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Abstract

Merkel cell carcinoma is a rare neuroendocrine carcinoma of the skin mostly induced by Merkel cell polyomavirus
integration. Cytokeratin 20 (CK20) positivity is currently used to distinguish Merkel cell carcinomas from other
neuroendocrine carcinomas. However, this distinction may be challenging in CK20-negative cases and in cases without a
primary skin tumor. The objectives of this study were first to evaluate the diagnostic accuracy of previously described
markers for the diagnosis of Merkel cell carcinoma and second to validate these markers in the setting of difficult-to-
diagnose Merkel cell carcinoma variants. In a preliminary set (n = 30), we assessed optimal immunohistochemical patterns
(CK20, thyroid transcription factor 1 [TTF-1], atonal homolog 1 [ATOH1], neurofilament [NF], special AT-rich sequence-
binding protein 2 [SATB2], paired box protein 5, terminal desoxynucleotidyl transferase, CD99, mucin 1, and Merkel cell
polyomavirus-large T antigen) and Merkel cell polyomavirus load thresholds (real-time PCR). The diagnostic accuracy of
each marker was then assessed in a validation set of 103 Merkel cell carcinomas (9 CK20-negative cases and 15 cases
without a primary skin tumor) and 70 extracutaneous neuroendocrine carcinoma cases. The most discriminant markers for a
diagnosis of Merkel cell carcinoma were SATB2, NF expression, and Merkel cell polyomavirus DNA detection (positive
likelihood ratios: 36.6, 44.4, and 28.2, respectively). Regarding Merkel cell carcinoma variants, cases without a primary skin
tumor retained a similar immunohistochemical profile and CK20-negative tumors displayed a different profile (decrease
frequency of NF and SATB2 expression), but Merkel cell polyomavirus DNA remained detected (78% of cases by qPCR).
Moreover, 8/9 (89%) CK20-negative Merkel cell carcinoma cases but only 3/61 (5%) CK20-negative extracutaneous
neuroendocrine cases were positive for at least one of these markers. In conclusion, detection of SATB2 and NF expression
and Merkel cell polyomavirus DNA helps distinguish between Merkel cell carcinoma classical and variant cases and
extracutaneous neuroendocrine carcinomas.

Introduction

Merkel cell carcinoma is a rare primary carcinoma of the
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skin with both epithelial and neuroendocrine differentiation
[1]. This tumor occurs essentially in older or immunosup-
pressed people and features aggressive behavior, with an
overall 5-year survival estimated at 40%. In 2008, Feng
et al. discovered the genome of a new polyomavirus in
Merkel cell carcinoma tumors [2]. Indeed, genomic inte-
gration of the Merkel cell polyomavirus is observed in
about 80% of Merkel cell carcinoma cases and is associated
with mutations of the viral sequence that lead to truncation
of the large T antigen (LTAg) [2, 3]. Besides the truncated
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LTAg, small T antigen is the only viral protein generally
expressed in Merkel cell carcinoma; the expression of
capsid proteins is frequently lost [4] and both T-antigens are
considered the main oncogenic triggers in Merkel cell
polyomavirus-positive Merkel cell carcinomas [5, 6].

Under microscopy examination, Merkel cell carcinoma
appears as an undifferentiated, round, blue-cell neoplasm of
the skin with high-grade neuroendocrine carcinoma features
[1]. Immunohistochemical analysis reveals the expression
of neuroendocrine markers, associated in most cases with
cytokeratin 20 (CK20). Indeed, CK20 positivity and nega-
tivity for thyroid transcription factor 1 (TTF-1) are routinely
used to distinguish Merkel cell carcinoma from metastasis
of extracutaneous neuroendocrine carcinoma [1, 7]. How-
ever, Merkel cell carcinoma variants lacking CK20
expression [8, 9] or expressing TTF-1 [10] are observed in
about 10% of cases. Furthermore, CK20 positivity has been
reported in extracutaneous neuroendocrine carcinomas
[7, 11], which led the World Health Organization to
recommend a systematic whole-body imaging work-up in
all suspected Merkel cell carcinoma cases to exclude
metastasis of extracutaneous primary neuroendocrine car-
cinomas [1]. In addition, Merkel cell carcinoma may present
as an isolated lymph node tumor without a detectable pri-
mary skin tumor [12, 13] and be misdiagnosed as lymph
node metastasis of extracutaneous neuroendocrine carci-
noma [13].

During the past few years, several immunohistochemical
and molecular markers have been suggested as additional
candidates for a positive diagnosis of Merkel cell carci-
noma. Indeed, besides the expression of CK20 and neu-
roendocrine markers, Merkel cell carcinoma was found to
express Merkel cell markers (e.g., neurofilament [NF]
[14, 15], atonal homolog 1 [ATOH1] [16], and special AT-
rich sequence-binding protein 2 [SATB2] [17]), lymphoid
markers [18, 19] (e.g., paired box protein 5 [PAXS] and
terminal desoxynucleotidyl transferase [TdT]), CD99 [20],
and the cell surface-associated mucin 1 (MUCI1) [21].
Because of Merkel cell polyomavirus-driven oncogenesis,
detection of Merkel cell polyomavirus by immunochemistry
[22, 23] and molecular procedures [2] has been suggested
for Merkel cell carcinoma diagnosis. However, such mar-
kers were frequently assessed in small cohorts and without
controlling for the main differential confounders of Merkel
cell carcinoma, represented by neuroendocrine carcinoma
metastasis. Therefore we have no comprehensive data on
the accuracy of these markers for a positive diagnosis of
Merkel cell carcinoma.

The aim of this study was to compare the diagnostic
performance of these markers for distinguishing Merkel
cell carcinoma from extracutaneous neuroendocrine car-
cinoma, with a focus on difficult-to-diagnose Merkel cell
carcinoma variants such as CK20-negative cases and
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Merkel cell carcinoma of the lymph node without a skin
primary tumor.

Methods
Design and settings

Merkel cell carcinoma cases were selected from a historical/
prospective multicentric French cohort of patients with a
diagnosis of Merkel cell carcinoma established between
1998 and 2017 (Local Ethics Committee in Human
Research, Tours, France; no. ID RCB2009-A01056-51).
Inclusion criteria for the cohort were previously described
[24, 25]. Briefly, tumors with available formalin-fixed and
paraffin-embedded tissue samples were included as Merkel
cell carcinoma cases if they displayed a compatible mor-
phology, with the combination of CK20 positivity and at
least one neuroendocrine marker (synaptophysin and chro-
mogranin A) [1] or in the absence of CK20 positivity,
expression of at least two neuroendocrine markers together
with absence of deep neuroendocrine carcinoma confirmed
by imaging work-up (CT scan or 18-FDG-TEP scan).
Merkel cell carcinoma without a skin primary tumor cases
were identified as previously described [13] as lymph node
metastasis revealing the cancer, with no previous history of
cutaneous Merkel cell carcinoma or deep neuroendocrine
carcinoma and no evidence of cutaneous or extracutaneous
primary neuroendocrine carcinoma after work-up consisting
of cutaneous physical examination and imaging (CT scan
and/or 18-FDG-TEP scan).

All extracutaneous neuroendocrine carcinomas registered
between 1999 and 2017 in one department of pathology
(Tours, France) were reviewed by using the following
inclusion criteria: extracutaneous primary tumor, surgical
biopsy or resection with available formalin-fixed and
paraffin-embedded samples, high-grade and/or poorly dif-
ferentiated features on pathological examination—classified
as small-cell neuroendocrine carcinoma, large-cell neu-
roendocrine carcinoma, or mixed adenoneuroendocrine
carcinoma—as well as immunohistochemical expression of
pancytokeratin AE1-AE3 and at least two of the four fol-
lowing makers: chromogranin A, synaptophysin, CD56,
and TTF-1 [26, 27].

The above inclusion criteria were considered the refer-
ence standards [28] for classification of Merkel cell carci-
noma and neuroendocrine carcinoma.

Clinical data
Age, sex, and location of the primary tumor were collected

from patient files. In addition, American Joint Committee
on Cancer stage at the time of diagnosis, immune
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suppression (HIV infection, organ transplant recipients,
hematological malignancies) [29] and follow-up data were
collected for Merkel cell carcinoma patients.

Tissue microarray and immunochemistry

All Merkel cell carcinoma and neuroendocrine carcinoma
samples were included in a tissue microarray. Central
intratumor areas without necrosis were selected on hema-
toxylin phloxin saffron (HPS)-stained sections to exclude
non-specific staining. The selected areas were extracted by
using a 1-mm tissue core, and cores were mounted in tri-
plicate on the tissue microarray by using a semi-motorized
tissue array system (MTA booster OI v2.00, Alphelys).
Immunohistochemical staining for CK20, TTF-1, NF,
PAXS, TdT, and CD99 involved using a BenchMark XT
Platform as instructed. Staining was performed manually for
ATOHI1 [16], MUCI [30], and CM2B4 [5] as described.
Antibodies and dilutions are in Supplemental Method S1.

Interpretation of immunohistochemical staining

The staining of immunohistochemical markers was eval-
uated independently by two pathologists (EMS, TK) who
were blinded to the clinical data, and discordant cases were
reviewed together. The interpretation of immunohis-
tochemistry (staining categories) was as follows: CK20 [1]
and TTF-1 [10] staining was classified binarily as positive
or negative, and CK20-negative cases detected on tissue
microarray were confirmed by overall slide staining [31];
NF [15], and CD99 [20] staining was classified as negative,
diffuse, or paranuclear dot pattern positive; ATOH1 [16],
SATB2 [17], PAXS [19], and MUC-1 [21] staining was
classified by using a semiquantitative score: 0: lack of
staining, 1: low/moderate or heterogenous expression, 2:
diffuse, strong, and homogenous staining identified by low
magnification (x5). Only cases with nuclear staining were
classified as positive for TdT [32]. A semiquantitative
Allred score was used for evaluating CM2B4 (LTAg of
Merkel cell polyomavirus); scores>2 were considered
Merkel cell polyomavirus-positive tumors, as descibed [22].
Representative illustrations of immunostainings are in
Supplemental Method S1.

Detection and quantification of Merkel cell
polyomavirus DNA

Detection and quantification of Merkel cell polyomavirus
DNA were performed by a biologist (AT) who was blinded
to the clinical and immunohistochemical data. Genomic
DNA was isolated from tissue samples by use of the
Maxwell 16 Instrument (Promega) with the Maxwell 16
formalin-fixed and paraffin-embedded Plus LEV DNA

purification kit (Promega). LTAg real-time PCR assay was
performed as described [23]. Briefly, 50ng DNA was
mixed with 0.2 uM primers (Supplemental Method S2), 0.1
uM DNA probe and Mix Life technologies (Applied)
GoTaq Probe real-time PCR Master Mix 2x (Promega) in a
final volume of 20 ul. PCR reactions involved use of the
LightCycler 480 II platform (Roche) with an initial dena-
turation at 95 °C x 2 min, followed by 45 cycles at 95 °C x
15s and 58 °C x 60 s. Normalization was with albumin as
the reference gene and the Waga Merkel cell carcinoma cell
line (RRID:CVCL_E998) included as a control. The ACt
method was used for quantification and results expressed as
number of Merkel cell polyomavirus copies/cells. As
negative controls, 37 non-Merkel cell carcinoma skin
tumors (18 basal cell carcinomas, 9 squamous cell carci-
nomas, and 10 melanomas) were included, with no ampli-
fication observed in these cases.

Statistical analysis

Continuous data are described with median (Q1-Q3) and
categorical data with number (%) of interpretable cases.
Categorical data were compared by two-tailed Fisher’s
exact test. P <0.05 was considered statistically significant.
Diagnostic accuracy of index tests was determined in
accordance with the STARD guidelines [28]. The inclusion
criteria described above (Methods section, data and settings
criteria) were considered the reference standards. Categories
and thresholds of index tests were determined with a pre-
liminary set of 30 cases. The diagnostic accuracy of index
tests was compared with the reference standard by using the
positive likelihood ratio as a measure of accuracy combin-
ing sensitivity and specificity. Index tests with positive
likelihood ratio > 10 were considered efficient [33]. Only
markers with efficient diagnostic accuracy (positive like-
lihood ratio>10) were considered for further analyses
(validation step, subgroup analysis between classical and
variant Merkel cell carcinomas and CK20-negative neu-
roendocrine carcinoma setting). Statistical analysis involved
use of XL-Stat-Life (Addinsoft, Paris, France).

Results
Patient characteristics

Among the Merkel cell carcinoma cohort, 118 cases were
included in this study (Fig. 1). Median age was 78 years
(Q1-Q3: 70-84) and sex ratio was 1.35 (F/M: 66/49).
Immunosuppression was identified in 13% of cases (n =11/
83). Tumors were diagnosed at American Joint Committee
on Cancer stages I, I, III, and IV in 31, 26, 38, and 5% of
cases, respectively. Most common primary tumor sites were
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Fig. 1 Flow of cases in the
study. ATOH1 atonal homolog

Merkel cell carcinoma cases with confirmed diagnosis
(n=223)

Neuroendocrine carcinoma cases with
confirmed diagnosis (n=152)

1, SATB2, special AT-rich
sequence-binding protein 2, NF
neurofilament, PAXS paired box

Cases without available

FFPE samples (n=172)

&

protein 5, TdT terminal
deoxynucleotidy] transferase,

Merkel cell carcinoma cases included in this study
(n=118)

Neuroendocrine carcinoma cases included in
this study (n=85)

MUCI cell surface-associated
mucin 1. (*) cases with
insufficient data for

Preliminary set (n=30)
optimal categories and thresholds (n=30)

—> <]

determination of the primary site
(cutaneous or superficial lymph
node location)

Validation set: diagnostic accuracy of markers between Merkel cell carcinomas (n=103) and

(ATOH1, SATB2,NF,CD99, PAXS5, TdT, MUC1, CM2B4) and Merkel cell polyomavirus status

neuroendocrine carcinomas (n=70)

Cutaneous
cases
(n=77)

Unclassifiable
cases™
(n=11)

Nodal cases without
a skin primary
tumor (n=15)

CK20(+)
(n=68)

CK20(-)
(n=9)

Diagnostic accuracy in classical Merkel cell carcinomas (n=68) versus

(SATB2, NF and Merkel cell polyomavirus status)

variant (n=24)

Diagnostic accuracy in the CK20(-) setting (n=70): CK20(-) Merkel cell carcinomas (n=9) versus CK20(-)

neuroendocrine carcinomas (n=61)
(SATB2,NF and MCPyV status)

lower limbs (39%) and head or neck (32%). Follow-up data
were available for 85 Merkel cell carcinoma cases. Median
duration of follow up was 16 months (ranges 1-209), and
34 recurrences and 30 deaths were reported during follow
up. Fifteen cases (14%) were Merkel cell carcinomas
without a skin primary tumor, 9 (8%) were CK20-negative
cutaneous Merkel cell carcinomas, and 83 (78%) were
CK20-positive cutaneous Merkel cell carcinomas. Thirteen
cases (12%) showed TTF-1 expression. In 11 cases, clinical
and imaging data did not allow for identification of the
primary tumor site (skin or lymph node) and the cases were
excluded from subgroup analysis (Fig. 1).

Among extracutaneous neuroendocrine carcinoma cases
that met inclusion criteria (Fig. 1), median age was 65
(Q1-Q3: 55-72) and sex ratio 1.9 (F/M: 56/29). Primary
tumor sites were lung (n =52, 61%) and digestive (n = 22,
26%), urologic (n =717, 8%), and gynecologic tract (n =4,
5%). The histological subtype was small-cell neuroendo-
crine carcinoma in 49% of cases (n =42), large-cell neu-
roendocrine carcinoma in 47% (n=40) and mixed
adenoneuroendocrine carcinomas in 4% (n = 3). Overall, 4
(5%) and 45 (58%) cases showed expression of CK20 and
TTF-1, respectively.
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Detailed immunohistochemical profiles of all Merkel cell
carcinoma and neuroendocrine carcinoma cases by site of
primary tumor and histological subtype are in supplemental
Data S1.

Preliminary step: determining optimal categories
and thresholds of index tests

Because several immunohistochemical markers were clas-
sified in three categories (semiquantitative score or
expression by pattern) and lack of a consensual threshold
for Merkel cell polyomavirus real-time PCR, optimal cate-
gories for a positive diagnosis of Merkel cell carcinoma
versus neuroendocrine carcinoma were determined in an
exploratory set of 30 cases. Fifteen Merkel cell carcinoma
cases were randomly selected among the CK20-positive
cutaneous Merkel cell carcinoma cases, considered the most
representative, and compared with 15 neuroendocrine car-
cinoma cases from various anatomic sites randomly selected
in each category (8 lung and 4 digestive, 2 urologic and 1
gynecologic tract). The detailed phenotype of these cases
and representative illustrations of scoring are in supple-
mental Data S2-S3. In this preliminary analysis, NF and
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CD99 “dot staining”; ATOH1, SATB2, and MUCI high
and diffuse staining (“score 2”’) and Pax5 positivity (“scores
1-2”) showed optimal accuracy for a positive diagnosis of
Merkel cell carcinoma (see Supplemental Data S2) and
were then assessed in the validation step.

The optimal positive threshold of real-time PCR (Merkel
cell polyomavirus copies/cell = 1.2) for a positive diagnosis
of Merkel cell carcinoma was determined by the area under
the receiver operating characteristic curve (AUC: 0.962;
sensitivity: 0.93 (95% confidence interval [CI] 0.66-1;
specificity: 1 (95% CI: 0.757-1) (Supplemental Data S4)
and was then assessed in the validation step.

Validation step: diagnostic accuracy of histological
and virological markers for a positive diagnosis of
Merkel cell carcinoma

After excluding the 30 cases used in the preliminary step,
the performance of markers was assessed by using the
identified thresholds/categories. Comparison of immuno-
histochemical and virological features between Merkel cell
carcinoma and neuroendocrine carcinoma cases is in
Table 1 and representative illustrations are in Fig. 2.

All markers showed significant differential expression
between Merkel cell carcinomas and neuroendocrine car-
cinomas (Fisher’s exact test: p < 1 x 107%), except PAXS (p
=0.9). Positive likelihood ratio > 10, considered to provide
substantial benefit for diagnostic accuracy [33], was
observed for three index tests: detection of NF, SATB2, and
Merkel cell polyomavirus (Table 1). Dot-pattern NF
expression (Fig. 2c) was observed in 75% of Merkel cell
carcinoma cases and only one small-cell bladder neu-
roendocrine carcinoma case (positive likelihood ratio: 44.4).
In all, 64% of Merkel cell carcinoma cases and only one
small-cell gallbladder neuroendocrine carcinoma case
(positive likelihood ratio: 36.6) showed high and diffuse
SATB2 expression (score 2) (Fig. 2d). However, both
Merkel cell carcinoma (24%) and neuroendocrine carci-
noma (18%) cases showed low and heterogenous SATB2
expression (score 1). Merkel cell polyomavirus detection,
both by immunochemistry (LTAg expression) and real-time
PCR, demonstrated high specificity for Merkel cell carci-
noma. With the cutoff determined in the preliminary set,
real-time PCR (positive likelihood ratio: 28.2) was more
sensitive (83% of positive Merkel cell carcinoma cases)
than immunohistochemistry with LTAg (64% positivity)
(p<l1lx 1073) (Table 1). In contrast, LTAg immunohis-
tochemistry was specific for Merkel cell carcinoma,
whereas real-time PCR also detected Merkel cell poly-
omavirus above the pre-specified threshold in two extra-
cutaneous neuroendocrine carcinoma cases: one large-cell
colic case (Merkel cell polyomavirus copies/cell =4)

and one small-cell bladder case previously described as
NF-positive (Merkel cell polyomavirus copies/cell = 30).
Neither of these two neuroendocrine carcinoma cases
stained positive for LTAg, CK20, or SATB2 on
immunohistochemistry.

NF and SATB2 expression and Merkel cell
polyomavirus detection in Merkel cell carcinoma
variants

Because Merkel cell carcinoma phenotypic variants (CK20-
negative and Merkel cell carcinoma without a skin primary
tumor) are the most challenging Merkel cell carcinoma
diagnoses in current practice, SATB2 and NF expression
and Merkel cell polyomavirus detection were compared
between classical cutaneous Merkel cell carcinoma cases
and such variants (Fig. 1 and Table 2). Regarding Merkel
cell carcinomas of the lymph node without a skin primary
tumor, dot pattern NF expression, high and diffuse SATB2
expression (score 2), and Merkel cell polyomavirus detec-
tion above the pre-specified threshold were observed in
85%, 74%, and 93% of cases, respectively, and the diag-
nostic performance of these markers was similar to that for
cutaneous Merkel cell carcinomas (Table 2) (positive like-
lihood ratios in Merkel cell carcinoma without a skin pri-
mary tumor: 51 (95% CI: 7-357), 41.8 (95% CI: 6-299),
and 32 (95% CI: 8—124) respectively).

By contrast, CK20-negative Merkel cell carcinoma cases
showed significantly lower dot pattern NF expression than
classical Merkel cell carcinoma cases (44 vs 78%, p = 0.03)
and lower, although not significantly, SATB2 (score 2)
expression (37.5 vs 61%, p=0.25) (Table 2). In total, 4
(50%) and 7 (78%) CK20-negative Merkel cell carcinoma
cases featured LTAg and Merkel cell polyomavirus genome
detection, respectively (Table 2).

SATB2 and NF expression and Merkel cell
polyomavirus detection in the CK20-negative
neuroendocrine carcinoma setting

Because neuroendocrine carcinoma metastasis remains the
main differential diagnosis to exclude when assessing a
cutaneous CK20-negative tumor, we assessed the diagnostic
accuracy of our markers in the restricted CK20-negative
setting (Fig. 1 and Table 3). SATB2 and NF expression and
Merkel cell polyomavirus real-time PCR remained accurate
tools for Merkel cell carcinoma diagnosis in this setting
(positive likelihood ratio: 20, 24, and 24, respectively).
Accordingly, 8/9 (89%) CK20-negative Merkel cell carci-
noma cases and only 3/61 (5%) extracutaneous neu-
roendocrine carcinoma cases were positive for at least one
of these markers.

SPRINGER NATURE
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Table 1 Diagnostic accuracy of immunochemical and virological features between Merkel cell carcinoma and neuroendocrine carcinoma
populations

Marker Merkel cell Neuroendocrine p Sensitivity Specificity Positive
carcinoma carcinoma (95%CI) (95%CI) likelihood
(n=103) (n="170) ratio
(95% CI)
Cytokeratin 20 <1l x 91% 94% 14.8 (6-38)
Positive 94 (91%) 4 (6%) 107 (84-95) (85-98)
Negative 9 (9%) 61 (94%)
Uninterpretable 0 5
cases
TTF-1 <lx 89% 57% 2.1
Positive 10 (11%) 37 (57%) 107 (81-95) (44-69) (1.6-2.8)
Negative 85 (89%) 28 (43%)
Uninterpretable 8 5
cases
ATOH1 <lx 68% 51% 1.4 (1-1.9)
Score 2 65 (68%) 29 (49%) 107 (58-78) (38-64)
Score 1 29 (31%) 14 (24%)
Score 0 1 (1%) 16 (27%)
Uninterpretable 8 11
cases
NF <lx 75% 98% 44.4
Dot 73 (75%) 1 %) 1073 (65-83) (91-100) (6-311)
Diffus 0 2 (2%)
Negative 24 (25%) 56 (96%)
Uninterpretable 6 11
cases
SATB2 <lx 64% 98% 36.6
Score 2 63 (64%) 1. 2%) 1073 (54-74) (91-100) (5-257)
Score 1 23 (24%) 10 (18%)
Score 0 12 (12%) 46 (80%)
Uninterpretable 5 13
cases
CD99 < 65% 83% 3.8 (2-8)
Dot 63 (65%) 6 (17%) Ix (55-74) (66-93)
Diffus 19 (20%) 21 (60%) 10
Negative 15 (15%) 8 (23%)
Uninterpretable 6 35
cases
PAXS5S 0.9 23% 76% 0.9
Score 2 4 (5%) 3 (5%) (15-33) (62-86) (0.2-3.4)
Score 1 18 (18%) 11 (19%)
Score 0 74 (77%) 43 (76%)
Uninterpretable 7 13
cases
TdT < 20% 100% —
Positive 20 (20%) 0 Ix (13-30) (94-100)
Negative 78 (80%) 58 (100%) 10
Uninterpretable 5 12
cases
MUCI1 4.5 (2-11)

SPRINGER NATURE
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Table 1 (continued)

Marker Merkel cell Neuroendocrine P Sensitivity Specificity Positive
carcinoma carcinoma (95%CI) (95%CI) likelihood
(n=103) (n=170) ratio
(95% CI)
Score 2 45 (48%) 6 (10%) < 48% 90%
Score 1 26 (28%) 44 (73%) 1x (37-58) (79-96)
-5
Score 0 23 (24%) 10 (17%) 10
Uninterpretable 9 10
cases
LTAg (CM2B4) < 64% 100% —
Positive 60 (64%) 0 }8‘75 (53-73) (94-100)
Negative 34 (36%) 60 (100%)
Uninterpretable 9 10
cases
Merkel cell < 83% 97% 28.2
polyomavirus gPCR 1x (74-90) (90-100) (7-111)
-5
Positive 83 (83%) 2 (3%) 10
Negative 17 (17%) 66 (97%)
Uninterpretable 3 2
cases

Results are expressed in percentages of interpretable cases

Positive likelihood could not be determined for TdT and LTAg expression. Positive likelihood ratio > 10 indicated in bold were considered for
further analysis. Merkel cell polyomavirus positive or negative status were determined by the Allred score and predeterminated cutoff (Merkel cell
polyomavirus copies/cell > 1.2) for immunochemistry and qPCR, respectively

ATOH] atonal homolog 1, CK20 cytokeratin 20, LTAg large T antigen, MUCI cell surface-associated mucin 1, NF neurofilament, PAX5 paired
box protein 5, gPCR quantitative PCR, SATB2 special AT-rich sequence-binding protein 2, 7dT terminal deoxynucleotidyl transferase, TTF-1

thyroid transcription factor 1

“Fisher’s exact test

Fig. 2 Representative immunohistochemical staining of Merkel cell
carcinoma tissue sections. a CK20 expression with paranuclear dot
pattern, b lack of TTF-1 expression; ¢ NF expression with a dot pat-
tern; d high and diffuse nuclear expression of SATB2; e high and
diffuse nuclear expression of ATOHI; f high and diffuse nuclear

expression of LTAg (Allred score =8); g CD99 expression with
paranuclear dot pattern; h low TdT expression; I high and diffuse
expression of MUCI; j low expression of PAXS with intratumor
lymphocytes as positive controls

SPRINGER NATURE
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Table 2 Detection of the MCC markers NF, SATB2, and Merkel cell
polyomavirus in classical MCC compared with MCC phenotypic
variants

Marker Classical Merkel cell carcinoma variants
Merkel cell
carcinoma
cases
Cutaneous Cutaneous Nodal cases
CK20 (+) CK20 (—) without a skin
cases (n=68) cases (n=9)  primary
tumor
(n=15)
CK20
Positive 68 (100%) 0 15 (100%)
Negative 0 9 (100%) 0
Uninterpretable 0 0 0
cases
NF
Dot 50 (78%) 4 (44%) 12 (85%)
Diffuse 0 0 0
Negative 14 (22%) 5 (56%) 2 (15%)
Uninterpretable 4 0 1
cases
SATB2
Score 2 39 (61%) 3 (37.5%) 11 (74%)
Score 1 19 (30%) 2 (25%) 2 (13%)
Score 0 6 (9%) 3 (37.5%) 2 (13%)
Uninterpretable 4 1 0
cases
LTAg (CM2B4)
Positive 38 (62%) 4 (50%) 10 (71%)
Negative 23 (38%) 4 (50%) 4 (29%)
Uninterpretable 7 1 1
cases
Merkel cell polyomavirus gPCR
Positive 54 (82%) 7 (78%) 13 (93%)
Negative 12 (18%) 2 (22%) 1 (7%)
Uninterpretable 2 0 1

cases

The results are expressed in percentages of interpretable cases

Merkel cell polyomavirus positive or negative status were determined
by the Allred score and predeterminated cutoff (Merkel cell
polyomavirus copies/cell >1.2) for immunochemistry and qPCR,
respectively

CK20 cytokeratin 20, LTAg large T antigen, NF neurofilament, gPCR
quantitative PCR, SATB2 special AT-rich sequence-binding protein 2

Discussion

The diagnosis of Merkel cell carcinoma is mainly based on
the association of clinical data, microscopic features of
high-grade neuroendocrine carcinoma, and CK20 positivity
and TTF-1 negativity on immunohistochemistry. In current
practice, distinguishing between Merkel cell carcinoma and
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metastasis from a non-cutaneous neuroendocrine carcino-
mas may be challenging with some phenotypic variants of
Merkel cell carcinoma, notably Merkel cell carcinoma
without a skin primary tumor [12, 34] and CK20-negative
cases [8, 9] (14 and 8% of our cases, respectively). The aim
of this study was to evaluate the accuracy of additional
markers in a large cohort of Merkel cell carcinoma cases in
comparison with extracutaneous neuroendocrine carcino-
mas. Our results suggest that NF and SATB2 immunohis-
tochemical expression as well as Merkel cell polyomavirus
real-time PCR detection are accurate tools to distinguish
Merkel cell carcinoma from extracutaneous neuroendocrine
carcinoma metastasis. Regarding Merkel cell carcinoma
variants, which remain the most challenging diagnostic
issue, Merkel cell carcinoma of the lymph node without a
skin primary tumor cases had frequent expression of these
three markers (85, 74 and 93%, respectively). For CK20-
negative cases, NF and SATB2 were less frequently
expressed; however, the three markers still retained high
diagnostic accuracy in this setting. Accordingly, at least one
of these markers was positive in 89% of CK20-negative
Merkel cell carcinoma cases and only 5% of extracutaneous
CK20-negative neuroendocrine carcinoma cases.

A range of markers was previously reported to be
expressed in Merkel cell carcinoma, but their diagnostic
accuracy had not been compared to neuroendocrine carci-
noma, which remains the main differential diagnosis of
Merkel cell carcinoma.

In 1878, Sigmund Friedrich Merkel identified a new
cellular type of cells located in the basal layer of the epi-
dermis that frequently aggregated to form a specialized
structure involved in proprioception—the touch dome [35].
Indeed, Merkel cells harbor a mechanoreceptor phenotype,
form synaptic-like structures with afferent terminals [36]
and express some neural-cell markers such as NF [37]. NF
is frequently observed in Merkel cell carcinoma [14, 15],
and we found that the “dot pattern” of NF expression is
sensitive (75%) and highly specific (98%) for a positive
diagnosis of Merkel cell carcinoma in the setting of neu-
roendocrine carcinoma.

SATB?2 seems to be another useful marker of Merkel cell
carcinoma [17]. SATB2 is a nuclear matrix-associated
protein involved in chromatin remodeling and gene reg-
ulation [38]. In the skin, SATB2 expression is restricted to
Merkel cells [17]. In extracutaneous tissues, SATB2 is
involved in cell differentiation of neuronal [39] and colonic
cells [40] and drives CK20 expression [39] in this latter, so
it could also contribute to the Merkel cell phenotype in the
skin. Recently Fukuhara et al. [17] reported SATB2 as a
specific marker of Merkel cell carcinoma in comparison
with 37 cutaneous tumors. In the present study, we con-
firmed the high specificity (98%) of SATB2 for the diag-
nosis of Merkel cell carcinoma among neuroendocrine
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Table 3 Diagnostic accuracy of

Index test No. of CK20 No. of CK20(—) Sensitivity Specificity Positive
NF (dot pattern) a nd SATB2 (—) Merkel cell neuroendocrine (95%CI) (95%CTI) likelihood
(score 2) expression and Merkel . o . . .
cell polyomavirus detection caIcu;omas carcuéc;mas rgtslo o
(Merkel cell polyomavirus (=9 (n=61) O5%CD
cgp1e/ce}1> 1.2) for a positive NF 44 (14-79) 98 (90-100) 24 (3-191)
diagnosis of Merkel cell
carcinoma in the CK20-negative Dot pattern 4 (44%) 1.(2%)
neuroendocrine carcinoma Other 5 (56%) 53 (98%)
setting (70 cases) Uninterpretable 0 7
cases
SATB2 375 98 (90-100) 20 (2-168)
Score 2 3 (37.5%) 1 (2%) (8.52-75)
Score 0-1 5 (62.5%) 52 (98%)
Uninterpretable 1 8
cases
Merkel cell 78 (40-97) 97 (89-100) 24 (6-97)
polyomavirus gPCR
Positive 7 (78%) 2 3%)
Negative 2 (22%) 59 (97%)
Uninterpretable 0 0

case

The results are expressed in percentages of interpretable cases

Nine CK20-negative Merkel cell carcinoma and 61 CK20-negative neuroendocrine cases were analyzed.
Merkel cell polyomavirus positive or negative status were determined by the Allred score and
predeterminated cutoff (Merkel cell polyomavirus copies/cell >1.2) for immunochemistry and gqPCR,

respectively

NF neurofilament, SATB2 special AT-rich sequence-binding protein 2

carcinoma cases. Of note, in the spectrum of neuroendo-
crine tumors, well-differentiated tumors of the lower
digestive tract showed SATB2 expression [41] and could be
easily distinguished from Merkel cell carcinoma on mor-
phology and tumor location.

ATOHLI did not show high diagnostic performance in our
study. In mice, ATOHI have been found the most important
transcription factor driving Merkel cell differentiation [42].
In 2010, Heiskala et al. investigated ATOH1 expression in
neuroendocrine neoplasia and observed ATOHI positivity
in Merkel cell carcinoma and in tumors of the digestive tract
and parathyroid [43]. Accordingly, we found ATOHI
positivity in our extracutaneous neuroendocrine carcinoma
cases, which rules out its use for Merkel cell carcinoma
diagnosis. Similarly, other markers such as TdT and PAXS,
CD99 or MUCI did not seem relevant for Merkel cell
carcinoma diagnosis because they were expressed in a few
Merkel cell carcinoma cases and/or were expressed in other
neuroendocrine carcinoma cases. Of note, INSM1 (Insuli-
noma-associated protein 1) was recently identified as a
performant marker to confirm the neuroendocrine nature of
Merkel cell carcinoma [44, 45]. Due to its lack of abilities to
distinguish Merkel cell carcinoma from other neuroendo-
crine carcinoma cases, this marker was not tested in the
present study but still remains an useful tool in combination
with CK20, SATB2, NF, and Merkel cell polyomavirus

detection to confirm Merkel cell carcinoma diagnosis in
current practice.

Assessing Merkel cell polyomavirus DNA as a marker of
Merkel cell carcinoma has previously been debated. Merkel
cell polyomavirus has been detected in a large range of non-
Merkel cell carcinoma neoplasia [46] because this virus is
ubiquitous in the papillary dermis of healthy people [47, 48]
and can be detected in the environment if sufficiently sen-
sitive methods are applied [49]. In a diagnosis context, the
main issue is to distinguish Merkel cell polyomavirus epi-
somal virus, which can be detected at very low levels in the
skin of healthy people [48], from an integrated virus
detected at higher levels, in at least each cell of Merkel cell
polyomavirus-positive Merkel cell carcinomas. Thus, real-
time PCR seems a relevant tool in this setting. Also, we
determined an optimal threshold of Merkel cell poly-
omavirus load that allowed for accurately differentiating
Merkel cell carcinomas from 100% of non-Merkel cell
carcinoma cutaneous tumors included as negative controls
and from 97% of extracutaneous neuroendocrine carcinoma
tumors. Detection of Merkel cell polyomavirus-LTAg by
immunochemistry with the commercial clone CM2B4 has
recently been found have the best overall accuracy for
classifying Merkel cell carcinomas as virus-positive or
-negative [22]. However, with this technique, we and others
[50] identified only 64% of viropositivity among Merkel
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cell carcinoma cases as compared with 83% with molecular
procedures [2]. Lower sensitivity of this antibody as com-
pared with another non-commercial antibody was pre-
viously emphasized [23]. Of note, real-time PCR still
detected Merkel cell polyomavirus in two neuroendocrine
carcinoma cases, including a bladder neuroendocrine car-
cinoma tumor that also stained positive for the Merkel cell
carcinoma marker NF. Merkel cell polyomavirus has been
suggested to be involved as a carcinogenic agent in bladder
carcinoma [51]. However, further investigations are needed
to confirm the existence of Merkel cell polyomavirus (+)
primary tumors of the bladder.

After having identified the most accurate markers in the
overall Merkel cell carcinoma cases, we assessed them in
the setting of difficult-to-diagnose cases, such as Merkel cell
carcinomas without a skin primary tumor or CK20-negative
Merkel cell carcinomas, which are the main challenge in
practice. Indeed, Merkel cell carcinoma of the lymph node
without a skin primary tumor, which represented 14% of
our Merkel cell carcinoma cohort, can be misdiagnosed as
lymph node metastases from other neuroendocrine carci-
noma, with detrimental consequences on disease manage-
ment. In a previous study, we reported that Merkel cell
carcinoma without a skin primary tumor shared similar
morphological and phenotypical features with cutaneous
Merkel cell carcinoma but was accurately distinguished
from other superficial neuroendocrine carcinoma lymph
node metastasis by a spectrum of clinical, histological and
virological criteria summarized as the ELECTHIP criteria
(Elderly:>70 years, Location: inguinal or parotid, Extent
restricted to the lymph node area, CK20 positivity, TTF-1
negativity, Histological type: small cell neuroendocrine
carcinoma, Polyomavirus detection) [13]. Accordingly, NF
and SATB2, the relevant immunohistochemical Merkel cell
carcinoma markers assessed in the current study, were
expressed in Merkel cell carcinoma without a skin primary
tumor cases at similar levels as cutaneous primary Merkel
cell carcinoma cases (NF, dot staining: 85%; SATB2
positivity, score 2: 74%) and therefore could be used as
additional tools to confirm the Merkel cell carcinoma
without a skin primary tumor diagnosis.

In contrast, we identified CK20-negative Merkel cell
carcinoma cases (8% of the cases) as a distinct subgroup
with decreased frequency of NF and SATB2 expression
(44% and 37.5% of positive cases, respectively). Only few
data are available on the phenotype of this Merkel cell
carcinoma subset. TTF-1 negativity has been confirmed in
this population [8, 52] and NF expression was previously
detected in two of three investigated cases [8]. Although
CK7 positivity has been observed [52], it was an infrequent
finding in another study [8] and in our study (n = 0/9 cases,
data not shown). In 2015, Miner et al. [8] reported 77%
Merkel cell polyomavirus-negativity among CK20-negative
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Merkel cell carcinoma cases. Additional analysis [9]
revealed a high level of chromosomal anomalies and fre-
quent somatic mutations with a UV signature, which sug-
gested non-viral, UV-induced oncogenesis for CK20-
negative cases and ruled out the relevance of Merkel cell
polyomavirus detection as a diagnostic tool for this Merkel
cell carcinoma subset. By contrast, in our study, Merkel cell
polyomavirus detection was the most sensitive tool for
Merkel cell carcinoma diagnosis (78% of real-time PCR
positivity above predefined threshold—7/9 CK20-negative
cases). However, considering that Merkel cell polyomavirus
detection methods are only available in a few specialized
centers and because of the widespread availability of
SATB2 and NF markers, a first immunohistochemical
investigation of NF and SATB?2 status, which conferred a
high positive likelihood ratio in this setting (24 and 20,
respectively), followed by Merkel cell polyomavirus
detection in a specialized center may represent an alter-
native approach in current practice.

To conclude, we provide evidence of NF and SATB2
protein expression and Merkel cell polyomavirus DNA
detection as three relevant additional accurate markers for
Merkel cell carcinoma. Moreover, regarding these three cri-
teria, we demonstrate that Merkel cell carcinoma without a
skin primary tumor shares a similar phenotype with other
Merkel cell carcinoma, whereas CK20-negative Merkel cell
carcinoma constitutes a distinct group, which nevertheless can
be distinguished from other neuroendocrine carcinoma cases
by using NF, SATB2 and Merkel cell polyomavirus detection.
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