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Abstract

Circulating tumor cells (CTC) in blood are associated with poor survival of patients with breast,
prostate, or colon cancer. We hypothesized that CTC are associated with poor survival of patients
with cholangiocarcinoma (CCA). 88 patients with CCA were prospectively enrolled at Mayo
Clinic Rochester between June 2010 and September 2014. The CellSearch system by Veridex was
used for detection of CTC in peripheral blood. Associations between CTC, patient and tumor
characteristics and survival were examined using the Cox proportional hazards model. Fifteen
patients (17%) were positive for CTC =2 and 8 patients (9%) for CTC =5. CTC were associated
with tumor extent. CTC =2 (HR, 2.5; 95%Cl, 1.1-5.4; p=0.02) and CTC =5 (HR, 4.1; 95%Cl,
1.4-10.8; p=0.01) were both independent predictors of survival. In subgroup analyses, CTC =2
(HR 8.2; 95%Cl 1.8-57.5; p<0.01) and CTC =5 (HR 7.7; 95%CI 1.4-42.9; p=0.02) were both
associated with shorter survival among patients with metastasis. There was a trend towards
association of CTC =5 with shorter survival in patients with non-metastatic CCA (HR 4.3; 95%Cl
1.0-13.8; p=0.06). CTC =2 (10.5; 95%CI 2.2-40.1; p<0.01) and CTC =5 (HR 10.2; 95%CI 1.5~
42.3; p=0.02) were both associated with shorter survival among patients with perihilar/distal CCA.
CTC =5 was associated with shorter survival of patients with intrahepatic CCA (HR 4.2; 95%ClI
1.1-14.1; p=0.04).
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Conclusion—CTC were associated with more aggressive tumor characteristics and
independently associated with survival in patients with CCA. Assessment of CTC may be useful
for identifying CCA patients at risk of early mortality.
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Introduction

Cholangiocarcinoma (CCA) is the second most common cause of primary liver cancer. A
recent population based study in the US reported an increasing incidence of intrahepatic
CCA.1 Unfortunately, the prognosis of patients with CCA is dismal, as most CCAs are
detected at an advanced stage for which there are no effective treatment options. With
advances in molecular technologies, cancer biomarkers have been shown to have utility for
early detection, prediction of treatment response and prognostic prediction in patients with
various types of cancers. The development of novel cancer biomarkers for CCA may help in
clinical decision making and lead to improvements in patient outcomes by facilitating early
detection of cancer, prediction of the response to specific treatments, improved monitoring
of patients on treatment, and better prognostication of patient outcomes, thus improving
stratification for clinical trials.

As tumor cells proliferate, they promote angiogenesis and then invade into the blood stream
to sites of distant metastasis. It has been estimated that approximately 1x108 tumor cells per
gram of tumor tissue are released into the circulation daily.2 These circulating tumor cells
(CTC) have been investigated as a prognostic indicator in various types of cancers using
different CTC detection techniques.® The CellSearch System (Janssen/Veridex; Raritan, NJ)
has been tested most extensively.* It is designed to capture cells expressing cancer specific
epithelial cell adhesion molecules (EpCAM) using antibody-coated magnetic beads followed
by positive identification of intact tumor cells using fluorescently labeled antibodies against
cytokeratin and nuclear staining. Detection of CTC in blood has been associated with poor
progression free and overall survival in patients with metastatic/non-metastatic breast
cancer>-8, metastatic colon cancer,® and bladder cancer.19 CTC were also reported to be
associated with overall survival in patients with metastatic castration-resistant prostate
cancer and have been shown to be detectable in patients with other metastatic cancers
including ovarian and lung cancers.*11

It has been shown that most CCA cells express EpCAM, and a pilot study of 13 patients
with intrahepatic CCA reported that CTC were detectable in blood specimens from these
patients.12:13 Since CTC are generally more likely to enter the bloodstream from larger
tumors with a more metastatic phenotype, we tested the hypotheses that (i) CTC are
detectable in blood from CCA patients by CellSearch, and (ii) the presence of CTC is
independently associated with poor overall survival in patients with CCA.
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This study was approved by the Mayo Clinic Institutional Review Board. Eighty-eight
patients with pathologically proven CCA seen at Mayo Clinic Rochester who consented to
the study were prospectively enrolled between June 2010 and September 2014. In the initial
phase of the study between June 2010 and May 2012 (n=31), the goal was to confirm the
hypothesis that CTC are present and detectable in the peripheral blood of patients with CCA.
Therefore, consecutive patients with advanced stage CCA, which was defined as the
presence of a primary tumor size >5cm, CA19-9 >1,000 U/mL, and multifocal, bilobar, or
metastatic disease, were approached for consent. After confirming that CTC were detectable
in the peripheral blood in patients with CCA using the CellSearch System, from May 2012
on we enrolled all CCA patients who consented to participate in the study (n=57).

Clinical information

Patient medical records were reviewed to abstract their clinical information at the time of
CTC collection. This included demographic information; subtype of tumor: intrahepatic
CCA (iCCA), perihilar CCA (pCCA), or distal CCA (dCCA); the extent of the tumor; and
selected laboratory results. The extent of CCA was determined by cross-sectional
radiographic characteristics and/or surgical pathology reports, if available. The size of the
largest tumor, presence of multiple nodules, bilobar disease, loco-regional lymph node
invasion, distant extra-hepatic metastasis, and the American Joint Committee on Cancer/
Union for International Cancer Control (AJCC/UICC) surgical or radiologic (if the patient
did not undergo surgical resection) TNM stage (7t edition)4 were abstracted. The
treatments that patients received and/or that were recommended after enrollment were
reviewed. The patient vital status was updated at the study end date of December 31, 2014.

CTC analysis

Blood samples were collected after the diagnosis of CCA was made. For patients treated
with curative surgical resection or OLT (N=26), blood was collected prior to surgical
intervention in all patients. For patients receiving noncurative treatments/best supportive
care (N=62), blood was collected before any treatment in 44 patients (71%), while on
treatment in 12 patients (19%), or after active treatment while patients were only receiving
best supportive care in 6 patients (10%). The CellSearch System was used for the detection
and enumeration of CTC as previously described.? Peripheral blood (8-10 mL collection,
7.5 mL used for the analysis) was collected in CellSave Tubes (Jannsen Diagnostics, Raritan
NJ), shipped at room temperature, and processed within 96 hours.

Briefly, 6 ml buffer was added to 7.5 ml blood and centrifuged. After centrifugation, the
tube was placed on the Autoprep machine for capturing CTC. CTC were then identified and
enumerated using the CellTracks Analyzer. EpCAM antigen is specifically expressed on
epithelial cells, which are not normally found in the blood of healthy individuals.* Ferrofluid
reagent containing magnetic particles coated with antibodies specific for the EpCAM
antigen was used for initial capture of CTC. Further identification of captured cells was
performed using immunofluorescently stained antibodies to cytokeratins 8, 18 and 19
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conjugated with phycoerythrin (PE) for epithelial cell identification and the nuclear dye 4,6-
diamidino-2-phenyindole (DAPI) to label the cell nucleus. Antibody specific for CD45
conjugated to allophycocyanin was used to identify leukocytes. Cells that were cytokeratin+/
DAPI+/CD45- were considered positive for the CTC phenotype.

Statistical analysis

Results

Patients were followed until December 31, 2014. To ascertain complete capture of all
decedents, a proprietary information source (Accurint ®) was used to supplement death
records in the medical records and the institutional registration file. Death from any cause
was considered as an event in this analysis. Overall survival was estimated by the Kaplan
Meier method and compared using the Log Rank test. The Cox proportional hazards model
was used to identify factors affecting overall survival. Factors associated with overall
survival in the univariate analysis at P<0.05 were included in the multivariate models. Given
the significant association between CCA subtype and CTC positivity, CCA subtype (iCCA,
pCCA or dCCA) was included in the multivariate model. Individual components of the
UICC/AJCC TNM staging system (T, N, and M) were tested in the survival analysis.

The associations between detection of CTC, baseline clinical characteristics and overall
survival were analyzed. Results were reported as the mean + standard deviation or median
and interquartile range for continuous variables and as percentages for categorical variables.
Associations between CTC and clinical characteristics were tested by analysis of variance
(ANOVA) or Kruskal-Wallis test for continuous variables and chi-square or Fisher’s exact
test for categorical variables.

Statistical analyses were performed using JMP statistical software v.10 (SAS Institute, Cary,
NC) and differences were considered statistically significant when the P<0.05. All P values
presented are 2-sided.

Clinical characteristics

The mean age of patients was 61 and 54 (61%) were male (Table 1). One or more CTC was
detected in 25 (28%), two or more CTC in 15 (17%) and five or more CTC in 8 (9%)
patients. There was no significant association of CTC with patient age, sex, or race. There
were 41 patients with iCCA, 42 patients with pCCA, and 5 patients with dCCA. CTC =2
was associated with iCCA: 29% of iCCA patients had CTC =2, while 7% and 0% of patients
with pCCA and dCCA had CTC =2, respectively (P=0.01). All patients with CCA occurring
in the context of PSC (n=17; 15 pCCA, 1 iCCA, and 1 dCCA) had CTC <2 (P<0.01). There
was no association of CTC with cirrhosis. Baseline laboratory results (AST, ALT, bilirubin,
and alkaline phosphatase) were comparable except that the mean total bilirubin level was
higher in patients with CTC =5 compared to patients with CTC <5. The higher bilirubin
levels found in patients with CTC =5 may be due to the larger tumor extent in these patients,
which leads to biliary obstruction and cholestasis. Thus, larger CTC numbers appear to
correlate with a larger tumor burden, which is associated with a higher likelihood of biliary
obstruction.
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CTC and tumor characteristics and treatment

CTC were associated with CCA tumor extent (Table 2). Patients with CTC =2 had larger
mean tumor size than patients with CTC<2 (9.8 vs. 4.6 cm, P<0.01). Higher proportions of
patients with CTC =2 had multinodular disease (73 vs. 30%, P<0.01), bilobar disease (80 vs.
38%, P<0.01), loco-regional lymph node invasion (73 vs. 36%, P<0.01), and distant
extrahepatic metastasis (47 vs. 16%, P=0.02). There was a trend towards association of CTC
=2 or =5 with the AJCC/UICC TNM staging system. Median CA19-9 was significantly
higher in patients with CTC =2 than in patients with CTC <2 (579 vs. 112 U/mL, P=0.04).
Similar results were noted when comparisons were made between patients with CTC =5 and
CTC <5.

The sensitivity of CTC =1 in detecting metastatic disease was 53%. The sensitivity
decreased to 37% and 21% with cutoffs of CTC =2, and CTC =5, respectively, suggesting
that CTC alone may not be a highly-sensitive biomarker for detecting metastatic disease.

Among patients with CTC <2, 25 (34%) patients underwent surgical resection (n=15) or
OLT (n=10) while only 5 (7%) patients were treated with best supportive care. On the other
hand, only one (7%) patient with CTC =2 underwent surgical resection and no patients with
CTC =2 received OLT. Three (20%) patients with CTC =2 were treated with best supportive
care. Similar results were noted when comparisons were made between patients with CTC
=5 and CTC <5 (Table 2).

Factors associated with overall survival

The median follow up was 18 months and 41 of the 88 (46.6%) patients died (Table 1). The
median survivals were 5 and 27 months in patients with CTC =2 and CTC <2, respectively
(P<0.01) (Figure 1A). The presence of CTC =2 was associated with poorer survival in
univariate analysis (Hazard Ratio [HR] 3.1; 95% confidence interval [CI] 1.5-6.1; P<0.01)
(Table 3). The median survivals were 5 and 20 months in patients with CTC =5 and CTC
<5, respectively (P<0.01) (Figure 1B). The presence of CTC =5 was associated with poorer
survival in univariate analysis (HR 5.4; 95%CI 1.9-13.0; P<0.01). (Table 3) Demographic
features including age per 10 years (HR 1.3; 95%CI 1.0-1.6; P<0.01) and male sex (HR 2.1;
95%Cl 1.1-4.5; P=0.02) were associated with poorer overall survival. Other tumor related
factors, including multinodular disease (HR 2.1; 95%CI 1.1-3.8; P=0.02), bilobar disease
(HR 2.4; 95%CI 1.3-4.6; P<0.01), loco-regional lymph node invasion (HR 2.9; 95%CI 1.5-
5.6; P<0.01), CA-19-9 >100 U/mL (HR 3.7; 95%CI 1.8-8.2; P<0.01) and distant
extrahepatic metastasis (HR 6.0; 95% CI 2.9-12.6; P<0.01) were also significantly
associated with poor overall survival. There was a trend towards association of AJCC/UICC
T staging with shorter overall survival (HR 1.4; 95%CI 1.0-1.9; P=0.07). Tumor subtype
(iCCA vs. pCCA or dCCA) was not significantly associated with overall survival. Further,
neither PSC nor cirrhosis was significantly associated with overall survival by univariate
analysis. In multivariate analysis, the independent predictors of overall survival were distant
extrahepatic metastasis (HR 6.4; 95%CI 2.8-14.5; P<0.01), CA 19-9 (HR 2.8; 95%CI 1.3-
6.4; P<0.01), CTC =22 (HR 2.5; 95%CI 1.1-5.4; P=0.02), and age (HR 1.4; 95%CI 1.1-1.7;
P<0.01) (Model 1). When CTC =5 was substituted for CTC =2 in the multivariate models,
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CTC =5 was a stronger independent predictor of overall survival (HR 4.1; 95%CI 1.4-10.8;
P=0.01) (Model 2).

Subgroup analyses

The associations between CTC and overall survival were examined in subgroups of patients
with or without extrahepatic metastasis. Among patients with metastasis, the median
survivals were 2 and 8 months in patients with CTC =2 and CTC <2, respectively (P<0.01)
(Figure 2A). CTC =2 was associated with shorter overall survival compared to CTC <2 (HR
8.2; 95%Cl 1.8-57.5; P<0.01). Similarly, the median survivals were 1 and 8 months in
patients with CTC =5 and CTC <5, respectively (P<0.01) (Figure 2B) and CTC =5 was
associated with shorter overall survival compared to CTC <5 (HR 7.7; 95%CI 1.4-42.9;
P=0.02). Among patients without metastasis, the median survivals were 13 and 28 months in
patients with CTC =2 and CTC <2, respectively (P=0.12) (Figure 2C); patients with CTC =2
had shorter survival, but the difference did not reach statistical significance, most likely due
to the small number of patients without metastatic disease who had CTC (HR 2.1; 95%ClI
0.7-5.2; P=0.16). The median survivals were 5 and 29 months in patients with CTC =5 and
CTC <5, respectively (P=0.02) (Figure 2D); there was a trend towards association of CTC
=5 with shorter overall survival compared to CTC <5 (HR 4.3; 95%CI 1.0-13.8; P=0.06)

Similar results were obtained when the analyses were performed in the subgroups of patients
with early stage (AJCC/UICC TNM stage 1-2) or advanced stage (AJCC/UICC TNM stage
3-4) CCA. Among patients with AJCC/UICC TNM stage 3—4, the median survivals were 5
and 12 months in patients with CTC =2 and CTC <2, respectively (P<0.01) (Figure 3A).
CTC =2 was associated with shorter overall survival compared to CTC <2 (HR 3.0; 95%CI
1.3-6.6; P=0.01). Similarly, the median survivals were 4 and 12 months in patients with
CTC =5 and CTC <5, respectively (P=0.01) (Figure 3B) and CTC =5 was associated with
shorter overall survival compared to CTC <5 (HR 3.3; 95% CI 1.1-8.6; P=0.04). Among
patients with AJCC/UICC TNM stage 1-2, the median survivals were >37 and 13 months in
patients with CTC =2 and CTC <2, respectively (HR 2.5; 95%CI 0.4-9.7; p=0.30)(Figure
3C). The median survivals were 5 and >47 months in patients with CTC =5 and CTC <5,
respectively (P<0.01) (Figure 3D); there was an association of CTC 5 with shorter overall
survival compared to CTC <5 (HR 28; 95%CI 1.1-707.4; P=0.04)

Lastly, the association between CTC and overall survival was examined in the subgroups of
patients with iCCA (n=41) vs. pCCA/dCCA (n=47). Among patients with intrahepatic CCA,
the median survivals were 6 and 18 months in patients with CTC =2 and CTC <2,
respectively (P=0.07) (Figure 4A). There was a trend towards an association of CTC =2 with
shorter overall survival compared to CTC<2 (HR 2.3; 95%CIl, 0.9-5.4; P=0.09). The median
survivals were 5 and 18 months in patients with CTC =5 and CTC <5, respectively (P=0.01)
(Figure 4B). There was an association of CTC =5 with shorter overall survival compared to
CTC <5 (HR 4.2; 95%CI 1.1-14.1; P=0.04). Among patients with pCCA/dCCA, the median
survivals were 5 and 27 months in patients with CTC 2 and CTC <2, respectively (P<0.01)
(Figure 4C), and CTC 2 was associated with shorter overall survival compared to CTC <2
(HR 10.5; 95%CI 2.2-40.1; P<0.01). In this group, the median survivals were 3 and 27
months in patients with CTC =5 and CTC <5, respectively (P<0.01) (Figure 4D). CTC =5
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was also associated with shorter overall survival compared to CTC <5 (HR 10.2; 95%Cl
1.5-42.3; P=0.02).

Clinical characteristics of patients with elevated CTC

The clinical characteristics of patients with CTC >2 are described in Table 4. CTC values
ranged from 2 to 34. About half (53%) of patients with CTC =2 received treatment with
chemotherapy, 20% received transarterial radioembolization, and 20% received best
supportive care.

A few illustrative examples highlight the association of CTC with more aggressive disease.
One subject (#5) was treated by surgical resection. Three CTC were detected in her blood
one week prior to surgery. At surgery, she did not have any lymph node or extrahepatic
metastasis and the surgical margin was negative for tumor, but microscopic venous invasion
was noted. She was staged as T2NOMO and started on adjuvant chemotherapy with
gemcitabine and cisplatin. She developed recurrent metastatic disease in the liver and lungs
8 months after the surgery. Two patients (#1 and #2) who both had two CTC detected
preoperatively were originally thought to have resectable disease, but were found to have
unresectable and/or metastatic tumors at surgery and offered chemotherapy.

Discussion

In this single referral center based prospective study, we found CTC =2 in 15 (17%) and
CTC =5 in 8 (9%) patients with CCA. CTC =2 or 5 were associated with more extensive
tumor burden, represented by larger tumor size, multinodular disease, bilobar disease, lymph
node involvement, and metastatic disease. The median survival was significantly shorter in
patients with CTC =2 or 5. CTC =2 or 5 were associated with poorer survival in univariate
and multivariate analysis: Patients with CTC =2 had a 2.5 fold-increased risk of earlier death
compared to patients with CTC <2 (HR 2.5; 95%CI 1.1-5.4; P=0.02). Similarly, patients
with CTC =5 had a 4.1 fold-increased risk of earlier death compared to patients with CTC
<5 (HR 4.1; 95%CI 1.4-10.8; P=0.01). Additional analysis showed that CTC was associated
with a much higher risk for death in the subgroups of patients with pCCA/dCCA (HR 10.5;
95%Cl 2.2-40.1; P<0.01 for CTC =2 and HR 10.2; 95%CI 1.5-42.3; P=0.02 for CTC =5),
advanced stage CCA (AJCC/UICC TNM stage of 3-4) (HR 3.0; 95%CI 1.3-6.6; P=0.01 for
CTC =22, and HR 3.3; 95%CI 1.1-8.6; P=0.04 for CTC =5), and metastatic CCA (HR 8.2;
95% CI 1.8-57.5; P<0.01 for CTC =2 and HR 7.7; 95% CI 1.4-42.9; P=0.02 for CTC =5).

In a large study of blood samples from 344 healthy and nonmalignant disease subjects and
964 metastatic cancer subjects, less than 1% of the subjects without cancer (n=1) had a
positive CTC =2.4 This was the rationale for setting the cut off at 2 or more CTC in the
current study. Various thresholds have been used in studies examining the predictive
performance of CTC in metastatic breast and metastatic prostate cancer (=5 CTC/7.5mL
blood)8: 8 11 versus metastatic colorectal cancer (=3 CTC/7.5 mL blood).? There is also a
precedent for the use of CTC thresholds of =1 or =2 in studies of nonmetastatic breast
cancer and bladder cancer,> 7+ 10 although it is notable that at least one study” collected three
8-10 mL tubes of peripheral blood in order to detect these rare cells. In order to compare the
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prognostic performance of CTC at different CTC cutoffs, we elected to show results with
cutoffs of both CTC =5 and CTC >2.

CTC detection rates in previous studies were highest in patients with prostate cancer (57%)
followed by breast (37%), ovary (37%), colon (30%), and lung (20%).* The detection rate of
CTC also appears to correlate with the frequency and intensity of EpCAM expression in
individual tumors.1® Previous studies have investigated the expression of EpCAM in CCA
tissues.12 More than 90% of CCAs showed positive staining for EpCAM, while the
surrounding normal hepatocytes had negative staining. This parallels the situation in breast
cancer and prostate cancer and supports the use of EpCAM as a target for the detection of
CTC in patients with CCA. Despite the expected correlation between EpCAM expression in
the tumor tissues and the ability to isolate related CTC in the peripheral blood, however, it is
understood that CTC vary in the degree of EpCAM expression such that some cells may be
missed by the CellSearch technology. Toward that end, other methodologies that do not rely
on EpCAM for capture are available and will be explored, including the AccuCyte
Enrichment Technology (RareCyte; Seattle, WA), which achieves isolation by density
gradient centrifugation.16

The prognostic significance of CTC has been extensively described for breast cancer. A
landmark study on CTC measured before and after a new line of treatment in 177 metastatic
breast cancer patients showed that CTC =5 per 7.5 mL blood at baseline was associated with
poor progression-free survival (2.7 vs. 7.0 months; P<0.01) and overall survival (10.1 vs.
>18.0 months; P <0.01).6 CTC enumeration has also been shown to have prognostic utility
in patients with nonmetastatic breast cancer.®> A large German study with 2,026 patients with
early breast cancer showed that CTC >1 is an independent predictor of poor disease-free
survival, breast cancer-specific survival, and overall survival; the worst prognosis was found
in patients with CTC >5.7 Similar results have been shown for metastatic colon, prostate and
other cancers.?4 11

The prognostic significance of CTC has also been evaluated in hepatocellular carcinoma
(HCC). One study of 59 HCC patients showed that one or more CTC were detectable in
31% of patients.1” There was a strong correlation between CTC =1 and tumor stage. In
addition, CTC =1 was associated with shorter overall survival in univariate analysis
(P=0.02). Another study of 123 HCC patients undergoing surgical resection showed that
41% had CTC >2 preoperatively.18 Preoperative CTC >2 predicted the risk of recurrent
disease (HR 5.2; 95%Cl 2.7-10.2; P<0.01). Among patients who had preoperative CTC >2,
patients who had persistent CTC =2 after surgery had a higher risk of recurrent disease
compared to patients who had postoperative CTC <2 (P<0.01).

A previous pilot study has also shown that CTC are detectable in patients with CCA.13 Due
to the small sample size in that study, the effect of CTC on overall survival in patients with
CCA could not be addressed. Our study has now confirmed that CTC are detectable in
patients with CCA and shown that CTC is an independent predictor of survival in patients
with CCA.
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Our study has several limitations. This is a single referral center study, hence the results of
the current study may not be generalizable to all patients with CCA. The modest sample size
also limited the robustness of our statistical analysis. For example, there were trends that
patients with CTC =2 had poor overall survival in the subgroups of patients without
metastatic disease and intrahepatic CCA without statistical significance. In addition,
multivariate analysis was not performed in the subgroup analysis due to the limited sample
size. Nonetheless, this study determined the prognostic value of CTC in the largest number
of patients with CCA examined thus far. Inclusion of a heterogenous group of patients in
terms of CCA subtype classification (iCCA, pCCA, dCCA), tumor extent (metastatic vs.
non-metastatic), and treatment (curative surgical vs. non-curative palliative treatment vs.
best supportive care) are both a strength and a limitation of the study. The heterogeneity
allowed us to assess the influence of a variety of patient and tumor characteristics on
outcomes. On the other hand, it will be important to perform additional validation studies
focused on the specific subtypes of patients, including iCCA, pCCA and dCCA and also to
validate our initial observations of possible correlations of CTC with poor overall survival in
different clinical subgroups of CCA patients. Patients in our study did not have serial blood
draws to determine trends in CTC titers, thus our study was not able to demonstrate whether
trends in CTC are predictive of overall survival.

It is currently unknown whether patients with PSC have circulating epithelial non-tumoral
cells, which may lead to false positive results in the CellSearch System. It is reassuring that
none of the 17 patients with PSC-related CCA in our study had CTC =2; further, fourteen of
the 17 patients with PSC-related CCA had no detectable CTC. This suggests that PSC per se
is not associated with high false positive rates due to the presence of non-tumoral epithelial
cells in the blood, making false positive detection of CTC in patients with PSC less likely.
Before implementing this technique in routine practice, particularly in patients with PSC,
more rigorous investigation of the specificity of the test is required.

Lastly, CTC detection by Veridex depends on EpCAM expression on the cell surface, thus
the number of CTC identified by this study could be an underestimate. Future studies should
address other complementary, label-free technologies for CTC enumeration and molecular
analysis, as well as explore the use of a cell-free DNA liquid biopsy based approach to
potentially improve sensitivity and specificity for prognosis, treatment monitoring and
disease stratification in CCA.

CTC enumeration requires real time analyses on prospectively collected blood specimens.
With the number of patients enrolled in the current study, we were able to demonstrate that
CTC is an independent predictor of survival after adjusting for other known predictors of
survival, including extrahepatic metastasis and age, and CA-19-9.1° The results of the
current study may have clinical relevance. CTC could be useful in patients with metastatic
disease to determine who should receive palliative chemotherapy vs. best supportive care:
for example, in CCA patients with distant metastases, the median survival of patients with
CTC =2 or =5 were only 2 and 1 month, respectively. In addition, CTC may serve as a
predictor of recurrent disease in patients who underwent curative surgical resection or as a
predictor of unresectable disease in the preoperative setting.
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In summary, CTC was found to be associated with tumor extent and was shown to be an
independent predictor of overall survival in patients with CCA. This study suggests that
CTC can serve as a valuable tumor biomarker in CCA. Validation of these finding,
including the prognostic role of CTC in specific subgroups of patients seen in different
clinical settings: metastatic vs. non-metastatic CCA, iCCA vs. pCCA vs. dCCA; or curative
surgery/OLT vs. palliative loco-regional treatment or chemotherapy, defining the best cutoff
of CTC and the role of serial CTC trends in predicting overall and/or progression free
survival should be further investigated.
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Abbreviation

CCA cholangiocarcinoma

confidence interval

CTC circulating tumor cells

dCCA distal cholangiocarcinoma

EpCAM epithelial cell adhesion molecule

HCC hepatocellular carcinoma

HR Hazard ratio

iCCA intrahepatic cholangiocarcinoma

OLT orthotopic liver transplantation

pCCA perihilar cholangiocarcinoma
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Kaplan-Meier overall survival estimates according to CTC in patients with AJCC/UICC

TNM stage of 1-2/3-4 CCA

A: CTC 22 vs. CTC <2, TNM stage of 3-4 CCA
B: CTC =5 vs. CTC <5, TNM stage of 3-4 CCA
C: CTC =2 vs. CTC <2, TNM stage of 1-2 CCA
D: CTC =5 vs. CTC <5, TNM stage of 1-2 CCA
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