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Abstract
Merkel cell carcinoma is an aggressive neuroendocrine skin tumor, for which several non-conclusive prognostic factors of
adverse clinical behavior have been reported. As promoter methylation of the immune checkpoint receptor CD279/PD-1/
PDCD1(mPDCD1) has been shown to be a prognostic factor in different cancers, we investigated its role in Merkel cell
carcinoma. mPDCD1was assessed retrospectively in a cohort of 69 Merkel cell carcinoma patients from the University of
Bologna, University of Turin and University of Insubria. Kaplan-Meier curves and log-rank tests were calculated for all
variables. To assess the influence of mPDCD1, the Cox proportional hazards model and different Royston-Parmar models
were evaluated. High PDCD1 methylation (mPDCD1high) was associated with a higher overall mortality at both the
univariate analysis (log rank test: χ2= 5.17, p= 0.023; permutation test: p= 0.023) and the multivariate analysis (HR=
2.111, p= 0.042). The other variables associated with a higher overall mortality at the multivariate analysis were clinical
stage III-IV (HR= 2.357, p= 0.008), size > 2 cm (HR= 2.248, p= 0.031) and Merkel cell polyomavirus (HR= 0.397, p=
0.015). Further, mPDCD1high was strongly associated with older age (81 vs 76 years, p= 0.042), absence of immune cells
(92.6%, p < 0.001), no expression of PD-L1 by immune cells (70.4%, p= 0.041) and by both immune and tumor cells
(70.4%, p= 0.001). mPDCD1 is a valid prognostic parameter in patients affected by Merkel cell carcinoma. In addition, it
could provide an estimate of the global PD-1/PD-L1 expression with potentially relevant implications from a therapeutic
point of view.

Introduction

Merkel cell carcinoma is an aggressive neuroendocrine skin
tumor, mostly affecting elderly individuals [1, 2]. Although
Merkel cell carcinoma is rare, with an annual incidence of
0.79 per 100,000 people in the United States, its frequency
is increasing probably due to ageing of the population,
improvement of diagnostic tools, and increase of
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risk-factors [3]. Several non-conclusive predictors of
adverse clinical behavior have been reported, including age
> 55 years, head and neck localization, immunosuppression,
tumor thickness, >10 mitoses per single high-power field,
and many others [4, 5]. Previously, we reported that p63
expression is an independent prognostic marker in Merkel
cell carcinoma, especially in localized disease (stage I-II) [6,
7]. So far, there is no definitively established prognostic
marker in Merkel cell carcinoma, except for UICC/AJCC
clinical and pathologic staging [4]. Despite intensive treat-
ment, Merkel cell carcinoma has an unsatisfactory outcome,
with a 5-year overall mortality of about 33%, more than
twice that observed in cutaneous melanoma [4, 8, 9]. Fur-
thermore, chemotherapy regimens have obtained discoura-
ging results of chemotherapy in advanced Merkel cell
carcinoma (stage III-IV). As several lines of evidence sup-
port Merkel cell carcinoma as the paradigm of immuno-
genic cancer, different trials involving immune check-point
blocking agents (avelumab, pembrolizumab and nivolumab)
have been started [10–13]. As promoter methylation of the
immune checkpoint receptor CD279/PD-1/PDCD1
(mPDCD1) has been shown to be a prognostic factor in
different cancers [14–16], we investigated whether
mPDCD1 is independently associated with overall mortality
in Merkel cell carcinoma patients and its relationship with
several clinic-pathological features. Furthermore, mPDCD1
was correlated with immunohistochemical assessment of
PD-L1 for better insight into the PD-1/PD-L1 pathway in
Merkel cell carcinoma.

Materials and methods

Patients and specimens

This is a multicentric study enrolling 69 subjects from three
different Italian University Hospitals: University of
Bologna (31 cases), University of Turin (31 cases) and
University of Insubria (7 cases). Patients with a diagnosis of
Merkel cell carcinoma from 1990 to 2015 were enrolled in
the study and followed up until 31 December 2017, or
death. Clinical parameters (patient age, sex, tumor site,
tumor size, clinical lymph node evaluation) and follow up
data (outcome and overall survival) were obtained by
clinical registries of the centers and are summarized in
Table 1. All tumors were re-staged according to the 8th
edition of the AJCC Cancer Staging Manual [4]. Tissues
were fixed in 10% formalin, embedded in paraffin and
stained with hematoxylin and eosin (H&E). Slides from
each case were reviewed by four pathologists (S.A., S.U.,
S.L.R., F.M.) to confirm the diagnosis of Merkel cell car-
cinoma, to assess pathological data (tumor thickness,
angioinvasion, mitotic count, pattern of growth, immune

cells) and to choose one representative paraffin block for
additional analyses. In this study, we evaluated the immune
cells rather than the tumor-infiltrating lymphocytes as pre-
viously reported [17, 18]. Immune cells has been defined as
immune infiltrates including T and B-lymphocytes, mono-
cytes and myeloid-derived suppressor cells [17, 18]. For
lymph node metastatic Merkel cell carcinoma with
unknown primary tumor (cases 2, 13, 16, and 18; see
Table 1), immune cells evaluation was restricted to those
with immune cells permeating the metastatic deposits.
Cases with immune cells bordering the metastatic deposits
were considered immune cells-negative.

Immunohistochemistry

Immunohistochemistry was performed on formalin-fixed,
paraffin embedded tissue using following antibodies: PD-L1
(clone 123 C3SP142, Ventana-Diapath, dilution 1:50), CD3
(clone 2GV6, Ventana-Diapath, dilution RTU), cytokeratin
20 (CK 20, clone SP33, Ventana, dilution RTU), Synpato-
physin (SP 11 mono-rabbit,Neomarkers, Fremont, CA,
1:100), Chromogranin A (clone LK2H10, Ventana, dilution
RTU), Thyroid Trascript Factor-1 (TTF-1, clone 847G3/1,
Ventana, dilution RTU), Ki67 (clone MIB-1, Dako, dilution
1:100), Merkel cell polyoma virus (MCPyV, clone CM2B4,
Santa Cruz Biotechnology Inc, dilution 1:50).

PD-L1 immunohistochemical assessment in immune
cells and tumor cells

The PD-L1 immunohistochemical assessment for Merkel
cell carcinoma suggested by Lipson et al. has been applied
[18]. Percentages of tumor cells or immune cells, demon-
strating membranous PD-L1 expression were scored on a
representative slide from each case by three independent
pathologists (S.A., S.U., F.M.), who were blinded to clinical
outcomes. Cases with at least 5% of PD-L1 membranous
expression were considered positive. In addition, a global
evaluation of PD-L1 expression was performed as follows:
negative (immune cells absent and no PD-L1 expression by
tumor cells or no PD-L1 expression by both the compo-
nents), positive (PD-L1 expression by one of the compo-
nents or by both).

Quantitative DNA methylation analysis of PDCD1
(mPDCD1)

DNA purification: DNA from macrodissected tumor tissue
was digested at 56 °C for 3 hours using the Quick ExtractTM

FFPE DNA extraction kit (Epicentre, Madison, WI, USA).
After a denaturation step at 95 °C for 5 min, the solution
was centrifuged at 10,000 × g at 4 °C for 5 min to pellet the
undigested tissue and solidify the paraffin afloat. DNA
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Table 1 Clinical data and follow-up of 69 cases of Merkel cell carcinoma

Cases Age,
years

Sex Site Size cm TNMc Clinical
Stage

Outcome (months)

1 95 F Extremities 3.30 T2 N1 M0 III no evidence of disease (12)

2 80 F Extremities T0 N1 M0 III no evidence of disease (24)

3 76 M Head & neck 2.40 T2 N0 M0 IIA dead of disease (36)

4 88 F Head & neck 2.20 T2 N0 M0 IIA no evidence of disease (72)

5 85 F Head & neck 2.80 T2 N0 M0 IIA no evidence of disease (84)

6 76 F Extremities 3 T2 N1 M0 III no evidence of disease (96)

7 81 M Extremities 3 T2 N0 M0 IIA no evidence of disease
(132)

8 71 F Head & neck 1.30 T1 N1 M0 III no evidence of disease
(108)

9 89 F Head & neck 3.30 T2 N1 M1c IV dead of disease (16)

10 76 F Trunk 6.00 T3 N0 M0 IIA no evidence of disease (24)

11 70 M Trunk 1 T1 N0 M0 I no evidence of disease
(120)

12 81 F Head & neck 1.60 T1 N0 M0 I dead of disease (33)

13 67 M Head & neck T0 N1 M0 III no evidence of disease (67)

14 64 M Extremities 3.00 T2 N0 M0 IIA no evidence of disease (80)

15 81 M Extremities 5 T2 N0 M0 IIA dead of disease (8)

16 84 M Trunk T0 N1 M0 III dead of othercauses(60)

17 88 M Head & neck 3.10 T2 N1 M0 III dead of disease (3)

18 84 M Extremities T0 N1 M0 III dead of disease (30)

19 87 M Trunk 4 T2 N1 M0 III dead of disease (24)

20 53 M Extremities 4 T2 N1 M1c IV dead of disease (2)

21 78 F Extremities 2.40 T2 N0 M0 IIA dead of disease (31)

22 88 F Head & neck 2.50 T2 N1 M0 III dead of disease (7)

23 88 F Extremities 6.60 T3 N2 M0 III dead of disease (21)

24 92 F Trunk 5.20 T3 N1 M0 III dead of disease (5)

25 80 M Trunk 2,20 T2 N1 M0 III dead of disease (8)

26 81 M Head & neck 1.70 T1 N0 M0 I dead of disease (20)

27 76 M Head & neck 1.30 T1 N0 M0 I no evidence of disease (83)

28 67 M Extremities 1.70 T1 N0 M0 I dead of disease (51)

29 59 F Trunk 0.80 T1 N0 M0 I no evidence of disease
(146)

30 76 F Extremities 4.20 T2 N0 M0 IIA dead of disease (11)

31 75 M Extremities 0.90 T1 N0 M0 I dead of othercauses (18)

32 85 F Head & neck 1.00 T1 N1 M0 III dead of disease (30)

33 67 M Extremities 0.60 T1 N0 M0 I alive with disease (26)

34 76 F Head & neck 1.00 T1 N1 M0 III alive with disease (76)

35 90 F Extremities 2.10 T2 N0 M0 IIA no evidence of disease (33)

36 90 F Head & neck 3.40 T2 N0 M0 IIA dead of disease (46)

37 77 M Extremities 1.80 T1 N1 M0 III dead of disease (32)

38 77 M Extremities 1.50 T1 N0 M0 I no evidence of disease
(180)

39 83 F Extremities 6 T3 N0 M0 IIA dead of disease (25)

40 67 F Head & neck 0.70 T1 N0 M0 I no evidence of disease (8)

41 85 M Extremities 4.50 T2 N0 M0 IIA dead of disease (18)

42 79 F Trunk 8.50 T4 N0 M0 IIB dead of disease (8)
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ready to use for bisulfite treatment was collected from the
interphase and stored at 4 °C. Bisulfite treatment of genomic
DNA was carried out with the EZDNA Methylation-
LightningTM Kit (Zymo Research, cod. D5031) according
to the manufacturer’s protocol.

Next Generation Sequencing library preparation: A flow
chart representing target enrichment, library preparation and
bioinformatic data analysis is summarized in Fig. 1. Quan-
titative DNA methylation analysis was performed by
bisulfite-Next Generation Sequencing as previously descri-
bed [19], with some modifications. The library was prepared
in two steps: a first multiplex PCR amplification for target
enrichment, and a second round of amplification with a low
number of cycles allowing the barcoding of the template-
specific amplicons obtained from the first amplification step.
Barcoding was performed using the NexteraTM index kit as

previously described [20]. MethPrimer (http://www.urogene.
org/cgi-bin/methprimer/methprimer.cgi) [21] was applied to
identify CpGs and the best primers of choice for promoter of
PDCD1 and PD-L1. Regions of interest and mapping
coordinates are listed in Table 2. Locus-specific bisulfite
amplicon libraries were generated with tagged primers using
Phusion U DNA polymerase (Thermo Fisher, cod. F555L).
Amplification products were purified using MagSi-
NGSPREP beads (Magnamedics, GeleenThe Netherlands),
quantified with Fluorometer Quantus™ (Promega, cod.
E6150) and then employed as template (100 ng) for a second
round of PCR (8 cycles). Sample-specific barcode sequences
were added in this second PCR. The amplicon library was
purified using MagSi-NGSPREP beads (Magnamedics,
Geleen, The Netherlands), quantified with the Fluorometer
Quantus (Promega, cod. E6150), pooled and loaded on

Table 1 (continued)

Cases Age,
years

Sex Site Size cm TNMc Clinical
Stage

Outcome (months)

43 74 M Extremities 3.50 T2 N1 M0 III dead of disease (25)

44 41 M Trunk 4.00 T3 N1 M0 III dead of disease (12)

45 70 F Trunk 1.30 T1 N1 M0 III alive with disease (33)

46 79 M Head & neck 3.00 T4 N1 M0 III alive with disease (48)

47 48 M Extremities 4.50 T2 N0 M0 IIA no evidence of disease (30)

48 70 M Extremities 6.50 T3 N0 M0 IIA no evidence of disease
(178)

49 70 F Extremities 3.70 T2 N1 M0 III dead of disease (7)

50 81 M Head & neck 2 T1 N0 M0 I no evidence of disease (31)

51 69 F Head & neck 0.60 T1 N0 M0 I no evidence of disease
(172)

52 67 F Head &neck 1.20 T1 N0 M0 I dead of othercauses (16)

53 63 M Head & neck 2 T4 N0 M0 IIB dead of disease (23)

54 82 M Trunk 1.70 T1 N1 M0 III alive with disease (54)

55 68 M Head & neck 0.70 T4 N0 M0 IIB dead of disease (20)

56 79 M Trunk 3.50 T2 N0 M0 IIA dead of disease (69)

57 66 M Head & neck 5 T2 N0 M0 IIA dead of disease (2)

58 71 M Trunk 1.50 T1 N0 M0 I no evidence of disease (37)

59 59 M Extremities 3 T2 N0 M0 IIA alive with disease (10)

60 81 M Trunk 3.50 T2 N0 M0 IIA dead of othercauses(14)

61 72 M Head & neck 5 T2 N0 M0 IIA dead of disease (72)

62 82 M Head & neck 6 T3 N0 M0 IIA dead of disease (25)

63 50 M Trunk 1.50 T1 N0 M0 I no evidence of disease (78)

64 68 F Extremities 0.50 T1 N0 M0 I no evidence of disease (12)

65 73 F Head & neck 0.30 T1 N0 M0 I alive with disease (29)

66 86 F Head & neck 2.50 T2 N0 M0 IIA no evidence of disease (36)

67 77 F Extremities 1 T1 N0 M0 I alive with disease (23)

68 71 M Extremities 2 T1 N0 M0 I no evidence of disease (13)

69 80 F Extremities 2.50 T2 N0 M0 IIA alive with disease (84)

for cases presenting with lymph node metastases with unknown primary tumor (cases 2, 13, 16, and 18), lymph node localization has been chosen
as “Site” whereas “Size” has not been reported M male, F female
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MiSEQ (Illumina, San Diego, CA, USA, cod. 15027617)
according to the manufacturer’s protocol. Next Generation
Sequencing data analysis: FASTQ files were processed for

quality control (>Q30) and for read lengths (>100 bp) and
converted into FASTA format in a Galaxy Project envir-
onment [22]. To evaluate the methylation ratio of each CpG,

PD-1 (PDCD1) promoter methylation in Merkel cell carcinoma: prognostic relevance and relationship. . . 1363



we loaded FASTA files into the bisulfite sequencing pattern
analysis tool (BSPAT-http://cbc.case.edu/BSPAT/index.jsp)
[23]. Methylation plotter (http://gattaca.imppc.org:3838/
methylation_plotter/) was used to create Fig. 2.

Statistical analysis

Methylation data were dichotomized as previously descri-
bed [14]. In brief, patients were stratified according to
methylation level tertiles (T1-T3) in two groups:
mPDCD1high (T2/3 > 0.32) and mPDCD1low (T1 ≤ 0.32), in
analogy to other graduation systems commonly used in
pathologic scores (e.g., immunohistochemical staining
intensity in immunoreactive scores). Regarding promoter
methylation of PD-L1, we have found values very close to 0
for all cases (data not shown) and therefore no additional
statistical evaluation was needed.

The study population was described and compared across
subgroups using chi-square test or Fisher’s exact test when
comparing categorical variables, and Mann-Whitney or
Kruskal-Wallis test when comparing a continuous and a
categorical variable. Post-hoc analyses of significant Kruskal-
Wallis tests were conducted using Conover-Iman pairwise
comparison with Bonferroni correction. Survival analysis
methods were used to investigate all-cause mortality. At first,
Kaplan-Meier curves and log-rank tests were calculated for all
categorical variables examined singularly. Given the small
size of the study population, a two-sided permutation test was
run to confirm the p-values obtained by each log-rank test,
randomly reassigning patients across the subgroups of each
variable 10,000 times. The p-value reported by permutation
test corresponds to the null hypothesis that there is no dif-
ference between subgroups, so that patients could be ran-
domly exchanged between subgroups. To assess the influence
of methylation on time to death, adjusted for possible con-
founders, the Cox proportional hazards model and different
Royston-Parmar models were evaluated. Royston-Parmar
models make assumptions about the form of the survival
function, and thus could be more efficient than the Cox
proportional hazards model when the baseline survival func-
tion follows a specific pattern [24]. In particular, the

Fig. 1 Flow chart representing Bisulfite Next Generation Sequencing
analysis of PDCD1 and PD-L1. Formalin fixed paraffin embedded
tissues were macrodissected and DNA was purified. Bisulfite treatment
preceded target enrichment using primers listed in Table 2. A second
low cycles PCR was then used for barcoding. Amplicons were purified
by magnetic beads, quantified and pooled before loading onto MiSEQ.
FASTQ files were processed for quality control (>Q30), for read
lengths (>100 bp) and converted into FASTA format in a Galaxy
Project environment. The methylation ratio of each CpGwas calculated
using BSPAT. FFPE formalin-fixed paraffin-embedded, PCR poly-
merase chain reaction; BSAPT: bisulfite sequencing pattern analysis
tool, mPDCD1low low level of mPDCD1, mPDCD1high high level of
mPDCD1
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exponential and Weibull models impose a monotonic function
to the data, while proportional hazards, loglogistic and probit
spline models can be modeled to fit non-monotone functions
with various turning points, according to the hypothesized
number of splines. The Cox proportional hazards, the expo-
nential and the Weibull model, and proportional hazards,
loglogistic and probit models with 1 to 5 splines, were tested
using the methylation indicator as predictor. Among all tested
models, the one with the best fit to the data was identified by
the lowest Akaike and Bayesian information criteria statistics
and used for the analysis. In the multivariate survival model
methylation was included as the main risk predictor, along
with age, sex, clinical stage and all the other variables that in
the univariate survival analyses obtained p-values ≤ 0.25.
From this initial model all non-significant covariates at α=
0.05 were removed one at a time in decreasing order of p-
value, to obtain a final parsimonious model. Estimations of
the survival functions for specific subgroups of patients
were obtained from the final model to highlight the
related mortality risk. Stata v.15.1 was used for all analyses;
stpm2 procedure was used to estimate Royston-Parmar
models [25].

Results

Patients’ characteristics

The study cohort included 69 patients, predominantly male
(55%) and with a median age at diagnosis of 77 years.

Tumors were located mainly on the extremities (41%) or in
the head and neck region (38%). Median tumor size was
2.5 cm, with a median tumor thickness of 12 mm. Localized
disease (AJCC Clinical Stage I-II) was more prevalent
(65%) than advanced disease (AJCC Clinical Stage III-IV,
35%), among which only two patients had distant metas-
tases (3% AJCC Clinical Stage IV). Pathological stage was
available only for 28 patients (41%), because at the time of
enrolment, the sentinel lymph node biopsy was not routi-
nely performed. Merely from 2010, after an extensive
review of literature and analysis of a high number of cases
recorded in the National Cancer Database, the recommen-
dation for routinely performed sentinel lymph node biopsy
in all patients with localized Merkel cell carcinoma was
strongly supported [4, 9, 26–28]. For these 28 patients, the
pathological stage was equivalent to clinical stage, except
for one (case 21) that was re-staged as pIIIA rather than
cIIA. The clinical stage of the remaining 41 patients was
stage cI (19/41, 46%), stage cIIA (19/41, 46%) and stage
cIIB (3/41, 8%), respectively. Pathological parameters and
mPDCD1 results are summarized in Table 3. Patients were
followed-up for a maximum time of 180 months. At the end
of follow-up, 35 (51%) patients died, including 31 (44%)of
Merkel cell carcinoma and 4 (5%) of other causes. The
median follow-up time was 30 months (range 2–180) for
patients dead of disease, 20 months (range 2–72) for those
dead of other causes and 51 months (range 8-180) for
patients still alive at follow-up. At the end of follow up, 9
patients (13%) were alive with disease progression and 25
(36%) had no evidence of disease.

Fig. 2 MethPLotter PD1OD profile Methylation Profile Plot for
PDCD1 methylation among different groups:dead of disease, dead of
other causes, alive with disease, no evidence of disease. Each line
represents for each group of samples the mean methylation for each

position. Asterisks indicate a statistical significance as calculated by
the Kruskal-Wallis test (KW). Position 242800974 and 242800903 are
statistically significant (p < 0.05)

PD-1 (PDCD1) promoter methylation in Merkel cell carcinoma: prognostic relevance and relationship. . . 1365



Table 3 Pathological data, mPDCD1 results and follow-up of 69 cases of Merkel cell carcinoma

Cases TNMp Pathological stage Angioinvasion Immune cells Merkel cell polyomavirus Tumor thickness mPDCD1 Outcome (months)

1 T2 N1b M0 IIIB No 0 0 0 High no evidence of disease (12)

2 T0 N1b M0 IIIA 1 1 Low no evidence of disease (24)

3 T2 Nx M0 No 1 1 1 High dead of disease (36)

4 T2 N0 M0 IIA No 0 1 1 High no evidence of disease (72)

5 T2 N0 M0 IIA No 0 0 0 High no evidence of disease (84)

6 T2 N1b M0 IIIB No 1 1 1 Low no evidence of disease (96)

7 T2 N0 M0 IIA No 0 1 0 Low no evidence of disease (132)

8 T1 N1b M0 IIIB Yes 1 1 0 Low no evidence of disease (108)

9 T2 N1b M1c IV No 0 1 1 High dead of disease (16)

10 T3 Nx M0 No 0 0 1 Low no evidence of disease (24)

11 T1 Nx M0 No 1 1 0 Low no evidence of disease (120)

12 T1 Nx M0 Yes 0 0 0 High dead of disease (33)

13 T0 N1b M0 IIIA 0 0 Low no evidence of disease (67)

14 T2 Nx M0 Yes 1 1 1 Low no evidence of disease (80)

15 T2 Nx M0 Yes 0 0 1 High dead of disease (8)

16 T0 N1b M0 IIIA 0 0 Low dead of other causes (60)

17 T2 N1b M0 IIIB Yes 1 1 0 Low dead of disease (3)

18 T0 N1b M0 IIIA 0 1 High dead of disease (30)

19 T2 N1b M0 IIIB Yes 1 1 1 Low dead of disease (24)

20 T2 N1b M1c IV Yes 1 1 0 Low dead of disease (2)

21 T2 N1a M0 IIIA Yes 0 0 1 High dead of disease (31)

22 T2 N1b M0 IIIB No 0 0 0 High dead of disease (7)

23 T3 N2 M0 IIIB No 1 0 0 Low dead of disease (21)

24 T3 N1b M0 IIIB No 0 0 1 High dead of disease (5)

25 T2 N1b M0 IIIB Yes 0 0 1 High dead of disease (8)

26 T1 Nx M0 No 0 0 0 High dead of disease (20)

27 T1 Nx M0 No 1 0 0 Low no evidence of disease (83)

28 T1 Nx M0 Yes 0 1 0 High dead of disease (51)

29 T1 Nx M0 No 0 1 0 Low no evidence of disease (146)

30 T2 Nx M0 No 0 0 1 High dead of disease (11)

31 T1 Nx M0 No 1 1 0 Low dead of other causes (18)

32 T1 N1b M0 IIIB No 0 0 0 High dead of disease (30)

33 T1 Nx M0 No 1 1 0 Low alive with disease (26)

34 T1 N3 M0 IIIB No 1 1 0 Low alive with disease (76)

35 T2 Nx M0 Yes 1 1 0 Low no evidence of disease (33)

36 T2 Nx M0 Yes 0 1 0 High dead of disease (46)

37 T1 N1b M0 IIIB Yes 0 0 1 Low dead of disease (32)

38 T1 Nx M0 Yes 1 0 1 Low no evidence of disease (180)

39 T3 Nx M0 Yes 0 0 1 Low dead of disease (25)

40 T1 Nx M0 No 0 0 0 High no evidence of disease (8)

41 T2 Nx M0 Yes 0 0 1 Low dead of disease (18)

42 T4 Nx M0 Yes 0 1 1 High dead of disease (8)

43 T2 N1b M0 IIIB Yes 0 0 1 High dead of disease (25)

44 T3 N1b M0 IIIB Yes 1 0 1 Low dead of disease (12)

45 T1 N1a M0 IIIA Yes 1 1 1 Low alive with disease (33)

46 T4 N1a M0 IIIA Yes 1 0 1 Low alive with disease (48)

47 T2 Nx M0 Yes 1 1 1 Low no evidence of disease (30)

48 T3 Nx M0 No 1 1 1 Low no evidence of disease (178)

49 T2 N1b M0 IIIB Yes 1 0 1 Low dead of disease (7)

50 T1 Nx M0 Yes 0 0 1 High no evidence of disease (31)

51 T1 Nx M0 No 1 1 0 Low no evidence of disease (172)

52 T1 Nx M0 Yes 1 0 0 Low dead of other causes (16)

53 T4 Nx M0 Yes 1 1 1 Low dead of disease (23)

54 T1 N1b M0 IIIB Yes 1 1 1 Low alive with disease (54)

55 T4 Nx M0 Yes 0 0 0 High dead of disease (20)

56 T2 Nx M0 Yes 1 0 1 High dead of disease (69)
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mPDCD1: correlation with other clinico-pathological
features and prognostic relevance

Among various PDCD1 CpGs, the best performances were
retrieved by those located on Chromosome position
242800903 and 242800974 (Fig. 2: MethPlotterPD1OD;
Fig. 3 MethPlotterPD1OD Box). The distribution of
methylation levels of PDCD1 in groups of patients with
different outcomes, with the mean, the standard deviation,
the minimum and the maximum for each position and group
of samples are summarized in Supplementary File 1. Low
methylation level of mPDCD1 (mPDCD1low) was found
in 42 (61%) patients. It was associated with younger age
(76 vs 81 years, p= 0.042), presence of immune
cells (79%, p < 0.001), PD-L1 expression by immune cells
(55%, p= 0.041) and PD-L1 expression by both immune
cells and tumor cells (69%, p= 0.001). Merkel cell poly-
omavirus was more frequently detected in mPDCD1low
rather that mPDCD1high group (60% and 37% respectively,
p= 0.068) (p= 0.023). Comparison of clinico-pathological
characteristics between mPDCD1low and mPDCD1high
groups are summarized in Table 4. Clinical stage,
angioinvasion, mitotic count, infiltrative growth pattern and
Ki67 did not differ between mPDCD1low and mPDCD1high
groups. At the univariate survival analysis (Table 5), the
only parameters significantly associated with a higher
overall mortality risk were mPDCD1high (p= 0.023), tumor
size > 2 cm (p= 0.019) and absence of Merkel cell poly-
omavirus (p= 0.001). These results were confirmed by
permutation tests. A milder evidence was found for
angioinvasion (p= 0.070), clinical stage III-IV (p= 0.093),

absence of immune cells (p= 0.112) and no PD-L1
expression by tumor cells (p= 0.093), and Kaplan-Meier
survival curves are showed in Fig. 4. These seven variables,
together with age and gender were included in the multi-
variable parametric survival model. The best fit for the
baseline survival function of the model was found for the
proportional hazards model with two spline points (pro-
portional hazard 2 model). This survival function shows a
steep decline in the first 50 months of follow-up, more
pronounced for the subgroups at higher risk, after which it
declines more gently. In the final model (Table 6), four
variables remained significantly associated to a higher risk
of mortality: mPDCD1high (HR= 2.111, p= 0.042), clinical
stage III-IV (HR= 2.357, p= 0.018), size > 2 cm (HR=
2.248, p= 0.031) and absence of Merkel cell polyomavirus
(HR= 0.397, p= 0.015). A graphical representation of the
model-estimated survival of the four subgroups of patients
identified by mPDCD1 and clinical stage is shown in Fig. 5.
The subgroup defined by clinical stage I and mPDCD1low
have a much lower mortality risk compared to the other
subgroups, with an estimated survival at 180 months from
surgery around 50%. For the subgroup defined by clinical
stage III-IV and mPDCD1high, survival falls below 10% at
around 70 months from surgery. Interestingly, the subgroup
with clinical stage I-II and mPDCD1high showed a mortality
risk similar to the subgroup with clinical stage III-IV and
mPDCD1low.

Three main findings come out from this study: mPDCD1
is a valid prognostic parameter in patients affected by
Merkel cell carcinoma; mPDCD1 could provide an estimate
of the global PD-1/PD-L1 expression rather than being an

Table 3 (continued)

Cases TNMp Pathological stage Angioinvasion Immune cells Merkel cell polyomavirus Tumor thickness mPDCD1 Outcome (months)

57 T2 Nx M0 Yes 1 0 1 Low dead of disease (2)

58 T1 Nx M0 Yes 1 1 1 Low no evidence of disease (37)

59 T2 Nx M0 No 0 1 1 High alive with disease (10)

60 T2 Nx M0 Yes 1 0 1 Low dead of other causes (14)

61 T2 Nx M0 Yes 0 0 1 High dead of disease (72)

62 T3 Nx M0 Yes 1 0 1 Low dead of disease (25)

63 T1 Nx M0 Yes 0 1 1 High no evidence of disease (78)

64 T1 Nx M0 No 1 1 0 High no evidence of disease (12)

65 T1 Nx M0 No 1 1 0 Low alive with disease (29)

66 T2 Nx M0 Yes 0 0 0 High no evidence of disease (36)

67 T1 Nx M0 No 0 1 0 Low alive with disease (23)

68 T1 Nx M0 Yes 1 1 1 Low no evidence of disease (13)

69 T2 Nx M0 Yes 1 1 1 Low alive with disease (84)

for cases presenting with lymphnode metastasis with unknown primary tumor (cases 2, 13, 16, and 18), growth pattern and angioinvasion have
notbeen reported. For cases without pathological lymphnode evaluation (e.g., sentinel lymph node biopsy or lymphnode dissection) pN status and
pathological stage have not been assessed

mPDCD1 methylation status of PDCD1. Immune cells (0: absent; 1: present); Merkel cell polyomavirus (0: absent; 1: present); tumor thickness
(0: <10 mm; 1: ≥10 mm)
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Fig. 3 MethPlotter PD1ODBox. Boxplot for PDCD1 methylation
among different groups: no evidence of disease, dead of disease, alive
with disease, dead of other causes. dead of disease group shows the

highest level of PDCD1 methylation, while dead of other cause the
lowest

Table 4 Clinical-pathological
data of the study population,
divided in mPDCD1low and
mPDCD1high groups

n Study
population, n (%)

mPDCD1low,
n (%)

mPDCD1high,
n (%)

χ2 test; p p

Study population 69 69(100.0) 42(61) 27(39)

Age, median (range) 69 77 (41-95) 76(41-90) 81(50-95) −2.04 0.042§

Age > 75 years 69 41(59) 22(52) 19(70) 2.21 0.137

Male sex 69 38(55) 26(62) 12(44) 2.02 0.155

Size, median (range) 65 2.5(0–95) 2.5(0–7) 2.45(1–9) −0.11 0.909§

Size > 2 cm 69 38(55) 21(50) 17(63) 0.29 0.330

Tumor thickness,
mm

65 12(1–45) 13(3–23) 11(1–45) 1.36 0.173§

Tumor thickness>10
mm

65 37(57) 23(59) 14(53.8) 0.17 0.683

Angioinvasion 65 38(59) 25(64) 13(50) 1.28 0.258

Mitosis > 10/HPF 69 40(58) 23(55) 17(63) 0.45 0.501

Ki67, median (range) 69 60(10-100) 60(20-100) 60(10-95) 0.15 0.882*

Ki67 > 50% 69 42(61) 26(62) 16(59) 0.22 0.635

MCPyV 69 35(51) 25(60) 10(37) 3.32 0.068

Immune cells 69 35(51) 33(79) 2(7) <0.001**

Infiltrative growth 65 22(34) 16(41) 6(23) 2.24 0.134

PD-L1 immune cells
5-100%

69 31(45) 23(55) 8(30) 4.20 0.041

PD-L1 tumor 5-
100%

69 24(35) 16(38) 8(30) 0.52 0.471

PD-L1 global 69 37(54) 29(69) 8(30) 10.27 0.001

Clinical stage III-IV 69 24(35) 16(38) 8(30) 0.52 0.471

Site 69 0.161**

head&neck 26(38) 12(17) 14(20)

Extremities 28(41) 19(28) 9(13)

Trunk 15(22) 11(16) 4(6)

*Mann–Whitney test; **Fisher’sexact test

n: number of patients for which clinico-pathological features were present and/or evaluated; HPF: high-
power filed; mPDCD1low:low level of mPDCD1; mPDCD1high:high level of mPDCD1
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indirect measure of the immune cells infiltrate; different
mPDCD1 levels seem to identify two distinct clinical-
pathological families of Merkel cell carcinomas.

Merkel cell carcinoma is an aggressive tumor with a 5-
year relative-specific survival rates of 41%, depending on
the stage [3, 4]. Because of poor prognosis, especially for
advanced Merkel cell carcinoma (stage III-IV sec. AJCC
8th/2017), many efforts have been made to identify prog-
nostic factors, such as immunosuppression status, advanced
age, tumor thickness, high number of mitosis, tumor-
infiltrating lymphocytes, angioinvasion, p63 and Merkel
cell polyomavirus positivity [4–9]. Nevertheless, the only
prognostic factor independently validated by multiple
cohorts was clinical and pathological staging (sec. AJCC
8th/2017). In this study, at the multivariate survival analy-
sis, the parameters associated with a worse survival rate
were clinical stage III-IV, tumor size > 2 cm, absence of
Merkel cell polyomavirus and mPDCD1high. Nevertheless,
mPDCD1high,, absence of Merkel cell polyomavirus and

tumor size > 2 cm were the only parameters associated
with a worse survival rate, both at univariate survival ana-
lysis (p= 0.023; p= 0.001; and p= 0.019, respectively)
and at multivariate survival analysis (p= 0.042; p= 0.015
and p= 0.031, respectively). In our opinion, these are
highly statistically reliable results because they were
obtained with a proportional hazards model, considering the
typical survival trend of population affected by Merkel cell
carcinoma (an elderly population with a steep decline in the
first months of follow-up, more pronounced for the sub-
groups at higher risk, after that it declines slightly). In
addition, combining mPDCD1 and clinical staging, we
obtained four subgroups of patients having a more detailed
prognostic stratification (Fig. 5). Although this result needs
to be validated in larger case series before being proposed
as a survival predictive-model, it could represent a valid and
easily adoptable prognostic tool in a tumor with few
established prognostic factors. Encouragingly, these results
have not been influenced by the low number of stage IV
patients and by the adoption of clinical rather than patho-
logical staging. As previously validated in head and neck
squamous cell carcinoma (HSCNN) [14], the current study
provides a strong association between mPDCD1high and a
short survival in Merkel cell carcinoma.

In previous studies, it was assumed that mPDCD1
reflects variations in the immune compartment and that
could be used as an indirect measure of tumor-infiltrating
lymphocytes [14, 15]. Nevertheless, the same authors
showed a tumor-intrinsic PD-1 expression by the prostatic
adenocarcinoma [16].They found as prostatic adenocarci-
noma cells contains PD-1 mRNA subjected to epigenetic
control, by promoter methylation (mPDCD1), as known for
human T-lymphocytes [16]. Previously, PD-1 expression
had just been described in malignant melanoma cells
[29, 30], and Mitteldorf et al. reported as PD-1 could be
expressed by tumor cells also in Merkel cell carcinoma (in
their case series, 2/12 cases, 16%) [17]. All these data
suggest that the relationship between PD-1 expression and
mPDCD1(also in Merkel cell carcinoma) could be more
complex than firstly suspected. In present study, the asso-
ciation of mPDCD1 with the global expression (by both
tumor cells and immune cells) of PD-L1 (69%, p= 0.001)
was stronger than that with PD-L1 expression by immune
cells (55%, p= 0.041). In our opinion, in line with what
already hinted in previous studies on other cancers, this
finding suggests that mPDCD1should be interpreted as an
estimate of the global PD-1/PD-L1 expression by all the
tumor components, rather than an indirect measure of
the immune cells. If this assumption was true, it could have
important therapeutic repercussions. Since Avelumab
became the first ever FDA approved drug for both
chemotherapy-naïve and chemotherapy-resistant metastatic
Merkel cell carcinoma, many efforts have been made to find

Table 5 Univariate survival analysis (overall mortality by patient
subgroups)

Proportion of
deceased,
n (%)

log-rank test:
χ2; p-value

Permutation
test: p-value

mPDCD1high 18/35(51) 5.17; 0.023 0.023

Age > 75 years 24/35(69) 1.14; 0.285 0.289

Male sex 22/35(63) 0.65; 0.419 0.420

Size > 2 cm 24/35(69) 5.66; 0.017 0.019

Tumor thickness
> 10 mm

21/33(64) 0.89; 0.347 0.353

Angioinvasion 24/33(73) 3.28; 0.070 0.077

Mitosis > 10/HPF 21/35(60) 0.02; 0.881 0.878

Ki67 > 50% 19/35(54) 0.29; 0.591 0.593

Immune cells 14/35(40) 2.52; 0.112 0.115

Merkel cell
polyomavirus

11/35(31) 10.28;0.001 0.001

Infiltrative
growth

13/33(39) 1.15; 0.285 0.284

PD-L1 immune
cells 5-100%

13/35(37) 1.05; 0.306 0.306

PD-L1 tumor 5-
100%

9/35(26) 2.83; 0.093 0.090

PD-L1 global 16/35(46) 1.40; 0.236 0.239

Clinical stage III-
IV

15/35(43) 2.77; 0.096 0.094

Site 0.01; 0.997 0.998

head&neck 14/35(40)

extremities 13/35(37)

Trunk 8/35(23)

n: number of patients for which clinico-pathological features was
present and/or evaluated (among the 35 deceased patients);
mPDCD1high: high level of mPDCD1; HPF high-power field
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predictive clinico-pathological features to select responsive
patients [10, 11, 31, 32]. Although a significant association
between the presence of Merkel cell polyomavirus infec-
tion, moderate-severe tumor-infiltrating lymphocytes, and
PD-L1 expression by tumor cells was found, a paradoxical
response to anti-PD-1/PD-L1 therapy was also observed in
Merkel cell polyomavirus and PD-L1 negative Merkel cell
carcinomas [11, 31–33]. Avelumab response was observed
in 26% of Merkel cell polyomavirus positive and 35% of
Merkel cell polyomavirus negative tumors, respectively [11,
32]. Again, 34% of PD-L1 positive and 19% of PD-L1
negative tumors responded to treatment [11, 32]. Analogous
results were found for Nivolumab, with PD-L1 expression
by tumor-infiltrating lymphocytes and tumor cells not sig-
nificantly correlated with clinical response [31–33]. This
has an important impact on daily management of Merkel
cell carcinoma patients, because PD-1/PD-L1 axis blocking
agents could induce treatment-related adverse events, some
of which potentially life-threatening and requiring therapy
discontinuation or glucocorticoid treatment. Based on the
preliminary analyses of phase I/ II trials, all PD-1/PD-L1
axis blocking agents had similar toxicity profiles, with
adverse events occurring in 68–77% of patients, 5–21% of
grade 3 and 4. As result, in the current clinical practice, we
do not have any tools to select patients for anti-PD-1/PD-L1
therapy and highly expensive immunotherapies were
indiscriminately administered to all patients, with a high
risk to develop adverse events [10–13, 31–33].The strong
association between mPDCD1 and the PD-L1 global
expression found in our study, proves that mPDCD1 could
be a simple and reproducible laboratory tool to estimate the
global PD-1/PD-L1 expression (by all the tumor compo-
nents), that in our opinion could potentially accurately

Fig. 4 Kaplan-Meier survival
curves (univariate survival
analysis). The only
threevariables significantly
associated to a higher risk of
mortality were mPDCD1high
(p= 0.023) and tumor size > 2
cm (p= 0.019) and the absence
of Merkel cell polyomavirus
(p= 0.001).Milder evidence
was found for angioinvasion
(p= 0.070), clinical stage III-IV
(p= 0.093), absence of immune
cells (p= 0.112) and no PD-L1
expression by tumor cells
(p= 0.093). mPDCD1
methylation status of PDCD1

Table 6 Parametric multivariate survival analysis

HR p-value 95% CI

mPDCD1high 2.111 0.042 1.028-4.333

Size > 2 cm 2.248 0.031 1.076-4.697

Merkel cell polyomavirus 0.397 0.015 0.188-0.837

Clinical stage III-IV 2.357 0.018 1.157-4.805

Parameters of the survival model:

_rcs1 7.226 < 0.001 2.649-19.711

_rcs2 1.158 0.040 1.007-1.332

_cons 0.001 < 0.001 0.000-0.006

HR hazard ratio, CI confidence interval, mPDCD1high high level of
mPDCD1

n= 65 because four patients presenting with lymph node metastases
with unknown primary tumor were not included in the analysis

Fig. 5 Multivariable model-estimated survival functions of four patient
subgroups identified by mPDCD1 status and clinical stage.
mPDCD1low low level of mPDCD1, mPDCD1high high level of
mPDCD1
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predict the tumor responsivity to anti-PD-1/PD-L1
therapies.

Lastly, in recent years, in parallel with all the studies
investigating prognostic parameters in Merkel cell carci-
noma, many authors focused on pathogenic mechanisms
involved in Merkel cell carcinoma, demonstrating that
Merkel cell polyoma virus and ultraviolet light-induced
DNA damage identified, respectively, two different path-
ways with specific clinical, prognostic and therapeutic
implications [33–37]. Merkel cell polyoma virus-positive
Merkel cell carcinoma is preferentially located on the
extremities, with a lower mutational burden, moderate-
severe tumor-infiltrating lymphocytes, PD-L1 expression by
tumor cells and a better prognosis than Merkel cell polyoma
virus-negative Merkel cell carcinoma [34–36]. These find-
ings, similarly to what was observed for human papilloma
virus in head and neck squamous cell carcinoma, suggested
that Merkel cell polyoma virus could induce a tumor-
specific immune response with a central pathogenic role
played by PD-1/PD-L1 cross-talking [18, 33]. In our study,
as shown by the comparison of mPDCD1low and
mPDCD1high groups, mPDCD1 status seems to identify two
distinct families of Merkel cell carcinomas, with marked
clinico-pathological differences (Table 4). In addition, we
observed a statistically trend (p= 0.068) between the pre-
sence of Merkel cell polyomavirus, detected by immuno-
histochemistry, and mPDCD1low. In particular, 25 out of 35
Merkel cell polyomavirus-positive tumors showed
mPDCD1low, levels. mPDCD1lowgroup was associated with
clinico-pathological features related with Merkel cell
polyomavirus-positive Merkel cell carcinoma (age < 75
years, presence of immune cells, PD-L1 expression) and
with a better prognosis. By contrast, mPDCD1high group
was associated with clinico-pathological features related
with Merkel cell polyoma virus negative Merkel cell car-
cinoma (age > 75 years, absence of immune cells, no PD-L1
expression) and with a worse prognosis. Globally, these
findings suggest that mPDCD1 could be the “genetic link”
between the Merkel cell polyomavirus, the PD-1/PD-L1
tumor-specific immune response and the prognosis in
Merkel cell carcinoma.

In conclusion, the current study proves that mPDCD1 is
an important prognostic marker in Merkel cell carcinoma.
Further studies are needed to clarify if it could be combined
with staging to obtain a survival predictive-model, to define
its pathogenic role, and to find possible therapeutic impli-
cations in selecting patients potentially benefitting from
anti-PD-1/PD-L1 therapies.
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