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Abstract
Merkel cell carcinoma is a rare and aggressive primary neuroendocrine carcinoma of the skin, whose pathogenesis can be 
traced back to UV radiation damage or Merkel cell polyomavirus (MCPyV) infection. Despite some improvements on the 
characterization of the disease partly due to its increased incidence, crucial pathogenetic and prognostic factors still need to 
be refined. A consecutive series of 228 MCC from three hospitals in Turin was collected with the aim of both analyzing the 
apparent increase in MCC incidence in our area and investigating the distribution and prognostic role of clinical-pathological 
parameters, with a focus on MCPyV status, ALK tumor expression and tumor infiltrating lymphocytes (TILs). Review of 
morphology and conventional immunohistochemical staining was possible in 191 cases. In 50 cases, the expression of the 
novel neuroendocrine marker INSM1 was additionally assessed. Fourteen cases of MCC of unknown primary skin lesion 
were identified and separately analyzed. While confirming an exponential trend in MCC incidence in the last decades and 
providing a description of histological and cytological features of a large series of MCC, the present study concludes that 
1) INSM1 is a highly sensitive marker in both skin and lymph node primary MCC; 2) positive MCPyV status, brisk TILs 
and lower tumor size and thickness are independent positive prognostic parameters, and the combination of the former two 
may provide a novel tool for prognostic stratification; 3) ALK is expressed 87% of MCC and associated with positive viral 
status, and could represent a prognostic biomarker, if validated in larger series.
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Introduction

Merkel cell carcinoma (MCC) is a rare aggressive primary 
neuroendocrine carcinoma of the skin, most frequently affect-
ing elderly and fair-skinned individuals and favored by immu-
nosuppression [1–3]. Although traditionally considered a rare 
disease, the evident increase of incidence observed in the last 
decades led to a growing interest in its origin and treatment 
[4–8]. The pathogenesis of MCC can be traced back to two 
independent pathways: UV radiation induced damage and 
Merkel cell polyomavirus infection (MCPyV), which define 
two genetically distinct subgroups. UV-induced tumors have 
a very high mutational burden, with frequent loss of function 
mutations of RB and TP53 genes, activating mutations of 
PIK3CA, and MYC amplification [1]. Virus-induced tumors 
are defined by a low tumor mutational burden and MCPyV 
DNA integration resulting in viral oncoproteins expression [9, 
10]; this subgroup represents at least 60% of all MCC [1] (up 
to 80% in the Northern hemisphere) [11]. The two different 
pathogenetic mechanisms seem to reflect diverse clinical out-
comes: UV-induced tumors are associated with a higher risk 
of recurrence, progression and death [12], whereas MCPyV-
related tumors show better outcome, irrespective of tumor 
stage and patient immune status [13].

Prognostic evaluation of MCC traditionally relies on 
tumor size, lymph node involvement, and distant metas-
tases [14]. In the last years, however, further clinical and 
morphological features, such as sex and age, immunosup-
pression, as well as tumor-infiltrating lymphocytes (TILs) 
and tumor thickness, have been investigated in their prog-
nostic value [15–19]. In addition, cKIT, PDGFRA, ALK 
and EGFR represent only some of the biomarkers exam-
ined in MCC in order to better define its pathogenesis 
[20–25]. In particular, ALK tumor expression has been 
reported in MCC and was recently shown to correlate with 
viral status as well as a longer survival [20, 22, 26].

Analyzing a consecutive series of MCC from three cent-
ers in Turin, the aim of our study was twofold: i) to investi-
gate the prognostic/predictive role of MCPyV status, ALK 
tumor expression and clinical-pathological parameters in 
respect to patient’s progression and outcome, and ii) to 
analyze and confirm the apparent increase in MCC inci-
dence in the last decades.

Materials and Methods

Subjects and Samples

A retrospective series of 228 cases of MCC diagnosed 
between January 1980 and July 2021 was collected from 

three main centers in Turin: specifically, 193 cases from 
Città della Salute e della Scienza Hospital, 24 cases from 
Humanitas Gradenigo Hospital and 11 cases from San 
Luigi Gonzaga Hospital. Città della Salute e della Scienza 
University Hospital’s cases included consultation cases 
from local hospitals of the city of Turin and from outside 
provinces, since the hospital acts as a reference center for 
neuroendocrine pathology. Histological slides were inde-
pendently reviewed by three different pathologists with 
an interest in skin and neuroendocrine pathology (FS, RS, 
MP), all blinded to the patient’s outcome. Tumor forma-
lin-fixed paraffin-embedded (FFPE) blocks and/or original 
histological slides were available for 191 patients (84%); 
of those, 144 were skin biopsy samples (17 incisional and 
127 excisional, 34 of which had an associated positive 
lymphadenectomy) and 47 were lymph node or visceral 
localizations for which no cutaneous sample was available. 
In the remaining 37 cases, material was either not availa-
ble or returned when received as a second opinion request. 
Archival immunohistochemical slides of each case were 
reviewed and included, apart from conventional hematoxy-
lin and eosin stains, either a broad-spectrum keratin or a 
cytokeratin 20 (CK20) stain and additional stains for chro-
mogranin A (CGA, 156 cases), synaptophysin (100 cases) 
and Ki67 (97 cases). Few older cases included stains for 
neuron-specific enolase (NSE) and neurofilaments. Diag-
nosis was confirmed in all cases based on morphological 
and immunohistochemical features, with positive expres-
sion of a broad spectrum keratin or CK20 with a dot-like 
paranuclear pattern, combined with at least one neuroen-
docrine marker [11]. The most representative slide of each 
sample was selected for additional immunohistochemical 
tests, in cases with available material. Clinical data and 
patient identification were anonymized prior to analysis 
by a pathology staff member not involved in the study.

Clinical and Follow‑up Data and Morphological 
Evaluation

Clinical data were retrospectively obtained from medical 
records. Our analysis included sex, age at diagnosis, tumor 
size and location, date of histological diagnosis, date of 
disease progression and/or death (MCC-related or not). 
Loco-regional recurrence or distant metastases were docu-
mented. Tumor staging was re-assigned according to the 
AJCC 8th edition TNM Staging system [27].

Neoplastic growth pattern (trabecular/organoid versus dif-
fuse), the extent of neoplastic necrosis and the cytological 
features of tumor cells were assessed on cases for which a 
primary skin sample or a lymph node or visceral localiza-
tion was available. Cell type was classified as conventional 
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(i.e., round and small sized nuclei with salt and pepper 
chromatin) versus spindled (slightly pleomorphic cells with 
spindle-shaped nuclei and vaguely fascicular pattern) ver-
sus large (larger nuclei and inconspicuous cytoplasm) versus 
pleomorphic (comprising scattered very large pleomorphic 
or multinucleated cells). Breslow thickness [28], presence 
of ulceration, Clark level [28], presence of deep extrader-
mal invasion, deep tumor edge (pushing versus infiltrating), 
mitotic rate (as number of mitoses/mm2), vascular and 
perineural invasion, evidence of heterologous differentia-
tion, solar elastosis in adjacent dermis [28], margins status 
and inflammatory infiltrate (absent versus present non-brisk 
versus present brisk) [28] were assessed on primary skin 
samples only. Specifically, tumors with brisk TILs included 
tumors with diffuse infiltrates both at the tumor periphery 
and within the tumor stromal septa.

Immunohistochemical Procedures

Three micron-thick serial paraffin sections of each case were 
processed by immunohistochemistry using an automated 
immunostainer (Ventana BenchMark AutoStainer, Ventana 
Medical Systems, Tucson, AZ, USA) with antibodies against 
INSM1 (clone A8, diluted 1:100, Santa Cruz Biotechnol-
ogy, Inc., Dallas, Texas, USA), MCPyV large T-antigen 
(Mouse Monoclonal Antibody, clone CM2B4, diluted 1:50; 
Santa Cruz Biotechnology, Inc., Dallas, Texas, USA) and 
ALK (Rabbit Monoclonal Primary Antibody, clone D5F3, 
pre-diluted; Roche Diagnostics, Inc., Tucson, AZ, USA). 
Appropriate positive controls were included for each 
immunohistochemical run. Immunohistochemical staining 
was interpreted by two pathologists (FS and RS). INSM1 
expression was evaluated in 50 cases. MCPyV status was 
assessed in 178 cases and interpreted according to Moshiri 
et al. [12]; cases were considered negative when weak stain-
ing was observed in < 1% of tumor cells. ALK staining was 
performed in 155 cases and scored according to both the 
percentage of positive tumor cells and their staining intensity 
as negative, low, intermediate or high (partially based on 
previous literature data [20, 26, 29]). Specifically, the reac-
tion was considered negative when staining was observed 
in < 1% of tumor cells; low when very weak to moderate 
staining intensity was observed in < 25% of tumor; interme-
diate when weak to moderate staining intensity was observed 
in > 25% of tumor cells, or when strong staining intensity 
was observed in < 25% of tumor cells; high when strong 
staining intensity was observed in > 25% of tumor cells.

Statistical Analyses

Data were collected using Microsoft ® Excel 2020 
software and analyzed with Python3 programming 

framework. Associations between clinical-pathological 
variables were investigated by means of Student t-tests 
and Pearson's Chi-squared tests. Due to technical issues  
in the execution and evaluation of the MCPyV large T- 
antigen immunohistochemistry in older and consequently 
less well-preserved cases, we decided to focus our statis-
tical analyses concerning viral status and its correlation 
with clinical-pathological features on cases diagnosed 
from the year 1990. Differences in clinical-pathological 
parameters with respect to viral status and patient’s pro-
gression were separately explored by means of Student 
t-tests and Pearson’s Chi-squared tests. Statistical sig-
nificance for individual regression coefficients—and 
hence the (adjusted) odds ratios—was tested using like-
lihood ratios. Survival rates for Disease Specific Survival 
(DSS) and Disease Free Interval (DFI) were estimated by 
Kaplan–Meier method. DSS was calculated as the number 
of months from the date of histological diagnosis to the 
date of death by MCC or of last follow-up. DFI was cal-
culated as the time elapsed from the date of histological 
MCC diagnosis to the date of first evidence of disease 
progression or of the last follow up, considering only the 
patients in which the treatment performed at diagnosis 
had rendered them free of disease. To investigate covari-
ation of clinical and pathological parameters and survival 
rates, a Cox’s proportional hazard model was fitted to the 
data, both in univariate and multivariate setting. Variable 
selection for the multivariate analysis was based on both 
univariate significance and prior knowledge [30]. Statisti-
cal significance was set at p < 0.05.

To evaluate the increase in MCC diagnoses in the 
population of Turin, both a Linear Model (LM) and a 
Generalized Linear Model (GLM) regression analysis 
were fitted to the yearly number of diagnosed cases per 
million inhabitants between the years 1980 and 2021 
(Italian Institute of Statistics data). For the purpose of a 
precise incidence analysis limited to the city of Turin, 35 
cases that arrived as second opinion request from hospi-
tals outside the city of Turin were excluded. Statistical 
significance for individual regression coefficients was 
tested using likelihood ratios, and confidence intervals 
were computed by the asymptotic normality of the maxi-
mum likelihood estimated coefficients. The dynamics  
of such increase were further explored by means of an 
Age-Period-Cohort model (APC), accounting for the 
age (A), date of diagnosis (P) and date of birth (C) of 
patients. Average counts of diagnoses were aggregated 
in 5-years periods. Due to the significant limitations 
posed by the application of such analyses to our rela-
tively small sample, the APC analysis was performed 
exclusively as an exploratory analysis assessing whether 
our results were consistent with larger cases studies  
in literature.
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Results

Patient’s Characteristics and Follow‑up Data

Our retrospective cohort included 228 patients, 123 males 
(54%) and 105 females (46%). The patients’ age ranged from 
38 to 102 years, with a mean age of 74.5 years. Cutaneous 
tumor size ranged from 0.3 to 14 cm (mean 2.7 cm). Pri-
mary skin tumor site was retrieved from medical records 
for 196 cases: the majority were located on the extremities 
(90, 46%) followed by head and neck regions (68, 35%), 
buttocks (26, 13%), and trunk (12, 6%). Of the remaining 
cases, 18 lacked this information, whereas 14 (6%) exhibited 
an exclusive lymph node localization for which no primary 
cutaneous lesion was found, despite thorough clinical-instru-
mental evaluation (MCC of unknown primary, MCC-UP). 
Tumor stage was re-assessed in 192 patients, of which 126 
(66%) were stage I-II (indicating a localized primary skin 
tumor), 60 (31%) were stage III with loco-regional lymph 
node spread and 6 (3%) were stage IV, indicating the pres-
ence of visceral metastases. Stage was not assigned in MCC-
UP patients and in those with incomplete information (22 
cases). Follow-up (FU) data were available for 195 (85%) 
cases. FU ranged from 1 to 214 months with a mean duration 
of 36.34 months. Disease progression was observed in 65 
cases. At the end point of FU, 112 out of 195 patients (57%) 
were alive, of which 86 (77%) with no evidence of disease 
and 26 (23%) alive with disease; 83 patients (43%) had died, 
either of disease (61, 73%) or due to other causes (22, 27%). 
Table 1 details patient’s demographics, clinical findings and 
outcome of the present series.

Morphological and Immunohistochemical Features 
of MCC

MCC with Known Primary Skin Lesion

Among the 144 cases for which a primary skin sample was 
evaluable, MCC grew as a dermal malignancy with frequent 
invasion of the subcutis: Clark level V was recorded in 89% of 
cases, while 9% of cases had a Clark Level IV and only 2% had 
a Clark Level III. Breslow thickness ranged from 1.9 to 45 mm 
(mean 11.8 mm). Skin ulceration was present in 33% of cases. 
The growth pattern at the tumor edge was more often pushing 
than infiltrating (69% versus 31%). Vascular embolization was 
often identified and extensive (77%), whereas perineural inva-
sion was observed in one case, only. TILs were present in 103 
cases (73%), of which 39 cases (38%) displayed a brisk pat-
tern. Number of mitotic figures/mm2 ranged from 5 to over 40 
with a mean value of 32/mm2. Tumor necrosis was observed in 
84 cases (58%). Only two cases displayed focal squamous dif-
ferentiation, and further two were characterized by prominent 

glomeruloid vascular proliferations. Epidermotropism and/or 
MCC in situ [31] were not observed. Tumor cells displayed 
conventional neuroendocrine-like features in 59% of cases; the 
remaining cases were further described as large (25%), spindled 
(14%), and pleomorphic (2%). Solar elastosis was present in the 
peritumoral dermis in 84% of cases and was recorded as grade 3 
in 58 samples. Table 1 summarizes morphological parameters 
of MCCs included in the study. In 30 cases of MCC, only a 
nodal sample was available. Among these, tumors showed a tra-
becular/organoid pattern of growth in 18 cases (60%), whereas 
necrosis was detected in 83% of tumors (25 cases). Cell type was 
conventional small cell in 60% of cases (18), spindled in 23% (7) 
and large in 17% (5) of cases.

MCC of Unknown Primary Skin Lesion

In 14 of our cases, MCC was diagnosed as a lymph node 
disease with no prior or subsequent clinical or radiological 
evidence of a primary tumor (MCC-UP). Ten patients were 
males (72%) and 4 females (28%) and the mean age was 
65 years. Histologically, the tumor grew with a trabecular/
organoid or diffuse pattern with a complete effacement of 
lymph node architecture in the majority of cases (77%); only 
few cases displayed a peripheral residual of lymph node tis-
sue. Necrosis was observed in all cases. Tumor cells showed 
conventional morphology in 70% of cases, whereas 15% 
were described as spindled and 15% as large. Table 2 reports 
clinical and histological parameters of MCC-UP.

Immunohistochemical Features

Immunohistochemical profile showed a positivity for broad-
spectrum keratin or CK20 with a dot-like paranuclear pat-
tern in 100% of cases; chromogranin A and synaptophysin 
were expressed in 92 and 95% of stained cases, respectively. 
Ki67 proliferation index was originally assessed in 97 cases 
and ranged from 20 to 99% of neoplastic cells (mean value: 
71%). 21 cases were also originally found reactive for NSE 
and/or Neurofilament (the latter with a dot like pattern). In 
addition, 50 tumors were immunostained for the novel diag-
nostic marker INSM1, which yielded a predominantly strong 
and diffuse nuclear reactivity in all analyzed cases: staining 
was observed in at least 80% of tumor cells in all cases.

Immunohistochemical Evaluation of MCPyV Status 
and ALK Expression: Correlation with Clinical 
and Pathological Parameters

MCPyV status was assessed in 178 cases: 69% of cases 
were MCPyV + and 31% MCPyV- (Table 1 and Fig. 1). 
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Table 1   Summary of patient’s 
demographics, clinical-
pathological parameters, 
and outcome of Merkel cell 
carcinoma cases

NED No Evidence of Disease,  AWD Alive with Disease,  DOD Dead of Disease,  DOC Dead of Other 
Causes

Characteristic Number of patients (%)

Sex Male
Female

123 (54%)
105 (46%)

Age (years) Mean: 74.5
Primary tumor site Head and neck

Trunk
Buttocks
Extremities

68 (35%)
12 (6%)
26 (13%)
90 (46%)

Tumor size (cm) Mean: 2.7
Breslow thickness (mm) Mean: 11.8
Clark level III

IV
V

3 (2%)
13 (9%)
128 (89%)

Deep extradermal invasion Absent
Present

138 (97%)
5 (3%)

Tumor stage (TNM 8th edition) 1
2A
2B
3A
3B
4

65 (34%)
58 (30%)
3 (2%)
8 (4%)
52 (27%)
6 (3%)

Tumor edge Pushing
Infiltrative

98 (69%)
44 (31%)

Growth pattern Trabecular/Organoid
Diffuse

133 (94%)
9 (6%)

Vascular invasion Absent
Present

33 (23%)
111 (77%)

Skin ulceration Absent
Present

96 (67%)
48 (33%)

Necrosis Absent
Focal
Moderate
Extensive

60 (42%)
46 (31%)
11 (8%)
27 (19%)

Tumor infiltrating lymphocytes Absent
Present (non-brisk)
Present (brisk)

39 (27%)
64 (45%)
39 (27%)

Mitoses/mm2 Mean: 32
Solar elastosis (sec. WHO) Absent

1
2
3

21 (16%)
36 (26%)
20 (15%)
58 (43%)

Cell type Conventional
Spindle cell
Large cell
Pleomorphic

85 (60%)
20 (14%)
35 (24%)
3 (2%)

Viral status Negative
Positive

56 (31%)
122 (69%)

ALK expression Absent
Low
Moderate
High

20 (13%)
33 (21%)
42 (27%)
60 (39%)

Follow up NED
AWD
DOD
DOC
lost

86 (38%)
26 (11%)
61 (27%)
22 (9%)
33 (15%)



294	 Endocrine Pathology (2022) 33:289–303

1 3

Immunohistochemical reaction was prevalent at the slide 
margin and was very weak in older cases (especially cases 
diagnosed before the year 1990), suggesting a poor antigen 
preservation in archival materials. Interestingly, four nega-
tive and two positive cutaneous cases displayed focal nuclear 
MCPyV reactivity in TILs. ALK expression in tumor cells 
was evaluated in 155 cases and detected in 135 (87%), 
among which 44% were scored as high, 31% as moderate 
and 24% as low (Table 1 and Fig. 1).

MCPyV + cases showed a younger age at diagno-
sis (p = 0.001), a lower tumor proliferation index (Ki67, 
p = 0.015) and a lower amount of ulceration (p = 0.004) 
compared to MCPyV- cases. MCPyV + MCCs proved to 
be relatively more commonly localized in the buttocks 
(p = 0.008), whereas a prevalence of virus-negative cases 
was observed in MCC localized in the head and neck region 
(p = 0.002). As expected, presence of elastosis and increased 
severity of elastosis was associated with negative viral status 
(p = 0.042). Cytologically, MCPyV + cases correlated with 

a large-cell phenotype (p = 0.003) while only virus nega-
tive cases displayed a pleomorphic phenotype (p = 0.041). 
ALK expression (evaluated as continuous or dichotomized 
variable) showed a positive correlation with viral status 
(p < 0.001). Table 3 reports the distribution of all clinical-
pathological features according to viral status.

When comparing clinical and morphological features and 
ALK expression, we observed a strong correlation between 
ALK positivity and viral status (p < 0.001); no other statisti-
cally significant correlations were found.

Patient’s Progression and Survival Analysis: 
Correlation with Clinical and Pathological 
Parameters

Disease progression was significantly associated with male 
sex (p = 0.05), increasing tumor size (p = 0.001), deep extra-
dermal invasion (p = 0.048), higher tumor stage (p = 0.029) 
and presence of vascular embolization (p = 0.05). Table 4

By univariate analysis, older age (p = 0.01), increased Bres-
low thickness (p = 0.003), tumor size (p < 0.001) and higher 
tumor stage (p = 0.002) identified subgroups of patients with 
significantly worse DSS. Positive viral status showed a correla-
tion with improved DSS (p = 0.02) and tumors morphologically 
characterized by large cells were correlated with improved DSS 
as well (p = 0.03). Both presence of TILs and their brisk pattern 
of distribution were associated with better DSS (p = 0.003). No 
differences in survival were observed when assessing TILs only 
at the tumor periphery or also within the tumor stromal septa. 
By multivariate analysis (Fig. 2), increased Breslow thickness 
(p = 0.002) and stage (p = 0.026) (both evaluated as continuous 
variables) proved to be independent parameters associated to a 
shorter DSS. Considering the co-linearity of Breslow thickness 
and tumor size (Pearson’s correlation coefficient: 0.58), tumor 
size was introduced in a separate multivariate analysis and con-
firmed its statistical significance for DSS (p = 0.007). Finally, 
we found a strong independent correlation between brisk-TILs 
and improved MCC specific survival; conversely, the absence of 
TILs showed a negative correlation with DSS (p = 0.003). Viral 
status confirmed its prognostic role, being MCPyV + MCCs a 
subgroup with a significantly longer DSS (p = 0.011). Stratify-
ing all cases into four distinct groups according to viral status 
and presence of a brisk pattern of TILs, the combination of 
negative viral status and absent/non-brisk TILs correlated with 
a significantly worse prognosis (p = 0.001), whereas patients 
with MCPyV + /brisk-TILs tumors showed a longer survival 
(p = 0.05). ALK expression was analyzed in respect to patient’s 
DSS both as a continuous variable based on staining intensity 
and as a discrete variable (negative versus positive and negative-
weak versus intermediate-high), according to literature data [26]. 
No significant correlations with DSS were detected, neither in 
univariate nor in multivariate analysis.

Table 2   Clinical-pathological comparison between MCC-UP and 
MCC-KP (stage I-II-III)

MCC-UP MCC with Unknown-Primary; MCC-KP MCC with 
Known-Primary

MCC-UP MCC-KP p

Sex
   Male 10 109 0.269
   Female 4 99

Age (years) Median: 64 Median: 76 0.026
Mean: 65 Mean: 75

Lymph node site
   Head and neck 0 13 0.423
   Axillary 2 12 0.934
   Inguinal 11 38 0.177

Necrosis
   Absent 0 64 0.047
   Present 13 108

Cell type
   Conventional 9 103 0.729
   Spindle cell 2 27 0.721
   Large cell 2 38 0.52
   Pleomorphic 0 3 0.611

Viral status
   Negative 1 52 0.123
   Positive 12 108

ALK expression
   Negative 1 18 0.992
   Positive 11 121

Disease progression
   No 5 114 0.494
   Yes 5 59
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By univariate analysis, shorter DFI was significantly associ-
ated with increased tumor size (p < 0.001), Breslow thickness 
(p = 0.013), deep extradermal invasion (p = 0.001) and vascular 
embolization (p = 0.05). Conversely, presence and a brisk pat-
tern of TILs were associated with improved DFI (p = 0.033). 
By multivariate analysis controlling for the above-mentioned 
parameters with the inclusion of ALK expression and tumor 
stage, increased tumor size (p < 0.001) and progressive increase 
of ALK expression (p = 0.008) proved to be independent param-
eters associated with shorter DFI. As observed for DSS, Bres-
low thickness confirmed its independent prognostic value in a 
separate multivariate analysis (p = 0.007) (Fig. 2).

All data concerning DSS and DFI uni- and multivariate 
regression analyses are reported in Table 5

Clinical‑Pathological Comparison Between MCC 
of Unknown Primary Lesion and MCC with Known 
Primary Skin Lesion

When comparing MCC-UP to MCC with known primary 
cutaneous lesion (excluding patients who presented with 
stage IV at diagnosis), MCC-UP patients showed a sig-
nificantly lower mean age at diagnosis (65 vs. 75 years; 

p = 0.026). Apart from a greater prevalence of necrosis in the 
MCC-UP subgroup (p = 0.047), no further significant differ-
ences were observed between the two cohorts in respect to 
morphological features, viral status and ALK expression, as 
well as patient’s survival (Table 2).

MCC Incidence Rate

Statistical analysis confirmed an exponential trend of the 
observed increase in MCC incidence for both a Linear 
Model (LM) and a Generalized Linear Model (GLM) fit 
with logarithmic transform, with R2 coefficients of 0.72 and 
0.61, respectively. The LM estimated a yearly increase in the 
number of diagnosed cases per million inhabitants of 0.35, 
with estimated 95%-confidence intervals between 0.26 and 
0.44 (p < 0.001) (Fig. 3). The GLM fit with logarithmic link 
function showed a similar significance (p < 0.001), relative 
to the yearly coefficient. The potential causes and dynamics 
of this trend were further explored through an APC anal-
ysis. A peak in MCC diagnoses in patients born between 
1930 and 1950 (cohort effect) was observed, entangled with 
a peak among the age group ranging from 70 to 80 years. 
The increase in diagnoses in the last 20 years was shared 

Fig. 1   Morphological features of Merkel cell carcinoma with large-
cell cytotype and brisk intratumoral tumor infiltrating lymphocytes 
(a), hematoxylin–eosin, magnification 200x). ALK immunohisto-

chemical staining, score 3 (b), and MCPyV immunohistochemistry 
highlighting positive viral status (c). INSM-1 immunohistochemistry 
with strong nuclear expression in the majority of tumor cells (d)
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Table 3   Distribution of clinical-pathological features according to 
viral status

*by means of Pearson's Chi-squared or Student t-tests
a evaluated by immunohistochemistry (on cases diagnosed from 1990)

MCPyV statusa

Positive Negative p

Sex

   Male 68 31 0.615

   Female 50 18

Age (years)* Median: 74 Median: 77 0.001

Mean: 73.36 Mean78.7

Tumor site

   Head and neck 29 23 0.002

   Trunk 6 3 0.989

   Buttocks 19 0 0.008

   Extremities 49 14 0.241

Tumor size (cm)* Median: 2 Median: 2 0.758

Mean: 2.6 Mean: 2.7

Breslow thickness (mm)* Median: 11 Median: 10 0.766

Mean: 11.8 Mean: 12

Deep extradermal invasion

Absent 81 39 0.891

Present 3 2

Tumor edge

   Expansive 55 31 0.392

   Infiltrative 28 10

Growth pattern

   Trabecular/organoid 92 45 0.147

   Diffuse 21 4

Vascular invasion

   Absent 23 8 0.421

   Present 61 34

Skin ulceration

   Absent 65 21 0.004

   Present 17 19

Necrosis

   Absent 44 15 0.449

   Present 71 34

Cell type

   Conventional 62 32 0.238

   Spindle cell 14 9 0.423

   Large cell 36 4 0.003

Pleomorphic 0 3 0.041

Tumor infiltrating lymphocytes

   Absent/present non-brisk 60 30 0.912

   Present brisk 23 11

Tumor infiltrating lymphocytes

   Absent 19 12 0.581

   Present (non-brisk, brisk) 64 29

Mitoses/mm2

   Median 26 40 0.011

   Mean 30 37

Solar elastosis (0—> 3)* Median: 2 Median: 3 0.042

Mean: 1.76 Mean: 2.2

ALK expression

   Negative 4 11 0.0003

   Positive 96 31

Proliferation index (Ki67)* Median: 70% Median: 80% 0.015

Mean: 68% Mean: 79%

Table 4   Distribution of clinical-pathological parameters according to 
disease progression

*by means of Pearson's Chi-squared or Student t-tests
a Evaluated as a continuous variable considering 1 = stage 1; 
2 = stage 2A; 3 = stage 2B; 4 = stage 3A; 5 = stage 3B; 6 = stage 4

Disease progression

Yes No p

Sex
   Male 42 58 0.049
   Female 23 62

Age (years)*) Median: 74 Median: 75 0.987
Mean: 73.9 Mean: 73.9

Tumor site
   Head and neck 18 42 0.665
   Trunk 4 7 0.935
   Buttocks 11 14 0.295
   Extremities 22 49 0.768

Tumor size (cm)*) Median: 3 Median: 2 0.001
Mean: 3.64 Mean: 2.30

Breslow thickness (mm)* Median: 14 Median: 10 0.074
Mean: 13.90 Mean: 11.21

Deep extradermal invasion
   Absent 33 84 0.048
   Present 4 1

Tumor stage*a Median: 2 Median: 2 0.029
Mean: 3.3 Mean: 2.4

Tumor edge
   Pushing 25 61 0.728
   Infiltrative 12 23

Vascular invasion
   Absent 4 24 0.05
   Present 34 61

Skin ulceration
   Absent 26 60 0.994
   Present 11 23

Necrosis
   Absent 18 39 0.585
   Present 38 64

Cell type
   Conventional 32 58 0.973
   Spindle cell 7 15 0.904
   Large cell 13 24 0.853
   Pleomorphic 1 2 0.588

Tumor infiltrating lymphocytes
   Absent / present non-brisk 28 56 0.279
   Present brisk 8 29

Mitoses/mm2* Median: 26 Median: 31 0.605
Mean: 31 Mean: 32

Viral status
   Negative 13 26 0.84
   Positive 42 72

ALK expression
   Negative 5 10 0.943
   Positive 46 75
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among all age groups over 55 years, with a greater increase in 
patients aged 75 to 85 years, while the incidence rate among 
younger age groups (35 to 55 years) remained largely con-
stant. Finally, the rate of incidence increase appeared to be 
slowing in recent calendar periods. It should be noted that 
no major population changes, nor relevant changes in the 
catchment areas of the considered hospitals were recorded 
in the last decades.

Discussion

This paper represents one of the largest studies to date 
integrating clinical-pathological and phenotypical features 
of MCC with patient’s outcome and investigating MCC 
incidence trends in a single-city cohort.

Through the analysis of MCC diagnoses from 1980 to 
July 2021 in three of the main hospitals of the city of 
Turin (including two University Hospitals and one ref-
erence center for neuroendocrine pathology), we demon-
strated a significant increase of MCC incidence. Specifi-
cally, an estimated yearly increase of MCC diagnoses of 
3.5 per 100.000 inhabitants was observed, in accordance 
with what recently reported by Jacobs et al. in the USA 
[4]. Consistent with previously published reports [32], this 
increase was shared among all age groups over 55 years 
and was prevalent in patients aged 75–85 years. We believe 
that age is likely the main determinant of this growing 
rate, as suggested by the significant increase in mean life 
expectancy in past years (from 77 and 69.6 years in 1980 
to 85.6 and 81.2 years in 2019 for females and males, 
respectively, according to the Italian Institute of Statistics 

Fig. 2   Lower Breslow thickness (a), presence of TILs (b), positive 
viral status (c) and lower tumor stage (d) are associated with longer 
DSS by multivariate analysis; larger tumor size (e) and increased 

score of ALK immunohistochemical expression (f) are associated 
with shorter DFI by multivariate analysis
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Table 5   Uni- and multivariate Cox regression analyses on disease-specific survival and disease-free interval

Abs absent, Pres p resent; DSS disease-specific survival; DFI disease-free interval
*Continuous variables; **Considering tumor size instead of Breslow thickness in the multivariate analysis; ***Considering Breslow thickness 
instead of size in multivariate analysis

DSS DFI

Univariate Multivariate Univariate Multivariate

HR p HR p HR p HR p

Sex (female vs. male) 0.654 0.111 0.593 0.064
Age (years)* 1.035 0.011 1.044 0.096 1.012 0.303
Tumor site
 Head and neck (vs. other sites) 0.718 0.29 0.952 0.865
 Trunk (vs. other sites) 0.676 0.513 0.889 0.822
 Buttocks (vs. other sites) 1.292 0.468 1.292 0.449
 Extremities (vs. other sites) 1.268 0.396 0.923 0.775

 Unknown primary lesion (vs. known primary lesion) 0.97 0.959 0.862 0.837
Tumor size (cm)* 1.37 <0.001 1.343 0.007** 1.41 <0.001 1.592 <0.001
Breslow thickness (mm)* 1.071 0.003 1.091 0.002 1.062 0.013 1.077 0.007***
Deep extradermal invasion (pres vs. abs) 3.085 0.063 3.105 0.077 6.549 0.001 2.12 0.21
Tumor stage* 1.287 0.002 1.294 0.026 1.145 0.126 1.128 0.324
Tumor edge (pushing vs. infiltrative) 1.392 0.353 1.425 0.314
Growth pattern (organoid/trabecular vs. diffuse) 0.745 0.499 0.827 0.64
Vascular invasion (pres vs. abs) 2.556 0.077 1.11 0.858 2.754 0.05 2.86 0.103
Skin ulceration (pres vs. abs) 1.794 0.084 1.199 0.614
Necrosis (pres vs. abs) 1.453 0.221 1.307 0.352
Cell type
 Conventional 0.85 0.573 0.906 0.717
 Spindle cell 1.532 0.229 1.953 0.906
 Large cell 0.365 0.032 0.586 0.49 1.002 0.994
 Pleomorphic 1.716 0.594 1.337 0.752

Tumor infiltrating lymphocytes* 0.493 0.003 0.396 0.003 0.617 0.033 0.79 0.422
 (abs, non-brisk, brisk)
Mitoses/mm2* 0.999 0.902 0.995 0.672
Solar elastosis (abs,1,2,3)* 0.931 0.636 0.879 0.369
Proliferation index* 1.018 0.135 0.999 0.887
Viral status (positive vs. negative) 0.427 0.022 0.367 0.011 1.075 0.821
ALK expression* 0.969 0.852 1.204 0.201 1.805 0.008
ALK expression (positive vs. negative) 1.03 0.943 1.55 0.356

Fig. 3   Both a linear model (a) and a generalized linear model (b) demonstrate an increase in MCC diagnoses from 1980 to 2021 in the city of 
Turin
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data [33]). It could be speculated that an increase in MCC 
incidence may also be partly due to a shift of patients from 
minor centers to major hospitals of the city but we do not 
believe that this is the cause, as “Città della Salute e della 
Scienza Hospital” has always been a reference center for 
rare neuroendocrine pathology, including MCC. Among 
other putative factors, unprotected intentional sun expo-
sure may certainly play a role [34, 35]: it can be assumed 
that in future years the evolving awareness of the risks of 
unprotected sun exposure may lead to a relative reduc-
tion of non-virus related MCC, which could conversely be 
counteracted by an increase in immunosuppression/immu-
nosenescence-related MCCs. In fact, projection analyses 
estimate that MCC incidence will most likely continue 
to rise [4, 5], underscoring the continued need for early 
detection and optimal patient’s management.

MCCs of the current series presented as a dermal malig-
nancy with frequent extension to the subcutis, displaying a 
prevalent trabecular/organoid pattern of growth with pushing 
margins, high mitotic index, extensive vascular embolization 
and a largely typical cytology showing small round uniform 
nuclei with scant cytoplasm, as extensively reported in lit-
erature [11, 36, 37]. Despite its characteristic morphology, 
MCCs needs to be distinguished from its mimickers, and the 
combination of CK20 and neuroendocrine marker expres-
sion, such as CGA and synaptophysin, has traditionally 
represented the first-line immunohistochemical approach 
in order to confirm the diagnosis. INSM1, one of the most 
recently introduced biomarkers of neuroendocrine differ-
entiation, was extensively expressed in our series (100%) 
with a predominantly strong and diffuse nuclear reaction. 
Considering its high sensitivity [38] and easier microscopic 
evaluation, INSM1 could be an optimal and strongly repro-
ducible tool for MCC diagnosis, and could therefore be used 
as a single neuroendocrine biomarker in addition to CK20, 
reducing both costs and time of evaluation.

Our analyses confirm and validate in a large series the 
prognostic value of clinical and morphological parameters 
such as tumor size, tumor thickness and stage in respect to 
DSS and DFI [13, 15, 18, 39–41]. In addition, male sex, 
tumor size, stage, deep extradermal invasion and vascular 
embolization were all parameters conferring an increased 
risk of disease progression. A significantly longer DSS 
and DFI in patients with TILs was observed, which fur-
ther improved with a brisk pattern of infiltration, and was 
independent of viral status, tumor stage and size in DSS. 
The correlation between TILs and MCC survival has been 
widely demonstrated in the literature with a documented 
positive prognostic impact of increasing levels of CD3 + and 
CD8 + lymphocytes both in the intratumoral environment 
[17, 42] and at the tumor periphery [43–45]. Although the 
issue is still controversial and some studies reported TILs 
being associated with a poorer prognosis [46] the vast 

majority of published data strongly support the crucial role 
of the tumor immune microenvironment in controlling can-
cer growth, mirrored by its increased incidence and more 
aggressive course in immunocompromised individual and its 
sensibility to treatment with immune checkpoint inhibitors 
[47]. To date, standardized guidelines concerning evalua-
tion of TILs are still lacking, and there is no consensus in 
whether to focus their evaluation exclusively at the tumor 
periphery or also in the intratumoral environment. We here 
suggest to asses TILs both at the tumor-stromal interface and 
within the tumor septa and to differentiate them as brisk and 
non-brisk, since this stratification proved to be of prognostic 
value. It should however be noted that a phenotypical and 
qualitative assessment of the T-cell infiltrate would provide 
a more precise prognostic stratification. In fact, T-cell infil-
trates enriched for T cells reactive to tumor antigens have 
been correlated with a lower risk of metastasis and a lower 
stage, even among patients with low density infiltrates [48, 
49].

In agreement with literature data on MCPyV preva-
lence ranging from 40 to 80% [36], in our cohort 69% of 
MCCs were MCPyV + . Positive viral status was a robust 
prognostic indicator associated with better DSS, irrespec-
tive of patient’s age, tumor size, thickness, stage, and TILs. 
Although data of the last ten years have shown controver-
sial results [50–58], our findings are consistent with two 
of the largest recently published studies, which reported an 
improved outcome in MCPyV + MCC and a higher risk of 
recurrence, progression and death in MCPyV- MCC [12, 
13]. Additionally, MCPyV + MCCs were significantly asso-
ciated with younger age at diagnosis, absence of histological 
ulceration and lower mitotic rate, underlining a less aggres-
sive phenotype compared to UV-related tumors [13, 50, 
59, 60]. Such histological parameters should therefore be 
taken into account in the morphological evaluation of MCC. 
Interestingly, stratifying MCC according to viral status and 
TILs, the combination of negative viral status and absent/
non-brisk TILs identified a subgroup of patients with signifi-
cantly worse DSS. This original observation could therefore 
represent an easy-to-apply prognostic tool in order to address 
patient’s management.

Supporting the role of UV-induced damage in MCC, 
tumors located in the head and neck sun exposed skin were 
more frequently MCPyV-, whereas all MCCs localized on 
the buttocks were MCPyV + . Coherently, MCPyV- MCCs 
showed a significantly increased amount of solar elasto-
sis in tumor adjacent dermis [59, 61]. Large nuclear size 
was significantly associated with positive viral status, 
whereas presence of significant cytological pleomorphism 
and of anaplastic giant tumor cells were exclusive features 
of MCPyV- MCCs. This is in line with emerging reports 
delineating cytological differences between MCPyV + and 
MCPyV- tumors, with the former being more frequently 
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characterized by cells with uniform round and large nuclei 
and scant cytoplasm, and the latter by greater cytological 
heterogeneity and atypia [55, 56, 62, 63]. This could pos-
sibly reflect the differences in the genomic complexity of the 
two subgroups, where the high mutational burden in UV-
induced MCCs probably accounts for the greater morpho-
logic heterogeneity of the neoplastic cells.

ALK immunohistochemical reaction was observed in 87% 
of our cases; a significant correlation between ALK expression 
and viral status was detected, with MCPyV + MCCs being sig-
nificantly more likely to show positive and higher ALK expres-
sion compared to MCPyV- cases. The expression and role of 
ALK in MCC is of emerging interest: only few reports have 
highlighted a positive correlation between ALK and viral status 
[13, 20, 29, 59], although the underlying mechanism has not 
been clarified, yet [22]. Along with our results, this suggests 
that MCPyV infection could play a role in promoting ALK 
overexpression in neoplastic cells [26]. Interestingly, we found 
increasing ALK tumor expression to be an independent indicator 
of progressively shorter DFI by multivariate analysis, suggesting 
strong ALK expression to be associated with a more aggres-
sive clinical course. Similar prognostic observations have been 
reported in several solid tumors [64–67]. We were surprised to 
notice the opposite finding in a recent paper by Jaatinen et al., 
who observed a better survival in patients showing moderate/
high ALK and phosphorylated ALK (p-ALK) tumor expression 
[26]. Such divergent results could be related to the use of a tissue 
microarray-based technical procedure in Jaatinen’s study [26] 
and/or to tumor heterogeneity which requires further investiga-
tions, in order to open the way to novel therapeutic approaches 
[68].

Fourteen of our cases presenting with macroscopic nodal 
disease lacked any evidence of a skin primary tumor (MCC 
of unknown primary, MCC-UP), and presented with a mean 
age at diagnosis of 65 years, which was significantly lower 
compared to the age at diagnosis of MCC with known 
primary skin lesion. This is in line with previous reports 
observing a similar mean age at diagnosis [69, 70] as well as 
a lower median age in the MCC-UP subgroup [71]. In appar-
ent contrast with our results, no significant differences in 
demographics of MCC-UP was reported in the largest pub-
lished series, but age was investigated considering a cutoff 
of 65 years (and not as a continuous variable), thus possibly 
explaining our diverging results [72]. Given the well-known 
controversy concerning the origin of these tumors, our result 
could possibly argue against the hypothesis of MCC-UP 
being a primary lymph node tumor, rather favoring a metas-
tasis from an occult skin primary. In fact, a younger age at 
diagnosis may indicate a stronger and more efficient immune 
response that could lead to the regression of a primary skin 
lesion. This is also supported by recent observations assess-
ing MCC-UP patients have lower rates of immunosuppres-
sion, higher likelihood of response to checkpoint inhibitions 

or immunologic therapy, and significantly improved survival 
as compared to stage IIIB MCC with known primary cuta-
neous lesion [70, 72, 73]. Nevertheless, in a recent review, 
rare cases of MCC-UP arising in the setting of immunosup-
pression have been described and found to be prevalently 
characterized by a negative viral status and worse prognosis 
[74]. It remains however unlikely that such tumors actually 
arise as a primary lymph node disease; in fact, evidence of 
UV-mutational signatures and high mutational burdens have 
been extensively reported in MCPyV- MCC-UP, both in 
immunocompetent and immunosuppressed patients [71–73].

Conclusion

In conclusion, while confirming the increase of MCC inci-
dence also in a region of North-Western Italy, our study 
underlines:

1.	 the high sensitivity of INSM1, which could be used as single 
diagnostic neuroendocrine biomarker in both skin and lymph 
node primary MCC, together with the expression CK20;

2.	 morphological evaluation of MCC could be restricted to 
tumor size and thickness as well as to a quantitative eval-
uation of TILs (with either brisk or non-brisk profiles), 
as they proved to be independent prognostic parameters;

3.	 positive viral status identifies a subgroup of patients with 
longer DSS (especially when combined with a brisk 
TILs profile): therefore, such parameter should not be 
missing in pathological reports;

4.	 ALK expression occurs in 87% of MCC and it is associ-
ated with positive viral status. Although still controversial, it 
could represent a future prognostic/predictive biomarker, but 
its role needs to be validated in larger multi-centric series.

Author Contribution  Conceptualization: Mauro Papotti; Methodol-
ogy: Rebecca Senetta, Federica Santoro; Collection data and analysis: 
Cristian Tampieri, Jessica Fissore, Leonardo Santoro, Renato Parente, 
Francesca Maletta, Nadia Birocco, Franco Picciotto; Writing—original 
draft preparation: Federica Santoro, Rebecca Senetta; Writing—review 
and editing: Mauro Papotti, Marco Volante, Pietro Quaglino, Sofia 
Asioli; Supervision: Mauro Papotti, Rebecca Senetta.

Funding  Open access funding provided by Università degli Studi di 
Torino within the CRUI-CARE Agreement. Partial financial support 
was received from Rete Oncologica del Piemonte e Valle d’Aosta (to 
RS) and the Lanzavecchia-Lastretti Foundation.

Declarations 

Ethics Approval  The study was approved by University of Turin—
Department of Medical Sciences—local Ethics Committee (ChBU 
n. 1–2022). Written consent was not required considering the retro-
spective nature of the study.



301Endocrine Pathology (2022) 33:289–303	

1 3

Competing Interests  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Decaprio JA (2021) Molecular Pathogenesis of Merkel Cell Car-
cinoma. Annu Rev Pathol Mech Dis.16:69-91. https://​doi.​org/​10.​
1146/​annur​ev-​pathm​echdis-​012419-​032817

	 2.	 Emge DA, Cardones AR (2019) Updates on Merkel Cell Carci-
noma. Dermatol Clin. 37:489-503. https://​doi.​org/​10.​1016/j.​det.​
2019.​06.​002

	 3.	 Yusuf M, Dunlap N (2021) ASO Author Reflections: Immune 
Status and Merkel Cell Carcinoma-An Intertwined and Evolving 
Understanding. Ann Surg Oncol. 28:6166-6167. https://​doi.​org/​
10.​1245/​s10434-​021-​09987-9

	 4.	 Jacobs D, Huang H, Olino K, Weiss S, Kluger H, Judson BL, 
Zhang Y (2021) Assessment of Age, Period, and Birth Cohort 
Effects and Trends in Merkel Cell Carcinoma Incidence in the 
United States. JAMA Dermatology. 157:59-65. https://​doi.​org/​10.​
1001/​jamad​ermat​ol.​2020.​4102

	 5.	 Paulson KG, Park SY, Vandeven NA, Lachance K, Thomas H, Chapuis 
AG, Harms K, Thompson JA, Bhatia S, Stang A, Nghiem P (2018) 
Merkel cell carcinoma: Current US incidence and projected increases 
based on changing demographics. J Am Acad Dermatol. 78:457-463.
e2. https://​doi.​org/​10.​1016/j.​jaad.​2017.​10.​028

	 6.	 Youlden DR, Soyer HP, Youl PH, Fritschi L, Baade PD (2014) 
Incidence and survival for merkel cell carcinoma in Queensland, 
Australia, 1993-2010. JAMA Dermatology. 150:864-872. https://​
doi.​org/​10.​1001/​jamad​ermat​ol.​2014.​124

	 7.	 Olsen CM, Pandeya N, Whiteman DC (2021) International 
Increases in Merkel Cell Carcinoma Incidence Rates between 
1997 and 2016. J Invest Dermatol. 141:2596-2601.e1. https://​doi.​
org/​10.​1016/j.​jid.​2021.​04.​007

	 8.	 Shinogi T, Nagase K, Inoue T, Sato K, Onita A, Takamori A, Narisawa 
Y (2021) Merkel cell carcinoma: A systematic review of the demo-
graphic and clinical characteristics of 847 cases in Japan. J Dermatol. 
48:1027-1034. https://​doi.​org/​10.​1111/​1346-​8138.​15875

	 9.	 Knepper TC, Montesion M, Russell JS, Sokol ES, Frampton GM, 
Miller VA, Albacker LA, McLeod HL, Eroglu Z, Khushalani NI, 
Sondak VK, Messina JL, Schell MJ, DeCaprio JA, Tsai KY, Brohl 
AS (2019) The Genomic Landscape of Merkel Cell Carcinoma 
and Clinicogenomic Biomarkers of Response to Immune Check-
point Inhibitor Therapy. Clin Cancer Res. 25:5961-5971. https://​
doi.​org/​10.​1158/​1078-​0432.​CCR-​18-​4159

	10.	 Yang JF, You J (2021) Merkel cell polyomavirus and associated 
Merkel cell carcinoma. Tumour Virus Res. 13:200232. https://​doi.​
org/​10.​1016/j.​tvr.​2021.​200232

	11.	 Walsh NM, Cerroni L (2021) Merkel cell carcinoma: A review. 
J Cutan Pathol. 48:411-421. https://​doi.​org/​10.​1111/​cup.​13910

	12.	 Moshiri AS, Doumani R, Yelistratova L, Blom A, Lachanche 
K, Shinohara MM, Delaney M, Chang O, McArdle S, Thomas 
H, Asgari MM, Huang M, Schwartz S, Nghiem P (2017) Poly-
omavirus-Negative Merkel Cell Carcinoma: A More Aggressive 
Subtype Based on Analysis of 282 Cases Using Multimodal 
Tumor Virus Detection. J Invest Dermatol. 137:819-827. https://​
doi.​org/​10.​1016/j.​jid.​2016.​10.​028

	13.	 Harms KL, Zhao L, Johnson B, Wang X, Carskadon S, 
Palanisamy N, Rhodes DR, Mannan R, Vo JN, Choi JE, Chan 
MP, Fullen DR, Patel RM, Siddiqui J, Ma VT, Hrycaj S, 
McLean SA, Hughes TM, Bichakjian CK, Tomlins SA, Harms 
PW (2021) Virus-positive merkel cell carcinoma is an independ-
ent prognostic group with distinct predictive biomarkers. Clin 
Cancer Res. 27:2494-2504. https://​doi.​org/​10.​1158/​1078-​0432.​
CCR-​20-​0864

	14.	 Harms KL, Healy MA, Nghiem P, Sober AJ, Johnson TM, 
Bichakjian CK, Wong SL (2016) Analysis of Prognostic Factors 
from 9387 Merkel Cell Carcinoma Cases Forms the Basis for 
the New 8th Edition AJCC Staging System. Ann Surg Oncol. 
23:3564–3571. https://​doi.​org/​10.​1245/​s10434-​016-​5266-4

	15.	 Coursaget P, Samimi M, Nicol JTJ, Gardair C, Touzé A (2013) 
Human Merkel cell polyomavirus: Virological background and 
clinical implications. Apmis. 121:755-769. https://​doi.​org/​10.​
1111/​apm.​12122

	16.	 Ma JE, Brewer JD (2014) Merkel cell carcinoma in immunosup-
pressed patients. Cancers (Basel). 6:1328-1350. https://​doi.​org/​
10.​3390/​cance​rs603​1328

	17.	 Paulson KG, Iyer JG, Simonson WT, Blom A, Thibodeau RM, 
Schmidt M, Pietromonaco S, Sokil M, Warton EM, Asgari 
MM, Nghiem P (2014) CD8+ Lymphocyte Intratumoral Infil-
tration as a Stage-Independent Predictor of Merkel Cell Car-
cinoma Survival. Am J Clin Pathol. 142:452-458. https://​doi.​
org/​10.​1309/​AJCPI​KDZM3​9CRPNC

	18.	 Lim CS, Whalley D, Haydu LE, Murali R, Tippett J, Thompson 
JF, Hruby G, Scolyer RA (2012) Increasing tumor thickness is 
associated with recurrence and poorer survival in patients with 
merkel cell carcinoma. Ann Surg Oncol. 19:3325-3334. https://​
doi.​org/​10.​1245/​s10434-​012-​2509-x

	19.	 Tam M, Luu M, Barker CA, Gharavi NM, Hamid O, Shiao SL, 
Nguyen AT, Lu DJ, Ho AS, Zumsteg ZS (2021) Improved survival 
in women versus men with merkel cell carcinoma. J Am Acad 
Dermatol. 84:321-329. https://​doi.​org/​10.​1016/j.​jaad.​2020.​02.​034

	20.	 Veija T, Kero M, Koljonen V, Böhling T (2019) ALK and EGFR 
expression by immunohistochemistry are associated with Merkel 
cell polyomavirus status in Merkel cell carcinoma. Histopathol-
ogy. 74:829-835. https://​doi.​org/​10.​1111/​his.​13815

	21.	 Swick BL, Srikantha R, Messingham KN (2013) Specific analysis 
of KIT and PDGFR-alpha expression and mutational status in 
Merkel cell carcinoma. J Cutan Pathol. 40:623-630. https://​doi.​
org/​10.​1111/​cup.​12160

	22.	 Veija T, Koljonen V, Bohling T, Kero M, Knuutila S, Sarhadi 
VK (2017) Aberrant expression of ALK and EZH2 in Merkel 
cell carcinoma. BMC Cancer. 17:1-9. https://​doi.​org/​10.​1186/​
s12885-​017-​3233-5

	23.	 Feinmesser M, Halpern M, Kaganovsky E, Brenner B, Fenig E, 
Hodak E, Sulkes J, Okon E (2004) C-KIT Expression in Primary 
and Metastatic Merkel Cell Carcinoma. Am J Dermatopathol. 
26:458-462. https://​doi.​org/​10.​1097/​00000​372-​20041​2000-​00003

	24.	 Swick BL, Ravdel L, Fitzpatrick JE, Robinson WA (2007) Mer-
kel cell carcinoma: evaluation of KIT (CD117) expression and 
failure to demonstrate activating mutations in the C-KIT proto-
oncogene ? implications for treatment with imatinib mesylate. J 
Cutan Pathol. 34:324-329. https://​doi.​org/​10.​1111/j.​1600-​0560.​
2006.​00613.x

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1146/annurev-pathmechdis-012419-032817
https://doi.org/10.1146/annurev-pathmechdis-012419-032817
https://doi.org/10.1016/j.det.2019.06.002
https://doi.org/10.1016/j.det.2019.06.002
https://doi.org/10.1245/s10434-021-09987-9
https://doi.org/10.1245/s10434-021-09987-9
https://doi.org/10.1001/jamadermatol.2020.4102
https://doi.org/10.1001/jamadermatol.2020.4102
https://doi.org/10.1016/j.jaad.2017.10.028
https://doi.org/10.1001/jamadermatol.2014.124
https://doi.org/10.1001/jamadermatol.2014.124
https://doi.org/10.1016/j.jid.2021.04.007
https://doi.org/10.1016/j.jid.2021.04.007
https://doi.org/10.1111/1346-8138.15875
https://doi.org/10.1158/1078-0432.CCR-18-4159
https://doi.org/10.1158/1078-0432.CCR-18-4159
https://doi.org/10.1016/j.tvr.2021.200232
https://doi.org/10.1016/j.tvr.2021.200232
https://doi.org/10.1111/cup.13910
https://doi.org/10.1016/j.jid.2016.10.028
https://doi.org/10.1016/j.jid.2016.10.028
https://doi.org/10.1158/1078-0432.CCR-20-0864
https://doi.org/10.1158/1078-0432.CCR-20-0864
https://doi.org/10.1245/s10434-016-5266-4
https://doi.org/10.1111/apm.12122
https://doi.org/10.1111/apm.12122
https://doi.org/10.3390/cancers6031328
https://doi.org/10.3390/cancers6031328
https://doi.org/10.1309/AJCPIKDZM39CRPNC
https://doi.org/10.1309/AJCPIKDZM39CRPNC
https://doi.org/10.1245/s10434-012-2509-x
https://doi.org/10.1245/s10434-012-2509-x
https://doi.org/10.1016/j.jaad.2020.02.034
https://doi.org/10.1111/his.13815
https://doi.org/10.1111/cup.12160
https://doi.org/10.1111/cup.12160
https://doi.org/10.1186/s12885-017-3233-5
https://doi.org/10.1186/s12885-017-3233-5
https://doi.org/10.1097/00000372-200412000-00003
https://doi.org/10.1111/j.1600-0560.2006.00613.x
https://doi.org/10.1111/j.1600-0560.2006.00613.x


302	 Endocrine Pathology (2022) 33:289–303

1 3

	25.	 Ricci C, Morandi L, Ambrosi F, Righi A, Gibertoni D, Maletta 
F, Agostinelli C, Corradini AG, Uccella S, Asioli S, Sessa F, La 
Rosa S, Papotti MG, Asioli S (2021) Intron 4–5 hTERT DNA 
Hypermethylation in Merkel Cell Carcinoma: Frequency, Asso-
ciation with Other Clinico-pathological Features and Prognostic 
Relevance. Endocr Pathol. 32:385-395. https://​doi.​org/​10.​1007/​
s12022-​021-​09669-y

	26.	 Jaatinen J, Veija T, Salmikangas M, Böhling T, Sihto H, Koljonen 
V (2021) ALK is frequently phosphorylated in Merkel cell car-
cinoma and associates with longer survival. PLoS One. 16:1-13. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​02520​99

	27.	 Brierley JD, Gospodarowicz MK, Wittekind C (2017). The 
TNM Classification of Malignant Tumours 8th edition. 
Wiley-Blackwell.

	28.	 Elder DE, Massi D, Scolyer RA, Willemze R (2018). WHO Clas-
sification of Skin Tumours: WHO Classification of Tumours, 
Volume 11. World Health Organization.

	29.	 Filtenborg-Barnkob BE, Bzorek M (2013) Expression of ana-
plastic lymphoma kinase in Merkel cell carcinomas. Hum Pathol. 
44:1656-1664. https://​doi.​org/​10.​1016/j.​humpa​th.​2012.​11.​021

	30.	 MZI Chowdhury TC Turin 2020 Variable selection strategies and 
its importance in clinical prediction modelling Fam Med Com-
munity Heal. 8 https://​doi.​org/​10.​1136/​fmch-​2019-​000262

	31.	 Truong K, Goldinger SM, Chou S, Howle JR, Veness MJ, Fernan-
dez‐Peñas P, Varey AHR (2021) Merkel cell carcinoma in situ: 
A systematic review of prognosis and management. Australas J 
Dermatol. Epub ahead of print. https://​doi.​org/​10.​1111/​ajd.​13758

	32.	 Ghanian S, Koh M, Walker J (2021) Demographic features and 
changing incidence and presentation of Merkel cell carcinoma 
in a retrospective single-center case series. Arch Dermatol Res. 
313:593-597. https://​doi.​org/​10.​1007/​s00403-​020-​02141-7

	33.	 ISTAT (Italian Institute of Statistics) (2020)Tavole di mortaltà: 
speranza di vita alla nascita - Italia Nord-ovest. www.​dati.​istat.​it

	34.	 Dobbinson S, Hill DJ (2004) Patterns and causes of sun exposing and 
sun protecting behavior. In: Hill D., Elwood J.M., English D.R. (eds) 
Prevention of Skin Cancer. Cancer Prevention — Cancer Causes, vol 
3. Springer, Dordrecht, pp 211–240. https://​doi.​org/​10.​1007/​978-​94-​
017-​0511-0_​12

	35.	 Robinson JK, Rigel DS, Amonette RA (1997) Trends in sun 
exposure knowledge, attitudes, and behaviors: 1986 to 1996. J 
Am Acad Dermatol. 37:179-186. https://​doi.​org/​10.​1016/​S0190-​
9622(97)​80122-3

	36.	 Tetzlaff MT, Harms PW (2020) Danger is only skin deep: aggres-
sive epidermal carcinomas. An overview of the diagnosis, demo-
graphics, molecular-genetics, staging, prognostic biomarkers, 
and therapeutic advances in Merkel cell carcinoma. Mod Pathol. 
33:42-55. doi:https://​doi.​org/​10.​1038/​s41379-​019-​0394-6

	37.	 Ogawa T, Donizy P, Wu CL, Cornejo KM, Ryś J, Hoang MP 
(2020) Morphologic Diversity of Merkel Cell Carcinoma. Am 
J Dermatopathol. 42:629-640. https://​doi.​org/​10.​1097/​DAD.​
00000​00000​001548

	38.	 Lilo MT, Chen Y, Leblanc RE (2018) INSM1 Is More Sensitive 
and Interpretable than Conventional Immunohistochemical Stains 
Used to Diagnose Merkel Cell Carcinoma. Am J Surg Pathol. 
42:1541-1548. https://​doi.​org/​10.​1097/​PAS.​00000​00000​001136

	39.	 Andea AA, Coit DG, Amin B, Busam KJ (2008) Merkel cell carci-
noma: Histologic features and prognosis. Cancer. 113:2549-2558. 
doi:https://​doi.​org/​10.​1002/​cncr.​23874

	40.	 Harms PW, Harms KL, Moore PS, DeCaprio JA, Nghiem P, 
Wong MKK, Brownell I (2018) The biology and treatment of 
Merkel cell carcinoma: current understanding and research pri-
orities. Nat Rev Clin Oncol. 15:763-776. https://​doi.​org/​10.​1038/​
s41571-​018-​0103-2

	41.	 Tarantola TI, Vallow LA, Halyard MY, Weenig RH, Warschaw 
KE, Grotz TE, Jakub JW, Roenigk RK, Brewer JD, Weaver AL, 
Otley CC (2013) Prognostic factors in Merkel cell carcinoma: 

Analysis of 240 cases. J Am Acad Dermatol. 68:425-432. 
https://​doi.​org/​10.​1016/j.​jaad.​2012.​09.​036

	42.	 Sihto H, Beohling T, Kavola H, Koljonen, V, Salmi M, Jalkanen 
S, Joensuu H (2012) Tumor infiltrating immune cells and out-
come of merkel cell carcinoma: A population-based study. Clin 
Cancer Res. 18:2872-2881. https://​doi.​org/​10.​1158/​1078-​0432.​
CCR-​11-​3020

	43.	 Feldmeyer L, Hudgens CW, Ray-Lyons G, Nagarajan P, Aung 
PP, Curry JL, Torres-Cabala CA, Mino B, Rodriguez-Canales 
J, Reuben A, Chen P, Ko JS, Billings SD, Bassett RL, Wis-
tuba II, Cooper ZA, Prieto VG, Wargo JA, Tetzlaff MT (2016) 
Density, Distribution, and Composition of Immune Infiltrates 
Correlate with Survival in Merkel Cell Carcinoma. Clin Can-
cer Res. 22:5553-5563. https://​doi.​org/​10.​1158/​1078-​0432.​
CCR-​16-​0392

	44.	 Butala AA, Jain V, Reddy VK, Sebro RA, Song Y, Karakousis G, 
Mitchell TC, Lukens JN, Shabason JE (2021) Impact of Tumor‐
Infiltrating Lymphocytes on Overall Survival in Merkel Cell Car- 
cinoma. Oncologist. 26:63-69. https://​doi.​org/​10.​1634/​theon​colog​ist.​ 
2020-​0070

	45.	 Ricci C, Righi A, Ambrosi F, Gibertoni D, Maletta F, Uccella S, 
Sessa F, Asioli S, Pellilli M, Maragliano R, La Rosa S, Papotti 
MG, Asioli S (2020) Prognostic Impact of MCPyV and TIL Sub-
typing in Merkel Cell Carcinoma: Evidence from a Large Euro-
pean Cohort of 95 Patients. Endocr Pathol. 31:21-32. https://​doi.​
org/​10.​1007/​s12022-​019-​09601-5

	46.	 Mott RT, Smoller BR, Morgan MB (2004) Merkel cell carcinoma: 
a clinicopathologic study with prognostic implications. J Cutan 
Pathol. Mar;31(3):217–23. https://​doi.​org/​10.​1111/j.​0303-​6987.​
2004.​00149.x.

	47.	 Xue Y, Thakuria M (2019) Merkel Cell Carcinoma Review. 
Hematol Oncol Clin North Am. 33:39-52. https://​doi.​org/​10.​
1016/j.​hoc.​2018.​08.​002

	48.	 Farah M, Reuben A, Spassova I, Yang RK, Kubat L, Nagarajan 
P, Ning J, Li W, Aung PP, Curry JL, Torres-Cabala CA, Hudgens 
CW, Ugurel S, Schadendorf D, Gumbs C, Little LD, Futreal A, 
Wistuba II, Prieto VG, Wang L, Wong MK, Wargo JA, Becker JC, 
Tetzlaff MT (2020) T-Cell Repertoire in Combination with T-Cell 
Density Predicts Clinical Outcomes in Patients with Merkel Cell 
Carcinoma. J Invest Dermatol. 140:2146-2156.e4. https://​doi.​org/​
10.​1016/j.​jid.​2020.​02.​031

	49.	 Miller NJ, Church CD, Dong L, Crispin D, Fitzgibbon MP, 
Lachance K, Jing L, Shinohara M, Gavvovidis I, Willimsky G, 
McIntosh M, Blankenstein T, Koelle DM, Nghiem P (2017) 
Tumor-Infiltrating Merkel Cell Polyomavirus-Specific T Cells Are 
Diverse and Associated with Improved Patient Survival. Cancer 
Immunol Res. 5:137-147. https://​doi.​org/​10.​1158/​2326-​6066.​
CIR-​16-​0210

	50.	 Bhatia K, Goedert JJ, Modali R, Preiss L, Ayers LW (2010) 
Merkel cell carcinoma subgroups by Merkel cell polyomavirus 
DNA relative abundance and oncogene expression. Int J Cancer. 
126:2240–2246. https://​doi.​org/​10.​1002/​ijc.​24676

	51.	 Schrama D, Peitsch WK, Zapatka M, Kneitz H, Houben R, Eib 
S, Haferkamp S, Moore PS, Shuda M, Thompson JF, Trefzer U, 
Pföhler C, Scolyer RA, Becker JC (2011) Merkel cell polyoma-
virus status is not associated with clinical course of merkel cell 
carcinoma. J Invest Dermatol. 131:1631-1638. https://​doi.​org/​10.​
1038/​jid.​2011.​115

	52.	 Handschel J, Müller D, Depprich RA, Ommerborn MA, Kübler 
NR, Naujoks C, Reifenberger J, Schäfer KL, Braunstein S (2010) 
The new polyomavirus (MCPyV) does not affect the clinical 
course in MCCs. Int J Oral Maxillofac Surg. 39:1086-1090. 
https://​doi.​org/​10.​1016/j.​ijom.​2010.​06.​024

	53.	 Hall BJ, Pincus LB, Yu SS, Oh DH, Wilson AR, McCalmont 
TH (2012) Immunohistochemical prognostication of Merkel cell 
carcinoma: P63 expression but not polyomavirus status correlates 

https://doi.org/10.1007/s12022-021-09669-y
https://doi.org/10.1007/s12022-021-09669-y
https://doi.org/10.1371/journal.pone.0252099
https://doi.org/10.1016/j.humpath.2012.11.021
https://doi.org/10.1136/fmch-2019-000262
https://doi.org/10.1111/ajd.13758
https://doi.org/10.1007/s00403-020-02141-7
http://www.dati.istat.it
https://doi.org/10.1007/978-94-017-0511-0_12
https://doi.org/10.1007/978-94-017-0511-0_12
https://doi.org/10.1016/S0190-9622(97)80122-3
https://doi.org/10.1016/S0190-9622(97)80122-3
https://doi.org/10.1038/s41379-019-0394-6
https://doi.org/10.1097/DAD.0000000000001548
https://doi.org/10.1097/DAD.0000000000001548
https://doi.org/10.1097/PAS.0000000000001136
https://doi.org/10.1002/cncr.23874
https://doi.org/10.1038/s41571-018-0103-2
https://doi.org/10.1038/s41571-018-0103-2
https://doi.org/10.1016/j.jaad.2012.09.036
https://doi.org/10.1158/1078-0432.CCR-11-3020
https://doi.org/10.1158/1078-0432.CCR-11-3020
https://doi.org/10.1158/1078-0432.CCR-16-0392
https://doi.org/10.1158/1078-0432.CCR-16-0392
https://doi.org/10.1634/theoncologist.2020-0070
https://doi.org/10.1634/theoncologist.2020-0070
https://doi.org/10.1007/s12022-019-09601-5
https://doi.org/10.1007/s12022-019-09601-5
https://doi.org/10.1111/j.0303-6987.2004.00149.x
https://doi.org/10.1111/j.0303-6987.2004.00149.x
https://doi.org/10.1016/j.hoc.2018.08.002
https://doi.org/10.1016/j.hoc.2018.08.002
https://doi.org/10.1016/j.jid.2020.02.031
https://doi.org/10.1016/j.jid.2020.02.031
https://doi.org/10.1158/2326-6066.CIR-16-0210
https://doi.org/10.1158/2326-6066.CIR-16-0210
https://doi.org/10.1002/ijc.24676
https://doi.org/10.1038/jid.2011.115
https://doi.org/10.1038/jid.2011.115
https://doi.org/10.1016/j.ijom.2010.06.024


303Endocrine Pathology (2022) 33:289–303	

1 3

with outcome. J Cutan Pathol. 39:911-917. https://​doi.​org/​10.​
1111/j.​1600-​0560.​2012.​01964.x

	54.	 Sihto H, Kukko H, Koljonen V, Sankila R, Böhling T, Joensuu H 
(2009) Clinical factors associated with merkel cell polyomavirus 
infection in merkel cell carcinoma. J Natl Cancer Inst. 101:938-
945. https://​doi.​org/​10.​1093/​jnci/​djp139

	55.	 Kervarrec T, Tallet A, Miquelestorena-Standley E, Houben R, Sch-
rama D, Gambichler T, Berthon P, Le Corre Y, Hainaut-Wierzbicka 
E, Aubin F, Bens G, Tabareau-Delalande F, Beneton N, Fromont G, 
Arbion F, Leteurtre E, Herfs M, Touzé A, Samimi M, Guyétant S 
(2019) Morphologic and immunophenotypical features distinguish-
ing Merkel cell polyomavirus-positive and negative Merkel cell 
carcinoma. Mod Pathol. 32:1605-1616. https://​doi.​org/​10.​1038/​
s41379-​019-​0288-7

	56.	 Moran JMT, Biecek P, Donizy P, Wu C, Kopczynski J, Pieniazek 
M, Ryś J, Hoang MP (2021) Large nuclear size correlated with 
better overall survival, Merkel cell polyomavirus positivity, and 
terminal deoxynucleotidyl transferase expression in Merkel cell 
carcinoma. J Am Acad Dermatol. 84:550-552. https://​doi.​org/​10.​
1016/j.​jaad.​2020.​05.​125

	57.	 Higaki-Mori H, Kuwamoto S, Iwasaki T, Kato M, Murakami I, 
Nagata K, Sano H, Horie Y, Yoshida Y, Yamamoto O, Adachi K, 
Nanba E, Hayashi K (2012) Association of Merkel cell polyoma-
virus infection with clinicopathological differences in Merkel cell 
carcinoma. Hum Pathol. 43:2282-2291. https://​doi.​org/​10.​1016/j.​
humpa​th.​2012.​04.​002

	58.	 Naseri S, Steiniche T, Georgsen JB, Thomsen R, Ladekarl M, 
Heje M, Damsgaard TE, Bønnelykke-Behrndtz ML (2020) Tumor 
ulceration, reduced infiltration of CD8-lymphocytes, high neutro-
phil-to-CD8-lymphocyte ratio and absence of MC virus are nega-
tive prognostic markers for patients with merkel cell carcinoma. 
Cancers (Basel). 12,888. https://​doi.​org/​10.​3390/​cance​rs120​40888

	59.	 Mendoza MD, Santonja C, Gonzalez-Vela C, Concha A, Pena NI, 
Andrés-Esteban EM, Vaque JP, Cereceda L, Pajares R, Kutzner 
H, Requena L, Piris MA (2020) The presence of Merkel cell car-
cinoma polyomavirus is associated with a distinct phenotype in 
neoplastic Merkel cell carcinoma cells and their tissue microen-
vironment. PLoS One. 15:1-12. https://​doi.​org/​10.​1371/​journ​al.​
pone.​02325​17

	60.	 La Rosa S, Bonzini M, Sciarra A, Asioli S, Maragliano R, Arrigo 
M, Foschini MP, Righi A, Maletta F, Motolese A, Papotti M, 
Sessa F, Uccella S (2020) Exploring the Prognostic Role of 
Ki67 Proliferative Index in Merkel Cell Carcinoma of the Skin: 
Clinico-Pathologic Analysis of 84 Cases and Review of the Lit-
erature. Endocr Pathol. 31:392-400. https://​doi.​org/​10.​1007/​
s12022-​020-​09640-3

	61.	 Leroux-Kozal V, Lévêque N, Brodard V, Lesage C, Dudez O, 
Makeieff M, Kanagaratnam L, Diebold MD (2015) Merkel cell 
carcinoma: Histopathologic and prognostic features according to 
the immunohistochemical expression of Merkel cell polyomavirus 
large T antigen correlated with viral load. Hum Pathol. 46:443-
453. https://​doi.​org/​10.​1016/j.​humpa​th.​2014.​12.​001

	62.	 Nardi V, Song Y, Santamaria-Barria JA, Cosper AK, Lam Q, 
Faber AC, Boland GM, Yeap BY, Bergethon K, Scialabba VL, 
Tsao H, Settleman J, Ryan DP, Borger DR, Bhan AK, Hoang MP, 
Iafrate AJ, Cusack JC, Engelman JA, Dias-Santagata D (2012) 
Activation of PI3K signaling in merkel cell carcinoma. Clin 
Cancer Res. 18:1227-1236. https://​doi.​org/​10.​1158/​1078-​0432.​
CCR-​11-​2308

	63.	 Kuwamoto S, Higaki H, Kanai K, Iwasaki T, Sano H, Nagata K, 
Kato K, Kato M, Murakami I, Horie Y, Yamamoto O, Hayashi K 
(2011) Association of Merkel cell polyomavirus infection with 

morphologic differences in Merkel cell carcinoma. Hum Pathol. 
42:632-640. https://​doi.​org/​10.​1016/j.​humpa​th.​2010.​09.​011

	64.	 Matsumoto T, Oda Y, Hasegawa Y, Hashimura M, Oguri Y, Inoue 
H, Yokoi A, Tochimoto M, Nakagawa M, Jiang Z, Saegusa M 
(2021) Anaplastic Lymphoma Kinase Overexpression Is Associ-
ated with Aggressive Phenotypic Characteristics of Ovarian High-
Grade Serous Carcinoma. Am J Pathol. 191:1837-1850. https://​
doi.​org/​10.​1016/j.​ajpath.​2021.​06.​009

	65.	 Siraj AK, Beg S, Jehan Z, Prabhakaran S, Ahmed M, R.Hussain 
A, Al-Dayel F, Tulbah A, Ajarim D, Al-Kuraya KS (2015) ALK 
alteration is a frequent event in aggressive breast cancers. Breast 
Cancer Res. 17:1-12. https://​doi.​org/​10.​1186/​s13058-​015-​0610-3

	66.	 Passoni L, Longo L, Collini P, Coluccia AML, Bozzi F, Podda M, 
Gregorio A, Gambini C, Garaventa A, Pistoia V, Del Grosso F, Tonini 
GP, Cheng M, Gambacorti-Passerini C, Anichini A, Fossati-Bellani 
F, Di Nicola M, Luksch R (2009) Mutation-independent anaplastic 
lymphoma kinase overexpression in poor prognosis neuroblastoma 
patients. Cancer Res. 69:7338-7346. https://​doi.​org/​10.​1158/​0008-​
5472.​CAN-​08-​4419

	67.	 Liu J.; Jin H.; Tian H.; Lian G.; Chen S.; Li J (2016) Anaplastic 
lymphoma kinase protein expression predicts micrometastases and 
prognosis for patients with hepatocellular carcinoma. Oncol Lett. 
11:213-223. https://​doi.​org/​10.​3892/​ol.​2015.​3859

	68.	 Hallberg B, Palmer RH (2016) The role of the ALK receptor in 
cancer biology. Ann Oncol. 27(Supplement 3):iii4-iii15. https://​
doi.​org/​10.​1093/​annonc/​mdw301

	69.	 Pan Z, Chen YY, Wu X, Trisal V, Wilczynski SP, Weiss LM, Chu 
PG, Wu H (2014) Merkel cell carcinoma of lymph node with 
unknown primary has a significantly lower association with Mer-
kel cell polyomavirus than its cutaneous counterpart. Mod Pathol. 
27:1182-1192. https://​doi.​org/​10.​1038/​modpa​thol.​2013.​250

	70.	 Tarantola TI, Vallow LA, Halyard MY, Weenig RH, Warschaw 
KE, Weaver AL, Roenigk RK, Brewer JD, Otley CC (2013) 
Unknown primary Merkel cell carcinoma: 23 new cases and a 
review. J Am Acad Dermatol. 68:433-440. https://​doi.​org/​10.​
1016/j.​jaad.​2012.​07.​035

	71.	 Donizy P, Wróblewska JP, Dias-Santagata D, Woznica K, 
Biecek P, Mochel MC, Wu CL, Kopczynski J, Pieniazek M, Ryś 
J, Marszalek A, Hoang MP (2021) Merkel cell carcinoma of 
unknown primary: Immunohistochemical and molecular analyses 
reveal distinct UV-signature/MCPyV-negative and high immuno-
genicity/MCPyV-positive profiles Cancers (Basel). 13 https://​doi.​
org/​10.​3390/​cance​rs130​71621

	72.	 Vandeven N, Lewis CW, Makarov V, Riaz N, Paulson KG, Hippe 
D, Bestick A, Doumani R, Marx T, Takagishi S, Chan TA, Choi 
J, Nghiem P (2018) Merkel Cell Carcinoma Patients Presenting 
Without a Primary Lesion Have Elevated Markers of Immunity, 
Higher Tumor Mutation Burden, and Improved Survival. Clin 
Cancer Res. 24:963-971. https://​doi.​org/​10.​1158/​1078-​0432.​
CCR-​17-​1678

	73.	 Lawrence LEB, Saleem A, Sahoo MK, Tan SK, Pinsky BA, 
Natkunam Y, Kunder CA, Stehr H, Zehnder JL (2020) Is mer-
kel cell carcinoma of lymph node actually metastatic cutane-
ous merkel cell carcinoma? Am J Clin Pathol. 154:369-380. 
https://​doi.​org/​10.​1093/​AJCP/​AQAA0​51

	74.	 Rizzo JM, Harms PW, Harms KL, Plaska A, Brenner C, Durham 
AB (2021) Unknown primary Merkel cell carcinoma in the immu-
nosuppressed patient: Case series. JAAD Case Reports. 8:19-22. 
https://​doi.​org/​10.​1016/j.​jdcr.​2020.​11.​017

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1111/j.1600-0560.2012.01964.x
https://doi.org/10.1111/j.1600-0560.2012.01964.x
https://doi.org/10.1093/jnci/djp139
https://doi.org/10.1038/s41379-019-0288-7
https://doi.org/10.1038/s41379-019-0288-7
https://doi.org/10.1016/j.jaad.2020.05.125
https://doi.org/10.1016/j.jaad.2020.05.125
https://doi.org/10.1016/j.humpath.2012.04.002
https://doi.org/10.1016/j.humpath.2012.04.002
https://doi.org/10.3390/cancers12040888
https://doi.org/10.1371/journal.pone.0232517
https://doi.org/10.1371/journal.pone.0232517
https://doi.org/10.1007/s12022-020-09640-3
https://doi.org/10.1007/s12022-020-09640-3
https://doi.org/10.1016/j.humpath.2014.12.001
https://doi.org/10.1158/1078-0432.CCR-11-2308
https://doi.org/10.1158/1078-0432.CCR-11-2308
https://doi.org/10.1016/j.humpath.2010.09.011
https://doi.org/10.1016/j.ajpath.2021.06.009
https://doi.org/10.1016/j.ajpath.2021.06.009
https://doi.org/10.1186/s13058-015-0610-3
https://doi.org/10.1158/0008-5472.CAN-08-4419
https://doi.org/10.1158/0008-5472.CAN-08-4419
https://doi.org/10.3892/ol.2015.3859
https://doi.org/10.1093/annonc/mdw301
https://doi.org/10.1093/annonc/mdw301
https://doi.org/10.1038/modpathol.2013.250
https://doi.org/10.1016/j.jaad.2012.07.035
https://doi.org/10.1016/j.jaad.2012.07.035
https://doi.org/10.3390/cancers13071621
https://doi.org/10.3390/cancers13071621
https://doi.org/10.1158/1078-0432.CCR-17-1678
https://doi.org/10.1158/1078-0432.CCR-17-1678
https://doi.org/10.1093/AJCP/AQAA051
https://doi.org/10.1016/j.jdcr.2020.11.017

	Clinical-Pathological Evaluation and Prognostic Analysis of 228 Merkel Cell Carcinomas Focusing on Tumor-Infiltrating Lymphocytes, MCPYV Infection and ALK Expression
	Abstract
	Introduction
	Materials and Methods
	Subjects and Samples
	Clinical and Follow-up Data and Morphological Evaluation
	Immunohistochemical Procedures
	Statistical Analyses

	Results
	Patient’s Characteristics and Follow-up Data
	Morphological and Immunohistochemical Features of MCC
	MCC with Known Primary Skin Lesion
	MCC of Unknown Primary Skin Lesion
	Immunohistochemical Features

	Immunohistochemical Evaluation of MCPyV Status and ALK Expression: Correlation with Clinical and Pathological Parameters
	Patient’s Progression and Survival Analysis: Correlation with Clinical and Pathological Parameters
	Clinical-Pathological Comparison Between MCC of Unknown Primary Lesion and MCC with Known Primary Skin Lesion
	MCC Incidence Rate

	Discussion
	Conclusion
	References


