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Abstract:  

Cholangiocarcinoma, also known as CCA, is a malignant tumour affecting the hepatobiliary 

system. Biliary cancer evolved over time to the second most commonly encountered type of 

liver cancer globally. Regardless diagnosis’ improvements and management that surfaced in 

the previous years, one can say that the sensitivity as well as the specificity of the existing 

diagnostic tools are still lacking, and the prognosis of the patients has not substantially 

ameliorated. Moreover, in the last 20 years the global mortality rates have been increasing, 

placing CCA as a worldwide uprising health problem. The mainstay potentially curative 

therapy is surgical resection with or without adjuvant therapy, yet most patients with CCA do 

not present at an early, but at an advanced stage, where those regimens show less efficacy than 

they do in earlier phases of this malignant disease. Chemotherapy is a mainstay treatment for 

advanced-stage CCA and the role of targeted therapy for those patients is currently being 

studied extensively. A potential solution to this problem could be the utilization of biomarkers 

that are able to detect CCA at an earlier time than nowadays used tests are able to. Considering 

the potential of DNA methylation or the use of the N-Nose test to diagnose cholangiocarcinoma 

according to its chemotaxis, opens up many different approaches on how to diagnose CCA. 

Through the use of specific biomarkers, one could be able to identify certain gene mutations 

that might result in malignant growth, leading to a possible earlier diagnosis and a consequent 

efficient treatment before cancer develops further. Furthermore, those biomarkers proved to be 

efficient in other malignant diseases as well, but since these markers are a rather new discovery, 

their exact mechanism and potential in the clinical setting must be further understood. 

Therefore, biomarker discovery and a better understanding of its potential for chemotherapy 

are pivotal to improving patients’ welfare and outcome. 

 

 

 

 

 

 

 

Keywords: Cholangiocarcinoma, Diagnostic markers, DNA methylation, urine markers 



 

 

4 

 

Introduction:  

Cholangiocarcinoma (CCA) is an infrequent, yet very dominant and often fatal type of 

cancer that involves the formation of malignant tissue within the gallbladder and can 

manifest as extrahepatic (eCCA), intrahepatic (iCCA), perihilar (pCCA), and distal 

cholangiocarcinoma (dCCA)(1,2). The most commonly encountered type of gallbladder 

cancer is perihilar cholangiocarcinoma (pCCA) (3) which can present in up to 60% of cases 

(4). 

Even though CCA is considered a rare type of cancer, one can observe that it has alarming 

mortality with ~2% of all cancer-related deaths worldwide yearly, and its global incidence 

increased progressively over the past decades ((5,6) op.loc.cit.). An early diagnosis of this 

cancer is an immense challenge for medical doctors (7), due to its non-specific symptoms 

and its silent, highly aggressive nature: all of this contributes to a late diagnosis with surgery 

being possible in approximately 20% of patients and high mortality rates (8,9). Scientific 

research puts a great focus on finding a significant treatment and the ability to make an early, 

safe diagnosis for this type of cancer. The currently used non-invasive first-line regimen 

against CCA consists of radio- and chemotherapy (10). Within this review, the current 

approaches and aims should be highlighted and discussed, including the overall question if 

this cancerous growth can be diagnosed and treated as early as possible. 

By undergoing the search for the literature review it became clear that many different 

approaches are currently performed in order to find a significant diagnostic marker to be able 

to diagnose CCA as early as possible. Certain markers will be highlighted in this work, such 

as DNA methylation, usage of biomarkers, chemoresistance markers, liquid biopsy, 

chromatin remodeling (IDH), and miRNR: beginning with the use of fluorescence in situ 

hybridization (FISH) which is a diagnostic modality that marks certain areas of the 

chromosome with a fluorescent dye. This turns out to be useful when one is searching for 

genetic abnormalities. This tool can detect dCCa and pCCa and is also considered as a 

significant modality for diagnosing gallbladder cancer (11).   

When looking into the countries where the research facilities are located, one can realize that 

finding a regimen against cholangiocarcinoma is a highly desired goal as CCA has already 

evolved into a global burden (12). The general idea of this paper is to collect the current 

knowledge about the early diagnosis of cholangiocarcinoma, to improve the molecular 
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understanding of cancer development, as well as presenting trials about new approaches, 

diagnostic markers, and the possible realization of certain diagnostic tools in the medical 

regimen in order to be able to diagnose CCA at the earliest stage possible. Within this paper, 

we rather lay the focus on non-invasive procedures than on surgical procedures.  

 

 

 

 

 

 

 

 

 

 

 

                                                                                              

 

 

 

 

Fig. 2: Management of cholangiocarcinoma in cirrhosis. Treatment options differ in surgically resectable and surgically unresectable CCA  

(13). 

 

Methodology:  

In order to achieve a good overview of the current situation of diagnosing 

cholangiocarcinomas, the articles which were used as scientific sources for this review were 

collected within the last 5 years (from 2017 to 2022). The most utilized portals for scientific 

knowledge were PubMed, Google Scholar, Nature, and Springer. The focus of these articles 

lay on different approaches on how to diagnose CCA, as well as on some methods on how 

to treat it more efficiently, in a conservative or surgical way, depending on the CCA´s stage.  

Literature review:  

Diagnosing CCA in time is a great challenge nowadays due to its slow progression as well 

as the non-specific symptoms that are occurring during this disease process. Biomarkers for 

diagnosing cholangiocarcinoma are already used in the clinical setting, where cancer antigen 

19-9/CA 19-9 and carcinoembryonic antigen/CEA are the most widely investigated and used 

biomarkers in diagnosing CCA (14). CA 19-9 and CEA are taken from the blood serum and 

show a diagnostic sensitivity between 47.2%- 98.2% and a specificity between 89.7%-100% 

which make them very specific biomarkers; however, their sensitivity is not as reliable as 
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the specificity ((14) op.loc.cit.). When observing newer approaches to CCA diagnosis, 

studies showed that DNA markers like cfDNA and methylation of certain DNA strands taken 

from tissue samples have a higher sensitivity (58-87%) and a higher specificity (98-100%) 

in comparison to CA 19-9 and CEA ((14–16) op.loc.cit.). 

 

Promising drugs for CCA  

Several drug trials were performed in the last years, which showed some promising results 

in treating cholangiocarcinomas. One of the most promising ones is Ivosidenib, also called 

AG-120, which targets and inhibits IDH-1. Isocitrate dehydrogenase 1 mutation plays a 

crucial role in developing cancerous diseases by overactivity of enzymes and overexpression 

of the oncometabolite 2-hydroxyglutarate/2-HG which in turn affects the cellular 

metabolism and is able to inhibit several alpha-ketoglutarate-dependent enzymes, 

consequently leading to malignant growths (17,18). The overall occurrence of IDH-1 

mutations in CCA can go up to 15%, making this mutation a commonly encountered cause 

of cholangiocarcinoma (19). Ivosidenib is able to inhibit mIDH by deactivating histone 

demethylases, thus lowering the concentration of 2-HG within the tumor, which results in a 

shift of the IDH mutation, oncogenic regulation, and a restoration of the methylation and 

differentiation of cells (20,21). Studies showed that the use of Ivosidenib improved 

progression-free survival in comparison to the placebo (22). During the clinical trial of the 

mentioned drug, the progression-free survival was between 2-7 months, whereas for the 

placebo it was only 1-4 months ((22) op.loc.cit.). The most common adverse event of 

ivosidenib was ascites ((22) op.loc.cit.). Rarely, more serious reactions occurred; treatment-

related deaths did not occur ((22) op.loc.cit.).  

 

 

 

 
 

Image: mIDH leads to an accumulation of 2-HG, resulting in blocked cell differentiation and might lead to oncogenesis. AG-120 is able 
to prevent this state and restore cell differentiation (23) 

 

Another study concerning the IDH-1 mutation (mIDH-1) was performed in March 2022 in 

Boston, Massachusetts. During this trial, it was proven with genetically modified mice that 

mIDH1 is involved in the development of CCA by suppressing the activity of CD8+ cells as 

well as by inhibiting TET2 DNA methylase, an enzyme that is closely connected to DNA 
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demethylation, which alters the transcription of protein sequences (24). TET2 is considered 

to be a cancer suppressor, therefore a mutation that results in its loss of function is often 

connected to malignant growth (25).  By deactivation of IDH1 mutations in the mentioned 

mice, an increase in the amount of recruited CD8+ T cells and an increase in INF-γ was 

observable, which overall leads to an improved immunologic response against cancerous 

cells (18). The overall knowledge obtained by this recent study is that the correlation 

between INF-γ and TET2 methylase plays an immense role in the deactivation of IDH-1 

mutations, it therefore could be a potential way of treating cholangiocarcinomas ((18) 

op.loc.cit.).  

Finding a non-invasive biomarker for early diagnosis 

DNA methylation 

DNA methylation is considered to be an epigenetic controlling expression of genes and bears 

the future potential to detect and identify cancers at an earlier point of time (26).  In 

oncogenesis, DNA methylation plays an essential role by primarily adding a methyl group 

to the CpG islands of a promotor region of a gene which can either result in silencing a gene 

or elevating the likelihood of mutations. (27,28). Nonetheless, DNA methylation can also 

have benefits, as seen in bacteria by the addition of a methyl group, as this renders the 

enzymes unable to destroy the bacteria’s DNA ((27) op.loc.cit.). Hence, understanding the 

different DNA methylation profiles, DNA methylation can aid in the identification of 

malignant tumors efficiently and can also aid to find the appropriate treatment regimen 

((27,29) op.loc.cit.). One of the advantages of DNA methylation is that it is able to detect 

any kind of dysregulation of DNA methylation, as it is seen in cancer, as well as it allows 

for a non-invasive approach unlike in biopsies ((26) op.loc.cit.). With the help of DNA 

methylation, one can detect changes in the pattern of DNA methylation, so if certain genes 

are hypo-or hypermethylated it can indicate a possible malignant cellular process that is 

occurring within the human body ((28) op.loc.cit.).    

Tumor biopsies and MRIs are still considered the gold standard for cancer diagnosis and the 

primary method for molecular testing for genetic alterations (30–32). In CCA however, it 

can be challenging to obtain enough tissue for comprehensive molecular testing or even 

diagnosis (33–35). Hence, a diagnosis of CCA occurs most often in an already advanced 

disease state and the treatment options remain limited and do not secure necessarily a good 

outcome (36–38). Many of the currently used biomarkers obtained from fluids or biopsies 

are showing insufficient sensitivity and specificity ((36) op.loc.cit.). For this reason, new 
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biomarkers are required which are able to detect abnormalities faster than currently used 

markers, as well as aiding in an earlier diagnosis and treatment approaches of CCA. Several 

different studies across the globe took the goal to find a new biomarker to diagnose 

cholangiocarcinomas at an earlier time since CCA is regarded as the second most common 

liver cancer worldwide (39,40). Especially non-invasive biomarkers are intensively studied 

because they are more accessible compared to invasive markers, can detect cancer growth 

earlier and identify the origin more precisely, cost less money, have fewer sampling errors, 

do not have a high risk of infection compared to invasive biomarkers, and can be obtained 

more frequently to enable dynamic monitoring of disease status (41–45). The evaluation of 

solid tumor malignancies through the analysis of cell-free DNA (cfDNA), which can be 

efficiently isolated and analysed using advanced methods such as digital droplet PCR or 

next-generation sequencing is now envisioned. Detecting cfDNA might be helpful for (1) 

early detection of disease; (2) monitoring of patients at risk for cancer development; (3) 

identification of therapeutic targets and guiding therapeutic decisions (personalized 

medicine); (4) evaluation of treatment response, including prediction of prognosis (tumor 

relapse and disease progression); and (5) help to understand primary and secondary 

mechanisms of drug resistance (46–50). This was shown by a study that was performed in 

Thailand in 2019, where DNA methylation of the genes OPCML, HOXA9, and HOXD9 

were quantified in cfDNA. The aim of this study was to differentiate CCA from other biliary 

diseases (51). The quantities of methylation were measured by methylation-sensitive high-

resolution melting (MS-HRM), a PCR-based detection method to observe certain gene loci 

(52). The study showed that cholangiocarcinomas showed a higher methylation level in the 

mentioned genes compared to other biliary diseases ((51) op.loc.cit.). The positive predictive 

value/PPV was 80% and the negative predictive value/NPV was 90%, whereas the accuracy 

of this test was set at 85% ((51) op.loc.cit.). When combining the markers of OPCML and 

HOXD9, one can say that the specificity and the PPV were 100% which can be a useful tool 

to differentiate between gallbladder cancer and other pathologic biliary conditions.  

 

 

 

 

 

Fig.1: Shows the methylation levels of OPCML, HOXA9, and HOXD9 in CCA and other biliary diseases. The Mann-Whitney U test was 

carried out. (51) 
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Another example of the effectiveness of DNA methylation of certain genes was shown by 

an epigenetic study from Germany, where a quantitative methylation-specific PCR was 

utilized for the region of the TACSTD2 gene, which is termed the tumor-associated calcium 

signal transducer 2 gene. The overall task of this study was to find out if there is a correlation 

between the methylation levels in this gene and if there is hypermethylation in the case of 

renal cell cancer/RCC (53). As a result, the methylation-specific PCR presented an increased 

amount of methylation in RCC. These levels were strongly associated with a higher tumor 

stage, presence of metastases, and overall, an advanced disease course ((53) op.loc.cit.). 

Furthermore, the disease-free survival of patients with hypermethylation in RCC was 

decreased ((53) op.loc.cit.). 

The utilization of DNA methylation for diagnosing several kinds of cancers showed in recent 

years promising results (54), since this testing is not as invasive and painful to the patient as 

for example biopsy extractions, because it can be obtained from body fluids like blood, bile, 

or urine by using biliary brushing or fine-needle aspiration (FNA) (55,56). By using DNA 

methylation, one is able to detect abnormalities within probes that would not be detected 

with commonly used tests mentioned above (56), since DNA methylation is able to find 

significantly different methylation gradients in CCA in comparison to healthy gallbladder 

tissue (57). An illustrative example for that is a study which was conducted in Thailand, 

where CCA is considered the most abundant primary liver malignancy in the northeastern 

regions (58). Within this study, the overall aim was to find possible relations between the 

methylation of certain gene sequences and the clinical expression of CCA ((58) op.loc.cit.). 

For the quantitative evaluation of the methylation levels, 54 CCA and 19 nearby tissues were 

utilized. In order to be able to detect a greater variety of differences in the methylation levels, 

several gene sequences were used, such as those involved in cell proliferation (CCND2, 

RASSF1), DNA repair (PPP4C), angiogenesis (HTATIP2), apoptosis (RUNX3, IRF4, 

UCHL 1, TP5313), and drug metabolism (ALDH1A3) ((58) op.loc.cit.). The methylation 

essay showed that elevated methylation levels were found in UCHL1, IRF4, CCND2, 

HTATIP2, and in TP5313, whereas low methylation levels of HTATIP2 and UCHL1 were 

observed in normal tissues ((58) op.loc.cit.). Furthermore, it could be said that the 

methylation level of the two previously mentioned parameters were in relation to the OS of 

patients and that the methylation of UCHL1 can be regarded as a self-standing parameter for 

cholangiocarcinoma which showed a hazard ratio of 1.81 within a high methylation group 

((58) op.loc.cit.). In conclusion, the combined methylation status of HTATIP2 and UCHL1 
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proved to be a significant biomarker with a predictive value in CCA for those patients who 

presented with elevated HTATIP2 levels and decreased UCHL1 methylation levels since 

those patients had a longer OS than patients with reversed methylation levels ((58) 

op.loc.cit.). 

The DNA methylation in mIDH1/2 is also regarded as insight-giving, as DNA methylation 

is able to highlight chromosome regions that are more affected than others (59). Mutations 

in IDH1/2 are abundant in many different types of cancer, especially in acute myeloid 

leukemia (60). mIDH1/2 can be found in cholangiocarcinomas as well, as a study from South 

Korea (2019) showed (61).  For this study, genome sequencing in 124 patients with any kind 

of biliary tract cancer was performed. 25 patients of those participants suffered from CA, 55 

patients from iCCA, and 44 from eCCA ((61)op.loc.cit.). The results showed genetic 

changes in 83,8% of all participants; the most commonly observed mutations were TP53 

(44%), KRAS (29%), ARIDA (12%), and IDH1 (9%) ((61)op.loc.cit.). A significant finding 

was that IDH1/2 mutations were more frequently found in iCCA than in GBC (23,6%- 4%, 

respectively), whereas mutations in ERBB2/3 were solely found in CCA and eCCA ((61) 

op.loc.cit.). Furthermore, every patient with a mTP53 showed a shorter OS compared to 

other patients without this mutation (15.2 months -37.8 months); on the contrary, mIDH1 

patients showed a prolonged PFS (10.6 months - 6.1 months) ((61) op.loc.cit.). An 

interesting finding was that in 63,5% of patient mutations in DNA damage repair/DDR was 

found and those were also linked to a prolongated PFS and OS in patients who underwent 

chemotherapies containing platinum ((61) op.loc.cit.). Hence, it was concluded from this 

study that mutagenic changes in DDR can be regarded as biomarkers with predictive 

potential for the patient’s response to chemotherapy with platinum. ((61) op.loc.cit.). 

Considering the frequent occurrence of mIDH1/2 in iCCA, a recent study performed in 2022 

in England was searching for a connection between the prognosis of iCCA and TET2 (62). 

Therefore, TET2 was analysed in 52 cases of which 33 were small duct and 19 were large 

duct types. The enzyme TET2 was measured by PCR, sequencing-based methylation assay 

and immunohistochemistry and then compared to clinical aspects and changes in genes 

prone to malignant changes like KRAS or IDH1 ((62) op.loc.cit.). The application of the 

previously mentioned tests showed that in 42 cases (81% of all participants) TET2 was 

overexpressed in iCCA, whereas in normal bile ducts, TET2 was not overexpressed ((62) 

op.loc.cit.). The cases were divided into TET2-high and TET2-low; 25 TET2-high and 27 
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TET2-low cases were identified. Considering the immunohistochemistry of these two 

groups, one can say that for several parameters like histological type, size of the tumor, 

metastasis of lymph node, and mutation frequency of certain genes, their difference was not 

significant ((62) op.loc.cit.). Concerning the aim to find a correlation between the prognosis 

of iCCA and TET2 expression, it was observable that the overall survival/OS and 

recurrence-free survival/RFS were remarkably inferior in TET2-high iCCA patients 

compared to TET2-low iCCA patients ((62) op.loc.cit.). Hence, an elevated expression of 

TET2 can be seen as an independent factor in regard to the prognosis of iCCA. In addition 

to that, during the methylation assay, it became clear that in TET2-high iCCA the 

methylation degree at the CpG sites was inferior in comparison to TET2-low iCCA or 

healthy tissue. The study concluded that overexpression of TET2 is a frequent finding in 

both types and that this expression, which could be caused by hypomethylation of promoter 

regions, is regarded as a self-standing prognostic factor associated with poor outcome in 

iCCA ((62) op.loc.cit.). 

According to another research on the topic of iCCA and mIDH which was conducted in 2021 

in the USA, the aim was to find a possible correlation between tumor-induced changes in 

genes, their pathological variables, and the overall outcome of iCCA(63). For this purpose, 

next-generation sequencing/NGS was performed on primary tumours of 412 patients who 

had intrahepatic cholangiocarcinomas ((63) op.loc.cit.). NGS revealed that IDH (20%), 

ARIDA1 (20%), TP53 (15%), CDKN2A (15%), BRCA1 1(15%), FGFR2 (15%), PBRM1 

(12%), and KRAS (10%) were identified as the most commonly encountered genetic 

alterations ((63) op.loc.cit.). In addition, mIDH1/2 was never occurring with mutations in 

FGFR2, and those mentioned were not associated with the outcome; on the contrary, the 

presence of TP52, KRAS, and CDKN2A was associated with inferior OS in all patients ((63) 

op.loc.cit.). The mentioned changes had a greater impact on advanced diseases but also 

affected all previous stages of the disease ((63) op.loc.cit.). It is important to mention that in 

209 resected patients the deletion of mTP53 and mCDKN2A predicted a shorter OS as it has 

been the case with the mentioned high-risk variables ((63) op.loc.cit.). Moreover, mutations 

in TP53, KRAS, and deletion in CDKN2A predicted an inferior outcome in patients with 

iCCA which was unresectable ((63) op.loc.cit.). The results further showed that CDKN2A 

deletions with high-risk clinical aspects were associated with finite survival and no 

advantage of resection over the usage of chemotherapy ((63) op.loc.cit.). The research 

defined changes in TP53, KRAS, and CDKN2A as prognostic factors in the case of iCCA 
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concerning the control for clinical variants, stages of the disease, and treatment approach. It 

was further stated that the combination of those markers may aid to sort out patients with a 

poorer outcome than others, disregarding their treatment approach ((63) op.loc.cit.). 

Expanding the possibilities of utilization of DNA methylation, one will come across the 

cysteine dioxygenase 1 gene/CDO1, which is observed in several studies concerning 

cholangiocarcinoma (56,64,65).  The first study, which took place in 2018 in Japan, stated 

that the DNA methylation of CDO1 can be regarded as a marker in diagnosis and prognosis 

in a variety of different cancers; for this reason, the research aimed at the clinical importance 

of CDO1 methylation in the setting of biliary tract cancer/BTC ((64) op.loc.cit.). For this 

purpose, a quantitative methylation PCR was performed with 108 BTC tissues and 101 

normal tissues in order to analyse the DNA methylation of CDO1 and to compare it with 

healthy tissue samples ((64) op.loc.cit.). The PCR unveiled that the samples of BTC 

consisted of 81 eCCA and 27 ampullary carcinoma/AC; the methylation levels of CDO1 

were remarkably higher than in healthy tissues examined ((64) op.loc.cit.). Moreover, the 

OS of patients suffering from eCCA coexisting with elevated methylation levels were poorer 

than patients with hypomethylation, in AC a clear difference regarding methylation levels 

could not be found ((64) op.loc.cit.). The study further stated that during a multivariant 

analysis CDO1, as well as preoperative serum CA19-9 and perineural invasion were pointed 

out as unrestrained predictive elements in eCCA and that patients with eCCA and 

hypermethylation of CDO1 received a worse outcome than patients with hypomethylation 

((64) op.loc.cit.). Concluding, the study brings forward that CDO1 methylation could be 

utilized as an outstanding biomarker in diagnosis and prognosis for primary eCCA and that 

patients with a worse prognosis can be sorted out more efficiently with the addition of 

preoperative CA19-9 levels ((64) op.loc.cit.). 

A study similar to the previous one was performed in 2017 in Japan and dealt with the role 

of DNA methylation of the gene CDO1, which can be observed in various cancer tissues of 

a different kind (65). To this end, the study compared the methylation gradients of CDO1 in 

primary CCA with gallbladder disease of non-malignant origin by quantitative methylation-

specific PCR in 203 patients, of which 99 patients had primary CCA, 78 patients had non-

tumorous tissue, and 26 patients had non-malignant GB diseases (7 suffered from xantho-

granulomatous cholecystitis) ((35) op.loc.cit.). The study brought forward that the mean 

value of CDO1 in primary CCA was between 23.5 and 26, which depicted them as 
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significantly elevated in comparison to non-malignant tissues where the CDO1 mean lay 

between 8 and 13, and in comparison to tissues with benign gallbladder diseases in which 

the CDO1 mean was between 0.98 and 1.6 ((35) op.loc.cit.). In addition, the elevated 

methylation grade was found in xantho-granulomatous cholecystitis as well ((35) 

op.loc.cit.).  When a cut-off value of 17.7 was implemented, it could be observed that 47 

cases of CCA with an increased methylation grade presented with a notable decline in the 

chance of recovery compared to 52 cases that had a hypomethylation ((35) op.loc.cit.).  After 

the initiation of multivariate Cox proportional hazard analysis, the hypermethylation of the 

CDO1 gene was defined as a self-standing parameter with prognostic qualities, and 

especially in the second stage of CCA, the use of the degree of methylation of CDO1 showed 

prognostic significance ((35) op.loc.cit.).  The study concluded that the DNA methylation of 

the CDO1 gene proved to cancer-associated in primary CCA as well as it owns the properties 

to function as a prognosing biomarker for high risk CCA patients in stage II ((35) op.loc.cit.).   

In several studies concerning different types of cancer, it became clear that mutations in the 

KRAS gene predicted in many cases a worse prognosis and outcome, as it was shown in a 

recent study from 2022 in Italy, where the aim of the study was to analyse the KRAS 

mutation rate in hilar CCA to observe their impact on the prognosis of this disease (66). The 

study showed that KRAS mutations were present in 22.2% of all 54 cases and those were 

unrelated to any pathologic features of the tumor ((66) op.loc.cit.). In comparison, patients 

with a KRAS wild-type showed a significantly higher 5-year OS of 49.2% compared to 

patients with a mutant KRAS gene, who had a 5-year OS of 0% ((66) op.loc.cit.). In total, 

the study concluded that KRAS mutations can be regarded as an independent prognostic 

parameter in relation to a poor OS and that a pathologic screening for KRAS mutations 

should be implemented on a routine basis, as it can give insight into the prognosis of hilar 

CCA ((66) op.loc.cit.). 

During the research, it was observable that DNA methylation bears the potential of being 

used as a routine regimen to identify cholangiocarcinomas earlier than with other procedures 

nowadays. With this epigenetic approach, it is also possible to differentiate CCA from other 

types of cancers or other diseases. The use of DNA methylation is clearly not limited to the 

identification of cholangiocarcinomas but can be applied to many other types of cancer as 

well. This was pointed out in a recent study from Japan in 2020, where the researchers used 

DNA methylation to quantify the levels of CpG islands in hepatocellular carcinoma/HCC 
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(67). CpG islands are believed to play an important part in the development of cancer ((67) 

op.loc.cit). To find an association between methylation levels and HCC, the study focused 

first on identifying altered genes in HCC. For this, the scientists compared the genes from 

371 hepatic cancer tissues with 41 non-tumor tissues. Using the TCGA database for the DNA 

methylation, the study chose those genes where the promoter methylation levels were 

associated with gene expression.  As a result, 115 genes were found in HCC tissues which 

were either over-or under-expressed. The overexpressed genes presented with cancerous 

traits like accelerated mitosis and proliferation. In addition, the underexpression of CpGis 

was found in certain gene sequences like KIF15, KIF4A, UBE2, and ERCC6L ((67) 

op.loc.cit.). These genes were linked to a worse prognosis than other sequences if 

upregulated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4 shows the expression levels of the chosen gene sequences in HCC and normal tissue. The expression levels were significantly higher 

in HCC compared to normal tissues ((67) op.loc.cit.). 
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Fig.5: The Kaplan-Meier analysis (left diagrams) and Cox regression analysis (right charts) of the 5-year OS of the chosen genes were 

carried out. A high expression of those genes was in all tests associated with a poorer outcome (67) op.loc.cit.). 

Non-invasive biomarkers 

It may seem surprising at first that urine biomarkers can help in diagnosing 

cholangiocarcinoma since the gallbladder and urinary tract are two different organs in the 

human body, but several studies have brought forward their potential effectiveness in the 

diagnosis of CCA or other cancers (68–71). One of the major advantages of urine as a source 

for biomarkers is the non-invasive procedure required to obtain a urine specimen that can be 

further inspected for the desired biomarkers and this process can be repeated as often as 

needed (72–74). Second, taking and analysing a urine sample is cost-effective in comparison 

to invasive procedures like a cystoscopy and contains many metabolites which can be 

investigated (75,76). A study performed in Japan in 2021 pointed out the effectiveness of a 

non-invasive urine test in order to diagnose CCA called N-NOSE. This new cancer screening 

method makes use of the nematode Caenorhabditis elegans, which is able to differentiate the 

urine of a healthy person from the urine of a person suffering from cancer (77). The 1 mm-
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sized organism has an outstanding smelling sense and can smell volatile organic compounds 

(VOCs), which are believed to be cancer-specific odors (78,79). The end of this study 

showed that N-NOSE is a cheap, non-invasive test that has a high sensitivity regarding 

cancer detection (80) and even presents with a higher ROC curve than other currently used 

tumor markers (81). During this study, a 10-fold dilution and a 100-fold dilution of the 

collected urine samples were used for the Nematode-NOSE test to observe the chemotaxis 

of C. elegans ((77) op.loc.cit.). The combination of 10-fold with 100-fold dilution is also 

referred to as the N-NOSE combination method. A control sample was also prepared to 

compare the detection of the N-NOSE method in these different samples. In the patient 

selection for this trial, 32 patients were selected who fulfilled the criteria to be tested positive 

for different kinds of cancer (e.g., colon cancer, cholangiocarcinoma, pancreatic cancer). In 

the study, 143 cancer-negative volunteers participated in this study to give urine samples, in 

order to have a significant result ((77) op.loc.cit.). Chemotaxis assays were performed in 

order to observe to which urine sample the nematodes were more attracted. The results of 

this study presented an evident difference between the samples obtained from healthy 

individuals compared to the samples collected from cancer patients. With this method, it is 

more significant to classify patients as either positive or negative, since one uses not only 

one diluted sample but two differently diluted urine samples.  

 

 

 

                                     

   

 

 

 

 

Fig.2: Comparison of the chemotaxis index in the cancer group and the control group using 10-fold and 100-fold. The cancer group shows 

an elevated chemotaxis index in both 10-fold and 100-fold compared to the control group.  (77)  

The measured sensitivity was set at 87.5%, which is more sensitive if one only uses a 10-

fold diluted sample (78.1%) or only a 100-fold diluted urine sample (75%) ((77) op.loc.cit.). 

Nevertheless, the test also showed that by combining two differently diluted probes the 

specificity slightly decreased from 93.7- 95,1% to 90.2% ((77) op.loc.cit.).  
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Table 2: The sensitivity and specificity by using 10-fold, 100-fold and combination were compared in this chart. Combination showed the 

highest sensitivity, whereas 100-fold showed the highest specificity (77). 

  

 

 

 

 

 

 

 

 

 

 

Table 3: A listing of the sensitivity of different cancer types (seen in A) and different cancer stages (seen in B). The results show a total 

sensitivity of 87.5% in different cancer types and a total sensitivity of 91.7% in different cancer stages. (77) 

Parallel to the N-NOSE method, other tumor markers like CEA or CAP 19-9 were measured 

in this study. CEA was detected in 27 patients suffering from gastrointestinal cancer, 

whereas CA19-9 was found in 17 samples ((77) op.loc.cit.). By comparing the sensitivity of 

N-NOSE to CEA, CA19-9, and CA15-3, it became clear that in nearly all kinds of cancer, 

the N-NOSE method turned out to be the most sensitive method ((77) op.loc.cit.), the only 
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exception being pancreatic cancer, which was more sensitive in CEA and CA19-9. Overall, 

this study presented the N-NOSE test as a possible future routine marker in order to diagnose 

many different types of cancer. Even though N-NOSE shows a lower sensitivity towards 

malignant lymphomas and pancreatic cancer in comparison to CEA and CA19-9, it overall 

has proven to have a significantly higher sensitivity rate than CEA and CA19-9 which are 

used as a standard regimen. Hence, this non-invasive urine test can contribute to the overall 

goal of being able to diagnose cancer, or in this case, cholangiocarcinoma earlier so a 

matching treatment can be still prescribed. 

Discussion:  

The role of non-invasive biomarkers for early diagnosis of CCA is currently under 

investigation. However, new approaches with DNA methylation, urine test, and miRNA 

have provided interesting results, with some non-invasive biomarkers having the potential 

to the overall goal of being able to diagnose cancer early. The early non-invasive diagnosis 

of CCA remains today's major challenge. This is crucial in order to enhance the number of 

patients eligible for surgical treatment, which is the only potentially curative option 

nowadays. Furthermore, non-invasive markers could contribute to a better understanding of 

appropriate chemotherapy for the late stages of CCA. For this goal, it is fundamental to 

develop novel diagnostic tools for monitoring patients at risk and early diagnosis of tumor 

development. Several approaches have been investigated in the search for non-invasive 

biomarkers for CCA, including DNA methylation, usage of biomarkers, chemoresistance 

markers, liquid biopsy, chromatin remodeling (IDH), and miRNA. However, the most 

promising diagnostic biomarkers are in need to be proven in large cohorts of patients, with 

appropriate control groups. It can be verified that most studies bring a new approach to how 

to diagnose CCA forward, but due to the limited number of participating individuals during 

these studies, the results cannot be seen as significant, trustworthy, and applicable to the 

general population as it is the case for nowadays’ used tests. Furthermore, future research 

should investigate the potential biomarkers for all types of CCA, or for specific subgroups 

associated with known risk factors. Even though the search and potential use of non-invasive 

biomarkers seem promising, it is equally important to define their limits and possibilities 

and realistic application in the daily clinical field.    
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Conclusion: 

To summarize one can say that the utilization of biomarkers in the diagnosis of 

cholangiocarcinoma bears the potential to improve the recognition of CCA compared with 

nowadays used diagnostic modalities. Though it was shown that these non-invasive 

biomarkers might promise a bright future in CCA diagnosis, the currently available data 

requires further research in larger cohort study groups in order to obtain more significant 

findings that would allow a non-invasive biomarker to be used in the clinical routine.  



 

 

20 

 

References:  

1. Brindley PJ, Bachini M, Ilyas SI, Khan SA, Loukas A, Sirica AE, et al. Cholangiocarcinoma. 

Nature Reviews Disease Primers 2021 7:1 [Internet]. 2021 Sep 9 [cited 2023 May 5];7(1):1–

17. Available from: https://www.nature.com/articles/s41572-021-00300-2 

2. Ahn DH, Bekaii-Saab T. Cholangiocarcinoma. Textbook of Gastrointestinal Oncology 

[Internet]. 2019 [cited 2023 May 5];185–96. Available from: 

https://link.springer.com/chapter/10.1007/978-3-030-18890-0_11 

3. Dondossola D, Ghidini M, Grossi F, Rossi G, Foschi D. Practical review for diagnosis and 

clinical management of perihilar cholangiocarcinoma. World J Gastroenterol [Internet]. 2020 

Jul 7 [cited 2022 Oct 25];26(25):3542. Available from: /pmc/articles/PMC7366054/ 

4. Rassam F, Roos E, van Lienden KP, van Hooft JE, Klümpen HJ, van Tienhoven G, et al. 

Modern work-up and extended resection in perihilar cholangiocarcinoma: the AMC 

experience. Langenbecks Arch Surg [Internet]. 2018 May 1 [cited 2022 Oct 25];403(3):289. 

Available from: /pmc/articles/PMC5986829/ 

5. Banales JM, Marin JJG, Lamarca A, Rodrigues PM, Khan SA, Roberts LR, et al. 

Cholangiocarcinoma 2020: the next horizon in mechanisms and management. Nat Rev 

Gastroenterol Hepatol [Internet]. 2020 Sep 1 [cited 2022 Nov 1];17(9):557–88. Available 

from: https://pubmed.ncbi.nlm.nih.gov/32606456/ 

6. Wu L, Tsilimigras DI, Paredes AZ, Mehta R, Hyer JM, Merath K, et al. Trends in the 

Incidence, Treatment and Outcomes of Patients with Intrahepatic Cholangiocarcinoma in the 

USA: Facility Type is Associated with Margin Status, Use of Lymphadenectomy and Overall 

Survival. World J Surg [Internet]. 2019 Jul 15 [cited 2022 Oct 25];43(7):1777–87. Available 

from: https://pubmed.ncbi.nlm.nih.gov/30820734/ 

7. Pericleous M, Khan SA. Epidemiology of HPB malignancy in the elderly. Eur J Surg Oncol 

[Internet]. 2021 Mar 1 [cited 2022 Oct 25];47(3 Pt A):503–13. Available from: 

https://pubmed.ncbi.nlm.nih.gov/32360064/ 

8. Rodrigues PM, Vogel A, Arrese M, Balderramo DC, Valle JW, Banales JM. Next-Generation 

Biomarkers for Cholangiocarcinoma. Cancers 2021, Vol 13, Page 3222 [Internet]. 2021 Jun 

28 [cited 2022 Oct 25];13(13):3222. Available from: https://www.mdpi.com/2072-

6694/13/13/3222/htm 

9. Cillo U, Fondevila C, Donadon M, Gringeri E, Mocchegiani F, Schlitt HJ, et al. Surgery for 

cholangiocarcinoma. Liver International [Internet]. 2019 May 1 [cited 2022 Oct 

25];39(S1):143–55. Available from: 

https://onlinelibrary.wiley.com/doi/full/10.1111/liv.14089 

10. Rizvi S, Khan SA, Hallemeier CL, Kelley RK, Gores GJ. Cholangiocarcinoma - evolving 

concepts and therapeutic strategies. Nat Rev Clin Oncol [Internet]. 2018 Feb 1 [cited 2022 

Oct 25];15(2):95–111. Available from: https://pubmed.ncbi.nlm.nih.gov/28994423/ 

11. Barr Fritcher EG, Voss JS, Brankley SM, Campion MB, Jenkins SM, Keeney ME, et al. An 

Optimized Set of Fluorescence In Situ Hybridization Probes for Detection of Pancreatobiliary 

Tract Cancer in Cytology Brush Samples. Gastroenterology [Internet]. 2015 Dec 1 [cited 

2022 Oct 25];149(7):1813-1824.e1. Available from: 

https://pubmed.ncbi.nlm.nih.gov/26327129/ 

12. Bertuccio P, Malvezzi M, Carioli G, Hashim D, Boffetta P, El-Serag HB, et al. Global trends 

in mortality from intrahepatic and extrahepatic cholangiocarcinoma. J Hepatol [Internet]. 

2019 Jul 1 [cited 2022 Oct 25];71(1):104–14. Available from: 

https://pubmed.ncbi.nlm.nih.gov/30910538/ 

13. Doherty B, Nambudiri VE, Palmer WC. Update on the Diagnosis and Treatment of 

Cholangiocarcinoma. Curr Gastroenterol Rep [Internet]. 2017 Jan 1 [cited 2023 Apr 

15];19(1). Available from: https://pubmed.ncbi.nlm.nih.gov/28110453/ 

14. Tshering G, Dorji PW, Chaijaroenkul W, Na-Bangchang K. Biomarkers for the Diagnosis of 

Cholangiocarcinoma: A Systematic Review. Am J Trop Med Hyg [Internet]. 2018 [cited 2023 

Apr 1];98(6):1788. Available from: /pmc/articles/PMC6086160/ 

15. Baj J, Bryliński Ł, Woliński F, Granat M, Kostelecka K, Duda P, et al. Biomarkers and 

Genetic Markers of Hepatocellular Carcinoma and Cholangiocarcinoma&mdash;What Do 



 

 

21 

 

We Already Know. Cancers 2022, Vol 14, Page 1493 [Internet]. 2022 Mar 15 [cited 2023 

Apr 1];14(6):1493. Available from: https://www.mdpi.com/2072-6694/14/6/1493/htm 

16. Kimawaha P, Jusakul A, Junsawang P, Thanan R, Titapun A, Khuntikeo N, et al. 

Establishment of a Potential Serum Biomarker Panel for the Diagnosis and Prognosis of 

Cholangiocarcinoma Using Decision Tree Algorithms. Diagnostics 2021, Vol 11, Page 589 

[Internet]. 2021 Mar 25 [cited 2023 Apr 1];11(4):589. Available from: 

https://www.mdpi.com/2075-4418/11/4/589/htm 

17. Zhu AX, Macarulla T, Javle MM, Kelley RK, Lubner SJ, Adeva J, et al. Final Overall 

Survival Efficacy Results of Ivosidenib for Patients With Advanced Cholangiocarcinoma 

With IDH1 Mutation: The Phase 3 Randomized Clinical ClarIDHy Trial. JAMA Oncol 

[Internet]. 2021 Nov 1 [cited 2022 Oct 25];7(11):1669–77. Available from: 

https://pubmed.ncbi.nlm.nih.gov/34554208/ 

18. Wu MJ, Shi L, Dubrot J, Merritt J, Vijay V, Wei TY, et al. Mutant IDH Inhibits IFNγ-TET2 

Signaling to Promote Immunoevasion and Tumor Maintenance in Cholangiocarcinoma. 

Cancer Discov [Internet]. 2022 Mar 1 [cited 2022 Oct 25];12(3):812–35. Available from: 

https://pubmed.ncbi.nlm.nih.gov/34848557/ 

19. Corrigan L, Lowery M. Ivosidenib for the treatment of isocitrate dehydrogenase-1 mutant 

cholangiocarcinoma. Expert Rev Gastroenterol Hepatol [Internet]. 2021 [cited 2022 Oct 

25];15(5):475–81. Available from: https://pubmed.ncbi.nlm.nih.gov/33836133/ 

20. Popovici-Muller J, Lemieux RM, Artin E, Saunders JO, Salituro FG, Travins J, et al. 

Discovery of AG-120 (Ivosidenib): A First-in-Class Mutant IDH1 Inhibitor for the Treatment 

of IDH1 Mutant Cancers. ACS Med Chem Lett [Internet]. 2018 Apr 12 [cited 2023 Apr 

1];9(4):300–5. Available from: https://pubmed.ncbi.nlm.nih.gov/29670690/ 

21. L. Merchant, PharmD S, Culos, PharmD, BCOP K, Wyatt, PharmD, CSP H. Ivosidenib: 

IDH1 Inhibitor for the Treatment of Acute Myeloid Leukemia. J Adv Pract Oncol. 2019 Jul 

1;10(5).  

22. Abou-Alfa GK, Macarulla T, Javle MM, Kelley RK, Lubner SJ, Adeva J, et al. Ivosidenib in 

IDH1-mutant, chemotherapy-refractory cholangiocarcinoma (ClarIDHy): a multicentre, 

randomised, double-blind, placebo-controlled, phase 3 study. Lancet Oncol [Internet]. 2020 

Jun 1 [cited 2022 Oct 25];21(6):796–807. Available from: 

https://pubmed.ncbi.nlm.nih.gov/32416072/ 

23. Popovici-Muller J, Lemieux RM, Artin E, Saunders JO, Salituro FG, Travins J, et al. 

Discovery of AG-120 (Ivosidenib): A First-in-Class Mutant IDH1 Inhibitor for the Treatment 

of IDH1 Mutant Cancers. ACS Med Chem Lett [Internet]. 2018 Apr 12 [cited 2023 Apr 

7];9(4):300–5. Available from: 

https://pubs.acs.org/doi/full/10.1021/acsmedchemlett.7b00421 

24. Wu X, Zhang Y. TET-mediated active DNA demethylation: mechanism, function and 

beyond. Nat Rev Genet [Internet]. 2017 Sep 1 [cited 2022 Oct 25];18(9):517–34. Available 

from: https://pubmed.ncbi.nlm.nih.gov/28555658/ 

25. Jiang S. Tet2 at the interface between cancer and immunity. Commun Biol [Internet]. 2020 

Dec 1 [cited 2022 Oct 25];3(1). Available from: https://pubmed.ncbi.nlm.nih.gov/33184433/ 

26. Martisova A, Holcakova J, Izadi N, Sebuyoya R, Hrstka R, Bartosik M. DNA Methylation in 

Solid Tumors: Functions and Methods of Detection. Int J Mol Sci [Internet]. 2021 Apr 2 [cited 

2023 Apr 15];22(8). Available from: https://pubmed.ncbi.nlm.nih.gov/33921911/ 

27. Bhootra S, Jill N, Shanmugam G, Rakshit S, Sarkar K. DNA methylation and cancer: 

transcriptional regulation, prognostic, and therapeutic perspective. Medical Oncology 2023 

40:2 [Internet]. 2023 Jan 5 [cited 2023 Apr 15];40(2):1–17. Available from: 

https://link.springer.com/article/10.1007/s12032-022-01943-1 

28. Nishiyama A, Nakanishi M. Navigating the DNA methylation landscape of cancer. Trends 

Genet [Internet]. 2021 Nov 1 [cited 2023 Apr 15];37(11):1012–27. Available from: 

https://pubmed.ncbi.nlm.nih.gov/34120771/ 

29. Papanicolau-Sengos A, Aldape K. DNA Methylation Profiling: An Emerging Paradigm for 

Cancer Diagnosis. Annu Rev Pathol [Internet]. 2022 [cited 2023 Apr 15];17:295–321. 

Available from: https://pubmed.ncbi.nlm.nih.gov/34736341/ 



 

 

22 

 

30. Schizas D, Mastoraki A, Routsi E, Papapanou M, Tsapralis D, Vassiliu P, et al. Combined 

hepatocellular-cholangiocarcinoma: An update on epidemiology, classification, diagnosis 

and management. Hepatobiliary & Pancreatic Diseases International. 2020 Dec 1;19(6):515–

23.  

31. Verhoeff K, Bacani J, Fung C, Canterbury LA. A Cholangioblastic Variant of 

Cholangiocarcinoma. ACG Case Rep J [Internet]. 2022 Feb [cited 2023 Apr 7];9(2):e00746. 

Available from: /pmc/articles/PMC8849266/ 

32. Songthamwat M, Chamadol N, Khuntikeo N, Thinkhamrop J, Koonmee S, Chaichaya N, et 

al. Evaluating a preoperative protocol that includes magnetic resonance imaging for lymph 

node metastasis in the Cholangiocarcinoma Screening and Care Program (CASCAP) in 

Thailand. World J Surg Oncol [Internet]. 2017 Sep 20 [cited 2023 Apr 7];15(1):1–7. 

Available from: https://link.springer.com/articles/10.1186/s12957-017-1246-9 

33. Cho MT, Gholami S, Gui D, Tejaswi SL, Fananapazir G, Abi-Jaoudeh N, et al. Optimizing 

the Diagnosis and Biomarker Testing for Patients with Intrahepatic Cholangiocarcinoma: A 

Multidisciplinary Approach. Cancers 2022, Vol 14, Page 392 [Internet]. 2022 Jan 13 [cited 

2023 Apr 7];14(2):392. Available from: https://www.mdpi.com/2072-6694/14/2/392/htm 

34. Bekaii-Saab TS, Bridgewater J, Normanno N. Practical considerations in screening for 

genetic alterations in cholangiocarcinoma. Annals of Oncology. 2021 Sep 1;32(9):1111–26.  

35. Beaufrère A, Calderaro J, Paradis V. Combined hepatocellular-cholangiocarcinoma: An 

update. J Hepatol [Internet]. 2021 May 1 [cited 2023 Apr 7];74(5):1212–24. Available from: 

https://pubmed.ncbi.nlm.nih.gov/33545267/ 

36. Macias RIR, Banales JM, Sangro B, Muntané J, Avila MA, Lozano E, et al. The search for 

novel diagnostic and prognostic biomarkers in cholangiocarcinoma. Biochimica et 

Biophysica Acta (BBA) - Molecular Basis of Disease. 2018 Apr 1;1864(4):1468–77.  

37. Rodrigues PM, Vogel A, Arrese M, Balderramo DC, Valle JW, Banales JM. Next-Generation 

Biomarkers for Cholangiocarcinoma. Cancers 2021, Vol 13, Page 3222 [Internet]. 2021 Jun 

28 [cited 2023 Apr 7];13(13):3222. Available from: https://www.mdpi.com/2072-

6694/13/13/3222/htm 

38. MacIas RIR, Cardinale V, Kendall TJ, Avila MA, Guido M, Coulouarn C, et al. Clinical 

relevance of biomarkers in cholangiocarcinoma: critical revision and future directions. Gut 

[Internet]. 2022 Aug 1 [cited 2023 Apr 7];71(8):1669–83. Available from: 

https://gut.bmj.com/content/71/8/1669 

39. Banales JM, Marin JJG, Lamarca A, Rodrigues PM, Khan SA, Roberts LR, et al. 

Cholangiocarcinoma 2020: the next horizon in mechanisms and management. Nature 

Reviews Gastroenterology & Hepatology 2020 17:9 [Internet]. 2020 Jun 30 [cited 2023 Apr 

7];17(9):557–88. Available from: https://www.nature.com/articles/s41575-020-0310-z 

40. Khan SA, Tavolari S, Brandi G. Cholangiocarcinoma: Epidemiology and risk factors. Liver 

International [Internet]. 2019 May 1 [cited 2023 Apr 7];39(S1):19–31. Available from: 

https://onlinelibrary.wiley.com/doi/full/10.1111/liv.14095 

41. Njoku K, Chiasserini D, Jones ER, Barr CE, O’Flynn H, Whetton AD, et al. Urinary 

Biomarkers and Their Potential for the Non-Invasive Detection of Endometrial Cancer. Front 

Oncol. 2020 Nov 3;10:2420.  

42. Kaur N, Goyal G, Chawla S, Kaur R, Garg R, Tapasvi C. Potential role of noninvasive 

biomarkers during liver fibrosis. World J Hepatol [Internet]. 2021 Dec 12 [cited 2023 Apr 

7];13(12):1919. Available from: /pmc/articles/PMC8727215/ 

43. Li J, Guan X, Fan Z, Ching LM, Li Y, Wang X, et al. Non-Invasive Biomarkers for Early 

Detection of Breast Cancer. Cancers (Basel) [Internet]. 2020 Oct 1 [cited 2023 Apr 

7];12(10):1–28. Available from: /pmc/articles/PMC7601650/ 

44. Trevisan França de Lima L, Broszczak D, Zhang X, Bridle K, Crawford D, Punyadeera C. 

The use of minimally invasive biomarkers for the diagnosis and prognosis of hepatocellular 

carcinoma. Biochimica et Biophysica Acta (BBA) - Reviews on Cancer. 2020 Dec 

1;1874(2):188451.  

45. Bratulic S, Limeta A, Dabestani S, Birgisson H, Enblad G, Stålberg K, et al. Noninvasive 

detection of any-stage cancer using free glycosaminoglycans. Proc Natl Acad Sci U S A 



 

 

23 

 

[Internet]. 2022 Dec 13 [cited 2023 Apr 7];119(50):e2115328119. Available from: 

https://www.pnas.org/doi/abs/10.1073/pnas.2115328119 

46. Goyal L, Saha SK, Liu LY, Siravegna G, Leshchiner I, Ahronian LG, et al. Polyclonal 

Secondary FGFR2 Mutations Drive Acquired Resistance to FGFR Inhibition in Patients with 

FGFR2 Fusion-Positive Cholangiocarcinoma. Cancer Discov [Internet]. 2017 Mar 1 [cited 

2023 Apr 7];7(3):252–63. Available from: https://pubmed.ncbi.nlm.nih.gov/28034880/ 

47. Goyal L, Shi L, Liu LY, de la Cruz FF, Lennerz JK, Raghavan S, et al. TAS-120 Overcomes 

Resistance to ATP-Competitive FGFR Inhibitors in Patients with FGFR2 Fusion-Positive 

Intrahepatic Cholangiocarcinoma. Cancer Discov [Internet]. 2019 Aug 1 [cited 2023 Apr 

7];9(8):1064–79. Available from: https://pubmed.ncbi.nlm.nih.gov/31109923/ 

48. Rizvi S, Eaton J, Yang JD, Chandrasekhara V, Gores GJ. Emerging Technologies for the 

Diagnosis of Perihilar Cholangiocarcinoma. Semin Liver Dis [Internet]. 2018 May 1 [cited 

2023 Apr 7];38(2):160–9. Available from: https://pubmed.ncbi.nlm.nih.gov/29871021/ 

49. Lee JK, Hazar-Rethinam M, Decker B, Gjoerup O, Madison RW, Lieber DS, et al. The Pan-

Tumor Landscape of Targetable Kinase Fusions in Circulating Tumor DNA. Clin Cancer Res 

[Internet]. 2022 Feb 15 [cited 2023 Apr 7];28(4):728–37. Available from: 

https://pubmed.ncbi.nlm.nih.gov/34753780/ 

50. Wintachai P, Lim JQ, Techasen A, Lert‐itthiporn W, Kongpetch S, Loilome W, et al. 

Diagnostic and Prognostic Value of Circulating Cell-Free DNA for Cholangiocarcinoma. 

Diagnostics (Basel) [Internet]. 2021 May 30 [cited 2023 Apr 7];11(6). Available from: 

https://pubmed.ncbi.nlm.nih.gov/34070951/ 

51. Wasenang W, Chaiyarit P, Proungvitaya S, Limpaiboon T. Serum cell-free DNA methylation 

of OPCML and HOXD9 as a biomarker that may aid in differential diagnosis between 

cholangiocarcinoma and other biliary diseases. Clin Epigenetics [Internet]. 2019 Mar 4 [cited 

2022 Oct 25];11(1):1–10. Available from: 

https://clinicalepigeneticsjournal.biomedcentral.com/articles/10.1186/s13148-019-0634-0 

52. Hussmann D, Hansen LL. Methylation-sensitive high resolution melting (MS-HRM). 

Methods in Molecular Biology [Internet]. 2018 [cited 2022 Oct 25];1708:551–71. Available 

from: https://link.springer.com/protocol/10.1007/978-1-4939-7481-8_28 

53. Katzendorn O, Peters I, Dubrowinskaja N, Tezval H, Tabrizi PF, von Klot CA, et al. DNA 

methylation of tumor associated calcium signal transducer 2 (TACSTD2) loci shows 

association with clinically aggressive renal cell cancers. BMC Cancer [Internet]. 2021 Dec 1 

[cited 2022 Oct 25];21(1):1–11. Available from: 

https://bmccancer.biomedcentral.com/articles/10.1186/s12885-021-08172-1 

54. Nakamoto S, Kumamoto Y, Igarashi K, Fujiyama Y, Nishizawa N, Ei S, et al. Methylated 

promoter DNA of CDO1 gene and preoperative serum CA19-9 are prognostic biomarkers in 

primary extrahepatic cholangiocarcinoma. PLoS One [Internet]. 2018 Oct 1 [cited 2023 Jan 

28];13(10). Available from: https://pubmed.ncbi.nlm.nih.gov/30325974/ 

55. Manne A, Woods E, Tsung A, Mittra A. Biliary Tract Cancers: Treatment Updates and Future 

Directions in the Era of Precision Medicine and Immuno-Oncology. Front Oncol [Internet]. 

2021 Nov 15 [cited 2023 Jan 11];11. Available from: 

https://pubmed.ncbi.nlm.nih.gov/34868996/ 

56. Vedeld HM, Folseraas T, Lind GE. Detecting cholangiocarcinoma in patients with primary 

sclerosing cholangitis - The promise of DNA methylation and molecular biomarkers. JHEP 

Rep [Internet]. 2020 Oct 1 [cited 2023 Jan 31];2(5). Available from: 

https://pubmed.ncbi.nlm.nih.gov/32939446/ 

57. Goeppert B. [Biliary tract cancers : Molecular characterization and identification of novel 

prognostic markers]. Pathologe [Internet]. 2017 Nov 1 [cited 2023 Feb 3];38(Suppl 2):192–

7. Available from: https://pubmed.ncbi.nlm.nih.gov/29063951/ 

58. Nanok C, Jearanaikoon P, Proungvitaya S, Limpaiboon T. Aberrant methylation of HTATIP2 

and UCHL1 as a predictive biomarker for cholangiocarcinoma. Mol Med Rep [Internet]. 2018 

Mar 1 [cited 2023 Jan 28];17(3):4145–53. Available from: 

https://pubmed.ncbi.nlm.nih.gov/29359783/ 



 

 

24 

 

59. Bledea R, Vasudevaraja V, Patel S, Stafford J, Serrano J, Esposito G, et al. Functional and 

topographic effects on DNA methylation in IDH1/2 mutant cancers. Sci Rep [Internet]. 2019 

Dec 1 [cited 2023 Jan 28];9(1). Available from: https://pubmed.ncbi.nlm.nih.gov/31727977/ 

60. Byun JM, Yoo SJ, Kim HJ, Ahn JS, Koh Y, Ho Jang J, et al. IDH1/2 mutations in acute 

myeloid leukemia. Blood Res [Internet]. 2022 [cited 2023 Jan 28];57(1):13–9. Available 

from: https://pubmed.ncbi.nlm.nih.gov/35197370/ 

61. Chae H, Kim D, Yoo C, Kim K pyo, Jeong JH, Chang HM, et al. Therapeutic relevance of 

targeted sequencing in management of patients with advanced biliary tract cancer: DNA 

damage repair gene mutations as a predictive biomarker. Eur J Cancer [Internet]. 2019 Oct 1 

[cited 2023 Jan 28];120:31–9. Available from: https://pubmed.ncbi.nlm.nih.gov/31476489/ 

62. Yamashita H, Tourna A, Akita M, Itoh T, Chokshi S, Ajiki T, et al. Epigenetic upregulation 

of TET2 is an independent poor prognostic factor for intrahepatic cholangiocarcinoma. 

Virchows Arch [Internet]. 2022 May 1 [cited 2023 Jan 31];480(5):1077–85. Available from: 

https://pubmed.ncbi.nlm.nih.gov/34905094/ 

63. Boerner T, Drill E, Pak LM, Nguyen B, Sigel CS, Doussot A, et al. Genetic Determinants of 

Outcome in Intrahepatic Cholangiocarcinoma. Hepatology [Internet]. 2021 Sep 1 [cited 2023 

Jan 31];74(3):1429–44. Available from: https://pubmed.ncbi.nlm.nih.gov/33765338/ 

64. Nakamoto S, Kumamoto Y, Igarashi K, Fujiyama Y, Nishizawa N, Ei S, et al. Methylated 

promoter DNA of CDO1 gene and preoperative serum CA19-9 are prognostic biomarkers in 

primary extrahepatic cholangiocarcinoma. PLoS One [Internet]. 2018 Oct 1 [cited 2023 Jan 

31];13(10). Available from: https://pubmed.ncbi.nlm.nih.gov/30325974/ 

65. Igarashi K, Yamashita K, Katoh H, Kojima K, Ooizumi Y, Nishizawa N, et al. Prognostic 

significance of promoter DNA hypermethylation of the cysteine dioxygenase 1 (CDO1) gene 

in primary gallbladder cancer and gallbladder disease. PLoS One [Internet]. 2017 Nov 1 [cited 

2023 Jan 31];12(11). Available from: https://pubmed.ncbi.nlm.nih.gov/29161283/ 

66. Ardito F, Razionale F, Campisi A, Carlino A, Vellone M, Vani S, et al. The Impact of KRAS 

Mutational Status on Long-Term Survival following Liver Resection for Hilar 

Cholangiocarcinoma. Cancers (Basel) [Internet]. 2022 Sep 1 [cited 2023 Feb 4];14(18). 

Available from: /pmc/articles/PMC9496723/ 

67. Matsushita J, Suzuki T, Okamura K, Ichihara G, Nohara K. Identification by TCGA database 

search of five genes that are aberrantly expressed and involved in hepatocellular carcinoma 

potentially via DNA methylation changes. Environ Health Prev Med [Internet]. 2020 Jul 23 

[cited 2022 Oct 25];25(1):1–12. Available from: 

https://environhealthprevmed.biomedcentral.com/articles/10.1186/s12199-020-00871-8 

68. Manne A, Woods E, Tsung A, Mittra A. Biliary Tract Cancers: Treatment Updates and Future 

Directions in the Era of Precision Medicine and Immuno-Oncology. Front Oncol [Internet]. 

2021 Nov 15 [cited 2023 Apr 10];11. Available from: 

https://pubmed.ncbi.nlm.nih.gov/34868996/ 

69. Jordaens S, Zwaenepoel K, Tjalma W, Deben C, Beyers K, Vankerckhoven V, et al. Urine 

biomarkers in cancer detection: A systematic review of preanalytical parameters and applied 

methods. Int J Cancer [Internet]. 2023 May 15 [cited 2023 Apr 10];152(10):2186–205. 

Available from: https://onlinelibrary.wiley.com/doi/full/10.1002/ijc.34434 

70. Lapitz A, Arbelaiz A, O’Rourke CJ, Lavin JL, Casta A La, Ibarra C, et al. Patients with 

Cholangiocarcinoma Present Specific RNA Profiles in Serum and Urine Extracellular 

Vesicles Mirroring the Tumor Expression: Novel Liquid Biopsy Biomarkers for Disease 

Diagnosis. Cells [Internet]. 2020 Mar 14 [cited 2023 Apr 10];9(3). Available from: 

https://pubmed.ncbi.nlm.nih.gov/32183400/ 

71. Duangkumpha K, Stoll T, Phetcharaburanin J, Yongvanit P, Thanan R, Techasen A, et al. 

Urine proteomics study reveals potential biomarkers for the differential diagnosis of 

cholangiocarcinoma and periductal fibrosis. PLoS One [Internet]. 2019 Aug 1 [cited 2023 

Apr 10];14(8). Available from: https://pubmed.ncbi.nlm.nih.gov/31425520/ 

72. Njoku K, Chiasserini D, Jones ER, Barr CE, O’Flynn H, Whetton AD, et al. Urinary 

Biomarkers and Their Potential for the Non-Invasive Detection of Endometrial Cancer. Front 

Oncol. 2020 Nov 3;10:2420.  



 

 

25 

 

73. de Oliveira MC, Caires HR, Oliveira MJ, Fraga A, Vasconcelos MH, Ribeiro R. Urinary 

Biomarkers in Bladder Cancer: Where Do We Stand and Potential Role of Extracellular 

Vesicles. Cancers 2020, Vol 12, Page 1400 [Internet]. 2020 May 29 [cited 2023 Apr 

10];12(6):1400. Available from: https://www.mdpi.com/2072-6694/12/6/1400/htm 

74. Lin SY, Linehan JA, Wilson TG, Hoon DSB. Emerging Utility of Urinary Cell-free Nucleic 

Acid Biomarkers for Prostate, Bladder, and Renal Cancers. Eur Urol Focus. 2017 Apr 1;3(2–

3):265–72.  

75. Bax C, Lotesoriere BJ, Sironi S, Capelli L. Review and Comparison of Cancer Biomarker 

Trends in Urine as a Basis for New Diagnostic Pathways. Cancers (Basel) [Internet]. 2019 

Sep 1 [cited 2023 Apr 10];11(9). Available from: /pmc/articles/PMC6770126/ 

76. Oshi M, Murthy V, Takahashi H, Huyser M, Okano M, Tokumaru Y, et al. Urine as a Source 

of Liquid Biopsy for Cancer. Cancers 2021, Vol 13, Page 2652 [Internet]. 2021 May 28 [cited 

2023 Apr 10];13(11):2652. Available from: https://www.mdpi.com/2072-

6694/13/11/2652/htm 

77. Inaba S, Shimozono N, Yabuki H, Enomoto M, Morishita M, Hirotsu T, et al. Accuracy 

evaluation of the C. elegans cancer test (N-NOSE) using a new combined method. Cancer 

Treat Res Commun. 2021 Jan 1;27:100370.  

78. Rondanelli M, Perdoni F, Infantino V, Faliva MA, Peroni G, Iannello G, et al. Volatile 

Organic Compounds as Biomarkers of Gastrointestinal Diseases and Nutritional Status. J 

Anal Methods Chem [Internet]. 2019 [cited 2022 Oct 25];2019. Available from: 

https://pubmed.ncbi.nlm.nih.gov/31583160/ 

79. Gao Q, Lee WY. Urinary metabolites for urological cancer detection: a review on the 

application of volatile organic compounds for cancers. Am J Clin Exp Urol [Internet]. 2019 

[cited 2022 Oct 25];7(4):232. Available from: /pmc/articles/PMC6734043/ 

80. Uozumi T, Hirotsu T. [Development of an Early Cancer Detection Method Using the 

Olfaction of the Nematode Caenorhabditis elegans]. Yakugaku Zasshi [Internet]. 2019 Jan 1 

[cited 2022 Oct 25];139(5):759–65. Available from: 

https://europepmc.org/article/med/31061346 

81. Kusumoto H, Tashiro K, Shimaoka S, Tsukasa K, Baba Y, Furukawa S, et al. Behavioural 

Response Alteration in Caenorhabditis elegans to Urine After Surgical Removal of Cancer: 

Nematode-NOSE (N-NOSE) for Postoperative Evaluation. Biomark Cancer [Internet]. 2019 

Jan [cited 2022 Oct 25];11:1179299X1989655. Available from: /pmc/articles/PMC6931140/ 

  


