined MCC and 99
conventional cases could be included in the tissue microarray
and were considered in this study.

Comparison between combined and conventional
MCC

Clinical and immunohistochemical data of both groups are
summarized in Table 2.

CombinedMCC cases were more often diagnosed at local-
ized stages (stage I: n = 5, 63%; stage II: n = 3, 37%) than
conventional MCC cases (stage I: n = 23, 28%; stage II: n =
26, 32%, stage III: n = 29, 36%; stage IV: n = 3, 4%; localized
(stages I–II) vs metastatic diseases (stages III–IV), p = 0.046).
In addition, most combinedMCC cases (n = 5, 62%) occurred
in the head and neck area, with no significant difference from
conventional MCC cases (n = 27, 34%) (p = 0.3).

On immunohistochemistry, combined MCC cases showed
frequent expression of TTF1 (n = 5, 62%), which was rarely
expressed in the other tumors (n = 10, 11%; p = 2.10−3).
Furthermore, all combined MCC cases but only 15 (16%)
conventional MCC cases demonstrated abnormal p53 stain-
ing, possibly reflecting p53-inactivating mutation (p =
3.10−6). Intratumoral CD8 infiltrates were absent in 6 (75%)
combined MCC cases and was brisk (score 1) in the other
cases. In contrast, CD8 intratumoral cells were observed in
64 (67%) conventional MCC cases (p = 0.03), with high den-
sity (scores 2–5) in 12 (13%). Representative illustrations of
immunohistochemical staining are in Fig. 2. Only one com-
bined MCC case presented weak large T antigen positivity
(Fig. 3), whereas the viral protein was detectable by immuno-
histochemistry in 56 (62%) conventional MCC cases (p =
0.01).

Follow-up data were available for 86 patients including 7
combined MCC cases. Median duration of follow-up was
17 months (ranges 2–209) and 36 recurrences and 33 deaths
were reported during follow-up. On univariate analysis, com-
bined MCC patients harbored a trend towards increased risk
of recurrence (HR 2.44, 95% CI 0.95–6.29, p = 0.065) as
shown in Fig. 4. Only male sex was associated with a de-
creased risk of recurrence (HR 2.83, 95% CI 1.44–5.56, p =
0.002) (Supplemental Table S3) whereas male sex and older
age were associated with death (HR 2.27, 95% CI 1.13–4.58,
p = 0.022 and HR 2.07, 95% CI 1.02–4.19, p = 0.043,
respectively).
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A multivariate Cox analysis model including age, sex, im-
munosuppression, and AJCC stage (Table 3) revealed in-
creased risk of recurrence (HR 4.15, 95% CI 1.37–12.57,
p = 0.012) and death (HR 4.15, 95% CI 1.22–14.16, p =
0.023) with combined MCC.

MCPyV genome detection

The preliminary validation step of the MCPyV detection pro-
cedures (VP1 PCR, Large T antigen quantitative PCR)
allowed us to detect MCPyV in all 12 conventional MCC
cases except one by quantitative PCR (Table 2). All non-
MCC tumors were negative for MCPyV with the two proce-
dures, which led to the validation of this bimodal strategy for
MCPyV status characterization.

This bimodal approach revealed MCPyV-positive status in
4/8 combined MCC cases, as shown in Table 2. Median
MCPyV load was lower in combinedMCC thanMCC control
cases (5.7 [range 0.13–28] vs 58 [4–313] copies/cell) (p =

0.04). Three of the four MCPyV-positive combined tumors
were eligible for specific sampling independently targeting
the two tumor components, and the remaining case consisted
of closely intermixed components, which ruled out reliable
specific separation. MCPyV DNA could be detected in the
MCC component of the three tumors but was consistently
absent in the other non-MCC part of the tumor.

Clinical, histological, and immunochemical features of
MCPyV-positive and MCPyV-negative combined MCC cases
are summarized in Table 1, and representative histological fea-
tures of both subgroups are in Fig. 5. MCPyV was detected in
combined MCC cases with basaloid squamous cell carcinoma
(n = 2) and conventional squamous cell carcinoma (n = 2).

Other polyomaviruses and papillomaviruses

Beta papillomavirus DNA was detected in 5/8 combined
MCC cases (63%), 9/12 conventional MCC cases (75%),
and 9/12 (75%) squamous cell carcinoma cases. No

Fig. 1 Flow chart of cases in the
study. MCC Merkel cell
carcinoma, FFPE formalin-fixed
paraffin-embedded, TMA tissue
microarray
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recurrence considering genotypes was observed in the com-
bined MCC group, except for human papillomavirus 98,
which was present in 2 cases (Supplemental Table S4). In
addition, we detected human polyomavirus 6 in one conven-
tionalMCC case and human papillomavirus 16 in 2 squamous
cell carcinoma cases.

Discussion

We identified 8 cases of combined MCC in a series of 128
MCC tumors. Combined MCC often expressed TTF1, which
is almost always absent in conventional MCC cases and often
showed p53-aberrant expression. In addition, multivariate

analysis revealed an increased risk of recurrence and death
in this population. Using two independent validated molecular
procedures, we detected MCPyV in half of our combined
MCC cases, only in the MCC component. Moreover, com-
bined MCC cases showed lower MCPyV load as compared
with conventional MCC tumors and frequent large T antigen
negativity on immunochemistry. Finally, beta papillomavi-
ruses were frequent in combined and conventional MCC and
non-MCC tumor samples.

In accordance with previous reports, our series shows that
combined MCC is a rare tumor, representing 6% of our co-
hort. Combined MCC tumors occurred preferentially on the
head, the main sun-exposed area in our country. On immuno-
histochemistry, the neuroendocrine component of these

Table 1 Features of combined Merkel cell carcinoma (MCC) cases

Case number Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8

Clinical data

Age 85 95 81 80 68 88 92 79

Sex M F F F F F F M

Tumor location Neck Ear Leg Leg Eyelid Face Leg Lip

AJCC stage II II I I I I II I

Immunosuppression – UD – – – – – –

Morphologic features SCC component

Morphology Basaloid Basaloid Conventional Conventional Conventional Bowen Bowen Conventional

Atypia + +++ ++ +++ ++ ++ ++ ++

Keratinization – – + + + – + +

Architecture epidermis Admixed Distinct Distinct Distinct Admixed Distinct Distinct Admixed

Connection + + + + + + + UD

Ulceration + – + + – – + UD

References (Fig. 5) a b c d e f g h

Immunochemical features: MCC component

CK20 + + + + – + + +

CK7 – – – – – – – –

TTF1 – – Low Low Low High Low –

p53 (status/Allred score) PMS/0 PMS/8 PMS/8 PMS/0 PMS/0 PMS/8 PMS/8 PMS/8

LTAg – + – – – – – –

CD8 (score) 0 1 0 0 0 1 0 0

SCC component

CK5/6 + + + + + + + +

p40 + + + + + + + +

Virologic features polyomavirus detection

VP1 PCR + + + + – – – –

qPCR (Nb of copy/cell) 0,13 11 28 0,38 – – – –

Other HPyV – – – – – – – –

Papillomavirus detection

α type – – – – – – – –

β type – – 98 9/12/98/110 – 5/38 107 21/122

AJCCAmerican Joint Committee on Cancer,CK cytokeratin, LTAg large Tantigen,MCCMerkel cell carcinoma,+ positive,− negative,MCPyVMerkel
cell polyomavirus, PCR polymerase chain reaction, PMS predicted mutated status (i.e., Allred score = 0, 7, or 8), PWTS predicted wild-type status (i.e.,
Allred score = 1 to 6), SCC squamous cell carcinoma, TTF1 thyroid transcription factor, UD unavailable data
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tumors harbored the same phenotypical markers as conven-
tional MCC, notably cytokeratin 20, but with unusual expres-
sion of TTF1 [27]. In addition, aberrant expression of p53,
suggesting p53 mutation [9, 28], was common. This finding
agrees with genomic analysis performed by Pullitzer et al.
reporting higher somatic gene mutation rate in combined than
conventional MCC [29].

In accordance with the Martin et al. study, which found
61%mortality3, we found combined MCC an aggressive neo-
plasm with decreased recurrence-free survival (p = 0.012) and
overall survival (p = 0.023) as compared with conventional
MCC, which highlights the importance of this morphological
distinction in current practise.

Three studies [9–11] by Busam (in 2009),Martin (in 2013),
and Carter (in 2017) reported the absence of MCPyV in com-
bined MCC (7 and 15 cases, respectively). As a result, the
authors proposed that combined MCCs should be included
in the MCPyV-negative cutaneous tumor group. However,
two case reports have given contradictory results, identifying
MCPyV in two combined MCC cases by molecular biology
[13, 30]. In addition, MCPyV was identified in the neuroen-
docrine component of a combined MCC case by high-
sensitive immunofluorescence staining [12] and in another
case by conventional immunochemistry [31]. Here, using a
multimodal approach for MCPyV detection, we confirm these
findings in a large series of combined MCC.

Weak expression of MCPyV large T antigen was detectable
by immunochemistry in only one case with high MCPyV viral
load (11 copies/cell), and MCPyV DNAwas identified in half
of the cases with a lower viral load. Variations in viral load offer
an explanation for the previous discordant results. Indeed, im-
munochemical procedures used in most studies have a sensi-
tivity of 80% as compared with amplification techniques,
which probably reflects the influence of viral load on the sen-
sitivity of the different identification approaches [32].

Table 2 Clinical, immunochemical, and virological features of
combined and conventional MCC cases

Clinical data Combined
MCC (n = 8)

Conventional
MCC (n = 99)

p value

Age, y, median, range 83 (68–95) 76 (45–96) 0.4

Sex 0.5

Female
Male
Missing data

6
2
0

50
35
14

Location 0.3

Head
Trunk
Upper limb
Lower limb
Unknown primary
Missing data

5
0
0
3
0
0

27
7
8
24
13
20

Disease extension at diagnosis 0.046

Localized (stages I–II)
Metastatic (stages III–IV)
Missing data

8
0
0

49
32
18

Immunodepression 0.9

Yes
No
Missing data

0
7
1

9
68
22

Immunochemical features (n = 8) (n = 99) p value

Cytokeratin 20 0.12

Positive
Negative
Uninterpretable cases

6
2
0

89
6
4

Cytokeratin 7 0.9

Positive
Negative
Uninterpretable cases

0
8
0

9
80
10

TTF1 2.10−3

Positive
Negative
Uninterpretable cases

5 (4 low)
3
0

10
80
9

p53 3.10−6

PMS
PWTS
Uninterpretable cases

8
0
0

15
76
8

Large T antigen (CM2B4) 0.01

Positive
Negative
Uninterpretable cases

1
7
0

56
35
8

CD8 0.03

Absent (score 0)
Present (score 1–5)
Uninterpretable cases

6
2
0

31
64
4

Virological features (n = 8) (n = 12) p value

MCPyV detection (VP1 PCR) 0.01

Positive cases
Negative cases
Uninterpretable cases

4
4
0

12
0
0

MCPyV detection (LTAg qPCR) 0.1

Positive cases
Negative cases
Uninterpretable cases

4
4
0

11
1
0

Other polyomavirus detection 0.9

Table 2 (continued)

Clinical data Combined
MCC (n = 8)

Conventional
MCC (n = 99)

p value

Positive cases
Negative cases
Uninterpretable cases

0
8
0

0
12
0

Papillomavirus detection 0.6

Positive cases
Negative cases
Uninterpretable cases

5
3
0

9
3
0

AJCC American Joint Committee on Cancer, CMCC combined MCC,
LTAg large T antigen, MCC classical MCC, + positive, − negative,
MCPyV(+) Merkel cell polyomavirus-positive MCC, MCPyV(−)
Merkel cell polyomavirus-negative MCC, PMS predicted mutated status
(i.e., Allred score = 0, 7, or 8), PWTS predicted wild-type status (i.e.,
Allred score = 1 to 6), SCC squamous cell carcinoma, TTF1 thyroid tran-
scription factor 1
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Fig. 2 Representative microphotographs of the immunohistochemical
study for cytokeratin 20 (a–c), TTF-1 (d–f), p53 (g–i), and CD8
immune infiltrate (j–l) in conventional (a, d, g, j) and combined MCC
(MCC (b, e, h, k) and squamous (c, f, i, l) component. To note, both

components of combined cases harbored same immunochemical p53
profile as illustrate in (i): overexpresion of p53 in a small islet of
squamous carcinoma (black star) surrounding by the MCC component

Fig. 3 Immunohistochemical
detection of Merkel cell
polyomavirus (MCPyV) large T
antigen in a combined MCC
sample: a moderate nuclear large
T antigen expression in the MCC
component and b lack of large T
antigen expression in the
squamous carcinoma component
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Considering the high prevalence of the MCPyV in normal
skin, the use of highly sensitive molecular biology procedures
might represent a pitfall in the identification of an MCPyV-
related tumor, introducing a risk of false-positive results, which
justifies our multimodal approach. Although MCPyV is consid-
ered a hallmark ofMCC, episomalMCPyV can be detected with

very low load in the papillary dermis of normal skin in many
healthy adults [19] and in non-MCC skin tumors [20]. With the
lack of an international gold standard for MCPyV quantification,
arbitrary cutoffs have been used [33] to distinguish MCPyV-
negative from MCPyV-positive tumors. To avoid this bias, we
introduced a first step of calibration of our molecular MCPyV

Fig. 4 Kaplan-Meier survival
curves for the Merkel cell
carcinoma population by the
MCC type (combined vs
conventional cases): a recurrence-
free survival and b overall
survival

Table 3 Multivariate Cox
proportional-hazard analysis of
factors associated with MCC
recurrence and death

Covariate Recurrence Death

Adjusted HR
(95% CI)

p Adjusted HR
(95% CI)

p

Age (≥ 77 vs < 77 years) 2.14 (1.04–4.41) 0.040 2.87 (1.27–6.52) 0.011

Sex (male vs female) 4.67 (2.12–10.32)) 0.0001 5.53 (2.26–13.57) 0.0002

AJCC stages (3–4 vs 1–2) 1.64 (0.76–3.52) 0.206 2.10 (0.96–4.60) 0.065

Immunosuppression (yes vs no) 0.93 (0.32–2.73) 0.901 2.23 (0.93–5.34) 0.072

MCC status (combined vs conventional) 4.15 (1.37–12.57) 0.012 4.15 (1.22–14.16) 0.023

HR hazard ratio, CI confidence interval, MCC Merkel cell carcinoma
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detection test in the study, using conventional MCC and non-
MCC skin tumors as controls. Indeed in our setting, the sensitiv-
ity of the MCPyV detection was carefully managed to detect
only significant MCPyV loads associated with MCC.

The significance of MCPyV detection in tumors and its
relation with somatic mutations is still unclear. According to
the Bhit and run^ phenomenon [34], MCC could feature loss
of large T antigen dependence. Indeed, accumulation of so-
matic mutations—notably p53 mutations—could cause an
empowerment process and might finally cause loss of
MCPyV sequence by a selection process. In this way, the
low viral load that we detected in combinedMCC cases could

be due to the presence of a minor MCPyV-positive tumor
subpopulation. The divergent differentiation component that
we found was squamous cell carcinoma in all cases. Because
squamous cell carcinoma is related to papillomavirus infection
[35], papillomaviruses could represent a possible etiological
agent for combinedMCC. Beta human papillomaviruses were
detected in 63% of our combined MCC cases and 75% of
conventional MCC cases, which rules out the possibility of a
specific association between human papillomavirus and com-
bined MCC. However, the frequent detection of cutaneous
human papillomavirus in MCC in our study raises the ques-
tion of their potential impact as a co-carcinogen.

Fig. 5 Representative
microphotographs of MCPyV-
positive (a–d) and MCPyV-
negative (e–h) combined MCC
samples. The neuroendocrine
component is characterized by
sheet of small uniform cells with
high nucleocytoplasmic ratio
(white star). It is associated with
another carcinomatous
component (black star): basaloid
squamous cell carcinoma (a, b),
conventional squamous cell
carcinoma (c, d, e, h), and Bowen
disease (f, g)
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Because specific morphological features—notably non-
keratinizing basaloid morphology—have been described in
virus-induced tumors [36], we compared morphological fea-
tures of MCPyV-positive and MCPyV-negative tumors (data
not shown). Although we found no statistically significant
difference because of the small number of cases, we detected
MCPyV in the two tumors containing squamous components
with basaloid morphology, which suggests possible interac-
tions between viral status and morphology.

MCPyV integration has been found in the main oncogenic
event in MCC, but the nature of the cell in which this integra-
tion occurs is unknown. Of note, in contrast to conventional
MCC, combinedMCC with squamous differentiation showed
an epidermal connection in all of our cases. The development
of combined tumors implicates a common progenitor cell; as
previously mentioned, Bowen’s disease is an epidermic
intraepithelial neoplasm often present in combined MCC.
Considering these two findings, combined MCC might origi-
nate from an epidermal cell. In addition, keratinocytes have
been suggested as precursors of Merkel cells [37]. These con-
siderations led us to hypothesize that MCPyV infection in a
keratinocyte could be the first oncogenic event in combined
MCC. Premature occurrence and accumulation of UV-
induced somatic mutations could secondarily lead to the loss
of the virus in a portion of the cell population and to squamous
differentiation in the intraepithelial component. At the same
time, the MCC component could invade the dermis and fur-
ther undergo progressive loss of MCPyV. Hence, advanced
combined MCC would feature very low load or lack of
MCPyV, high somatic mutation rate, lack of T cell response
and impaired outcome. In this way, our results do not rule out
that combined MCC shares the same genetic background and
behavior as other MCC types with negative-status or low-load
MCPyV but may improve our understanding of their
oncogenesis.

Our study has some limitations, owing to the low number
of combined MCC cases, which is inherent to the low inci-
dence of the tumor. The frequent MCPyV negativity found on
immunostaining in combined MCC—currently considered
the main tool for viral status determination [8]—led us to
use molecular detection procedures, which implies sensitivity
bias management, as discussed previously. Nonetheless, our
results were validated by bimodal molecular procedures and
positive and negative relevant controls.

To conclude, we detected MCPyV in half of our combined
MCC cases, with a lower viral load than with conventional
MCC, which suggests a shared oncogenesis between both
MCC variants. The impact of MCPyV on the oncogenesis
and behavior of the tumor remains to be determined.
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