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ABSTRACT

KEY WORDS

Background:  Circulating Tumor Cells (CTCs) have been described in malignancies of epithelial origin. In this study we 
examined the detection of CTCs using CellSearch assay in cholangiocarcinoma and gallbladder cancer.
Methods: The clinical outcomes and detection of CTCs were examined in sixteen patients with biliary cancer using the 
CellSearch assay. Stages of cancer, baseline demographic data and overall survival were evaluated. 
Results: Thirteen patients had cholangiocarcinoma and three had gallbladder cancer. Using a cut off of two or 
more CTCs per 7.5 mL of blood, 3/13 cholangiocarcinoma and 1/3 gallbladder cancer patients had detectable 
CTCs. At 12 months of follow up from time CTC is drawn; 1/4(25%) of patients with positive CTC were alive while  
6/12 (50%) of patients with negative CTC remained alive without a significant difference in survival between the 
two groups.
Conclusions: Our finding that 25% of patients with cholangiocarcinoma and gallbladder cancer have two or more detect-
able CTCs/7.5 mL is the first report to our knowledge in this disease. Larger patient numbers are needed to determine the 
prognostic significance of finding CTCs in biliary cancer. Prospective validation of the role of CTC in advanced biliary 
cancer patients is on going.
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Introduction

In In this era of personalized medicine there is a great need 
for individualizing therapy and better prognostic markers. 
Reproducible assays that can be used to determine the 
predictive value of promising biomarkers are fundamental 
to these efforts. Therapeutic and prognostic decisions are 
based today on clinical examination, imaging studies, on 
TNM staging system, molecular and receptor status and 
serum biomarkers. We rely largely on imaging assessment, 
however these are not ideal as it can take 2-3 months to see 
measurable response to therapy and in some circumstances 
patients do not have radiographically measurable disease (1). 

Furthermore with many biological therapies, radiographic 
responses are rare and sometimes even mild increase with 
central necrosis in the tumor is seen.

The principle that tumor cells overexpress epithelial 
cell adhesion molecule (EpCAM) has been exploited to 
detect these cells from peripheral blood using multiple 
techniques in various epithelial cancers over the past few 
years. Immunocytochemistry, reverse transcriptase-PCR, 
f low cytometry, the enzyme-linked immunosorbent spot 
(ELISPOT) assay, CellSearch and CellSpotter systems 
are some of the methods tested to detect the Circulating 
Tumor Cells(CTC) and determine their ability to  predict 
treatment efficacy, progression free survival (PFS) and 
overall survival (OS) in patients with metastatic cancer (2-8). 
For most of these methods, lack of reproducibility has been 
the major limitation for widespread use. 

The Circulat ing Tumor Cel ls (CTC) is a Cl inica l 
Laboratory Improvement Amendments (CLIA) validated 
assay that holds promise as it could serve as a surrogate 
marker in metastatic and primar y epithel ia l cancers. 
CellSearch provided an immunomagnetic assay to capture 
and enumerate CTCs by targeting the overexpressed 
EpCA M using ant ibodies against CD45-, EpCA M+, 
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DAPI+, CK (cytokeratin) 8, 18 and/or 19+. The assay was 
validated by achieving high sensitivity, specificity, positive 
and negative predictive values (98%, 100%, 96.5% and 
100% respectively) (9). It is an automated, standardized, 
reproducible and FDA approved assay for use in metastatic 
breast (1,10), colon (11,12) and prostate cancer (13,14). CTC 
detection has been undertaken using this assay in bladder 
cancer (15-17), melanoma(18), lung (19) in addition to other 
solid tumors. CTC detection using Cellsearch has also 
been evaluated in small studies to monitor chemotherapy 
outcomes in hepatocellular and pancreatic cancer (20,21).

Cholangiocarcinoma is a rare type of cancer with rising 
incidence worldwide (22) and carries  a very poor prognosis. 
Cancers of the bile duct include tumors arising in the intra 
and extra hepatic bile ducts (called cholangiocarcinoma) 
as well as cancer of the gall bladder. Most patients have 
advanced disease at presentation and survival is often short. 
Therapy for these patients is intended to be palliative and 
quality of life is often poor, hence early knowledge of the 
likelihood of benefit from different therapies could be very 
useful to guide management. No studies have yet been done 
to examine the detection of CTCs in cholangiocarcinoma 
and gallbladder cancer using immunomagnetic assays thus 
the cut off for a positive CTC value has not yet been defined. 
Since EpCAM is overexpressed in gallbladder cancer and 
cholangiocarcinoma (63-100 and 81-90% respectively) (23) 
we hypothesized that CTCs can be detected and might 
correlate with stage of disease.

Methods

Patients

With IR B approval, sixteen patients from Roswell Park 
Cancer Institute with cholangiocarcinoma or gallbladder 
cancer that had at least one CTC measurement were 
included. This included al l patients with histological 
diagnosis of cholangiocarcinoma or gallbladder cancer 
which was the only inclusion cr iter ia . Samples were 
collected and analyzed using the CellSearch assay. Clinical 
follow up and sample collection occurred between June 
2008 and May 2011.

To evaluate patients survival and its correlation with 
CTC status, patients were divided into two groups, group 
one (G1) were patients with negative or 1CTC/7.5 mL and 
group t wo (G2) were pat ients w it h 2 or more CTC/ 
7.5 mL. Overall survival was defined as the time of follow up 
between the first CTC detected and the survival (censored 
at May 2011). Progression free survival was defined as 
the time of follow up between the first CTC and the first 
progression on CT scans according to WHO criteria.

CTC assay

The circulating tumor cells (CTC) were detected using 
t he Cel lSea rch a ssay by Ver ide x L L C , R a r it a n,  N J 
(24,25). The CellSearch assay enumerates only CTC that 
express EpCAM and cytokeratins (CK) 8, 18, and 19. The 
CellSearch epithelial cell kit (Veridex LLC) contains an anti-
EpCAM ferrofluid capture reagent and immunofluorescent 
reagents. The anti-EpCA Mferrof luid reagent consists 
of nanoparticles with a magnetic core surrounded by 
a polymeric layer coated with monoclonal antibodies 
targeting the EpCAM antigen expressed by CTCs allowing 
their selective capture. After immunomagnetic capture of 
CTCs and enrichment, fluorescent reagents were added for 
identification and enumeration of CTCs. The f luorescent 
reagents included: a mixture of two phycoerythrin (PE) 
conjugated anti-CK monoclonal antibodies that bind to 
CTCs intracellular cytokeratins 8, 18, 19 and nucleic acid 
dye 4', 6-diamidino-2-phenylindole (DAPI) to fluorescently 
label the cells nuclei and anti-CD45-A llophycocyanin 
(A PC) conjugated monoclonal antibodies specif ic for 
leukocytes. 

Peripheral blood (7.5 mL) was collected into CellSave 
Preservative Tubes (Veridex LLC, Raritan, NJ), which 
are evacuated blood draw tubes containing EDTA as 
anticoagulant and a cellular preservative. Blood samples 
were maintained at room temperature for different time 
intervals and processed within a maximum of 96 h after 
blood drawing (2,26). One representative sample result is 
shown in Figure 1.

A positive CTC was defined at two cells per 7.5 mL 
of blood based on the expected frequency of EpCA M 
detection in patients with biliary cancer.

No spiking experiments were done in biliary cancer 
cells. The CellSearch positive control kit is used to maintain 
quality control for reagents, instruments and operator 
techniques and is performed for each patient's sample. The 
control kit includes 24 single use control bottles containing 
two populations of a fixed breast cancer cell line at high 
and low concentrations. Different fluorescent dyes specific 
to each populations permit simultaneous enumeration of 
high and low controls in one assay. Each of the high and low 
CTC control values obtained has to fit within two standard 
deviation of the relevant reference range mean. 

Results

Patients' baseline characteristics are shown in Table 3. 
Sixteen patients were identified and included; mean age 
at the time of diagnosis was 62 (31-78) years. Twelve 
patients (75%) were females, 13 (81%) had intrahepatic 
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Figure 1.  Selected frames represent CTC isolated from peripheral blood by immunomagnetic capture and analyzed by a f luorescent 
microscope. CTC are positive for cytokeratin and DAPI and negative for CD45 markers.
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cholangiocarcinoma, three patients had gallbladder cancer. 
Stages at assessment of CTC were: Stage I (n=1), stage II 
(n=1), stage III (n=5) and stage IV (n=9). Fifteen patients 
(94%) died during the time of follow up. Mean followup 
time was twenty months. Patients' therapies and outcome 
details are shown in Tables 1 and 2.

Using 2 CTC/7.5 mL as a cutoff; 3/13 patients with 
cholangiocarcinoma and 1/3 with gallbladder cancer were 
positive. All patients with positive CTC had stage III or IV 
when the assay was conducted as shown in figure 2 . 

When studying patients' outcome and the correlation 
with CTC value at 12 months of follow up from time CTC 
was drawn; 1/4(25%) of patients with positive CTC and 
6/12(50%) of patients with negative CTC remained alive 
which was not statistically significant  (P=0.392) using 
Fisher exact test. Overall survival between the two groups 

was not statistically significant using Kaplan Meier curve 
(P=0.796). However this is a pilot study that was not 
designed to compare overall survivals between patients with 
negative and positive CTC.

Discussion

The Cel lSearch is the f irst automated, standardized, 
reproducible and FDA approved test for use in advanced 
metastatic breast (1,10), colon (11,12) and prostate cancer 
(13,14). Patients w ith posit ive CTC at basel ine were 
predicted to have shorter progression free survival (2.7 vs. 
7.0 months, 4.5 vs. 7.9 months, 4.2 vs. 5.8 months for breast, 
colorectal and prostate cancers, respectively) and overall 
survival (10.9 vs. 21.9 months, 9.4 vs. 18.5 months and 11.5 
vs. 21.7 months for breast, colorectal and prostate cancers, 
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Patient Age years Gender Stage
Initial CTC 
per 7.5 mL

Number 
of sites of 
disease

Treatment 

Progression 
free interval 
from CTC 
draw (months)

Overall survival 
from CTC draw 
(months)

Outcome

1 60 F IV 4 2 Liver, nodes 3rd line 22 23 Death

2 75 F IV 0 1 Liver 3rd line 6 19 Death

3 63 F IV 0 2 Liver, lung 2nd line 2 6 Death

Table 2. Clinical information of patients with gallbladder cancer.

Patient
Age
years

Gender
Initial CTC 
per 7.5 mL 
blood 

Initial CTC 
per 7.5 mL 
blood 

Number 
of sites of 
disease

Treatment 

Progression 
free interval 
from CTC draw 
(months)

Overall 
survival from 
CTC draw 
(months)

Outcome

1 44 F I-b 0 0 1st line 24 30 Alive

2 66 F II 0 1liver 3rd line 7 15 Death 

3 72 F III-b 0 1 Nodes 2nd line 9 10 Death

4 63 F III-b 1 1 Liver 4th line 5 20 Death

5 62 F III-c 0 1 liver 2nd line 4 15 Death

6 68 F III-c 2
2 Liver, 
peritoneum

1st line 2 2 Death

7 56 M III-c 0
3 Liver, 
spleen, lung

1st line 5 5 Death

8 62 F IV 25
3 Liver, lung, 
bone

2nd line 2 7 Death

9 31 M IV 1
3 Liver, lung, 
omental

4th line 4 17 Death

10 60 F IV 0
2 Liver, 
portal nodes 2nd line

5 5 Death

11 64 M IV 0 2 Liver, lung 3rd line 2 8 Death

12 60 F IV 3
3 Liver, lung, 
bone 

3rd line 1 8 Death

13 78 M IV 0 2 Liver, lung 1st line 1 1 Death

Table 1. Clinical information of patients with intrahepatic cholangiocarcinoma.

respectively) when compared with patients with negative 
CTC. The same assay has been investigated in other solid 
tumors including melanoma (18), urothelial cancer (15-17) , 
pancreatic (20,21) and lung cancer(19).

The concept of detecting CTC in biliary cancer was 
previously described but using a completely dif ferent 
technique based on carcinoembryonic antigen reverse 
transcriptase polymerase chain reaction (CEA RT-PCR) but 
none described CTC detection with an immunomagnetic 
assay (27). The strengths of this study are the use of a 
validated CLIA approved CellSearch system from Veridex 

to detect and enumerate the CTCs in the peripheral blood 
and the f irst report of detecting these cells in patients 
with gallbladder cancer and cholangiocarcinoma due to 
high frequency of EpCA M over expression (63-100% 
and 81-90% respectively according to different authors) 
(23,28-30) where it is described to be overexpressed in 
breast cancer in 81-100% in most of the subtypes with 
few exceptions(29). Cy tokeratins 7, 8, 18, 19 and 20 
were immunohistochemically examined in intrahepatic 
cholangiocarcinoma tissue samples and were found to be 
expressed in 97, 97, 77 and 71% of immunohistochemistry 
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Clinical variable Mean ± SE

Age in years 61.5±2.82

CTC value 2.25±1.54

Ca19-9 in U/mL 27933 ±18504

Duration of follow up in months 19±1.67

Time from diagnosis to first CTC in 
months

5±0.55

Number Percentage

Gender
Male 4 25%

Female 12 75%

Stage

I 1 6%

II 1 6%

III 5 31%

IV 9 57%

Diagnosis
Intrahepatic 13 81%

Gallbladder carcinoma 3 19%

Patient outcome
Died 15 94%

Alive with progression 1 6%

Table 3. Patients' baseline characteristics.

respectively. Relatively similar results were found in samples 
from gallbladder cancer (31).

Similar pilot studies have been used to help define a 
positive value which differs for each tumor type. Selection 
of the cut off value for positive CTC is based on EpCAM 
expression, detection rates and prospective validation of its 
prognostic significance by statistical analysis. Positive CTC 
values are defined differently in different cancers (3CTC/7.5 mL 
for colorectal cancer, 5CTC/7.5 mL for breast and prostate 
cancers) (8) which is related to the variation (32) or loss 
in the expression of EpCAM (33). The cut off for CTC has 
not yet been defined in biliary cancer and in this study we 
propose to set it at 2 CTC/7.5 mL. The measurement of one 
CTC/7.5 mL can be incidentally seen from healthy subjects 
or patients with benign breast and colon conditions and no 
studies have shown predictive value of one CTC/7.5 mL 
with outcomes (8). The same cut off (2 CTCs) was used for 
bladder cancer where EpCAM detection is about 35% (8,25).

The reasons why there is variability in detection rates 
compared to immunohistochemical expression of EpCAM 
are not entirely clear. The lack of the ability to detect CTCs 
in a higher percentage of patients with metastatic cancer 
may be due to the epithelial-mesenchymal transition 
(EMT), less expression of epithelial surface antigens (1) and 
there less EpCAM detection by CellSearch technology in 
advanced cancer (34). A recent study using the CellSearch 
system has shown that normal-like breast cancer subtype 
cell line with features of EMT has EpCAM levels that are 

too low to allow capture using their antibodies which raises 
the importance of developing alternative CTC markers in 
such specific circumstances (35). In colorectal cancer, in 
spite of EpCAM overexpression in almost 100% of cells on 
immunochemistry, detection can be as low as 25% where 
the cut off is set for 3 CTC/7.5 mL using CellSearch assay 
(8,26,29,36). Our results support that the same concept can 
be applied to biliary cancer as 25% of the patients had two 
or more CTCs/7.5 mL, when tumor EpCAM Expression 
ranges from 63-100% in cholangiocarcinoma and 81-90% 
in gallbladder cancer. Some drawbacks of this study are 
the lack of control healthy donors to evaluate false positive 
results. However it is expected to be very low based on 
similar examples of published breast and colon cancer 
studies. As this was intended as a pilot study, there was also 
some heterogeneity in advanced cancer patients as some 
were not treatment naïve and some opted for supportive 
care during the followup period. As changes in CTCs in 
circulation can be a function of disease burden and response 
to therapy, this limits a true assessment of the frequency of 
CTC detection at diagnosis in this illness. However this may 
not be a major drawback in the study design since positive 
CTCs correlated with poor outcome even at different 
intervals of the follow up in patients with  metastatic breast 
cancer (8). 

Another drawback would be the source of the CTC in 
those patients, all patients underwent surgical or radiology 
guided biopsies of their initial tumors including all the 
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liver masses outlined in Tables 2 and 3 which were all 
positive for their respective diagnosis of either gallbladder 
cancer or cholangiocarcinoma. However, lung or bone 
involvements of disease were not required to be biopsy 
proven per standards of care as patients' radiological staging 
was consistent with metastases from their pathology proven 
initial cholangiocarcinoma or gallbladder cancer without 
any evidence of the presence of other primary tumors in 
those patients.

As a clinical observation, two patients had serial CTC 
values in their disease course. In both patients CTC values 
correlated with the burden of their disease where decreased 
CTC were seen after treatment and this was associated in 
clinical and radiological improvement. This observation 
merits further validation as both baseline and early change 
in CTCs may prove to be useful to guide therapeutic 
decisions and to predict clinical outcomes. 

Conclusions

This is the first report to show a clinical observation of 
detectable CTCs in patients with cancers of biliary origin. 
In this pilot study using a cutoff of 2CTCs/7.5 mL, 25% 
of patients with biliary cancer had detectable CTCs. Our 
results suggest that positive as well as negative CTC results 
may have prognostic value in predicting outcomes but need 
prospective validation. Our group is currently conducting 
a prospective study to determine the value of baseline 
and change in CTCs during chemotherapy. This trial may 

help define the optimal CTC cutoff in predicting clinical 
outcomes in advanced biliary cancer patients. 
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