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What is the predominant etiological factor
for Merkel cell carcinoma in Turkey: viral
infection or sun exposure?
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Abstract

Background Merkel cell carcinoma (MCC) is a rare, aggressive neuroendocrine skin carcinoma. The pathogenesis
involves Merkel cell polyomavirus (MCPyV) and ultraviolet radiation exposure. Studies on MCC in Turkey are scarce,
with essential data on local etiopathogenic and prognostic factors still lacking. We aimed to analyze the clinical
and histopathologic features, biomarkers, and to evaluate these findings alongside Turkish literature to infer the
etiopathogenesis, prognosis, and possible treatment options for the disease.

Methods We analyzed the clinicopathologic features of 7 MCC patients diagnosed at the Pathology Department
of Pamukkale University between 2003 and 2024 in this retrospective study. Clinical data was retrieved from the
hospital’s electronic records. Formalin-fixed, paraffin-embedded tumor specimens stained with hematoxylin-eosin
were examined microscopically. MCPyV, Retinoblastoma 1 (RB1), p53, PRAME, PD-L1, and MMR proteins were
evaluated immunohistochemically. Research on MCC from Turkey was sourced from Turkish databases (ULAKBIM,
Turkiye Atif Dizini, DergiPark, Turk Medline) and international databases (Pubmed, Google Scholar, Scopus, Embase).
The literature review identified original research, case reports, theses, and conference presentations.

Results The patients in our series, all aged over 50 (mean age 76.1+ 14.8), with a slight predominance of one gender
(F:M=1.33:1). During a mean follow-up of 16.1 months, 42.9% (3/7) had lymph node metastases, and 57.1% (4/7)
showed distant metastases. PRAME was positive in 42.9% of the cases (3/7). The total number of MCC cases reported
from Turkey was estimated at 227 +46, with MCPyV status available in a subset, showing a positivity rate of 70.3%.
PD-L1 expression was observed in the tumor microenvironment in 55% of virus-positive MCC cases from Turkey.

Conclusions The 9% incidence of gluteal localization in Turkish MCC cases, considering its geographical significance,
is noteworthy. Notably, all MCC cases from Turkey in which microsatellite instability status has been assessed were
found to be microsatellite stable. PRAME should be investigated in larger series for its potential role in the shared
oncogenic pathways of MCC.
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Background

Merkel cell carcinoma (MCC) is an extremely rare neu-
roendocrine carcinoma of the skin with an aggressive
clinical course. Despite its rarity, it is noteworthy that an
epidemiologic study found a 95% increase in incidence
between 2000 and 2013 [1]. MCC was first described as
“trabecular carcinoma” by Toker et al. in 1972 [2]. Sub-
sequently, in later years, the nomenclature was revised
to MCC due to the observed convergence between the
structural features and immunohistochemical profile
of these tumors and Merkel cells, renowned as cutane-
ous mechanoreceptors [3, 4]. MCC occurs mostly in the
later years of life (usually in the 7th and 8th decades)
and is more common in males [5]. Head and neck con-
stitute the most prevalent sites of localization, succeeded
by the extremities and trunk [6]. Involvement of other
sites, such as the oral mucosa, oesophagus, stomach,
parotid gland, submandibular gland, nasal cavity, vulva,
or vagina, is exceedingly uncommon [7-12]. Risk fac-
tors include older age, immunosuppression (patients
with chronic lymphocytic leukemia (CLL), HIV/AIDS,
or solid organ transplantation), pale skin and ultraviolet
(UV) exposure [1, 13]. The pathogenesis of MCC involves
Merkel cell polyomavirus (MCPyV) and exposure to UV
radiation. Notably, in the northern hemisphere, approxi-
mately 80% of cases are linked to MCPyV. MCPyV inte-
grates into host cell DNA and plays a role in oncogenesis
by inactivating the tumor suppressor gene Retinoblas-
toma [14, 15]. In contrast, within a notable proportion of
cases in the southern hemisphere, UV-induced progres-
sive DNA damage assumes a significant role, resulting
in a higher mutation burden compared to virus-positive
MCC [16].

Immunotherapy agents targeting programmed cell
death protein 1 (PD-1), and programmed cell death
ligand-1 (PD-L1) have become an important option,
especially in the treatment of metastatic MCC [6].

There is considerably limited data on this rare type of
cancer, and most of the available information is derived
from studies based on Western countries or large-scale
epidemiologic research. Research on MCC in Turkey is
even more limited, with fundamental data on local etio-
pathogenic and prognostic factors remaining incomplete.

We aimed to reveal the clinical and histopathologic
features, biomarkers such as MCPyV, p53, RB1, and pref-
erentially expressed antigen in melanoma (PRAME), as
well as PD-L1 and MMR proteins of our 7 MCC cases,
and to evaluate these findings together with the data in
Turkey by reviewing both English and Turkish literature,
and to make inferences about the etiopathogenesis, prog-
nosis, and potentially the treatment of the disease in this
population.
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Methods

Sample selection

We performed a retrospective study of 7 patients diag-
nosed with MCC between 2003 and 2024, revealing
their clinicopathologic features. Essential clinical data,
involving age, sex, tumor site, tumor diameter, disease
stage, presence of distant or lymph node metastasis,
and clinical history, were collected from the computer-
ized medical records of our hospital. Follow-up informa-
tion was acquired through routine outpatient visits or by
telephone.

Formalin-fixed, paraffin-embedded tumor specimens
stained with hematoxylin-eosin (H&E) were examined
microscopically. Histopathological features, including
the status of surgical margins, tumor thickness, Clark
level, lymphovascular invasion (LVI), perineural invasion
(PNI), tumor growth pattern (TGP), presence of ulcer-
ation, tumor-infiltrating lymphocytes (TILs), presence of
necrosis, and mitotic index, were systematically assessed.

Immunohistochemical staining

The immunohistochemical stains, including chromo-
granin, Pan-cytokeratin (AE1/AE3), TTF-1, Vimentin,
and melanoma markers (S100, Melan-A, and HMB-45),
were administered in the majority of cases and subse-
quently re-evaluated under the microscope.

Paraffin blocks containing a rich volume of tumor were
selected for IHC staining. Selected formalin-fixed paraf-
fin-embedded tissues were sectioned at 5 um thickness
and stained with Cytokeratin 20 (CK20) (Cell Marque,
clone Ks20. 8, dilution 1: 200), MCPyV Large T-Antigen
(Vitro Master Diagnostica, clone CM2B4, ready-to-
use), RB1 (Vitro Master Diagnostica, clone 1F8, ready-
to-use), p53 (Cell Marque, clone SP5, ready-to-use),
PRAME (Abcam, clone EPR20330, ready-to-use), MutL
homolog 1 (MLH-1) (Ventana, clone M1, ready-to-use),
MutS homolog 2 (MSH-2) (Ventana, clone G219-1129,
ready-to-use), MutS homolog 6 (MSH-6) (Ventana, clone
SP93, ready-to-use), Postmeiotic segregation increased
2 (PMS-2) (Ventana, clone A16-4, ready-to-use), PD-L1
(Ventana, clone SP263, ready-to-use) antibodies using a
closed automated THC stainer (Ventana Benchmark XT).

Assessment of immunohistochemistry (IHC)

CK20 expression was classified into perinuclear dot-like
and other staining patterns (cytoplasmic, membranous
or mixed). MCPyV nuclear expression was evaluated
using a 10% threshold value in accordance with a pre-
vious publication, and cases exceeding this value were
considered positive [17]. RB1 expression was evaluated
as strong nuclear staining in tumor cells, and cases with
a loss of nuclear expression were classified as negative.
p53 expression was assessed as wild type or mutant.
Mutant status was defined as complete loss of expression
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in tumor cells (null) or abnormal diffuse strong staining
in more than 90% of cells. PRAME was evaluated based
on the percentage of tumor cells showing nuclear expres-
sion, with scores defined as 1 + for 1-25%, 2 + for 26—-50%,
3 +for 51-75%, and 4+ for 76—100%, while staining inten-
sity was graded on a scale from 0+to 3+, as defined by
Lezcano [18], followed by Miller et al. [19]. PRAME
expression was classified as (+) if the staining percent-
age was 3 + or 4 +and the staining intensity was 2+ or 3+.
Mismatch repair (MMR) proteins (MLH1, MSH2, MSH6,
and PMS2) were evaluated as ‘intact nuclear expression’
or ‘loss of nuclear expression’ in tumor cells with non-
neoplastic cells in the surrounding tissue as internal
control. PD-L1 expression was assessed as membranous
staining for tumor cells and membranous and/or cyto-
plasmic staining for immune cells, and samples with at
least 100 viable tumor cells and without necrosis were
selected. Tumor proportion score (TPS) was calculated
by dividing the number of PD-L1 (+) tumor cells by the
total number of tumor cells, expressed as percentage.
Combined positive score (CPS) was calculated by adding
the number of PD-L1 (+) immune cells and tumor cells,
then dividing by the total number of tumor cells, and
multiplying by 100. A CPS score greater than 1 or a TPS
percentage greater than 1% was considered positive.

Next-generation sequencing (NGS)

NGS was performed in only one case. The exonic regions
and exon-intron junctions of a total 87 genes, including
TP53 and RB1, were covered in formalin-fixed, paraffine-
embedded (FFPE) tissue samples. The workflow covered
sample extraction, library prep, sequencing and bioin-
formatics steps. DNA was extracted using the QIAamp
DNA FFPE Advanced UNG Kit (Qiagen), and concen-
tration measured with the QubitTM dsDNA HS kit
(Thermo). Libraries were prepared with the QIAseq Cus-
tom Panel (Qiagen), barcoded, amplified, and purified,
then diluted to 4nM. Sequencing was performed on the
AVITI System (Element Biosciences). Secondary analysis
and clinical interpretation used Qiagen Clinical Insight-
Analyse Universal and Interpret tools.

Microsatellite instability (MSI) status was deter-
mined by examining regions corresponding to the
loci BAT40(T)37, MONO-27(T)27, BAT26(A)27,
NR24(T)23, BAT25(T)25, NR22(T)21, HSP110-
T17(T)17, NR21(A)21, and BAT34C4(A)18. The analy-
ses were conducted using the QIAGEN CLC Genomic
Workbench software. The MSI evaluation criteria were
as follows: MSI-high indicated cases with more than 40%
instability; MSI-low referred to cases with 15—-40% insta-
bility; MSI-stable represented cases with less than 15%
instability.
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Literature search for MCC Data from Turkey

Research on MCC from Turkey was sourced by search-
ing ULAKBIM, Turkiye Atif Dizini, DergiPark, and Turk
Medline for Turkish literature, while Pubmed, Google
Scholar, Scopus, and Embase were used for English lit-
erature, with data recorded up until September 2024.
The literature review identified not only original research
and case reports but also theses and case presentations
from conferences. Cases that were repetitive or lacked
any clinicopathological information other than the diag-
nosis were not included in the further analysis. After the
literature review, some authors were contacted by e-mail
or telephone for additional information: One author
was asked about the number of cases from each center
in their multicenter study to avoid possible duplications
and to clarify the total number of MCC cases in Turkey.
Another author was asked whether they had evaluated
the CK20 staining pattern, as its potential significance
for the prognosis of the disease is being explored. Follow-
ing the identification of all reported MCC cases in Tur-
key, a statistical analysis was performed on 91 cases with
known MCPyV status.

Statistical analysis

IBM SPSS Statistics (version 29.0) was used for statisti-
cal analysis. Studies involving MCC cases with known
MCPyV status from Turkey [20-22], including our own,
were analysed statistically using Pearson’s chi-square for
categorical variables and Mann-Whitney U for compar-
ing age distribution. pvalues<0.05 were considered sta-
tistically significant.

Results

The patients in our series had a mean age of 76.1+14.8
years. The cohort exhibited a slight predominance of one
gender (F: M=1.33:1). In addition to advanced age being
a risk factor in all patients, one case had a previous diag-
nosis of CLL. The mean tumor diameter was 4.1+3.5 cm
(1.1-10 cm). Four patients were diagnosed with stage IV
disease at the time of their initial diagnosis. Lymph node
metastasis was seen in 42.9% (3/7) and distant metastasis
in 57.1% (4/7) of cases. One patient, in their 50s, passed
away due to metastatic disease involving lymph nodes
and bone marrow within a period of 2 months. A differ-
ent patient, who had metastases to the pelvic region, died
from sepsis and cardiac arrest 20 days after the biopsy of
the primary tumor. One patient, who had metastases to
the lymph nodes and abdominal region, died of a stroke
associated with COVID-19 several months after the diag-
nosis of MCC. Another patient, who had both lymph
node and bone metastasis, underwent re-excision along
with inguinal lymph node dissection due to positive sur-
gical margins after tumor excision. Subsequently, the
patient was scheduled to undergo immunotherapy. The
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mean follow-up period for the six available patients was
16.1 months (1-66 months).

Histopathological examination revealed pure neuro-
endocrine morphology in all cases (7/7, 100%). Subcu-
taneous adipose tissue invasion was evident in 71.4% of
cases (5/7). PNI was observed in 57.1% (4/7). TILs were
evident in all cases, with 5 being non-brisk and 2 brisk.
Only three cases exhibited a mitotic rate of <10, while
the mean mitotic rate across all cases was 19 mitoses per

Table 1 Clinicopathological and immunohistochemical
characteristics of our MCC cases (n=7)

Features Frequency (%)
Mean age, SD 76.1+148
Sex

Female 4(57.1%)
Male 3 (42.9%)
Tumor Localization

Head and Neck 3 (42.9%)
Upper ext 2 (28.6%)
Trunk 1 (14.3%)
Lower ext 1(14.3%)
LVvI

Present 4(57.1%)
Absent 3 (42.9%)
TGP

Nodular 3 (42.9%)
Infiltrative 4 (57.1%)
MCPyV

Positive 4(57.1%)
Negative 3 (42.9%)
P53

WT 5(71.4%)
N 2 (28.6%)
RB1

Loss of expression 3 (42.9%)
No loss 4(57.1%)
PD-L1 (SP263)

CPS

<1 3(42.9%)
>1 4 (57.1%)
TPS

<1% 3 (42.9%)
>1% 4 (57.1%)
MSI (by IHC)

MSS 6 (85.7%)
d-MMR 1(14.3%)
PRAME

Positive 3 (42.9%)
Negative 4(57.1%)

Abbreviations, CPS: Combined positive score, d-MMR: Deficient mismatch
repair, LVI: Lymphovascular invasion, MCPyV: Merkel cell polyomavirus,
MSI: Microsatellite instability, N: Null, IHC: Immunohistochemistry, PD-L1:
Programmed death-ligand 1, PRAME: Preferentially expressed antigen in
melanoma, RB1: Retinoblastoma 1, SD: Standard deviation, TGP: Tumor growth
pattern, TPS: Tumor proportion score, WT: Wild-type
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mm?. Ulceration was observed in 57.1% (4/7). Necrosis
was present in 28.6% (2/7). The mean tumor thickness
was 11+5.1 cm (5-18 ¢cm). The tumor was present at the
surgical margin in 42.9% (3/7).

Immunohistochemical examination revealed CK20,
AE1/AE3, and chromogranin positivity in all cases
(7/7, 100%), while TTF-1, Vimentin, S100, Melan A,
and HMB-45 were negative, supporting the differen-
tial diagnosis of metastatic neuroendocrine carcinoma,
melanoma and sarcoma. CK20 showed the classic peri-
nuclear dot-like pattern in 57.1% (4/7), whereas mem-
branous, cytoplasmic, or mixed patterns were observed
in the remaining cases (3/7). Key clinicopathological
features, together with MCPyV, p53, RB1, PD-L1, MSI
(MLH1, MSH2, MSH6, and PMS2), and PRAME IHC
results, were presented in the table (Table 1). NGS was
performed in only one of our cases (1/7, 14.3%), and no
mutations were detected, including in TP53 and RB1.

Including our cases, the MCPyV status was available
in approximately 40.1% (91/227) of MCC cases reported
from Turkey in the literature, with an MCPyV positivity
rate of 70.3% (64/91). The clinicopathological features
according to MCPyV status in Turkey were presented
in the table (Table 2). Detailed information about MCC
cases in the Turkish literature is provided in the discus-
sion section.

Discussion

The median age was 72, and the most common site was
head and neck (3/7, 42.9%), consistent with the literature
[23]. However, females (4/7, 57.1%) slightly outnumbered
males (3/7, 42.9%), contrary to the literature [24], which
may be due to the limited number of our cases.

Our results showed that 57.1% (4/7) of cases were posi-
tive for MCPyV by IHC, matching the literature which
reports rates of 46—90% [25, 26].

PD-L1 was evaluated as positive in 50% (2/4) of
MCPyV (+) cases and 57.1% (4/7) of the total cases in
our series. MCPyV (+) tumors tend to respond better to
PD-L1 inhibitors [27] and more frequently express PD-L1
[28]. While MCPyV or PD-L1 status of the tumor does
not directly influence treatment decisions under existing
protocols [6, 29], larger cohorts and further studies are
needed in this area.

The role of MSI in MCC is less defined than in colorec-
tal cancer, but the growing importance of immuno-
therapy has brought MMR proteins and PD-L1 forward
as potential biomarkers for research. Gambichler et
al. found that 16% (9/56) of the patients in their series
had a loss of MMR proteins. Among the five cases that
underwent MSI testing, four were found to be MSS (mic-
rosatellite stable), while one was classified as MSI-H
(microsatellite instability-high). The MSI-H case was a
patient with loss of MLH-1 and PMS-2 expression [30].
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Table 2 Comparison of clinicopathological features of MCC
cases with known MCPyV status in Turkey, including our cases

[20-22]
MCPyV (+)  MCPyV (-) Pvalue
(n=64) (n=27)
n(%) n (%)
Sex
Female 36 (66.7) 10 (37) 0.15
Male 28 (33.3) 17 (63)
Age, median (range) * 71 (35-91) 70 (54-95) 0.84
Anatomical localization**
Head and Neck 12 (24) 14 (56) 0.005
Upper ext 19 (38) 2(8)
Trunk 10 (20) 2(8)
Lower ext 9(18) 7(28)
CK20 expression***
Positive 53 (100) 19 (90.5) 0.14
Negative 0(0) 2(9.5)
CK20 staining pattern***
Perinuclear 21(39.6) 7(41.2) 1.0
Other 32 (604) 12 (58.8)
TILs
Present 30(57.7) 19(79.2) 0.07
Absent 22 (42.3) 5(20.8)
PD-L1 (SP263) *
CPS 0.81
<1 9 (45.0) 7(41.2)
>1 11 (55.0) 10(58.8)
TPS 0.054
<1% 12 (60.0) 15(89.2)
>1% 8(40.0) 2(11.8)
Present 28 (50.9) 11 (47.8) 1.0
Absent 27 (49.1) 12(52.2)
Nodular 16 (30.8) 5(22.7) 0.67
Infiltrative 36 (69.2) 17 (77.3)
Follow-up*
Ex 11(57.9) 11 (64.7) 0.94
Alive 8(42.1) 6(35.3)
Lymph node and/or distant
metastasis****
Present 29 (52.7) 11(61.1) 0.73
Absent 26 (47 7(38.9)
p53***
Mutant 6(10.5) 10 (47.6) 0.001
WT 51(89.5) 11(524)
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Table 2 (continued)
MCPyV (+)  MCPyV (-) Pvalue
(n=64) (n=27)
n (%) n (%)
Loss of expression 11(20.3) 12 (66.7) 0.001
No loss 43 (79.7) 6(33.3)

*In the study by Erdem et al. (20), age, follow-up and PD-L1 expression status
details for MCPyV positive and negative groups were unavailable, and thus it
was excluded from the analysis of these parameters. **In the study by Erdem
et al. (20), 12 cases showed primary lymph node localization, while in the study
by Ogut et al. (21), 3 cases were from lymph node metastases and 1 case was
from brain metastasis; however, these cases were not included in the analysis of
anatomical localization***The study by Acikalin et al. (22) did not contain data
on CK20 expression, CK20 staining pattern, LVI, TGP, p53, and RB1 expression,
therefore, it was excluded from the analysis of these parameters.**** Metastasis
data were not available in the study by Ogut et al. (21), and thus it was not
included in the analysis of this parameter. Abbreviations, CPS: Combined
positive score, LVI: Lymphovascular invasion, MCPyV: Merkel cell polyomavirus,
RB1: Retinoblastoma 1, TGP: Tumor growth pattern, TPS: Tumor proportion
score, WT: Wild-type

Recently, Kestel et al. studied 12 patients with MCC in
Turkey and found that expression was intact in all cases
[31]. Our one case (1/7, 14.3%) showed loss of nuclear
expression with MLH-1 and was subsequently identified
as MSS through NGS analysis.

PRAME was positive in 42.9% of the cases (3/7), with
two showing diffuse and strong positivity and one show-
ing heterogenous weak staining. PRAME is not only a
diagnostic marker for melanoma but has also recently
emerged as an immunotherapy target in uveal melanoma
[32]. Elsensohn et al. detected PRAME positivity in 57%
of 23 MCC cases, with 9% showing strong positivity,
while Miller et al. observed strong positivity in 27% of
39 cases [19, 33]. Our series presents the first results on
PRAME expression in MCC from Turkey, and the discus-
sion, including the topic of shared oncogenic pathways, is
provided towards the end of this section.

Given the rarity of MCC, the unknown dominance
of either sun exposure or MCPyV in its pathogen-
esis locally, the limited number of studies, and the
advances in immunotherapy, we decided to conduct a
comprehensive literature review to provide a detailed
overview of MCC studies in Turkey. The largest cohort
was from a multicenter study [34], but despite contact-
ing the corresponding author, we were unable to deter-
mine the exact number of patients contributed each
center. After excluding confirmed duplications from
this study, the total number of MCC cases reported
from Turkey, including our own, was estimated at
227 +46. To prevent duplication and conflicting data,
this study was excluded from further analysis, and all
subsequent evaluations for MCC in Turkey were based
on 227 cases. The mean age was 64 + 18.3 years (range:
8-94) in the Turkish population. Among the 216 cases
with reported gender, there was a slight male predomi-
nance (50.9%), with a male-to-female ratio of 1.04:1,
consistent with the literature [35]. In 198 cases, tumor
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location was known and distributed as follows: head
and neck (29.8%) [20-22, 36-47], lower extremities
(22.7%) [20-22, 36—-38, 48-58], trunk (21.2%) [20-22,
36-38, 48, 49, 59-67], upper extremities (18.7%) [20—
22, 36-38, 48, 68-71], and other sites (7.6%). In the
other sites, 13 cases had primary nodal involvement
[20, 72], 1 was in the oral cavity [73], 1 was paraver-
tebral [74], and 1 was in the parotid gland [75]. We
noted that 40% of the cases located on the trunk (and
9% of the total), including one of our cases, were in the
gluteal region [22, 36, 37, 48, 49, 59, 60, 62, 65, 66].
Among the MCC cases, one (1/227, 0.44%) showed
features of SCC [59], one (1/227, 0.44%) had squa-
mous cell carcinoma in situ (CIS) [20], and one (1/227,
0.44%) was associated with actinic keratosis [46], dis-
playing characteristics of a mixed tumor, with in situ
case being MCPyV (-), consistent with findings in the
literature that associate MCPyV negativity more fre-
quently with mixed tumors [76]. There were synchro-
nous tumors in two cases (2/227, 0.88%), one being
pulmonary small cell carcinoma [63] and the other
both SCC and basal cell carcinoma (BCC) [46]. As a
risk factor for MCC, 7.5% of the cases (17/227) had a
history of secondary malignancy [20, 22, 36, 63, 77],
with the major being CLL [22, 36, 77]. Other etiologies
included renal transplantation in four cases (4/227,
1.76%) [55, 56, 62, 78], liver transplantation in one case
(1/227, 0.44%) [79], chronic renal failure in one case
(1/227, 0.44%) [57], chronic venous insufficiency in
one case (1/227, 0.44%) [80], and rheumatoid arthri-
tis in one case (1/227, 0.44%) [42]. The tumor size was
known for 128 cases, with a mean tumor diameter of
3.75 c¢cm (range: 0.5-20 cm). Lymph node metasta-
sis was present in 24.7% of the cases (56/227) [20-22,
36, 38, 44, 48-51, 53, 55-59, 62, 64, 68, 73, 75, 80, 81],
and distant metastasis in also 24.7% (56/227) [20, 22,
31, 38, 39, 48, 51-53, 55-57, 62, 65-68, 70, 73, 80,
83, 84]. Seventy-two (51.1%) of the 141 patients with
known survival status were alive, and 69 (49.9%) were
deceased. One hundred and thirty-one patients with
available follow-up data had a mean follow-up period
of 36.2 months. Wide excision was performed in 127
cases, and chemotherapy and/or radiotherapy was
given in 89 cases. There was no infoation on whether
the cases received immunotherapy, possibly because it
is a more recent treatment option. In one of our cases,
immunotherapy was planned in addition to radiother-
apy due to the presence of distant metastasis.
Histopathological examination revealed that infiltrative
growth pattern (69.7%) was more common that nodu-
lar pattern (30.3%) among 76 cases with known TGP
[20, 21, 54, 69]. LVI was evident in 45.7% of 105 cases
[20, 21, 37, 42, 51, 62]. TILs were present in 65.8% of 76
cases [20-22]. CK20 was positive in 95.4% (21,22,36,37,
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39,43,45,46,50,54,57,62,63,65,66,68,69,71,72,74,75,81,8
2) of 132 cases, and negative in only 6 patients [20, 36,
59, 73]. CK20 staining pattern was known in 95 patients,
with 48.4% showing positivity in the classic perinuclear
dot-like pattern (20,21,39,45,49,50,52,55,57,62,71,74,75,
81,82), while the remaining cases exhibited cytoplasmic,
membranous, or mixed patterns [20, 21, 46, 63, 65, 68,
72]. MMR proteins were investigated only in two studies
on MCC, including ours, where no loss of expression in
21 cases (21/22, 95.4%), while MLH-1 loss was observed
in only one of our cases 1/22 (4.6%), which was further
classified as MSS through NGS analysis [31].

This study is the first to provide insights into the rate of
MCPyV-positive cases among MCCs in Turkey to date.
MCPyV positivity rates show significant geographical
variation, with 25-30% in Australia [84], 60% in Japan
[85], 80% in North America [15], and 85% in Germany
[86]. The MCPyV status was available in approximately
40.1% (91/227) of MCC cases reported from Turkey, with
an MCPyV positivity rate of 70.3% (64/91). Although this
appears lower than the rates reported in European and
North American countries, the MCPyV positivity rate
of 70.3% in Turkey is slightly higher than the countries
in Asia, such as Japan. There was a female predominance
in the MCPyV (+) group (36/64, 56.2%), while males pre-
dominated in the MCPyV (-) group (17/27, 63%), consis-
tent with the literature [87, 88]. Although age differences
by virus status had been reported in various studies from
Turkey [20-22], overall, the ages in both groups were
similar. However, in the broader literature, virus-negative
patients tend to be older than virus-positive patients,
although the age difference appears to have a limited
impact on MCC pathogenesis [87, 88]. MCPyV (+) MCCs
were more commonly localized in the upper extremities
(19/50, 38%) and trunk (10/50, 20%), while head and neck
localization (14/25, 56%) were more prominent in the
MCPyV (-) group in Turkey (p=0.007), in line with the
literature [88, 89]. It can be concluded that MCPyV plays
a more significant role in tumor development in regions
less exposed to sunlight, such as the trunk and upper
extremities, while the oncogenic effect of sun exposure
becomes more prominent in the head and neck region,
for the MCC population in Turkey. The gluteal location
of MCC was reported rarely in the English literature [51].
It is noteworthy that 9% (17/227) of MCC cases in Tur-
key were localized to the gluteal region. The mean age
of these patients was 63.1+13.6, with a male-to-female
ratio of 1.5:1. In our series, the case located on the gluteal
region was a patient in their late 60s. While UV radia-
tion plays a significant role in the pathogenesis of MCC,
in gluteal cases, factors such as MCPyV, environmen-
tal influences, genetic predisposition, and skin type are
expected to be more prominent. Notably, only one case
(1/17, 5.9%) was presented with immunosuppression due
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to kidney transplantation [62], while the remaining cases
(16/17, 94.1%) had no identifiable etiologic risk factors,
including our case. Moreover, lymph node metastasis
was found in 24% (4/17) cases and distant metastasis in
35% (6/17), suggesting that gluteal MCCs are aggressive
in nature and may be associated with poor prognosis. In
conclusion, considering MCC in the differential diagno-
sis of patients presenting with a gluteal lesion, along with
a multidisciplinary approach, may lead to earlier diagno-
sis and more effective treatment.

Immunohistochemistry revealed a mutant p53 pattern
(10/21, 47.7%) and loss of Rb expression (12/18, 66.7%)
more frequently in MCPyV (-) tumors, whereas MCPyV
(+) group showed more wild-type p53 (51/57, 89.5%)
and intact Rb expression (43/54, 79.6) in MCCs cases
reported from Turkey (p<0.01). MCPyV (-) MCCs com-
monly show TP53 mutations resulting in dysfunctional
p53 protein, and the RB1 gene is frequently inactivated
through mutations or deletions, causing uncontrolled
cell cycle progression. Conversely, in MCPyV (+) tumors,
wild type p53 and RB1 are typically retained, as viral
proteins such as large T (LT) antigen inactivate Rb pro-
tein, driving tumorigenesis without the need for muta-
tions in tumor suppressor genes [87, 88, 90]. There was
no difference between virus-positive and negative groups
regarding TGP (n=74), LVI (n=78), TIL (n=76), PD-L1
expression (n=37), and metastasis (n="73) in MCC cases
with known virus status reported from Turkey (n=91,
p>0.05). However, MCPyV (-) MCCs are more likely to
exhibit frequent LVI, an infiltrative growth pattern, lower
levels of TILs, and a higher likelihood of metastasis,
whereas the opposite is expected for MCPyV (+) tumors
according to the literature [91, 92].

The composition and distribution patterns of TILs
can provide deeper insights beyond simply noting their
presence, offering valuable information about the tumor
microenvironment, immune response, and prognosis in
MCC. Nakamura et al. suggested that the presence of
tertiary lymphoid structures around the tumor in virus-
negative cases may indicate a favorable prognosis [93].
Feldmeyer et al, in their study of 62 MCC cases, exam-
ined TIL density and distribution within the tumor cen-
ter and periphery, finding that PD-L1-positive cells were
particularly concentrated in the tumor periphery of
virus-positive patients [94]. Ricci et al. evaluated CD3,
CD8, FoxP3, and PD-L1 expression in TILs to develop
an “immunoscore” model, reporting that virus-positive
cases with a high immune score were associated with
improved survival [87]. Turkish data showed that PD-L1
expression was observed in the tumor microenvironment
in 55% of virus-positive MCC cases [20-22]. However,
larger cohort studies that comprehensively investigate
the composition of TILs in MCC are still needed.
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There is growing discussion about the role of virus-
independent, shared oncogenic pathways in MCC patho-
genesis. One study highlighted that transcription factors
NFAT, P-CREB, and P-STAT were active in both virus-
positive and virus-negative MCC, with virus-positive
cases able to activate these specific pathways and acquire
features similar to virus-negative cases despite their low
mutation burden [95]. Ricci et al. suggested that DNA
methylation in the intron 4-5 region of the hTERT gene
could influence MCC prognosis and contribute to shared
oncogenic pathways, independent of virus status [96].
Based on another study by Ricci et al., which highlights
the prognostic impact of PD-1 promoter methylation in
MCQC, it can be proposed that immune modulation via
epigenetic mechanisms may influence both virus-associ-
ated and UV-induced MCC [97]. In Miller et al’s study,
PRAME expression was observed in both virus-positive
and virus-negative cases, suggesting PRAME’s potential
role in a shared oncogenic pathway in MCC [19]. In our
cases, however, all three PRAME-expressing cases (3/7,
42.9%) were also MCPyV-positive, which may be attrib-
uted to the limited number of cases. PRAME, initially
identified in the testis, is a cancer-testis antigen (CTA)
known to play a key role in gametogenesis and is also
involved in the reprogramming and pluripotency of germ
cell tumors [98—101]. These findings lead to interest in
the potential influence of PRAME expression on the well-
known stem cell reacquisition characteristic of MCC.

Harms et al. reported that CK20-negative MCCs may
arise through virus-independent molecular pathways
and could harbor distinct mutations [102]. No significant
difference in CK20 expression was observed between
MCPyV-positive and MCPyV-negative MCC cases from
Turkey (=91, p>0.05). The small number of CK20-neg-
ative cases (2/91, 0.2%) in the Turkish cohort with known
virus status may explain the lack of significant difference.

The primary limitations of our study were the small
sample size, due to rarity of MCC, and its retrospective
design. The presence of MCPyV was evaluated only by
IHC, and molecular methods such as polymerase chain
reaction (PCR) were not utilized. While comparing MCC
studies from Turkey, the lack of assessment of standard-
ized parameters in each study was also a limitation.

Conclusions

This study highlights that MCPyV status influences
clinical features, such as tumor localization, with upper
extremities and trunk more common in virus-positive
cases, as well as molecular characteristics like p53 and
Rb in MCC cases from Turkey, consistent with global
findings. In Turkey, MCPyV appears to play a greater
role MCC etiopathogenesis, with a 70.3% positivity rate,
compared to UV exposure. Interestingly, 9% of MCC
cases in Turkey occur in the gluteal region, suggesting a



Comut et al. BMC Cancer (2025) 25:336

geographically significant trend that should be explored
further in larger studies. Notably, all MCC cases from
Turkey in which MSI status has been assessed were found
to be MSS, confirmed by immunohistochemical meth-
ods, with NGS performed in only one case.

In summary, this pilot study focused on the epidemiol-
ogy, histopathological, and immunohistochemical char-
acteristics of MCC, aiming to investigate the potential
role of PRAME expression in shared oncogenic pathways
and its impact on disease prognosis in a larger series of
cases in the near future.

Abbreviations

AE1/AE3  Pan-cytokeratin

BCC Basal cell carcinoma

CK20 Cytokeratin 20

cls Carcinoma in situ

CLL Chronic lymphocytic leukemia
CPS Combined positive score

CTA Cancer-testis antigen

F Female

H&E Hematoxylin-eosin

HC Immunohistochemistry

LVI Lymphovascular invasion

M Male

MCPyV Merkel cell polyomavirus
MLH-1 MutL homolog 1

MMR Mismatch repair

MSH-2 MutS homolog 2

MSH-6 MutS homolog 6

MSS Microsatellite stable

N Null

N/A Non-available

NGS Next-generation sequencing
No. Number

PNI Perineural invasion

PD-1 Programmed cell death protein 1
PD-L1 Programmed death-ligand 1
PMS-2 Postmeiotic segregation increased 2
PRAME Preferentially expressed antigen in melanoma
RB1 Retinoblastoma 1

SCC Squamous cell carcinoma

TGP Tumor growth pattern

TIL Tumor-infiltrating lymphocytes
TPS Tumor proportion score

TTF-1 Thyroid transcription factor-1
uv Ultraviolet

WT Wild-type

Acknowledgements
Not applicable.

Author contributions

All authors contributed to the study conception and design. Material
preparation, data collection and analysis were performed by Erdem Comut
and Ozge S. Karstarli Bakay. The first draft of the manuscript was written by
Erdem Comut. Nese Calli Demirkan commented on previous versions of the
manuscript. All authors read and approved the final version of the manuscript.

Funding Declaration
This research received no specific funding.

Data availability

The DNA sequencing data for one patient diagnosed with MCC generated
and/or analysed during the current study are available in the European
Nucleotide Archive (ENA) repository. The data are registered under the project
accession number PRJEB82659 and can be accessed at https://www.ebi.ac.uk/
ena/browser/view/PRJEB82659.

Page 8 of 10

Declarations

Ethics approval and consent to participate

This study was performed in line with the principles of the Declaration

of Helsinki. The study was approved by the Local Ethical Committee of
Pamukkale University (Ethics Approval Number: E-358452), with a waiver for
the requirement of informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 18 October 2024 / Accepted: 10 February 2025
Published online: 25 February 2025

References

1. Akaike T, Nghiem P. Scientific and clinical developments in Merkel cell
carcinoma: a polyomavirus-driven, often-lethal skin cancer. J Dermatol Sci.
2022;105(1):2-10.

2. Toker C.Trabecular carcinoma of the skin. Arch Dermatol. 1972;105(1):56-60.

3. Halata Z Grim M, Bauman K. Friedrich Sigmund Merkel and his Merkel cell,
morphology, development, and physiology: review and new results. Anat
Rec Discov Mol Cell Evol Biol. 2003;271(1):112-21.

4. Tang CK, Toker C. Trabecular carcinoma of the skin: further clinicopathologic
and ultrastructural study. Mt Sinai J Med. 1979;46(5):435-45.

5. Stachyra K, Dudzisz-Sledz M, Bylina E, Szumera-Cieckiewicz A, Spalek MJ,
Bartnik E, et al. Merkel cell carcinoma from molecular pathology to novel
therapies. Int J Mol Sci. 2021;22(5):1250.

6. Gauci ML, Aristei C, Becker JC, Blom A, Bataille V, Dreno B, et al. Diagnosis and
treatment of Merkel cell carcinoma: European consensus-based interdisci-
plinary guideline- update 2022. Eur J Cancer. 2022;171:203-31.

7. lIslam MN, Chehal H, Smith MH, Islam S, Bhattacharyya I. Merkel cell
carcinoma of the buccal mucosa and lower lip. Head Neck Pathol.
2018;12(2):123-30.

8. Heath M, Jaimes N, Lemos B, Mostaghimi A, Wang LC, Perias PF, et al. Clinical
characteristics of Merkel cell carcinoma at diagnosis in 195 patients: the
AEIOU features. J Am Acad Dermatol. 2008;58(3):433-8.

9. Albores-Saavedra J, Batich K, Chable-Montero F, Sagy N, Schwartz AM,
Henson DE. Merkel cell carcinoma demographics, morphology, and
survival based on 3870 cases: a population-based study. J Cutan Pathol.
2010;37(1):20-7.

10. Coggshall K, Tello TL, North JP, Yu SS. Merkel cell carcinoma: an update
and review: pathogenesis, diagnosis, and staging. J Am Acad Dermatol.
2018;78(3):433-42.

11. Yoshida A, Kuwamoto S, Kurumi H, Isomoto H. Polyomavirus-associated
primary gastric Merkel cell carcinoma. Intern Med. 2022;61(9):1463-5.

12. Emge DA, Cardones AR. Updates on Merkel cell carcinoma. Dermatol Clin.
2019;37(3):489-503.

13. Lee YW, Bae YC, Nam SB, Bae SH, Kim HS. Merkel cell carcinoma: a series of
seven cases. Arch Plast Surg. 2019,46(5):441-8.

14. Tanda ET, dAmato AL, Rossi G, Croce E, Boutros A, Cecchi F, et al. Merkel cell
carcinoma: an immunotherapy fairy-tale? Front Oncol. 2021;11:1543.

15.  FengH, Shuda M, Chang Y, Moore PS. Clonal integration of a polyomavirus in
human Merkel cell carcinoma. Science. 2008;319(5866):1096-100.

16. Wong SQ, Waldeck K, Vergara IA, Schroder J, Madore J, Wilmott JS, et al.
UV-associated mutations underlie the etiology of MCV-negative Merkel cell
carcinomas. Cancer Res. 2015;75(24):5228-34.

17. Haymerle G, Janik S, Fochtmann A, Pammer J, Schachner H, Nemec L et al.
Expression of Merkel cell polyomavirus (MCPyV) large T-antigen in Merkel
cell carcinoma lymph node metastases predicts poor outcome. PLoS ONE.
2017;12(8).

18.  Lezcano C, Jungbluth AA, Nehal KS, Hollmann TJ, Busam KJ. PRAME expres-
sion in melanocytic tumors. Am J Surg Pathol. 2018;42(11):1456-65.

19.  Miller E, Biesemier A, Coomes DM, Raghavan SS. PRAME expression in Merkel
cell carcinoma. Am J Surg Pathol. 2024;48(10):1270-6.

20. Erdem BY. Diagnostic and prognostic markers in Merkel cell carcinoma [The-
sis]. Istanbul: Istanbul University-Cerrahpasa; 2022. Turkish. Available from: htt
ps://tezyok.gov.tr/UlusalTezMerkezi/tezSorguSonucYenijsp


https://www.ebi.ac.uk/ena/browser/view/PRJEB82659
https://www.ebi.ac.uk/ena/browser/view/PRJEB82659
https://tez.yok.gov.tr/UlusalTezMerkezi/tezSorguSonucYeni.jsp
https://tez.yok.gov.tr/UlusalTezMerkezi/tezSorguSonucYeni.jsp

Comut et al. BMC Cancer

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

30.

40.

41.

42.

43.

(2025) 25:336

Ogut B, Bayram EK, Inan MA, Kestel S, Erdem O. Association of Merkel cell
polyomavirus status with p53, RB1, and PD-L1 expression and patient
prognosis in Merkel cell carcinomas: clinical, morphologic, and immunohis-
tochemical evaluation of 17 cases. Appl Immunohistochem Mol Morphol.
2023;31(6):371-8.

Acikalin A, Bagir E, Paydas S. Prognostic and predictive value of EZH2 expres-
sion and the tumor immune microenvironment in Merkel cell carcinoma. Pol
JPathol. 2021;72(2):140-7.

Mohsen ST, Price EL, Chan AW, Hanna TP, Limacher JJ, Nessim C, et al. Inci-
dence, mortality and survival of Merkel cell carcinoma: a systematic review of
population-based studies. Br J Dermatol. 2024;190(6):811-24.

lyer JG, Storer BE, Paulson KG, Lemos B, Phillips JL, Bichakjian CK, et al.
Relationships among primary tumor size, number of involved nodes, and
survival for 8044 cases of Merkel cell carcinoma. J Am Acad Dermatol.
2014;70(4):637-43.

Pulitzer M. Merkel cell carcinoma. Surg Pathol Clin. 2017;10(3):399-408.
DeCoste RC, Carter MD, Pasternak S, Fleming KE, Gaston D, Legge A, et al.
Relationship between p63 and p53 expression in Merkel cell carcinoma and
corresponding abnormalities in TP63 and TP53: a study and a proposal. Hum
Pathol. 2021;117:31-41.

Siqueira SM, Campos-do-Carmo G, da Silva PRG, Small 1A, De Melo AC. The
prognostic role of PD-L1 expression and the presence of polyomavirus in
Merkel cell carcinoma cases. Infect Agent Cancer. 2024;19(1).

Bénigni P, Guénolé M, Bonsang B, Marcorelles P, Schick U, Uguen A. Foci of
programmed cell death-ligand 1 (PD-L1)-positive tumor areas with tumor-
infiltrating leukocytes (TILs) evocative of a PD-1/PD-L1-related adaptive
immune resistance are frequent in Merkel cell carcinoma. Appl Immunohis-
tochem Mol Morphol. 2020;28(1):1-6.

Cornejo C, Miller CJ. Merkel cell carcinoma: updates on staging and manage-
ment. Dermatol Clin. 2019;37(3):269-77.

Gambichler T, Rached NA, Tannapfel A, Becker JC, Vogt M, Skrygan M et al.
Expression of mismatch repair proteins in Merkel cell carcinoma. Cancers
(Basel). 2021;13(11).

Kestel S, Ogut B, Inan MA, Erdem O. Histopathologic features for overall
survival in Merkel cell carcinoma: a case series with intact mismatch repair
protein expression. Turk Patoloji Derg. 2023;39(3):169-78.

Lamas NJ, Lassalle S, Martel A, Nahon-Estéve S, Macocco A, Zahaf K, et al.
Characterisation of the protein expression of the emerging immunotherapy
targets VISTA, LAG-3 and PRAME in primary uveal melanoma: insights from a
southern French patient cohort. Pathology. 2023;55(7):745-54.

Elsensohn A, Hanson J, Ferringer T. Preferentially expressed antigen in
melanoma expression in nonmelanoma skin cancers and melanocytes in
surrounding skin. J Cutan Pathol. 2021;48(9):1150-5.

Yildiz F, Demirci U, Kucukarda A, Buyuksimsek M, Sakalar T, Topcu T, et al.
Merkel cell carcinoma in Turkey: a multicentric study. J Cancer Res Ther.
2021;17(6):1525-9.

Baba PUF, Rasool Z, Khan 1Y, Cockerell CJ, Wang R, Kassir M et al. Merkel cell
carcinoma: from pathobiology to clinical management. Biol. 2021;10(4).
Yazici S, Irmak Yazici E, Balaban Adim S, Bulbul Baskan E, Aydogan K, Saricao-
glu H. A report of 13 cases of Merkel cell carcinoma: single-center experience
and review of the literature. Ann Dermatol. 2019;31(3):272-8.

Leblebici C, Yeni B, Savli TC, Aydin O, Gunes P, Cinel L, et al. A new immunohis-
tochemical marker, insulinoma-associated protein 1 (INSM1), for Merkel cell
carcinoma: evaluation of 24 cases. Ann Diagn Pathol. 2019;40:53-8.

Acar A, Yaman B, Yanmaz A, Yoldas AH, Karaarslan I, Akalin T, et al. Epidemio-
logical and demographic characteristics of non-melanoma skin cancers in
Ege University Hospital. Ege J Med. 2020;59(4):123-31.

Yayli S, Tugcugil S, Alpay K, Yildiz K, Nebioglu A, Bahadir S. Giant Merkel

cell carcinoma located on the face. Turkderm Arch Dermatol Venereol.
2012;46(2):98-100.

Bitiren M, Gurel MS, Ozardali |, Zeren H, Duzgun SA, Tatli N. Merkel hticreli
Karsinom (derinin primer néroendokrin karsinomu). Ankara Patoloji Bulteni.
1999;16(1):40-2.

Aydingoz IE, Peker O. Merkel hticreli Karsinoma. Turk Klin Dermatol.
1997,7:221-3.

Sonmez Ergun S, Kirazoglu A, Akdemir OC, Kucuk OS, Altinok P, Yildiz P. Merkel
cell carcinoma. Bezmialem Science. 2023;11(1):128-31. Available from: https:/
/bezmialemscience.org/articles/doi/bas.galenos.2022.08760

Yaman Coskun O, Alabalik U, Nacir M, Turku G, Ibiloglu I. E-poster dermato-
pathology EPS097(179) multifocal neuroendocrine carcinoma of the skin:
Merkel cell carcinoma. Available from: www.tcpdf.org

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Page 9 of 10

Batman C, Sav A, Mamikoglu B, Oneri C. A case of Merkel cell carcinoma with
parotid lymph node metastasis. Marmara Med J. 1993,6(2):62-4.

Soylemez T, Simsek BC, Kayiran MA, Haspolat Y. Merkel cell carcinoma: a case
report. J Curr Pathol. 2019;3(2):109. Available from: http://www.guncelpatoloji
.org/doi.php?doi=10.5146/jcpath.2019.53

Aydin A, Emrah Koer N, Bekerecioglu M, Sari I. Cutaneous undifferentiated
small (Merkel) cell carcinoma, that developed synchronously with multiple
actinic keratoses, squamous cell carcinomas and basal cell carcinoma. J
Dermatol. 2003;30(3):241-4.

Coskuncan N, Kazokoglu H, Sav A, Bavbek T, Ogut MS, Temel A. Merkel cell
tumour of the eyelid and reconstruction with the Cutler-Beard technique: a
clinicopathologic case report. Eur J Surg Oncol. 1994;20(5):575-7.

Ozdemir K, Mantoglu B, Altintoprak F, Bas E, Firat N, Kayra E, Gonullu E,
Muhtaroglu A, Eroz E. Single center experiences in Merkel cell carcinoma and
unprecedented presentation. Ann Clin Anal Med. 2022;13(4):410-4.

Demir MA, Akalin T, Sen S, Kandiloglu G. Merkel hiicreli Karsinom (bes olgu
sunumu). Turk Patoloji Derg. 2000;16(3-4):63-6.

Polat M, Karapinar T, Astarci HM, Tuman B, Gorgu M. Merkel cell carcinoma
arising from postoperative scar: an unusual presentation. Turkderm Turk Arch
Dermatol Venereol. 2021;55(2):96-8.

Ozkan E, Soydal C, Alkan A, Utkan G. Widespread metastatic involvement in a
patient with Merkel cell carcinoma on 68Ga-DOTATATE PET/CT: case report.
Turk Klin J Case Rep. 2017;25(1):10-3.

Temiz P, Ayhan S, Adiguzel L, Kara E, Okcu G. Gastric metastasis of Merkel cell
carcinoma: case report. Trakya Univ Tip Fak Derg. 2010;27(3):323-6.
Gokdemir G, Kucukkaya M, Buyukbabani N, Kuzgun U. Merkel hiicreli karsi-
nom: iki olgu sunumu. Turkderm Deri Hastaliklari Ve Frengi Arsivi. 2001;35(4).
Kayiran MA, Sahin AS, Simsek BC. A lesion surrounded by the Rainbow:
Merkel Cell Carcinoma. 14, Dermatology Practical and Conceptual. Mattioli
1885; 2024.

Durmus O, Gokoz O, Saglam EA, Ergun EL, Gulseren D. A rare involvement in
skin cancer: Merkel cell carcinoma with bone marrow infiltration in a kidney
transplant recipient. Clin Med (Lond). 2023,23(3):275-7.

Ozdemir A, Yeter V, Kocak N, Caliskan S. Unusual metastasis to eyelid from
extraocular Merkel cell carcinoma. Turk J Ophthalmol. 2024;54(2):116-9.
Gizlenti S, Yasar S, Gunes P, Serdar ZA. An aggressive Merkel cell carcinoma in
a patient with chronic renal failure. Turkderm. 2014;48(52):91-3.

Erhamamci S, Aslan N. Metastatic lymph node detected by both 68Ga-DOT-
ATATE and 18F-FDG PET/CT in a patient with Merkel cell carcinoma. Rev Esp
Med Nucl Imagen Mol (Engl Ed). 2021;40(2):119-20.

Suren D, Elal R, Yildirim M, Sezgin A, Sedele M, Sezer C. Mixed Merkel cell
carcinoma and squamous cell carcinoma: case report. J Kartal Train Res Hosp.
2013;24(1):54-9.

Corapli M, Pehlivanoglu B, Bulut HT, Alakus H, Akdeniz N. Merkel cell carci-
noma of the gluteal region: a rare case report and literature review. J Pak Med
Assoc. 2021,71:1273-6.

Koksal Y, Toy H, Talim B, Unal E, Akcoren Z, Cengiz M. Merkel cell carcinoma in
a child. J Pediatr Hematol Oncol. 2009;31(5):359-61.

Turkkan G, Agdogan O, Saynak M, Uygun AC, Ustun F. Recurrent Merkel cell
carcinoma of the gluteal region: a case report. Dermatol Ther. 2019;32(1).
Barut F, Ozdamar SO, Dogan Gun B, Bahadir B, Bektas S. Merkel cell carcinoma
coexisting with small cell lung carcinoma: a case report. Turk Onkoloji Derg.
2011;26(2):76-81.

Kara C, Karabuga T. Merkel cell carcinoma with a rare localization: a case
report. Turk J Surg. 2010;26(1):49-51.

Calis M, Ekin O, Memis P, Guner G, Karakoc D, Elcin G, et al. Unusual presenta-
tion of a cutaneous malignancy: giant Merkel cell carcinoma with intra-
abdominal metastasis. Turk J Plast Surg. 2018;26(3):131.

Kartal K, Hamaloglu E. Metastatic Merkel cell carcinoma (MCC) of pancreas.
Chirurgia (Bucur). 2015;110(3):287-90.

Coskun A, et al. Merkel cell carcinoma: a special and rare neuroendocrine
tumor. Eur J Surg Oncol. 2012;38(9):863.

Yaprak G, Ozdemir Dag Z, Mayadagli A, Tepetam H. Ozdemir Barisik N.
Metastatic Merkel cell carcinoma. Med J Okmeydani Train Res Hosp.
2014;30(3):164-8.

Karabulut YY, Kaygusuz G, Kuzu |, Kankaya D. Tdt positive small round cell
tumor: is this always lymphoblastic leukemia/lymphoma? Cumhuriyet Med J.
2013,35:270-3. Available from: https://doi.org/10.7197/1305-0028.1637
Yener NA, Baloglu H, Komurcu S. PB oral presentation of head and neck
pathology PB026(499): complete response with immunotherapy in Merkel
cell carcinoma metastasized to tongue base and thyroid: a rare case report.
Available from: www.tcpdf.org


https://bezmialemscience.org/articles/doi/bas.galenos.2022.08760
https://bezmialemscience.org/articles/doi/bas.galenos.2022.08760
http://www.tcpdf.org
http://www.guncelpatoloji.org/doi.php?doi=10.5146/jcpath.2019.53
http://www.guncelpatoloji.org/doi.php?doi=10.5146/jcpath.2019.53
https://doi.org/10.7197/1305-0028.1637
http://www.tcpdf.org

Comut et al. BMC Cancer

72.

73.

74.

75.

76.

77.

78.

79.

80.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

(2025) 25:336

Culcu S, Eroglu A, Heper A. Merkel cell carcinoma with axillary metastasis: a
case report of a rare disease. J Oncol Sci. 2018;4(1):53-5.

Tekin E, Ozen A, Gurbuz M. Primary nodal Merkel cell carcinoma: rare presen-
tation. Osmangazi Tip Derg. 2023;45(4):610-4.

Bedir R, Suntur M, Semerci O, Dursun E. Merkel cell carcinoma of the oral cav-
ity: a case report. Turk J Ear Nose Throat. 2019;29(4):196-9.

Ibis K, Saynak M, Akalin T, Nurlu D, Uzunoglu S. An unusual presentation of
Merkel cell carcinoma. Balkan Med J. 2012:29(1):112-4.

Senel F, Karaman H. Primary Merkel cell carcinoma of the parotid gland.
JAMER. 2021;6(2):54-6.

Rios-Vifuela E, Mayo-Martinez F, Nagore E, Millan-Esteban D, Requena C,
Sanmartin O, Llombart B. Combined Merkel cell carcinoma and squamous
cell carcinoma: a systematic review. Cancers. 2024;16(2):411.

Dogu MH, Sari |, Hacioglu S, Degirmencioglu S, Sen N, Keskin A. Two rare
diagnoses during chronic lymphocytic leukaemia follow-up: Kaposi's sar-
coma and Merkel cell carcinoma. Scott Med J. 2016;61(1):60-3.

Demir M, Barlas |. Retrospective analysis of patients who develop cancer
after renal transplantation: a 12-year experience in a single center. CMJ.
2022,44(1):28-30.

Esen BA, Pinarbasi B, Buyukbabani N, Baykal C, Cizmeci O, Demir K et al.
Merkel-cell carcinoma arising after liver transplantation: a case report. Trans-
plant Proc. 2005;37(10):4413-5.

Oztorun HS. Merkel cell carcinoma secondary to chronic venous insuffi-
ciency: a rare case. Ankara Univ Tip Fak Mecmuasi. 2017;70(2):106-9.
Kabukcuoglu F, Sungun A, Polat N, Evren |, Kabukcuoglu Y. Fine needle aspira-
tion cytology of Merkel cell carcinoma. Acta Cytol. 2003;47(2):311-3.

Turgut M, Gokpinar D, Barutca S, Erkus M. Lumbosacral metastatic extradural
Merkel cell carcinoma causing nerve root compression: case report. Neurol
Med Chir (Tokyo). 2002;42(2):78-80. https://doi.org/10.2176/nmc.42.78
Ozkan L, Saran A, Ergin K. Primer kutan®z néroendokrin karsinoma (Merkel
hicreli Karsinoma): 3 vaka sunumu ve literattrin gozden gegirilmesi. Turk J
Oncol. 1999;14(4):199-201.

Garneski KM, Warcola AH, Feng Q, Kiviat NB, Leonard JH, Nghiem P. Merkel
cell polyomavirus is more frequently present in north American than Austra-
lian Merkel cell carcinoma tumors. J Invest Dermatol. 2009;129(1):246-8.
Katano H, Ito H, SuzukiY, et al. Detection of Merkel cell polyomavirus in
Merkel cell carcinoma and Kaposi's sarcoma. J Med Virol. 2009;81(11):1951-8.
Kassem A, Schopflin A, Diaz C, et al. Frequent detection of Merkel cell
polyomavirus in human Merkel cell carcinomas and identification of a unique
deletion in the VP1 gene. Cancer Res. 2008,68(13):5009-13.

Ricci C, Righi A, Ambrosi F, et al. Prognostic impact of MCPyV and TIL subtyp-
ing in Merkel cell carcinoma: evidence from a large European cohort of 95
patients. Endocr Pathol. 2020,31(1):21-32.

Starrett GJ, Thakuria M, Chen T, et al. Clinical and molecular characterization
of virus-positive and virus-negative Merkel cell carcinoma. Genome Med.
2020;12(1):30.

Goh G, Walradt T, Markarov V, Blom A, Riaz N, Doumani R, et al. Mutational
landscape of MCPyV-positive and MCPyV-negative Merkel cell carcinomas
with implications for immunotherapy. Oncotarget. 2016;7(3):3403-15.
DeCaprio JA. Molecular pathogenesis of Merkel cell carcinoma. Annu Rev
Pathol. 2021;16:69-91.

Guénolé M, Bénigni P, Bourbonne V, Lucia F, Legoupil D, Pradier O, et al. The
prognostic significance of PD-L1T expression on tumor and immune cells in
Merkel cell carcinoma. J Cancer Res Clin Oncol. 2021;147(9):2753-63.

93.

94.

95.

96.

97.

98.

99.

100.

Page 10 of 10

Uchi H. Merkel cell carcinoma: an update and immunotherapy. Front Oncol.
2018;8:48.

Nakamura M, Magara T, Kano S, Matsubara A, Kato H, Morita A. Tertiary
lymphoid structures and chemokine landscape in virus-positive and virus-
negative Merkel cell carcinoma. Front Oncol. 2022;12:811586.

Feldmeyer L, Hudgens CW, Ray-Lyons G, Nagarajan P, Aung PP, Curry JL,
Torres-Cabala CA, Mino B, Rodriguez-Canales J, Reuben A, Chen PL, Ko JS,
Billings SD, Bassett RL, Wistuba II, Cooper ZA, Prieto VG, Wargo JA, Tetzlaff MT.
Density, distribution, and composition of immune infiltrates correlate with
survival in Merkel cell carcinoma. Clin Cancer Res. 2016;22(22):5553-63.
Gonzalez-Vela MDC, Curiel-Olmo S, Derdak S, Beltran S, Santibafiez M,
Martinez N, Castillo-Trujillo A, Gut M, Sdnchez-Pacheco R, Almaraz C,
Cereceda L, Llombart B, Agraz-Doblas A, Revert-Arce J, Lopez Guerrero JA,
Mollejo M, Marrén PI, Ortiz-Romero P, Fernandez-Cuesta L, Varela |, Gut |,
Cerroni L, Piris MA, Vaque JP. Shared oncogenic pathways implicated in both
virus-positive and UV-induced Merkel cell carcinomas. J Invest Dermatol.
2017;137(1):197-206.

Ricci C, Morandi L, Ambrosi F, Hong SM, Mosca |, Pession A, Foschini MP.
Intron 4-5 hTERT DNA hypermethylation in Merkel cell carcinoma: frequency,
association with other clinico-pathological features and prognostic rel-
evance. Endocr Pathol. 2021;32(3):385-95.

Ricci C, Morandi L, Righi A, Ambrosi F, Fornari F, Sisti S, Asioli S, Montebugnoli
L, Tarsitano A, Foschini MP. PD-1 (PDCD1) promoter methylation in Merkel cell
carcinoma: prognostic relevance and relationship with clinico-pathological
parameters. Mod Pathol. 2019;32(9):1359-72.

Orsatti A, Sirolli M, Ambrosi F, Morandi L, Perrone AM, Fiorentino M, De Leo
A, Ricci C. SOX2 and PRAME in the reprogramming of seminoma cells. Pathol
Res Pract. 2022;237:154044.

Kern CH, Yang M, Liu WS. The PRAME family of cancer testis antigens is
essential for germline development and gametogenesis. Biol Reprod.
2021;105(2):290-304.

Ricci C, Franceschini T, Giunchi F, Ambrosi F, Fiorentino M, De Leo A, Ciar-
rocchi A. Immunohistochemical expression of preferentially expressed
antigen in melanoma (PRAME) in the uninvolved background testis, germ
cell neoplasia in situ, and germ cell tumors of the testis. Am J Clin Pathol.
2022;157(5):644-8.

. Nettersheim D, Arndt |, Sharma R, Riesenberg S, Jostes S, Schneider S, Waha

A, Kristiansen G, Schorle H. The cancer/testis-antigen PRAME supports the
pluripotency network and represses somatic and germ cell differentiation
programs in seminomas. Br J Cancer. 2016;115(4):454-64.

. Harms PW, Collie AM, Hovelson DH, et al. Next generation sequencing

of Cytokeratin 20-negative Merkel cell carcinoma reveals ultraviolet-
signature mutations and recurrent TP53 and RB1 inactivation. Mod Pathol.
2016;29(3):240-8.

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


https://doi.org/10.2176/nmc.42.78

	﻿What is the predominant etiological factor for Merkel cell carcinoma in Turkey: viral infection or sun exposure?
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Sample selection
	﻿Immunohistochemical staining
	﻿Assessment of immunohistochemistry (IHC)
	﻿Next-generation sequencing (NGS)
	﻿Literature search for MCC Data from Turkey
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


