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Abstract: Epidemiological data show that the incidence rate of cholangiocarcinoma (CCA) has been increasing over the past 

20 years. Due to its concealment of clinical manifestations, most patients are diagnosed with CCA at a late stage. On this 

premise, this review not only discusses the research progress related to CCA diagnosis, but also focuses on the concept of 

circulating tumor cell (CTC), its evaluation value, application, and prospects for the early diagnosis of extrahepatic 

cholangiocarcinoma. 
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1. Introduction 

Among the most common primary malignant hepatobiliary malignancies, cholangiocarcinoma (CCA) ranks 

second. There are strong epidemiological data showing that the incidence rate has increased steadily over 

the past 20 years [1]. CCA is generally divided into intrahepatic, perihilar, and distal cholangiocarcinoma 

according to its anatomical location along the biliary tree. Histological, clinical, and molecular data have 

suggested that there may be genetic differences in the biological behavior among these CCA subtypes, other 

than their different anatomical locations. In addition, due to their anatomical location, growth pattern, and 

lack of clear diagnostic criteria, their clinical processes and invasive behaviors are very different along with 

a difficulty in diagnosing [2,3].  

The incidence rate of intrahepatic cholangiocarcinoma has been increasing in the recent 20 years, but 

the incidence rate of extrahepatic bile duct cancer around the hilar has been stable [2,3]. The main reasons 

for the steady increase in the incidence rate of CCA is first, because of its silent clinical features, early 

diagnosis is difficult, treatment methods are limited, and the prognosis is poor. The median survival time 

is less than 24 months. Second, surgery is the only possible curative treatment, but it is only applicable in 

the early stage of the disease. Third, there is no reliable staging system to achieve optimal treatment 

allocation and prediction [2,3]. 

Most CCA patients have symptoms only in the late stage of the disease, and their clinical manifestations 

depend on the tumor stage, tumor location, and growth pattern. The diagnosis of CCA requires a high 

degree of suspicion in appropriate clinical settings as well as a confirmatory combination of clinical, 

laboratory, endoscopic, and radiological data. CCA is difficult to diagnose because of its “silent” clinical 

features, the low specificity of most diagnostic methods, and the lack of an absolute diagnostic criteria [1,2]. 

Therefore, the vast majority of patients are in advanced stage of cancer when diagnosed with CCA, and the 
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survival benefits of palliative treatment are very limited. Therefore, this review aims to focus more on how 

to improve the rate of early diagnosis of CCA in order not to miss the golden time for diagnosis and 

treatment. 

 

2. Progress 

Nowadays, the medical community has made progress in the diagnosis of cholangiocarcinoma. In terms of 

molecular prognosis prediction, a recent study showed that the nuclear expression of S100A4 in tumor 

ducts is associated with adverse reactions from surgical treatment in CCA patients [4]. In terms of circulating 

markers, the diagnostic role of Cyfra 21-1 (a fragment of cytokeratin 19) is considered to be related to 

circulating tumor cells in biliary carcinoma [5]. In terms of early diagnosis, recent studies have used deep 

sequencing technology to identify candidate carcinogenic drivers of intrahepatic CCA, and gene fusion 

involving FGFR24 has been proven to be able to induce tumor formation in the experimental model of 

intrahepatic CCA [6]. Other common genetic defects include IDH and KRAS mutations. 

 

3. Circulating tumor cell (CTC) 

3.1. Definition and separation method of CTC 

As a potential new biomarker, CTC has been widely used for many solid tumors. CTCs are a type of tumor 

cell that are released into the peripheral blood circulation from solid tumors spontaneously or due to 

diagnosis and treatment. They have the characteristics of tumor initiation, especially when they survive in 

the peripheral blood and aggregate to form small tumor thrombi; they are more likely to promote metastases, 

leading to cancer recurrence [7]. Moreover, the higher the number of CTCs in peripheral blood, the higher 

the possibility of cancer metastases or the higher the degree of deterioration. Therefore, the presence and 

quantity of CTCs in peripheral blood represent not only the ability of a primary tumor to infiltrate into 

blood vessels, but also the possibility of metastases. At present, many studies have evaluated the role and 

significance of CTCs as biomarkers in predicting recurrence, prognosis evaluation, and treatment response 

of different tumors. Most of them use CTC count as a surrogate indicator of metastatic potential and believe 

that the identification and quantification of CTC alone can effectively predict the prognosis of cancer. 

Therefore, CTC count is considered as a marker of poor prognosis [1,8]. 

Epithelial cell adhesion molecule (EpCAM) is a type of transmembrane glycoprotein that is expressed 

only in cancers of epithelial origin, but not in normal cells from the circulatory system. According to the 

specificity of antigen and antibody, most CTC isolation methods rely on it for CTC capture while other 

enrichment methods depend on the physical properties of cells (such as cell size, etc.). At the same time, 

there are increasing studies to replace EpCAM for CTC separation as exemplified in a new study that 

attempted to evaluate the efficacy of EpCAM in 65 patients with advanced HCC or metastatic 

cholangiocarcinoma (CCA) and the feasibility of using a new glycosaminoglycan, SCH45, as a probe to 

isolate CTCs from peripheral blood of patients [9]. 

 

3.2. Application of CTC in diagnosing cancer 

In 2016, there was a study that has made great progress in using circulating tumor cells and cell free DNA 

to monitor the evolution of gastrointestinal cancer, especially colorectal cancer [10]. In this study, liquid 

biopsy technology was introduced to capture and test CTC. It was found that CTCs have important clinical 

significance in early diagnosis and efficacy monitoring. In view of that, Li and other researchers 

prospectively evaluated 136 patients with gastric cancer [11]. After 6 weeks of chemotherapy, the level of 

CTC (⩾ 3 / 7.5ml) was closely related to the objective response rate (P = 0.016) and disease control rate (P 

= 0.013). In addition, it could independently predict the short progression free survival and overall survival. 
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It is worth mentioning that the prognosis of patients with lower CTC levels after treatment is better, but 

significantly worse for patients with higher CTC levels. The study concluded that the level of CTC after 

treatment is helpful to evaluate the curative effect and predict the prognosis of patients with gastric cancer; 

in addition, a high CTC level during treatment may be associated with poor prognosis. Other than that, the 

changes in CTCs after treatment may assist in the quick identification of ineffective treatment and poor 

prognosis. 

When the location of primary tumor or metastatic tumor is unknown, it is extremely important to 

identify the tissue of origin to determine the anatomical location of the primary tumor, micrometastases, 

and metastases to guide medical imaging and tissue examination [12]. Some studies have analyzed the 

genomic map of CTC in order to determine the organ location in metastases [13]. Several genomic signatures 

are associated with the specific site of metastases [14,15]. Therefore, expression signatures seem to be more 

likely to provide information from specific parts of CTCs. Tumor cells that are hosted in specific sites may 

manifest specific expression patterns, which is caused by the crosstalk of microenvironment [16]. The 

identification of CTC components in patients with metastatic breast cancer has confirmed this hypothesis 

and emphasized that Notch pathway, immunomodulatory pathway (tumor necrosis factor, interleukin-1β, 

and nuclear factor kappa B), inflammatory pathway (chemokine CXCL8, chemokine receptor CXCR4, and 

CD86), and mitogenic pathway (platelet-derived growth factor BB) are the marker pathways of CTCs 

associated with brain metastases [17]. In a study of breast cancer cases with skeletal and visceral organ 

progression, the androgen receptor expression in CTC was higher than that in the control group (AR). The 

activation of signal is related to breast cancer, which mainly metastasizes to bones, undoubtedly revealing 

a new way of diagnosis and treatment [18]. 

Ten years ago, the term “liquid biopsy” was first introduced to describe the effect of circulating tumor 

cells in the blood of cancer patients. However, at present, the technology has expanded to analyzing 

circulating tumor DNA (CtDNA), detection of microRNA, microbubbles, and even platelets. The detection 

of microRNA, microbubbles, and even platelets all contain tumor derived information, thus making liquid 

biopsy technology have important clinical significance in cancer diagnosis, prognosis, prediction of curable 

diseases, efficacy monitoring, and so on [19-22]. 

 

3.3. Diagnostic efficacy of CTC for CCA 

There are several data on the prognostic role of CTC in CCA. In Hepatology, Yang and other researchers 

examined the relationship among the number of CTCs, more aggressive tumor features, and lower survival 

rate in CCA patients [23]. Although that was not the first time that CTC in CCA has been analyzed, it is the 

largest analysis of this kind so far, especially the inclusion of correlation with clinical results in that study. 

The study used Janssen diagnostics, the first FDA approved CTC counting system, to count the CTCs in 

88 patients. However, the study had some limitations. The first limitation is the capture method; as it 

depends on the expression of EpCAM, it is impossible to count the non-EpCAM expression of CTC, thus 

unable to detect the corresponding cancer cells or the actual number of CTCs would be underestimated. 

Paired analysis of EpCAM expression and CTC count in tumor tissues can help us understand the extent of 

this restriction. The second is the patients that were included in the study and the different treatment 

methods of the patients; patients receiving early surgical treatment to those with metastatic diseases 

receiving chemotherapy were included. Although CTC, as an independent biomarker, is not necessarily 

related to the cancer stage and treatment method, the different prognosis of the patients would still affect 

the quantitative level of CTC. In addition, some of the proposed subanalyses might not have accurately 

captured prognostic differences. Nevertheless, this study provides preliminary evidence for the prognostic 

role of CTC in CCA, and further suggests that tumor biomarkers in the circulatory system may play an 

important role in the decision-making of patients with liver cancer. 
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As the number of CTC is minimal in the blood circulatory system, it is more likely to be detected in 

patients with metastatic diseases, thus endearing it to have certain limitations as a biomarker for the early 

diagnosis of cancer at an early stage. In addition, there is a lack of large sample clinical research to explore 

and demonstrate. If the sensitivity of CTC can be significantly improved by larger blood collection or more 

advanced detection technology, CTC may become an effective tool for the early detection of cancer. This 

may be more reliable than cfDNA because it is not hindered by DNA mutations associated with aging and 

it can represent the DNA “signal” released by intact living tumor cells rather than dying ones. 

In January 2021, the latest achievements of Ahn JC and others, who studied the significance of CTC 

as a biomarker for diagnosis, prognosis, and efficacy monitoring of CCA [24], pointed out that currently 

available tests such as alpha fetoprotein have limited accuracy as biomarkers for the diagnosis or prognosis 

of liver cancer. In addition to that, liver biopsy provides tissue that can reveal tumor biology, but it is not a 

conventional diagnostic method because of its invasiveness and the risk of tumor implantation, especially 

in early-stage patients. Moreover, due to the heterogeneity within the tumor, liver biopsy has limitation in 

revealing the overall tumor biology. The article focuses on liquid biopsy, which is an effective method for 

early detection and diagnosis of liver cancer. CTC is a type of circulating cancer cell from primary tumors 

or metastases. It can be detected by simple peripheral blood and may show the global characteristics of 

tumor characteristics. Liquid biopsy has great potential in the early diagnosis and treatment of liver cancer 

patients. 

 

4. Prospect 

A series of studies on the relationship between CTC and CCA has shown clear logic. CTC may become an 

effective tool in the clinical application for CCA patients. The role of CTC count is not only limited to 

evaluating the prognosis of patients with CCA, but also has good diagnostic value in differentiating benign 

from malignant biliary tract tumors prior to surgery. It can be used as an auxiliary reference for traditional 

tumor markers. 

With intuitive and efficient examinations of the extrahepatic bile duct mucosa by choledochoscopy, 

there are more opportunities to explore the correlation between circulating tumor cells and early 

extrahepatic cholangiocarcinoma. In cases where CTC is found in high-risk groups having extrahepatic 

cholangiocarcinoma (bile duct cyst and stone, liver cirrhosis, hepatitis B, hepatitis C virus, and smoking), 

choledochoscopy can be used to determine the cause of the disease so as to improve the detection rate of 

early extrahepatic cholangiocarcinoma. 

With the continuous research progress of CTC, the level of CTC in the diagnosis of early extrahepatic 

cholangiocarcinoma may also have a breakthrough, in which its potential application and prospects are very 

considerable. 
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