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BACKGROUND: Merkel cell carcinoma (MCC) is a rare,
aggressive skin cancer with increasing incidence and high
mortality rates. MCC has recently become the subject of
immune checkpoint therapy, but reliable biomarkers for
estimating prognosis, risk stratification, and prediction
of response are missing.

METHODS: Circulating tumor cells (CTCs) were detected
in peripheral blood from patients with MCC by use of
the CellSearch® system. Moreover, CTCs of selected
cases were characterized for Merkel cell polyomavirus
(MCPyV), chromosomal aberrations, and programed
death ligand 1 (PD-L1) production.

RESULTS: Fifty-one patients were tested at first blood
draw (baseline), and 16 patients had 2 or 3 consecutive
measurements to detect CTCs. At baseline, �1 CTC
(range, 1–790), �1, or �5 CTCs/7.5 mL were detected
in 21 (41%), 17 (33%), and 6 (12%) patients, respec-
tively. After a median follow-up of 21.1 months for 50
patients, detection of CTCs correlated with overall sur-
vival (�1, P � 0.030; �1, P � 0.020; and �5 CTCs/7.5
mL, P � 0.0001). In multivariate Cox regression analy-
sis, the detection of �5 CTCs/7.5 mL adjusted to age
and sex compared to that of �5 was associated with a
reduced overall survival (P � 0.001, hazard ratio � 17.8;
95% CI, 4.0–93.0). MCPyV DNA and genomic aberra-
tions frequently found in MCC tissues could also be de-
tected in single CTCs. Analyzed CTCs were PD-L1 neg-
ative or only weakly positive.

CONCLUSIONS: The presence of CTCs is a prognostic fac-
tor of impaired clinical outcome, with the potential to
monitor the progression of the disease in real time. Mo-

lecular characterization of CTCs might provide new in-
sights into the biology of MCC.
© 2018 American Association for Clinical Chemistry

Merkel cell carcinoma (MCC)8 is a rare, highly aggressive
cutaneous neuroendocrine neoplasm (1 ) for which there
is uncertainty about the cell of origin (2–6 ). Of particu-
lar note is the causal link between the oncogenic activity
of Merkel cell polyomavirus (MCPyV) (7 ) and the oc-
currence of MCC. The estimated disease-associated mor-
tality rate ranges between 33% and 46% (4 ). Male sex,
high age, immunosuppression, and the presence of con-
comitant malignancies are prognostic factors affecting
the clinical outcome of MCC (8, 9 ). Among various
cell biologic markers, only a few putative biomarkers for
MCC progression and prognosis have been identified
(4 ). Therapy depends on the stage of disease, with
surgery and radiotherapy in early stages and immune
checkpoint-inhibitor therapy in metastatic disease (4 ).
Thus, treatment of advanced stage MCC with pembroli-
zumab or avelumab, antibodies recognizing programed
cell death 1 (PD-1) or programed cell death ligand 1
(PD-L1), resulted in clinical activity both in patients with
MCPyV-positive and MCPyV-negative MCCs (10, 11 ).
Several candidate biomarkers aimed to predict response
to these therapies including production of PD-1 or
PD-L1 in tumor cells, tumor-infiltrating lymphocytes,
and other microenvironmental cells have already been
tested (12 ). However, comprehensive validation in large
clinical studies is still lacking. Sentinel node biopsy and
radiologic imaging are used to determine the extent of
metastatic disease and to monitor therapy response. Ow-
ing to high costs, limited availability of tumor tissue, and
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insufficient diagnostic specificity and sensitivity, there is
a need for new ultrasensitive biomarkers. Current treat-
ment decisions in patients with MCC are usually based
on staging and characteristics of the primary tumors.
However, tumor cells can acquire new features during
disease progression, and tissue material derived from re-
current or metastatic tumors is rarely accessible. Thus,
strong emphasis is now put on establishing noninvasive
biomarkers from liquid biopsies for real-time evaluation
of recurrent disease (13 ). Circulating tumor cells (CTCs)
have recently proven to be prognostic markers in patients
with different metastatic tumors and predictors of relapse
in early stage disease (14 ). Of note, CTCs have also been
detected with high frequencies in patients with neuroen-
docrine tumors (15, 16 ). First case studies reporting the
presence of circulating MCC cells in blood and bone
marrow of patients with metastatic disease were pub-
lished for patients with autoimmune diseases or concom-
itant leukemia and myeloma (17–19). So far, only 2
reports on CTC detection in small cohorts of MCC pa-
tients have been published (20, 21 ).

Here, we present the results of the largest study to
date on CTC detection in 51 patients including long-
term follow-up data for 50 patients. Moreover, we fo-
cused on molecular characterization of individual CTCs
regarding PD-L1 production, genomic aberrations, and
detection of MCPyV DNA.

Materials and Methods

PATIENTS AND STUDY MATERIAL

All patients provided informed consent for participating in
this study, which was approved by the ethical commissions
of the Hamburger Ärztekammer (PV3779, PV5392) and
the Friedrich Alexander University of Erlangen (Re.-No.
281_12B). Clinicopathological characteristics at the time of
first blood examination are displayed in Table 1.

Blood samples from 51 patients treated at the Uni-
versity Medical Centers in Hamburg or Erlangen be-
tween 2012 and 2017 were collected in CellSave tubes
(Menarini, Silicon Biosystems) and processed within
96 h after blood draw by the CellSearch system (Men-
arini). The patient cohort comprised patients with all
stages of the disease and with or without evidence of
tumor and/or recurrence and/or metastases. CTC enu-
meration was performed by the CellSearch system, which
has been cleared by the Food and Drug Administration
for CTC detection in blood from patients with meta-
static breast, colorectal, and prostate cancer (22 ).

DETERMINATION OF PD-L1 PRODUCTION IN CTCs

To analyze PD-L1 production in CTCs, the CellSearch
CXC kit (Menarini) was used, which enabled immuno-
fluorescent characterization of CTCs by a phycoerythrin
(PE)-labeled antibody. Here we used the PE-labeled anti-

PD-L1 antibody (E1L3N® XP® Rabbit mAb, PE conju-
gate, CellSignaling Technology) diluted 1:50 (working
concentration, 3 �L antibody and 147 �L antibody di-
luent per sample) in antibody diluent (Dako Cytoma-
tion) in Menarini-supplied reagent cups. The intensity
of PD-L1 immunofluorescence in the fourth channel
of the CellSearch system was categorized into weakly
positive, strongly positive, and negative.

TUMOR CELL LINES

MCC (MCPyV positive: MKL-1, MS-1, WaGa; MCPyV
negative: UISO) (23, 24 ) and urothelial carcinoma of
the bladder (UCB) cell line cells (5637) (25 ) were grown
in RPMI 1640 medium (Gibco), and UCB cell lines RT4
and 647V (25 ) in Dulbecco’s modified Eagle’s medium
(Gibco), supplemented with 10% fetal calf serum, 100
U/mL penicillin, 0.1 g/L streptomycin, and 2 mmol/L
glutamine. Cell lines were authenticated and tested to be
free of Mycoplasma regularly.

WESTERN BLOT ANALYSIS

Cells were washed in phosphate-buffered saline, and cell
extracts were prepared by lysis in radioimmunoprecipita-
tion assay buffer containing protease and phosphatase
inhibitors. Separated proteins were subjected to Western
blot analysis with the rabbit monoclonal antibody PD-L1
(E1L3N) XP (Cell Signaling Technology, CST) at a di-
lution of 1:1000.

ISOLATION OF SINGLE CTCS BY MICROMANIPULATION

After CellSearch processing, CTCs were isolated by mi-
cromanipulation with use of a micromanipulator (Ep-
pendorf AG) supplemented with custom-made capillar-
ies (40 �mol/L in diameter, capillary type III) (26 ).

WHOLE-GENOME AMPLIFICATION OF DNA FROM SINGLE CTCs

For whole-genome amplification (WGA), the GenomiPhi
DNA Amplification kit (GE Healthcare) (26) was applied.
The quality of purified WGA products was tested by mul-
tiplex PCR (26).

ARRAY COMPARATIVE GENOMIC HYBRIDIZATION

Array comparative genomic hybridization (CGH) was
performed at the Institute of Human Genetics, Diagnos-
tic and Research Center for Molecular BioMedicine,
University of Graz, Austria, with the Human Genome
CGH Microarrays 60k (Agilent Technologies) following
the instructions of the manufacturer. Briefly, 1 �g of
GenomiPhi amplified test DNA digested with AluI and
RsaI, 300 ng of undigested DNA isolated from paraffin-
embedded primary tumor and metastasis tissue, and a
commercially available male reference DNA (Promega)
were labeled with the Sure Tag DNA Labeling Kit (Agi-
lent Technologies, cyanine 5-dUTP for the test samples
and cyanine 3-dUTP for the reference DNA). The
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labeled DNA was purified and concentrated to a final
volume of 9.5 �L. Then the DNA was mixed with Cot-1
DNA, Agilent blocking agent, and Agilent hybridization
buffer and denatured at 96 °C for 3 min, followed by an
annealing step at 37 °C for 30 min. Finally, DNA was
hybridized to the Sure Print G3 Human Catalog 8 �
60K (Agilent p/n G4450A) CGH microarrays. After hy-
bridization, the slides were washed and scanned with a
microarray scanner. Images were preprocessed with Fea-
ture Extraction and DNA Workbench 5.0.14. Evalua-
tion of our array CGH was done on the basis of a previ-
ously published algorithm (27 ).

DETECTION OF MCPYV DNA

Analysis of tumor tissues for the presence of MCPyV
DNA sequences was performed as described elsewhere

(7, 28 ). For the detection of MCPyV DNA sequences in
CTCs, 150 ng of WGA GenomiPhi amplified DNA and
the following 2 nested primer sets were used: I, LT1F-
LT1R (outside PCR) LT1F: TACAAGCACTCCAC-
CAAAGC; LT1R: TCCAATTACAGCTGGCCTCT
/M1M2F-M1M2R (inside PCR), M1M2F: GGCAT-
GCCTGTGAATTAGGA, M1M2R: TTGCAGTA-
ATTTGTAAGGGGACT; II, LT5F-LT3R (outside
PCR), LT5F: GCTCCTAATTGTTATGGCAACA,
LT3R: ATATAGGGGCCTCGTCAACC /LT3F-LT5R
(inside PCR), LT3F: TTGTCTCGCCAGCATTGTAG,
LT5R: TGGGAAAGTACACAAAATCTGTCA (7).

Analysis and evaluation of DNA sequences were
performed on the Applied Biosystems 3130 Genetic
Analyzer.

Table 1. CTC detection at time of first blood draw and clinicopathological characteristics.

Clinicopathological
parameter

CTC-
positive
≥1, %

CTC-
negative

0, %
P

value

CTC-
positive
>1, %

CTC-
negative

≤1, %
P

value

CTC-
positive
≥5, %

CTC-
negative

<5, %
P

value

Total number (n = 51)a 41 59 33 67 12 88

Age, years

≤75 12 24 NS 10 26 NS 4 32 NS

>75 28 36 22 42 6 58

Mean: 74.8

Median: 79

Sex

Men 18 25 NS 12 31 NS 2 41 NS

Women 24 33 22 35 10 47

AJCC stageb

I/II 16 50 8 58 0 66

III 12 10 0.001 12 10 <0.0001 4 18 0.001

IV 12 0 12 0 6 6

Nc

N0 16 50 0.002 8 58 <0.0001 0 66 0.003

N1 24 10 24 10 10 24

M

M0 28 60 0.002 20 68 0.001 4 84 0.009

M1 12 0 12 0 6 6

Other malignancy

Yes 12 24 NS 10 27 NS 2 35 NS

No 27 37 20 43 6 57

MCPyV

Positive 60 20 NS 60 20 NS 0 80 NS

Negative 10 10 10 10 0 20

a Total number of patients with data for CTC and sex: 51.
b AJCC, American Joint Committee on Cancer; MCPyV, Merkel cell polyomavirus.
c Any N stage.
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STATISTICAL ANALYSES

Correlations between CTC detection and clinicopatho-
logical parameters were analyzed by �2 or Fisher exact
tests. Two-tailed P values �0.05 were considered statis-
tically significant. Absolute CTC numbers were com-
pared to American Joint Committee on Cancer tumor
stages, lymph node, and distant metastases by the Mann–
Whitney U and Kruskal–Wallis tests.

Overall survival (OS) was defined as the time between
blood collection and death by any cause. Nonparametric
Kaplan–Meier estimates of the survival function and log-
rank test were used to compare CTC-positive and CTC-
negative samples. A priori, no statistical power and/or size of
patient population was calculated.

For these analyses, the IBM SPSS Statistics 21 pro-
gram was used. In addition to univariate analyses, in a
multivariate Cox model, different covariates [age 10 (age
divided by 10) and sex] were used to adjust for the influ-
ence of �5 CTCs on OS. This analysis was performed by
the program R version 3.4.3. For reporting of results, the
REMARK criteria (29 ) were followed.

Results

PATIENT CHARACTERISTICS

Association of CTC detection and clinical data available
for 50 patients are provided in Table 1. Representative
CTC images are shown in Fig. 1. Thirty-five patients had
1 blood draw, and for 16 and 4 patients CTC results from
second and third visits, respectively, were available (Table
2). Primary tumor sites were head and neck (n � 12),
arm (n � 18), leg (n � 13), trunk (n � 4), and in 3 cases
the primary tumor site was unknown.

Eighteen patients additionally suffered from other
malignancies. One patient developed a second MCC and
17 others suffered from different malignancies: breast
cancer (n � 1), chronic lymphatic leukemia (n � 3),
bladder carcinoma (n � 2), colon carcinoma (n � 1),
polycythemia vera (n � 1), lymphoma (n � 1), prostate
cancer (n � 1), basal cell carcinoma (n � 2), squamous
cell carcinoma (n � 1), melanoma (n � 2), uterine car-
cinoma (n � 1), and carcinoid (n � 1). The other ma-
lignancies were diagnosed before or after diagnosis of
MCC. To the best of our knowledge the other tumors
were not active during this study.

Before first blood draw (at baseline) all patients un-
derwent surgery and/or resurgery with large margins (of-
ten 3 cm), mostly radiotherapy to the tumor bed and
local lymph node area (n � 18), and some patients (n �
10) underwent sentinel node biopsy. Only a small num-
ber of patients (n � 6) received chemotherapies, mostly
etoposide. This first blood draw was either at first diag-
nosis or during the follow-up of the patients.

DETECTION OF CTCs

The presence of 5 and 3 CTCs/7.5 mL was recently de-
fined as the cutoff for discriminating unfavorable from
favorable outcome in patients with metastatic breast or
prostate as well as colorectal cancer, respectively (22 ), but
thus far no cutoff has been clinically validated for MCC.
Applying �1 CTC/7.5 mL as cutoff, at time of first
blood draw, 21/51 (41%) patients were detected CTC
positive (range, 1–790, mean 66.9, median 2). More
than 1 or �5 CTCs/7.5 mL at first blood collection were
found in 17 (33%) or 6 (12%) patients, respectively (Ta-
ble 1 and see Table 1 in the Data Supplement that ac-
companies the online version of this article at http://
www.clinchem.org/content/vol65/issue3). Considering
blood analyses at any time point, �1, �1, and �5
CTCs/7.5 mL were identified in 28 (55%), 22 (43%),
and 10 (20%) patients, respectively (see Table 2 in the
online Data Supplement), with 1960 being the highest
CTC count measured (Table 2).

“Dot-like” paranuclear keratin immunofluorescence
patterns indicative most probably of neuroendocrine

Fig. 1. CTCs detected with the CellSearch system.
CTCs were identified as round to oval, keratin-positive (phyco-
erythrin, KER-PE), CD45-negative (allophycocyanin CD45-APC),
DAPI-positive (4`,6-diamidino-2-phenylindole, dihydrochloride)
cells. Cells 1– 6 have a paranuclear dot-like keratin pattern,
whereas cells 7 and 8 present with a typical cytoskeleton keratin
pattern.
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MCC origin were detected in CTCs from 24/28 CTC-
positive patients, with percentages ranging between 33%
and 100% (see Table 3 in the online Data Supplement).
In most cases both CTCs with dot-like (Fig. 1, CTCs
1–6) and those with typical cytoskeleton patterns (Fig. 1,
CTCs 7 and 8) could be identified.

The presence of CTCs at first blood draw and any
cutoff values was significantly associated with tumor
stage, lymph node involvement, and distant metastases
(Table 1). All patients with distant metastasis (M1) ex-
hibited at least 2 CTCs/7.5 mL. Also, the absolute CTC
counts measured in 7.5 mL at time of first blood collec-
tion (Fig. 2 and see Table 1 in the online Data Supple-
ment) were significantly associated with the tumor stage,
lymph node, and distant metastases at time of first blood
collection (P � 0.0001). On the other side, no correla-
tion was evident between CTC positivity and age, sex,
and the presence of other malignancies (Table 1 and see
Table 2 in the online Data Supplement). The presence of
MCPyV DNA was tested in 11 tumor tissues with 9
tumors being positive. CTCs were found in patients with
virus-positive and virus-negative MCCs (Table 1).

From 16 patients, blood samples were collected at 1
or 2 points during follow-up observation. Time intervals
between blood draws are shown in Table 2. Although a
strong increase in CTC counts from �5/7.5 mL to �5/
7.5 mL was observed in patients 32, 33, 41, and 42;
patient 47 already presented with a high CTC number at
first blood draw (Table 2). Patient 41’s disease was ini-

Table 2. Absolute numbers of CTCs detected at different time points during follow-up (CTC1, CTC2, CTC3).

Pat. ID
Stage, N, M at 1st

blood drawa CTC1
Time from 1st blood

draw, days CTC2
Time from 1st blood

draw, days CTC3

6 I/II, 0, 0 0 190 1

11 I/II, 0, 0 0 30 2

13 I/II, 0, 0 2 278 1

18 I/II, 0, 0 0 97 1 373 1

24 I/II, 0, 0 0 7 0

26 I/II, 0, 0 0 944 1

27 I/II, 0, 0 0 133 0 233 0

28 I/II, 0, 0 0 320 0

32 I/II, 0, 0 0 96 43

33 I/II, 0, 0 0 523 2 258 95

35 IV, 1, 1 2 220 0

36 III, 1, 0 2 162 0

41 III, 1, 0 4 8 1 241 1320

42 III, 1, 0 0 280 64

44 III, 1, 0 0 38 0

47 IV, 1, 1 790 14 1960

a N, absence (0) or presence (1) of regional lymph node metastasis. M, absence (0) or presence (1) of distant metastasis.

Fig. 2. Absolute numbers of CTCs in individual patients with
local disease (LD), lymph node metastasis (LN), and distant
metastasis (DM).
N, number of patients with the same CTC result.
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tially diagnosed as a primary tumor in the left lower arm
with a positive axillary sentinel lymph node and lymph
node metastases when he was included in the study. The
patient then showed an enormous increase of CTCs
within 8 months from 4 to 1320/7.5 mL and died 61
days after the third blood draw. Patient 47, for whom an
increase of CTC counts from 790 to 1960/7.5 mL within
14 days was observed, died 29 and 13 days after the first
and second CTC detection, respectively. Moreover, we
were able to sequentially investigate patient 33 over a
period of 26 months. Seventeen months after a CTC-
negative result, we detected 2 CTCs/7.5 mL, and 9
months later we detected 95 CTCs/7.5 mL. The patient
died 2 months after the last CTC measurement. Interest-
ingly, patient 36 (Table 2) was determined to be CTC-

positive, with 2 CTCs/7.5 mL, and turned to be CTC-
negative 7 months later. Twenty-four months later this
patient still is under avelumab therapy and has stable
disease.

DETECTION OF CTCs AND OS

OS correlated with American Joint Committee on
Cancer stage, lymph node, and distant metastases at first
blood collection (see Fig. 1, A–C, in the online Data
Supplement). After a median follow-up of 21.1 months
for 50 patients (mean, 23.7; range, 0.6–59), the presence
of CTCs/7.5 mL at first blood draw was associated with
OS in univariate Kaplan–Meier analysis (�1, P � 0.030;
�1, P � 0.020; and �5 CTCs/7.5 mL, P � 0.0001,
Figs. 3A-C). In multivariate Cox regression analysis, the

Fig. 3. Kaplan–Meier plots for OS.
Kaplan-Meier plots according to CTC detection at first blood collection for all patients (A–C), CTC cutoffs ≥1 (A), >1 (B), and ≥5 CTCs/7.5 mL
blood (C). Kaplan–Meier plots for OS according to CTC detection at any time point for all patients (D–F), CTC cutoffs ≥1 (D), >1 (E), and ≥5
CTCs/7.5 mL blood (F). Kaplan–Meier plots for OS according to CTC detection at any time point for patients without lymph node and distant
metastases at first blood collection (G–I), CTC cutoffs ≥1 (G), >1 (H), and ≥5 CTCs/7.5 mL blood (I).
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presence of �5 CTCs/7.5 mL at first blood draw ad-
justed to age 10 (age divided by 10), and sex was signifi-
cantly associated with reduced OS (P � 0.001, hazard
ratio � 17.8; 95% CI, 4.0–93.0). At least 9/13 patients
died because of MCC, and the death of 1 patient was
caused by a lymphoma.

Including CTC positivity at any time, the presence
of CTCs at all 3 cutoff values (�1, P � 0.004; �1, P �
0.0001; and �5 CTCs/7.5 mL, P � 0.0001) correlated
significantly with OS (Fig. 3, D–F). This correlation was
also found when only patients without lymph node and
distant metastases were analyzed (�1, P � 0.047; �1,
P � 0.024; and �5 CTCs/7.5 mL, P � 0.0001, Fig. 3,
G–I).

DETECTION OF PD-L1 PRODUCTION ON CTCs

Cell line cells with known PD-L1 production were added
into blood samples from healthy donors, and PD-L1 pro-
duction was determined in the CellSearch system. The
MCPyV-positive and MCPyV-negative MCC cell lines
and RT4 did not show PD-L1-specific bands in Western
blot analysis, whereas the UCB cell lines 5637 and 647V
cells were PD-L1 positive (Fig. 4A). They also displayed
strong PD-L1-specific immunofluorescence and served
as positive controls in the CellSearch system. As negative
control, RT4 cells were used (Fig. 4B).

Detected CTC numbers can vary between CTC and
CXC kit detection in the CellSearch system. With the
CXC kit, we analyzed blood samples from 4 patients with
overt metastases [number of CTCs/7.5 mL by the CXC
kit: patient 33, 50 (time point 3); patient 34, 37 (time
point 1); patient 47, 1960 (time point 2); patient 51, 138
(time point 1)] for PD-L1 production. Although most
analyzed CTCs revealed to be PD-L1 negative (e.g.,
CTCs 1–3, Fig. 4C), only in case 47 we detected �1%
CTCs with very weak PD-L1-specific immunostaining
(e.g., CTCs 4–6, Fig. 4C). Thus, the overall frequency of
PD-L1 production in CTCs obtained from MCC was
very low.

DETECTION OF MCPyV DNA

Because it is still unknown whether MCPyV has an in-
fluence on tumor cell dissemination and clinical outcome
of MCC, we first analyzed primary tumor tissues for
MCPyV DNA. Using Sanger sequencing, we did not
observe a correlation of MCPyV positivity and the detec-
tion of CTCs (Table 1). WGA products from CTCs of 3
patients with more than 100 CTCs/7.5 mL were ana-
lyzed for MCPyV large T encoding sequences. All 7
CTCs analyzed from 1 patient, and 9/12 CTCs from
another patient contained MCPyV DNA sequences.
From a third patient, 3 single CTCs and 1 pool of 5
CTCs were revealed to be MCPyV DNA positive.

SINGLE-CELL ARRAY CGH

Subsequent copy number aberration analysis was per-
formed to analyze the genomic profiles of CTCs obtained
from an index patient with overt metastases (patient 47).
Array CGH was performed with WGA products from 2
single CTCs and from a CTC pool consisting of 5 CTCs
(P5). Fig. 4D displays gains on chromosomes 1, 6, 7, 11,
16 p, and 19p in 2 CTCs (CTCs 1 and 2) and in the
CTC pool. CGH profiles of DNA derived from primary
tumor tissue and bone metastasis of this patient are also
shown in Fig. 4D. CGH profiles of CTCs 1, 2, and P5
collectively are more similar to the profile of the metas-
tasis than to that of the primary tumor. Gains of chro-
mosome 6p and losses of 10q are not detectable in DNA
isolated from the primary tumor but are visible in the
profiles of the bone metastasis and of the CTCs.

Discussion

Liquid biopsies play a central role in cancer biomarker
development, but they have been under-investigated in
MCC so far. Here we detected 1 or more CTCs/7.5 mL
in up to 55% of patients with MCC. Both the rate of
CTC positivity and the absolute number of CTCs were
significantly associated with the tumor stage, lymph node
involvement, and distant metastases. Remarkably, CTCs
were detected in 70% of patients with lymph node me-
tastases and in all patients with distant metastases. More-
over, CTCs were significantly associated with OS, and
prognostic relevance of higher CTC counts (cutoff, �5
CTCs/7.5 mL) held true in multivariate Cox regression
analysis adjusted for age and sex (P � 0.001, hazard
ratio � 17.8; 95% CI, 4.0–93.0). Prognostic relevance
might be biased by the fact that most patients were older
than 75 years, thereby having an increased risk of death
from causes other than MCC. MCC-specific survival was
not available for all patients, but most documented
causes of deaths (n � 9 patients) were MCCs.

In our study the CellSearch system was used, which
has demonstrated associations of CTCs with poor clini-
cal outcome for patients with different metastatic and
nonmetastatic carcinomas (30 ). So far only 1 study ap-
plied the same platform for a small study cohort and
found CTCs with prognostic relevance in 14/34 patients
with MCC (41%); however, further molecular character-
ization of these cells was not performed (20 ). Another
study used the Maintrac method and detected EpCAM-
positive cells in a total of 29/30 patients with MCC
(97%). Addition of anti-CD56 or antikeratin 20 anti-
bodies improved the diagnostic specificity of this assay.
The authors described an association of CTC counts
with disease burden, but no association of CTC detection
and outcome of the disease was observed (21 ).

One characteristic feature of MCC cells is their
paranuclear dot-like production pattern of keratins.
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Fig. 4. PD-L1 production and Array CGH profiles.
(A), Western blot analysis of PD-L1 production in different cell lines (MCC cell lines: MKL-1, MS-1, WaGa, UISO; cell lines from urothelial carcinomas
of the bladder: RT4, 5637, and 647V. HSC70, loading control. (B, C), Determination of PD-L1 production on cell line cells and CTCs in the fourth
channel of the CellSearch system. (B), Strongly PD-L1-positive (5637 and 647V) and PD-L1-negative (RT4) cell line cells. (C), 1–3 are PD-L1-negative
CTCs and 4 – 6 are weakly PD-L1-positive CTCs from the same MCC patient. (D), Array CGH profiles from CTCs and tumor tissues of a patient with
metastatic MCC: single CTCs (1 and 2), a CTC pool consisting of 5 cells (P5), and tumor tissues derived from the primary tumor (PT) and a bone
metastasis (MET). Red shows gains and blue losses of chromosomal regions. Comp, composite image; KER-FLU, antikeratin antibody labeled with
fluorescein; DAPI, 4`,6-diamidino-2-phenylindole, dihydrochloride; APC, allophycocyanin; PE, phycoerythrin; Chr, chromosome.
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Accordingly, in most CTC-positive cases we identified
CTCs with this pattern as a hint for their MCC origin. It
has been suggested that the keratin staining pattern of
CTCs might be helpful to exclude other malignancies as
a source of CTCs (20 ). However, this dot-like keratin
pattern has also been observed in CTCs originating from
other neuroendocrine tumors in the gastrointestinal tract
(31 ) and in CTCs derived from aggressive prostate can-
cer with neuroendocrine differentiation (32 ).

Molecular CTC analysis at the single-cell level has
the potential to provide insights into the biology of
MCC. Therefore, we established single-CTC analyses
(33 ) and applied them for CTCs isolated from patients
with MCC. However, molecular characterization of sin-
gle CTCs is challenging and there is almost no informa-
tion on the molecular nature of circulating MCC cells.
Here we provided proof of principle data that CTCs from
patients with MCC are amenable to in-depth molecular
characterization. We showed associations of genomic aber-
rations between the primary tumor and CTCs, although a
stronger similarity was observed between CTCs and the
bone metastasis. Thus, WGA of single-CTC DNA per-
formed in our study for index cases opens the way for deeper
molecular analyses of CTCs.

Because causal association with clonally integrated
MCPyV has been described for the majority of MCCs,
viral DNA sequences detected in CTCs can substantiate
the suspicion of an MCC origin. In the WGA products of
19/22 analyzed CTCs from 3 patients, we detected
MCPyV DNA sequences; in 3 CTCs, these sequences
could not be detected. We cannot exclude that CTCs
might also be derived from an additional tumor other
than MCC. However, typical keratin immunostaining
pattern (seen as a dot-like or paranuclear production pat-
tern) in most cases suggests that the CTCs are derived
from a neuroendocrine tumor like MCC.

In an additional approach, CTCs were analyzed for
copy number aberrations. We identified genomic aberra-
tions that are characteristic for MCC such as gains in
chromosomes 1, 6, or 7 or losses in chromosome 10,
underlining the MCC origin of these CTCs (34 ). Inter-
estingly, besides remarkable similarities, differences be-
tween the primary tumor and CTCs (and a bone metas-
tasis) collected from the same patient were detected (e.g.,
in chromosomal regions 6p and 10q). Notably, losing
chromosomal regions of 10q might be associated with a
loss of the phosphatase and tensin homolog tumor sup-
pressor gene (PTEN)9 that is frequently observed in
MCC (35 ). Thus, the exploration of genomic profiles of
CTCs could support retracing clonal origins of individ-
ual tumor cells and uncover their potential to initiate

metastasis. Furthermore, single-CTC analyses might
contribute to the elucidation of primary tumor sites in
patients with MCC who have cancers of unknown pri-
mary primarily detected in the lymph nodes or other
secondary organs (36 ). Moreover, mutational load in
MCC is frequently high (36, 37 ), and unraveling a mu-
tational phenotype by analyzing CTCs might add
value for therapeutic decisions.

Chemotherapy has been used to treat patients with
MCC who have locally restricted, recurrent, or meta-
static disease, but despite responses, the disease fre-
quently recurs (11 ). Moreover, a considerable number of
mostly elderly patients present with severe adverse effects
but without benefit for OS (11 ). Thus, checkpoint-
inhibitor therapy is currently the standard of care in met-
astatic disease. Therefore, it is important to note that
causal association of MCC with immunosuppression,
MCPyV integration, and UV-induced high mutational
burden (37 ) provides a rationale for the application of
these therapies. Three different anti-PD-1 and anti-
PD-L1 antibodies tested so far in patients with advanced
MCC showed durable responses (10, 11 ). In an interna-
tional multicenter, single-group, open-label, phase 2
trial, treating 88 patients with stage IV MCC who had
progressive disease after chemotherapy with the anti-
PD-L1 antibody avelumab (38 ) resulted in durable re-
sponses with low rates of adverse effects (11 ). This result
led to the first FDA approval for a therapy in patients
with MCC (39 ). In this study neither PD-L1 production
of tumor tissues nor MCPyV status was used as inclusion
criteria. Although most MCPyV-negative tumors were
shown to be PD-L1 negative (12, 40 ), responses were
observed irrespective of MCPyV status and of PD-L1
production retrospectively investigated on most recent
biopsies (11 ).

Prior studies have demonstrated that PD-L1 pro-
duction in MCC is correlated with improved outcome
(12, 41 ), and PD-L1 production of tumor and immune
cells in primary tumor tissues has been used as candidate
biomarker for prediction of response in several studies
(42 ). However, robust predictive values for MCC and
cutoff values for the number of PD-L1-positive tumor or
immune cells have not been demonstrated yet (11 ).
Therefore, we questioned whether PD-L1 production of
CTCs could add value for real-time monitoring of the
PD-L1 status on tumor cells in advanced tumor stages.
The first results of studies investigating PD-L1 produc-
tion on CTCs are promising (43–45). Our study is the
first to analyze PD-L1 production of CTCs derived from
MCC. Counter to our expectation, the MCPyV-positive
or MCPyV-negative MCC cell lines tested here and the
vast majority of CTCs from patients with metastatic
MCC turned out to be PD-L1 negative. However, fur-
ther prospective studies should include determination of9 Human Gene: PTEN, phosphatase and tensin homolog.
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PD-L1 production of CTCs before, during, and after
immunotherapy in larger patient cohorts.

To be captured with the CellSearch system, CTCs
must be epithelial cell adhesion molecule (EpCAM) pos-
itive. In contrast to other malignant skin tumors, MCCs
frequently produce EpCAM (46 ). Nevertheless, the fail-
ure to detect CTCs in a certain percentage of patients
might be caused by a loss of EpCAM production, for
example, through epithelial to mesenchymal transition.

In conclusion, our results demonstrate significant
correlations between CTC counts and aggressiveness of
MCC. Future clinical studies should investigate whether
sequential liquid biopsies for CTCs might help to im-
prove the management of MCC patients. Moreover, fu-
ture MCC trials should include the measurement of cir-
culating cell-free DNA as complementary liquid biopsy
biomarker to identify patients at risk of progression or
detect progression earlier than staging procedures (13 ).
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