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Circulating tumor cells as a
preoperative risk marker for
occult metastases in patients
with resectable
cholangiocarcinoma
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Cholangiocarcinoma (CCA) is an aggressive tumor associated with a high rate
of recurrence after resection. An important risk factor for recurrence is the
presence of occult metasta-ses, which are not radiologically detectable at the
time of diagnosis. There are currently no biomarkers for the preoperative
assessment of micrometastases. A previous study demonstrated the
prognostic relevance of circulating tumor cells (CTC) in patients with
advanced CCA but the potential of CTCs as a preoperative marker for
detecting occult metastases has not been investigated so far. In this two-
phase study, we first recruited a cohort of 27 patients with histologically proven,
metastatic CCA or gallbladder cancer (GBCA) to assess feasibility (feasibility
cohort, FC). CTCs were measured in the peripheral blood using the CellSearch
System (CSS) between October 2012 and January 2017. Subsequently, in 11
patients undergoing curative-intended resection for CCA (intrahepatic CCA: n
=4; extrahepatic CCA n= 6; gallbladder cancer: n=1), peripheral and central
venous blood specimens were obtained to improve detection rate by
simultaneous measurement and to elucidate distribution of CTCs in different
venous compartments. Presence of CTCs detection was correlated with
postoperative TNM-status.

In the FC, CTCs (range 1-3 cells, median: 1) were detected in 40% (11/27)
patients and were signifi-cantly associated with worse overall survival (hazard
ratio: 3.59; 95% Cl: 1.79- 7.1, p = 0.04). By combined peripheral and central
measurement, CTC detection was increased to 54% (6/11) in the resection
cohort (RC) and was associated with metastases that were only identified
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during the surgical procedure (peritoneal carcinoma: n = 1; infiltration of the
duodenum: n = 1) or immediately after surgery (evidence of pulmonary
metastases by CT scan two days after resection, not evident on initial tumor
staging prior resection). Taken together, in this single center pilot study, we
demonstrated that CTCs are detectable in CCA patients and are associated with
significantly impaired survival in patients at metastatic stage. Detection rate
prior to surgery was improved to >50% by combined peripheral and central
measurement. Moreover, preoperative CTC detection may indicate existing
metastases and could help to stratify patients more accurately.

KEYWORDS

cholangiocarcinoma, circulating tumor cells, liquid biopsy, occult metastases,
cellsearch system

Introduction

Cholangiocarcinoma (CCA) is the second most primary
liver tumor, accounting for approximately 15% of all liver
cancers worldwide and for 3% of all gastrointestinal
malignancies (1-3). The tumor, arising at any part of the bile
duct tree, is categorized by its anatomical location in intrahepatic
(iCCA), perihiliar (pCCA) or distal CCA (dCCA). Insertion of
the cystic duct presents the margin to separate pCCA from
dCCA (4). With approximately 50-60% of all cases, pCCA is the
most prevalent subtype of CCA and is sometimes grouped
together with dCCA as extrahepatic CCA (eCCA) (5-7).

Several risk factors for tumor development have been
identified such as primary sclerosing cholangitis (PSC), fluke
infection, chronic hepatitis B (HBV) or hepatitis C (HCV)
infection or choledochal cyst, par-tially varying in the
association for iCCA or eCCA development and thus leading
to a worldwide disparity in tumor incidence (8-10). According
to this, an increasing incidence of iCCA has been reported in
recent studies. Furthermore, CCA related mortality has also
increased within the past year, especially in high-prevalence
regions in Asia, underlining the important disease burden
caused by CCA (11-13).

Primary tumor resection remains the only curative treatment,
but only 26% of patients are eligible for surgery at initial diagnosis.
Unfortunately, even following resection, the 5-year survival rate
remains poor due to tumor relapse, primarily due to occult
metastases that have already spread at the time of surgery (13-
16). In patients undergoing curative resection, lymph node
involvement, resection margin status, and tumor differentiation
have been identified as independent prognostic risk factors for dis-
ease free survival. However, as these factors can only be assessed
post-surgery, biomarkers allowing a preoperative risk stratification
for micrometastases are urgently needed (17, 18).
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Circulating tumor cells (CTC) are shed into the bloodstream
from a primary tumor or distant metastases and are regarded as
metastatic precursors, enabling tumor spread (19, 20). CTCs have
a short livespan, are found in scare concentrations sometimes
even only one cell per five million white blood cells, and may be
detected by a variety of analytic systems using different techniques
for cell identification (21). Until today, only the CellSearchTM
systems (CSS) has been cleared by the US Food and Drug
Administra-tion (FDA) for CTC measurement in carcinoma
patients. Prognostic relevance of CTCs has been initially
reported for patients with breast cancer by Cristofanilli et al. in
2004, and since then has been demon-strated for several tumors
like colorectal, pancreas, or small lung cell cancer, for example
(22-26). In terms of liver tumors, prognostic impact of CTCs has
been demonstrated for hepatocellular carcinoma (HCC) regarding
risk of recurrence following tumor resection and for overall
survival (OS) in patients receiving palliative treatment (27-29).
In 2012, Al Ustwani et al. first demonstrated that CTCs are de-
tectable in patients with CCA and gallbladder cancer (GBCA)
(30). Finally, in 2016, Yang et al. described the prognostic
relevance of CTC in CCA patients in terms of OS. However,
until now, little is known about the ability of CTC measurement to
detect occult metastases prior to curative intended surgery (31).
Furthermore, it is still unclear if distribution of CTC differs in
CCA patients between the peripheral and central venous
compartment, as it seems more likely to find a higher amount
of CTCs in vessels that are closer located to tumor, regarding the
short livespan of CTCs, dilution and trapping of cells in the lung.
Therefore, we conducted a prospective study, evaluating the
prognostic value of CTC in a single center training cohort.
Based on these investigations, we assessed the preoperative
prevalence of CTC, their correlation to tumor characteristics,
and CTC distribution in different vascular compartments in
patients undergoing curative-intended surgery.
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Materials and methods
Patients

This study was conducted in a two-phase approach: In the
initial phase, CTC were measured in peripheral venous blood
samples of patients with histologically confirmed, progressed
CCA or GBCA, to assess the feasibility of the CSS (feasibility
cohort, FC). All patients in this cohort received either palliative
systemic treatment or best supportive care, when tumor stage or
patients’ performance status rendered systemic chemotherapy
impossible. In patients receiving palliative chemotherapy, blood
samples were obtained before therapeutic agents were
administered. Patients were recruited at the 1. Department of
Medicine at the University Medical Center Hamburg-Eppendorf
between October 2011 und October 2017 and were included in
the study, if they were 18 years or older, had a histologically
confirmed CCA or tumor of the gallbladder, had no evidence of
other solid organ tumors, and gave written informed consent.

In a second phase, CCA patients undergoing curative tumor
resection were enrolled between October 2017 and April 2018
(resection cohort, RC). Blood specimens for CTC analyses were
obtained immediately prior to surgery from a peripheral cubital vein
and from the vena cava superior via central vein catheter, that had
been placed at the day of surgery. Patients, in whom diagnosis of
CCA or gallbladder tumor was not confirmed following resection or
who had a history of concurrent solid organ tumors were excluded
from further analysis. Following resection, all patients were seen at the
outpatient clinic of the I. Department of Medicine, University
Medical Center of Hamburg Eppendorf, on regularly intervals.
Contrast enhanced CT-scans of the thorax and abdomen were
performed every three months for tumor surveillance. Diagnosis of
tumor recurrence was confirmed by an interdisciplinary
tumor conference.

Follow-up for both cohorts was completed in December
2019. Electronic patient files were reviewed to assess the clinical
course, baseline demographic and tumor characteristics. The
period of follow-up was determined based on the date when
blood specimens were obtained until patient’s death or most cur-
rent follow-up visit.

Blood specimens

Blood samples were collected following puncture of a cubital
vein (training and resection cohort) or via central vein catheter
(resection cohort only). A total of 7.5 mL whole blood was collected
using a CellSave Preservative Tube (Veridex). Tubes were stored at
room temperature and processed within 96 hours after collection.
In order to avoid contamination by epithelial cells from the skin, an
additional tube was filled prior to the sample tube.
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CTC analysis

The CSS is a semiautomated device providing detection of
CTCs harboring the epithelial cell adhesion molecule (EpCAM),
a transmembrane glycoprotein that is expressed in epithelial
tumors and is associ-ated with cancer progression and
invasiveness (32, 33). Because a high expression of EpCAM
has been found in CCA and GBCA, the CSS, providing an
EpCAM-based CTC measurement was used in our study (34). In
an initial step, blood specimens are incubated with ferrofluid-
coated anti-EpCAM antibodies to capture EpCAM positive cells
by using the automated Celltracks AutoPrep system.
Subsequently, cells are immunostained with fluorescent-labeled
anti-keratin antibodies to identify keratins (KER), e.g., 8, 18, and
19. A nuclear staining with 4,6-diamidino-2-phenylindole
(DAPI) is added to ensure integrity of nuclei and an anti-
CD45 antibody is used to distinguish epithelial cells from
leukocytes (Figure 1). Following immunostaining, EpCAM
positive cells are identified and quantified by the CellTracks
Analyzer, a semiautomated fluorescence-based microscopy, with
generation of images. Images are analyzed by a blinded and
experienced observer on a computer desktop. Two observers
independently evaluate computer-proposed images for CTCs
excluding leukocytes and artifacts. Evidence of = 1 CTC per
7.5 ml blood sample was defined as positive CTC detection.

Ethical approval

Blood collection and all experiments were performed in
compliance with the Helsinki Declaration and were approved
by the local ethics committee, the Ethik-Kommission der
Arztekammer Hamburg, Ham-burg, PV-3578.

Statistical analysis

Patient demographic data, tumor characteristics, and clinical
course were obtained by reviewing digital medical files of all
included patients. Categorical variables were described in terms
of percentages and frequencies; continuous variables were
described in terms of median with minimum-to-maximum
range. Median overall survival (mOS) was compared using
Kaplan-Meier curves with the log-rank test. Fisher’s exact test
was used to compare distribution of count data between groups.
Kruskal-Wallis rank sum test was used to compare continuous
variable. Chi-Square test was used to compare categorical
variables. For all outcomes received, a p value <0.05 indicated
statistical significance. All statistical analyses were conducted
using Graph Pad Prism 8.4.3 (GraphPad Software ®) and SPSS
statistic soft-ware Version 26.0 (IBM ®).
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FIGURE 1

Selected CellSearch images showing circulating tumor cells (CTCs) in an exemplary patient of the training cohort. Blood specimen had been
obtained from a 72- year old patient with metastatic iCCA, who received palliative chemotherapy. Each row shows a CTC detected in sample of
7.5 ml of whole blood. Nucleated cells (DAPI positive) that are positive for keratin (KER) and negative for CD45 with a diameter of at least 4 um
are called CTCs. KER/DAPI represent composite images. PE: phycoerythrin; APC: allophycocyanine, FITC: Fluorescein isothiocyanate, DAPI

(4',6-diamidino-2-phenylindole)

Results

CTC analyses were performed in 27 patients with metastatic
CCA or GBCA (FC) and 11 patients undergoing curative-
intended surgery (RC). Demographic and tumor
characteristics are depicted in Table 1 (FC) and Table 2 (RC),
CTC count and laboratory values for FC patients are shown in
the supplements (Supplement Table 1). In the FC, 66% (n=18)
were male, median age was 72 years (range: 27- 89), 26% (n =7)
had iCCA, pCCA was found in 55% (n = 15) dCCA in 7% (n = 2)
and 11% (n = 3) had GBCA. CTC were detected in 41% (n = 11)
patients, mean CTC count was 1 (range: 1-3), in three patients
(27%) = 2 CTC were found. CTC were predominantly found in
patients with pCCA (n = 6) and GBCA (n = 3). Palliative
treatment of FC patients included chemotherapy (n = 7;
gemcitabin and cisplatin: n = 3; erlotinib and bevacizumab: n
=2, ramucirumab: n = 1; capecitabine: n = 1), four patients were
treated with radiofrequency ablation or photo-dynamic therapy,
sixteen patients received no therapy or were treated with best
supportive care.

Median follow-up was 85 days (range: 3- 981), three patients
(12.5%) were alive at the end of follow-up at day 981. Median OS
was significantly longer in CTC negative patients (168 vs. 39
days, hazard ratio.38, 95% confidence interval:.15-.99; p =.048).
Kaplan-Meier curves estimating OS are shown in Figure 2.

In the RC, thirteen patients were enrolled undergoing
curative-intended surgery between October 2017 and April
2018. Two blood samples for each patient were obtained prior
to surgery: Blood samples were taken simultaneously by
puncturing a peripheral vein (pv) and from a central venous
(cv) catheter that had been placed at the day of scheduled
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surgery. Patients, in whom diagnosis of CCA or GBCA was
not confirmed histologically (n = 2), were excluded from further
analysis. Out of eleven patients who were included in final
analysis, nine (82%) were male, median age was 67 years. The
most common tumor type was pCCA (n = 6) and the ECOG
status was 0 in nine patients (82%). CTC were found in six
patients (55%). In two patients, CTCs were found in pv and cv
compartment, while in two patients each, CTCs were only found
in pv or the cv compartment. Taken together, by adding CTCs
measurement in c¢v compartment, two patients had been
additional identified to be CTC positive.

Patients were followed for a median time of 446 days (range:
43- 537 days). In three patients, distant metastases were found
intraoperatively (n = 2) or soon after surgery (Figure 3). In all of
these patients, CTCs were found prior to surgery while none of
the CTC negative patients developed metastases within the
follow-up period. Three patients (27%) died during follow up,
two of these were initially diagnosed positive for CTCs and both
were found to have an advanced, non-resectable tumor during
exploration. The third patient died due to an unrelated cause. No
significant difference was found regarding OS between CTC
positive (CTC +) and negative (CTC -) patients in the RC with a
median OS of 751 days in CTC + patients (mOS in CTC negative
patients is not yet reached, p = 0.78; hazard ratio: 0.74; 95%
confidence interval: 0.044-12). Characteristics of RC cohort are
show in Table 2.

Discussion

CCA is a rare, but aggressive primary liver malignancy,
characterized by a poor prognosis and high recurrence rate (35).
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TABLE 1 Baseline characteristics of the feasibility cohort.

Characteristics Total
n 27
Age (median; min/max) 72 (27- 89)
Male (n; %) 18 (66)
ECOG (n; %):
0 6 (22)
1 7 (26)
2 9 (33)
3 5(19)
Tumor type (n; %):
iCCA 7 (26.9)
pCCA 15 (55.5)
dCCA 2(7.5)
GBCA 3 (11.1)
Treatment modalities:
Systemic chemotherapy 11
BSC 16
Tumor characteristics (n;%):
T1/T2 16 (59)
T3/4 11 (40.1)
N1 8 (29.6)
M1 9(33.3)

CTC =2

Laboratory findings (median/min- max):

yGT [U/L] 386 (54- 2308)
AP [U/IL] 352 (63- 876)
ASAT [U/L] 66 (17- 173)
ALAT [U/L] 44 (10- 227)
Bilirubin [mg/dl] 1.9 (0.2- 25.8)
CA 19-9 [kU/L] 324 (1.3- 45093)

10.3389/fonc.2022.941660

CTC - CTC + P
16 11
73 (47- 89) 64 (27- 82) 12
9 (75) 9(82) 23
4 (25) 2 (18) 1.0
3 (19) 4 (36) 39
6 (37) 3(27) 38
3 (19) 2(18) 1.0
4(25) 3(27.3) 1.0
10 (62.5) 5 (45.4) 45
2 (12.5) - 49
- 3(27.3) 056
5 6
5 11 68
10 (62.5) 6 (55) 71
6 (37.5) 5 (45)
4(25) 4 (36.4) 67
3 (18.8) 6 (54.5) 09
- 5 (45)

403 (54- 2308) 369 (128- 1484) 84
269 (63- 806) 502 (100- 876) 12
54 (17- 172) 72 (34- 172) 21
31 (10- 213) 78 (20- 227) 48
1.0 (0.2- 14.7) 3.5 (0.2- 25.8) .16

394 (9.6- 45093) 152.4 (1.3- 4393.4) 34

ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate ami-notransferase; CA 19-9, carbohydrate antigen 19-9; CTC+, CTC positive; CTC-, CTC negative; ECOG,

Eastern Cooperative Oncology Group performance index; YGT, gamma-glutamyltransferase.

Specific biomarkers are therefore needed, not only for primary
diagnosis but also to guide treatment, especially since the
established tumor marker carbohydrate antigen 19-9 (CA 19-
9) has a low diagnostic accuracy in early-stage cancer and several
non-malignant conditions can also cause elevated CA 19-9 levels
(36, 37).

In this study, we demonstrated that CTC are detectable in
patients with cholangio- and gallbladder carcinoma and that
evidence of CTC has a prognostic impact in patients with
progressed tumor disease. Furthermore, we found that CTC
detection in patients undergoing curative intended tumor
resection is associated with occult tumor spreading and metastases.

Using a stepwise approach, we first measured CTC in a
cohort of patients with metastatic tumor disease. In this cohort,
we found CTC in 44% of all patients, underlining the feasibility
of CTC detection using the CellSearch System. In comparison to
previous studies by Yang et al. and Ustwani et al., reporting
detection rates of 17% and 25%, respectively, the number of CTC
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positive patients in our study was relevant higher (30, 31).
Addressing this, it has to be mentioned, that in both studies a
threshold of >2 CTCs had been used to classify patients as CTC
positive while we used a cut-off value of > 1 CTC to diagnose
patients positive. The rationale for using this threshold was
based on recent studies including patients with hepatocellular-
or urothelial carcinoma and the ABC-03 trial, investigating the
impact of biomarkers in biliary tract cancer patients receiving
cediranib, applying a cut-off value > 1 CTC (28, 38, 39).
Furthermore, it has to be mentioned that the amount of
detectable CTCs varies among different tumor types and also
depends on tumor extend: while larger amounts with > 5 CTCs
were found in patients with metastatic colorectal or breast
cancer, Yang et al. found a median of one or more CTC in 25
out of 88 CCA patients (28%) (40, 41). According to this, in our
study CTCs were more often detected in patients with an
advanced tumor stage, while in the RC cohort, primarily one
CTC per blood sample was detected in CTC positive patients.
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TABLE 2 Baseline characteristics of the resection cohort.

Characteristics Total
n 11
Age (median; min/max) 67 (50- 79)
Male (n; %) 9 (82)
ECOG (n; %):

0 9 (82)

1 2 (18)
Tumor type (n; %):

iCCA 4(26.9)

pCCA 6 (55.5)

GBCA 1(11.1)
Tumor characteristics (n;%):

pT1/T2 7 (64)

pT3/T4 4 (36)

pN1 4 (60)

pM1 3(27)

pL1 3(27)

pv1 3(27)
CTC detection:

pv only

cv only

pv +cv

Laboratory findings (median/min- max):

YGT [U/L] 221 (41- 886)
AP [U/IL] 285 (139- 970)
ASAT [U/L] 408 (29- 610)
ALAT [U/L] 285 (34- 749)

Bilirubin [mg/dl]
CA 19-9 [KU/L]

1.9 (0.4- 4.1)
1404 (804- 2849)

10.3389/fonc.2022.941660

CTC - CTC + P
5 6
67 (60- 73) 65 (50- 79) 25
3 (60) 6 (100) 23
4 (80) 5(83) .87
1(20) 1(17)
2 (40) 2 (33) .89
2 (40) 4 (66)
1(20) -
2 (40) 5(83) 74
3 (60) 1(17)
3 (60) 1 (16) 55
- 3 (50) 49
2 (40) 1 (16) .88
2 (40) 1(16) .88
- 2 (33)
- 2(33)
- 2 (33)

221 (58- 886)
161 (139- 288)
387 (238- 427)
285 (141- 364)
1.2 (0.9- 4.1)
1848 (846- 2849)

285 (41- 868)
288 (282- 970)
481 (29610)
357 (34- 749)
2.3 (0.4- 3.8)
1383 (804- 1962)

ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate ami-notransferase; CA 19-9, carbohydrate antigen 19-9; cv, central venous; CTC+, CTC positive; CTC-, CTC
negative; ECOG, Eastern Cooperative Oncology Group performance index; pv, peripheral venous; YGT, gamma-glutamyltransferase.

As the prognostic relevance of CTC for CCA patients has
been demonstrated in the study of Yang et al., the median OS of
CTC positive patients with progressed CCA was also
significantly reduced in our study (31). Hence, we can confirm
the finding of Yang et al. in European cohort. Interestingly, other
risk factors for poor prognosis in patients with metastatic tumor
disease, such as distant metastasis or positive lymph node status,
did not significantly affect the median OS in our study. But given
the comparably small size of the training cohort and the
inhomogeneity of the patient’s tumor stage, further studies
including a greater number of patients are needed to further
address this question.

After proofing the prognostic impact of CTCs in the first
phase of the study, we evaluated the diagnostic relevance of CTC
in patients with localized CCA presenting for curative intended
tumor resection. Prior to surgery, an accurate tumor staging in
CCA patients is important, because lymph node metastases are a
significant negative predictor for postoperative OS (42). But as
radiological imaging has a poor sensitivity to detect local lymph

Frontiers in Oncology

06

node infiltration (43), additional biomarkers are needed to
improve preoperative assessment of tumor spread. The
association of CTCs and micrometastases has been evaluated
in different tumor types, but has not yet been evaluated in CCA
and GBCA patients.

In the RC cohort, we found CTCs in >50% of all patients, but
only one CTC positive patient was found to have positive lymph
nodes (N1). Interestingly, only in CTC positive patients, local
tumor progression (e.g., infiltrating of the duodenum in one
patient, a local peritoneal carcinomatosis undetectable by CT
scan prior to surgery in another patient) was diagnosed during
surgery. Furthermore, in another CTC positive patient, distant
pulmonary metastases were found within a few days following
surgery, when an additional CT scan was performed to rule out
pulmonary embolism. Thus, preoperative detection of CTC
should raise suspicion of advanced tumor spread. In summary,
while presence of CTCs does not seem to correlate with lymph
node status, CTC positive patients seemed to be at risk for occult
tumor progression, invisible on imaging techniques.
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FIGURE 2

Kaplan- Meier overall survival (OS) estimates according to the presence of distant metastases (A), CTC (B), positive lymph node status (C) and
older age (D) in patients of the training cohort (n= 27). While presence of extrahepatic metastases shows a trend of impaired survival (85 vs 50
days, hazard ratio (HR): 0.453, 95% confidence interval (95% CI):.153- 1.33; p= .14), only detection of CTC was significantly associated with an
impaired OS (168 vs. 39.5 days, HR:.38, 95% Cl:.148-.99; p= .048)
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FIGURE 3

Study algorithm, localization of prior occult metastases and overall survival (OS) for FC patients. Prior to surgery, blood samples for CTC
measurement were obtained from the central and peripheral venous compartment. Following tumor resection, a CT scan was scheduled every
three months for routine followup (A). Localization of metastases that were not detectable at the initial radiology staging but were found during
or immediately after tumor resection, e.g. pulmonary filiae (pM1), a distant metastasis infiltrating the duodenum (pM1*) and local peritoneal
carcinomatosis (pM1#) in a total of three CTC + patients (B). Kaplan — Meier estimates reveals no significant difference in terms of OS between
CTC positive and negative RC patients (HR: 0.74; 95% Cl:.04- 12.28 (C).
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In all previous studies investigating CTCs in CCA patients,
blood specimen for CTC measurement had only been obtained
from peripheral cubital veins. But distribution of CTC varies
among different vascular compartments in various tumor types:
in patients with colorectal cancer who underwent tumor
resection, a larger amount of CTCs had been detected in the
mesenteric blood compared to the pv compartment (44).
Furthermore, in a study of Fang et al. including HCC patients
presenting for transarterial chemoembolization (TACE), CTCs
were found significantly more often in the central venous than in
the peripheral venous compartment (45). Considering this
remarkably different distribution, we obtained blood samples
from RC patients from a peripheral and a central vein in parallel
prior to surgery.

In the RC, we found no difference in terms of the amount of
CTCs detected in pv and cv compart-ment: only one CTC was
found in each CTC positive sample. But it has to be noted that in
two patients, CTCs were only detected in cv but not in pv blood
samples, pointing to a possibly different distribution of CTCs in
cv compartment. On the other hand, in two other CTC positive
patients, cells had only been detected in pv compartment,
whereas cv blood samples had been negative for CTCs. Taken
together, this finding demonstrates, that sequential testing of
patients increases the amount of CTC but studies with a larger
number of patients are needed to further elucidate CTC
concentration in different vascular compartments.

Regarding the relatively small number of CTCs that had
been detected in patients undergoing curative resection, several
aspects have to be taken into account: First, the amount of CTCs
that are shed in the blood stream correlates with the tumor size
(46). Regarding the often small size of BTC, this will limit the
number of CTCs a priori. Second, measuring CTCs by using an
EpCAM-based system can be ham-pered by the fact, that CTCs
partially underwent a complex process, termed epithelial- to
mesenchymal transition (EMT), in which CTCs are changing
their epithelial properties to more stem cell or mesench-mal
attributes, including downregulation of surface proteins such as
EpCAM, and thus potentially limiting CTC detection (47-49).

This study has several limitations, that need to be addressed.
First, the FC consisted of patients with different types of CCA in
terms of their anatomical localization and also patients with
GBCA. Given the fact that iCCA is associate with an increased
risk of mortality compared to dCCA, distribution of different
types of CCA might have interfered survival rates. Additionally,
lymph node status and presence of distant metastases differed
among patients in the trainings cohort. Second, FC patients were
heterogeneous regarding the treatment modalities and this may
also contribute to clinical course and outcome: while some of the
patients were receiving palliative intended chemotherapy, others
were only treated symptomatically without any anti-tumor
directed medication. And although blood samples for CTC
measurement were only taken shortly before chemotherapy
was administered, one cannot rule out the impact of
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chemotherapy on CTC spread or shedding. Most notably, the
FC and RC both consist of only a small number of patients,
partially due to the relative rare tumor entity, hampering further
statistical subgroup analysis.

Taken together and considering the limitations mentioned,
in this pilot study using a two-step approach, we demonstrated
that CTCs are detectable and associated with impaired OS in a
Western cohort of patients with progressed and metastatic CCA.
Furthermore, in a prospective second part of the study,
preoperative detection of CTCs was associated with the
presence of metastases that had been untraceable in previous
imaging. Additionally, we demonstrated that CTCs are
detectable in both, the central and the peripheral
venous compartment.

Although preoperative detection of CTCs was not associated
with an impaired OS in our study, the prognostic impact of this
biomarker should be further evaluated in a large cohort of
patients undergoing curative-intended resection.
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