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Introduction

The term “biomarker” in clinical care refers to biomolecules produced by different
cell populations in the human body that have been strongly linked with a particular
disease or disorder [1, 2]. The detection and quantification of these molecules have
become particularly useful to diagnose diseases at an early stage as well as to select the
best therapeutic option for personalised medicine. Similarly, some biomarkers can also
predict patient prognosis and risk of disease relapse [2, 3]. For clinical use, an ideal
biomarker should be highly specific and sensitive for a disease, being able to differenti-
ate the disease from other biologically related conditions (specificity) and detect the
disease when low levels of the biomolecule of interest are present (sensitivity) [4, 5].

In the case of CCA, early diagnosis remains an area of critical need, as presently
65% of patients are diagnosed with an advanced stage of the disease when treatment
options are very limited [6]. The frequently late diagnosis of CCA is mainly due to
the non-specific symptoms and clinical manifestations of CCA, which are common
to other biliary obstructive conditions [7, 8]. In contrast, the 35% of the cases diag-
nosed at early stages have potentially curative options, such as surgical resection or
liver transplantation [9].

The diagnosis of CCA is based largely on non-invasive imaging, which may include
contrast-enhanced computed tomography (CT) and magnetic resonance imaging (MRI).
Endoscopic ultrasonography (EUS), endoscopic retrograde cholangiopancreatography
(ERCP), and percutaneous transhepatic cholangiography (PTC) have additional roles in
tissue acquisition and stenting of biliary strictures, with a very small risk of peritoneal
seeding reported with PTC- and EUS-guided biopsy [10]. Serum biomarkers for diag-
nosis lack sensitivity and specificity [5, 6, 11], and there are currently no biomarkers
established to predict patient outcome for the different disease sites: extrahepatic CCA
(eCCA), intrahepatic CCA (iCCA), and perihilar CCA (pCCA) [11].

In this chapter we will review current biomarkers used in the clinical setting for
the detection of CCA as well as novel strategies still under development for early
diagnosis, surveillance, and prognostication and grouped according to tissue source
(see Fig. 19.1).
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Established Serum Biomarkers

The most commonly used serum biomarkers for the detection of CCA are carbo-
hydrate antigen 19-9 (CA19-9) and carcinoembryonic antigen (CEA). However,
they have low sensitivity and specificity and are not adequate for early diagno-
sis [3, 7].

CAI19-9

CA19-9 is a sialylated Lewis blood group antigen reported for the first time in
colorectal cancer cells [12]. Synthesis of this biomolecule is directly linked to the
activity of its two precursor enzymes known as fucosyltransferases 2 and 3 (FUT2
and FUT3). Patient genotype regarding these enzymes affects the overall amount of
CA19-9 liberated into the bloodstream, and it is estimated that 10% of the popula-
tion have inactive FUT3, thus being CA19-9 antigen negative (even in the presence
of tissue-proven CCA) [13].

The sensitivity and specificity of CA19-9 for CCA vary among studies and patient
cohorts analysed but are estimated to be around 50-80% and 40-70%, respectively
[14]. Its low specificity arises from the fact that this marker is also detected in the
serum of patients with other malignancies, such as pancreatic cancer, colorectal
cancer, and hepatocellular carcinoma (HCC), as well as in benign inflammatory
conditions including acute cholangitis, pancreatitis, choledocholithiasis, hepatitis,
and cirrhosis [15, 16]. Levels of CA19-9 greater than 100 U/mL, in the absence
of cholangitis, tend to indicate the presence of malignancy in the biliary tree [14,
15, 17]. Lastly, levels of CA19-9 are also elevated in some respiratory conditions
such as bronchiectasis, pulmonary fibrosis, and emphysema. For these reasons, it is
estimated that around 10% of patients with elevated CA19-9 levels do not have any
cancer of the biliary tree but instead some kind of benign disease [19].

CEA

CEA is a group of 12 glycoproteins involved in cell adhesion that was linked to
malignancy for the first time in colorectal cancer specimens [20]. Generally, levels
higher than 5 ng/mL are considered abnormal in clinical practice [21]. Levels of
these proteins are elevated during foetal development, but their expression is mini-
mal in adults. Although CEA represents a reliable biomarker for colorectal cancer,
it is only elevated in 30% of patients with CCA. Like CA19-9, CEA may also be
elevated in other conditions such as pancreatic cancer, colorectal cancer, cirrhosis,
hepatitis, cholangitis, and inflammatory bowel disease [22]. Thus, detection of CEA
in patients with suspected CCA may indicate a different primary malignancy meta-
static to the hepatobiliary system.
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CA-125

The carbohydrate antigen 125, also known as mucin 16, is a large cell surface pro-
tein encoded by the MUC16 gene generally found in the epithelia of the endome-
trium, ovaries, bronchi, and cornea [23]. It is elevated in about 65% of CCA patients
(normal upper limit of 37 U/mL) but also in pancreatic, colon, ovarian, breast, and
lung cancers as well as in benign hepatobiliary conditions like cirrhosis [18, 24].
As with CEA, this serum biomarker is generally only tested when another primary
malignancy is suspected.

Emerging Biomarkers

Blood Biomarkers

Among all the non-invasive sources of biomarkers, blood is easily and routinely col-
lected and is rich in biomolecules. Therefore, the majority of published and ongoing
research studies have sought to identify more specific and sensitive blood biomark-
ers for CCA or to combine several biomarkers into a panel to improve their perfor-
mance (see Table 19.1).

Extracellular Vesicles

Extracellular vesicles (EVs) have emerged as a promising source of biomarkers.
EVs consist of a heterogeneous population of lipid bilayer spheres containing dif-
ferent biomolecules such as proteins, nucleic acids (DNA and RNA), lipids, and
other metabolites [25]. Cells use these biomolecules for intercellular communica-
tion and, in the context of disease, to modulate pathological pathways [26]. EVs
have been found in all body fluids including blood [27], urine [28], bile [29], saliva
[30], and ascites [31].

Based on their diameter (30 nm-2 pm), EVs have been classified into two main
groups: (i) small EVs or exosomes (30-100 nm in diameter) and (ii) large EVs or
microvesicles (>100 nm) [27]. Small EVs constitute the most studied group. They
have their origin in vesicles derived from the endomembranous system, which accu-
mulate to form multivesicular bodies and merge with the plasma membrane releas-
ing the exosomes to the extracellular space. In contrast, large EVs bud directly from
the cell membrane of the parental cell [32, 33].

The amount, content, and surface markers of EVs have proven to reflect the
biological features and staging of different types of cancer, including CCA [35]. In
one study performed by Arbelaiz et al., the total amount and protein content of EV's
isolated from patients with CCA, primary sclerosing cholangitis (PSC), HCC, and
healthy individuals were compared [36]. HCC patients had the highest EV density
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Table 19.1 Emerging biomarkers for CCA detection in blood
SEN |SPE
Biomarker Source | Comparison (%) (%) AUC | References
Protein-containing
EVs
AMPN Serum | CCA vs healthy 90.7 |65.6 0.878 [36]
VNNI1 Serum | CCA vs healthy 72.1 87.5 10.876 [36]
PIGR Serum | CCA vs healthy 83.7 |71.8 |0.844  [36]
FIBG Serum | CCA vs PSC 884 633 0.796 | [36]
ATAGI1 Serum | CCA vs PSC 76.7 1 70.0 0.794  [36]
S100A8 Serum | CCA vs PSC 69.8 |66.6 |0.759 [36]
FCN2 Serum | Early-stage CCA (I-1I) vs 100.0 |80.9 |0.956  [36]
PSC
ITIH4 Serum | Early-stage CCA (I-1I) vs 91.7 80.9 0.881  [36]
PSC
FIBG Serum | Early-stage CCA (I-1I) vs 91.7 80.9 0.881  [36]
PSC
RNA-containing
EVs
RFFL Serum | CCA vs [PSC+UC+healthy] | 100.0 |100.0 | 1.00 |[37]
ZNF266 Serum | CCA vs [PSC+UC+healthy] 191.7 |91.3 1 0.976 | [37]
OR4F3 Serum | CCA vs [PSC+UC+healthy] | 100.0 |87.1 |0.960 | [37]
miR-551B Serum | CCA vs [PSC+UC+healthy] | 83.3 |87.0 |0.909 | [37]
PMS2L4 Serum | CCA vs [PSC+UC+healthy] 191.7 |87.0 0.880|[37]
LOC643955 Serum | CCA vs [PSC+UC+healthy] | 83.3 |87.0 |0.873|[37]
EV surface
markers
AnnexinV* Serum | CCA vs liver disorders 65.8 |47.0 |0.621 [38]
EpCAM*
AS6PRI1*
microRNA markers
miR-21 Serum | CCA vs healthy - - 0.910 | [44]
miR-21 Plasma | CCA vs healthy - - 0.940 | [44]
miR-26a Serum | CCA vs healthy 84.8 81.8 10.900  [46]
miR-150 Plasma | iCCA vs healthy 80.6 58.1 0.791 | [47]
miR-192 Serum | CCA vs healthy 740 |72.0 0.809 | [48]
miR-106a Serum | CCA vs healthy 81.6 |85.0 0.890 [49]
miR-222 Serum | CCA vs PSC-derived CCA | - - 0.770 | [50]
miR-483-5p
miR-126 Serum | CCA vs PSC 68.0 [93.0 0.870 [51]
miR-1281 Serum | CCA vs PSC 55.0 190.0 |0.830 [51]
miR-30b Serum | CCA vs PSC 52.0 |88.0 0.780 [51]
miR-122 Serum | CCA vs PSC 32.0 190.0 |0.650 [51]
Protein biomarkers
OPN Serum | CCA vs healthy 88.0 | 100.0 | 0.964 |[56]

(continued)
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Table 19.1 (continued)

SEN |SPE

Biomarker Source | Comparison (%) (%) AUC | References
1IL-6 Serum | CCA vs healthy 73.0 192.0 |0.875/|[61]
TGF-f1 Serum | CCA vs healthy 71.1 68.9 |0.668 | [63]
TGF-p1 Serum | CCA vs BBD 68.0 |71.1 |0.644 [63]
CYFRA 21-1 Serum | iCCA vs BBD 75.6 1962 0.879 [66]
CYFRA 21-1 Serum | CCA vs PSC 81.8 190.0 |0.903 [68]
PKM2
MUCSAC
GGT
MMP-7 Serum | CCA vs BBD 75.0 |78.0 0.730 [73]
S100A6 Serum | CCA vs healthy 86.0 |91.0 0.909  [74]
DKK1 Serum | CCA vs healthy 76.0 100.0 | 0.872 |[75]
SSP411 Serum | CCA vs BBD 90.0 |83.0 0.913 [76]
AFP Serum |iCCA vs HCC 91.1 - - [80]
AFP Serum | iCCA vs HCC 934 [89.7 |- [80]
CA-242
Metabolites
TSA Serum | CCA vs [BBD+healthy] 719 814 0.856[82]
TSA Serum | CCA vs HCC 82.6 |83.1 |0.885 [83]
TSA Serum | CCA vs [chronic hepatitis + | 82.6 86.0 10.964 [83]

cirrhosis + healthy]
21-deoxycortisol | Serum | CCA vs healthy 98.5 99.2  10.993 | [84]
Bilirubin
LysoPC (14:0)
LysoPC (15:0)

SEN sensitivity, SPE specificity, AUC area under (ROC) curve, Ref reference, EV extracellular
vesicles, CCA cholangiocarcinoma, PSC primary sclerosing cholangitis, UC ulcerative colitis,
iCCA intrahepatic cholangiocarcinoma, BBD benign biliary disorders, HCC hepatocellular cholan-
giocarcinoma

in serum compared to the other groups. A range of different proteins were suggested
as potential biomarkers to distinguish CCA from the other groups. Among these
proteins, AMPN (aminopeptidase N), VNN (pantetheinase), and PIGR (polymeric
immunoglobulin receptor) showed the highest diagnostic values when comparing
CCA patients to healthy controls (AUC 0.878, 0.876, and 0.844, respectively),
whereas FIBG (fibrinogen gamma chain), A1AGI (alpha-1-acid glycoprotein), and
protein S100A8 (AUC 0.796, 0.794, and 0.759, respectively) were the most promis-
ing candidates to differentiate PSC from CCA. Lastly, the proteins FCN2 (ficolin 2),
ITIH4 (inter-alpha-trypsin inhibitor heavy chain 4), and FIBG (AUC 0.956, 0.881
and 0.881, respectively) showed promise for the differential diagnosis of early-stage
CCA (stages I-II) and PSC.

Transcriptomic analysis of EV content revealed messenger RNA (mRNA) and
different non-coding RNA molecules (such as microRNAs [miRs], long non-coding
RNAs, and small nucleolar RNAs) with potential for CCA diagnosis. In a recent
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study by Lapitz et al., the serum EV content of CCA patients was compared with
benign biliary conditions like PSC and ulcerative colitis (UC) as well as with healthy
individuals [37]. A total of 1932 transcripts were differentially expressed in the
CCA group compared to the other 3 subgroups combined into a single group, with
RFFL (E3 ubiquitin-protein ligase rififylin), ZNF266 (zinc finger protein 266), and
ORA4F3 (olfactory receptor family 4 subfamily F member 3) being the mRNAs with
the highest diagnostic potential (AUC 1.00, 0.976, and 0.960, respectively). The
best-performing non-coding RNAs were miR-551B, PMS2L4, and LOC643955
(AUC 0.909, 0.880, and 0.873, respectively).

The fact that large EVs bud from the plasma membrane of the parental cell is
particularly interesting because some of the surface markers will remain on the
vesicle lipid bilayer and mirror the pathobiological cues of the disease. For instance,
tumour-associated microparticles (taMPs) carrying markers such as Annexin V,
EpCAM (epithelial cellular adhesion molecule), and ASGPR1 (asialoglycoprotein
receptor 1) allowed the differentiation of patients with liver malignancies (including
CCA and HCC) from patients bearing non-liver cancers and cirrhosis, with 65.8%
sensitivity but only 47% specificity. These taMPs decreased significantly at 7 days
after curative resection, demonstrating their potential prognostic value [38, 39].

Nucleic Acid Biomarkers

Similar to EVs, cell-free nucleic acids are released by healthy and cancer cells
into different body fluids such as blood, urine, or bile [3, 34]. In terms of circulat-
ing DNA, some of the most commonly mutated genes in CCA, including KRAS,
NRAS, BRAF, and PIK3CA, were first screened in tumour tissue by multiplex PCR
and then in DNA isolated from matched plasma samples from patients. The muta-
tion pattern of the tumour was conserved in plasma suggesting the suitability of the
technique for cancer detection [40].

Another group of nucleic acid biomarkers are circulating RNAs, with some
studies suggesting their diagnostic value in CCA [41, 42]. Among them, miR-21,
a small transcript with important roles in development, inflammation, and cancer
invasion [43], was the most commonly upregulated miR in CCA, and in one study,
it differentiated iCCA patients from healthy individuals with an AUC 0.91 in serum
and 0.94 in plasma [44]. However, it was also upregulated in the blood of patients
with other cancers such as HCC, limiting its specificity [45]. Patients with CCA
have also shown increased levels of miR-26a [46], miR-150 [47], and miR-192 [48]
and decreased levels of miR-106a [49].

Interestingly, a comparison of the differential expression of miRs in the blood
of PSC-derived CCA patients (n = 7) and CCA alone patients (n = 63) showed
increased levels of miR-222 and miR-483-5p in the latter group, achieving an AUC
of 0.770 when combined [50]. Another study reported a panel of five miRs in serum
(miR-126, -1281, -26a, -30b, and -122) with an individual maximum AUC of 0.870,
though a combination of the different miRs in a logistic regression model did not
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significantly improve their diagnostic accuracy [51]. However, further studies with
larger cohorts are needed to validate these findings.

One of the strongest features that makes cell-free nucleic acids good candidate
biomarkers for CCA is their ability to reflect the very heterogeneous pattern of
mutations of these tumours. In addition, they can be easily isolated from blood,
amplified, and detected by well-established targeted techniques such as qRT-PCR
and microarray or by untargeted techniques such as whole genome sequencing
(WGS) or whole transcriptome sequencing (also known as total RNA sequencing,
RNA-Seq) [52, 53]. Although the above-mentioned publications support the poten-
tial of nucleic acid biomarkers for the early detection of CCA and patient stratifica-
tion, further studies are still needed to validate these findings.

Proteins and Peptides

Proteins are generally more stable and abundant in blood than nucleic acids. In
recent years, many studies have taken a proteomic approach aiming at identifying a
protein signature for CCA [19].

Osteopontin (OPN) is a potential novel biomarker for CCA. This glycoprotein
is involved in normal physiological processes like bone biomineralisation and in
pathological conditions such as chronic inflammation [54] and tumour formation
[55]. Serum levels of OPN have been reported to be elevated in patients with CCA
compared to PSC and healthy controls, with an AUC of 0.964. Persistently high
levels post-tumour resection were associated with poor postoperative survival, high-
lighting its potential role as a prognostic biomarker [56].

Interleukin-6 (IL-6) is an inflammatory cytokine secreted by cholangiocytes
upon inflammatory stimuli [57, 58, 59]. In CCA, the cancerous cells also produce
this protein, which upregulates Bcl-2, an antiapoptotic cytosolic protein, promoting
tumour growth [60]. Serum levels of IL-6 had a 73% sensitivity and 92% specificity
(AUC 0.875) for distinguishing CCA patients from healthy controls [61]. Addition-
ally, the concentration of IL-6 in blood decreased after tumour resection. Of note,
IL-6 was also elevated in patients with other liver cancers like HCC [62]. Similarly,
the cytokine transforming growth factor-p1 (TGF-p1), associated with cell invasion
and microenvironment modification, was also found to be elevated in patients with
CCA compared to healthy individuals (AUC 0.668) and to other inflammatory con-
ditions (AUC 0.644) [63].

Another proposed CCA biomarker is the soluble fragment of cytokeratin-19, i.e.
CYFRA 21-1 [64]. This marker has been studied in other cancers, e.g. lung cancer
[65], and in one study it distinguished CCA from other benign biliary conditions
with 75.6% sensitivity and 96.2% specificity [66]. CYFRA 21-1 levels have also
been reported to correlate with tumour stage and patient prognosis, with a 3-year
survival rate of 76% in patients with low levels of CYFRA 21-1 compared with
only 25% in patients with high concentrations [67]. One study from our group by
Cuenco et al. reported that a panel of serum protein biomarkers, which included
CYFRA21-1, PKM2 (pyruvate kinase M2), MUCS5AC (mucin 5AC), and GGT
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(gamma-glutamyltransferase), was able to differentiate CCA from PSC alone with
81.8% sensitivity and 90.0% specificity (AUC 0.903) [68].

Matrix metalloproteinases 7 and 9 (MMP-7 and MMP-9) are two enzymes
responsible for the degradation and remodelling of the extracellular matrix in pro-
cesses of tissue repair, embryonic development, and angiogenesis [69]. They also
play an important role in tumour formation, and as such, increased levels of these
proteins in blood have been linked to tumour presence [70—72]. Increased serum
levels of MMP-7 in CCA patients compared with individuals with benign bili-
ary conditions showed an AUC of 0.730, but MMP-9 did not reliably differentiate
between the two groups [73].

Several other proteins for CCA detection have been described. For example,
serum S100A6, a calcium-binding protein, had an AUC of 0.909 when comparing
CCA to healthy controls [74], while Dickkopf-related protein 1 (DKK1) had an AUC
of 0.872 in iCCA versus healthy controls [75]. Spermatogenesis-associated protein
20 (SSP411) showed an AUC of 0.913 in CCA versus benign biliary disorders and
healthy controls [76]. A specific glycoprotein known as KL-6, a type of MUCI,
has also showed potential when comparing blood levels of CCA patients to healthy
individuals, HCC patients, and metastatic liver cancer patients [77]. Serum alpha
fetoprotein (AFP) showed good results differentiating HCC from CCA patients,
but low specificity [78]. However, when combining AFP with carbohydrate antigen
242 (CA-242), a potential marker of pancreatic cancer [79], the overall sensitivity
and specificity increased to 93.4% and 89.7%, respectively [80]. Larger studies are
needed to validate these findings.

Serum Metabolites

In addition to the previously mentioned biochemical groups, small molecules have
also been reported to be altered in the blood of patients with CCA. Sialic acid (TSA)
is a neurotransmitter which has been linked to different cancers including brain
tumours, leukaemia, melanoma, and also CCA [81]. In one study by Wongkham
et al., the total amount of TSA in CCA patients compared with individuals with
benign biliary conditions (including cholangitis, cirrhosis, and gallstones, among
others) had an AUC of 0.670, which increased to 0.856 when compared to healthy
controls alone [82]. In another study, Kongtawelert et al. compared TSA levels in
blood of CCA versus HCC patients (AUC 0.885) and CCA versus cirrhosis and
chronic hepatitis patients (AUC 0.964) [83].

Liang et al. performed a metabolomic analysis of the serum of CCA patients
and compared it with healthy individuals. During the initial discovery phase,
75 differentially expressed metabolites were found between groups. After the
validation phase in 225 CCA and 101 healthy serum samples, the 4 markers
that showed the best diagnostic performance were 21-deoxycortisol (under-
expressed in CCA), bilirubin (over-expressed), lysophosphatidylcholine 14:0
(lysoPC (14:0), under-expressed), and lysophosphatidylcholine (lysoPC (15:0),
over-expressed). The calculated AUCs were 0.918, 0.922, 0.954, and 0.927,
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respectively, which increased to 0.993 when the four metabolites were com-
bined [84]. Further validation studies of these metabolites are expected.

Circulating Tumour Cells

Circulating tumour cells (CTCs) represent a potential tool for the detection of CCA
and have been reported in other cancers including HCC [85], pancreatic cancer [86],
and colorectal carcinoma [87]. CTCs have also been studied as a cause of metastasis
and tumour relapse, opening the possibility of their use as prognostic biomarkers [88].
To date, the only FDA-approved system for cancer detection is the CellSearch® sys-
tem, which selects CTCs positive for DAPI, CK-8/18 (hepatocyte antigens), and CK-19
(cholangiocytes antigen) and negative for CD45 staining (leukocyte antigen). However,
in one study, only 25% of patients with CCA showed elevated CTC levels [89].

The accuracy of CTCs as prognostic biomarkers has not yet been well-studied in
CCA, and only a few studies have reported small subgroups of CCA patients within
their cohorts of patients with hepatobiliary disorders. One study isolated CTCs from
the blood of CCA patients and showed a high variability in mutations on exon 12
of KRAS gene [88]. Others have reported that CTCs could play an important role
in tumour metastasis through their interaction with different T-cell populations in
the circulation [86].

Bile Biomarkers

Bile is a complex mix of biomolecules synthesised by the liver and used in the pro-
cess of digestion. Its major components include bile acids, phospholipids, cholesterol,
urea, bilirubin and a variety of hormones and digestive enzymes. In recent years, bile
has gained attention as a source of potential novel biomarkers for biliary disorders
like CCA [89, 90]. Different groups have used approaches based on omics to identify
alterations in the concentration and composition of these organic molecules.

Bile Metabolites

Metabolomic studies performed by several groups have identified alterations in the
composition of bile in CCA patients [91]. Bile acids, phospholipids, and choles-
terol have shown the biggest differences between disease groups, highlighting their
promising diagnostic potential.

Bile acids are steroid acids synthesised from cholesterol by hepatocytes. They
regulate levels of cholesterol in the body, assist in fat absorption, and allow phos-
pholipid transport. Analyses of the total content of bile acids in CCA patients have
shown a reduction in secondary bile acids, such as deoxycholic and lithocholic acids,
compared to patients with biliary tract stones and healthy individuals [92]. A decrease



19  Established and Emerging Biomarkers for Prediction, Early Detection... 423

in glycine- and taurine-conjugated bile acids, phospholipids, and cholesterol was also
observed in CCA patients compared to benign controls [93]. However, when com-
paring bile from CCA and PSC patients, the levels of glycine-conjugated acids and
phosphatidylcholines were significantly increased in the cancer group [94]. In another
study, magnetic resonance spectroscopy of bile had an 88.9% sensitivity and an 87.1%
specificity in distinguishing CCA from non-PSC benign biliary conditions [95].

Proteins and Peptides

Analysis of the bile proteome has also been widely explored to identify proteins
abnormally expressed in CCA patients. In this context, biliary levels of insulin-like
growth factor 1 (IGF-1), also called somatomedin C, a hormone synthesised in the
liver with important roles in growth and development, was increased in eCCA patients
compared with those with pancreatic cancer or non-malignant disorders (AUC 1.00)
[96]. Lipocalin-2 (LCN2), a secreted protein responsible for the transport of some
hydrophobic substances, was found elevated in the bile of 30 CCA patients compared
to 36 gallstone patients, with a sensitivity of 87% and an AUC of 0.81 [97].

Minichromosome maintenance (MCM) proteins are a family of proteins con-
served in all eukaryotic cells due to their role in DNA replication [98] which have
been explored as markers of proliferation and cancer progression [99]. Specifically,
MCM-7 has been linked to the activation of oncogenes in CCA [100]. In a study
conducted in our laboratory by Ayaru et al., biliary MCM-5 as a marker of pancrea-
tobiliary malignancy (including CCA) had a sensitivity of 66% compared to 20%
for biliary brush cytology (AUC 0.800) [101].

The ratio of pancreatic elastase (PE) and amylase in bile could be another possi-
ble marker of CCA. Low levels of amylase may be associated with complete biliary
obstruction caused by a tumour. Patients with CCA had an increased PE/amylase
ratio compared with gallstone patients, with a sensitivity of 82% and a specificity of
89% (AUC 0.877) [102].

Lastly, increased biliary levels of Mac-2-binding protein (Mac-2BP), a cell-adhesive
protein of the extracellular matrix found upregulated in many cancers, showed prom-
ising values for the differential diagnosis of CCA from patients with benign biliary
disorders including PSC. The study reported an AUC of 0.700 that increased to 0.750
when Mac-2BP levels were combined with biliary levels of CA19-9 [103].

Extracellular Vesicles

EVs in bile have also been studied for the differential diagnosis of CCA. The
total amount of EVs in bile in CCA patients was compared to patients with non-
malignant bile duct stenoses. Cancer patients showed an increased total amount
of EVs (4.00 x 10" compared to 1.26 x 10'* nanoparticles/L), being able to dif-
ferentiate malignant from non-malignant patients with 100% sensitivity and 100%
specificity (AUC 1.00) [104]. Another study compared the transcriptomic content of
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EVs in patients with the same conditions and found a panel of five miRs (miR-191,
miR-486-3p, miR-1274b, miR-16, miR-484) able to differentiate CCA with 67%
sensitivity and 96% specificity [105].

Genetic Biomarkers

Circulating RNAs have also been reported in bile. In one study by Plieskatt et al.,
the content of miRs in bile was compared between patients with malignant and
benign biliary tract conditions like choledocholithiasis. miR-9 and miR-145 showed
the highest diagnostic accuracy (AUC 0.975 in both cases) to differentiate between
the two groups [106]. A different research group found that the expression of
miR-150-5p was decreased in the bile of CCA patients compared to healthy indi-
viduals [47]. In terms of their ability to differentiate PSC-derived CCA from benign
PSC, four miRs were identified (miR-412, miR-640, miR-1537, and miR-3189)
showing AUC ranging from 0.78 to 0.81. The combination of biliary miR-1537 and
CA19-9 levels had an AUC of 0.91 [51].

Changes in DNA methylation in CCA bile samples have been studied by a few
groups. Shin et al. described a biomarker panel based on the altered methylation pat-
tern of five genes involved in tumour growth, invasion, migration, and differentiation
(CCND2, CDH13, GRIN2B, RUNX3, and TWIST1). The combination was able to
differentiate eCCA from a control group of patients with benign disorders like chole-
cystitis and cholangitis with 83.3% sensitivity and 100% specificity [107]. Thus, the
detection of DNA methylation alterations could be a powerful diagnostic strategy for
patients with CCA, but further studies are needed to consolidate these data.

Serotonin

Serotonin is a neurotransmitter which also plays an important role in liver regenera-
tion and is overexpressed in CCA [108]. Alpini et al. reported increased levels of
TPH-1, an enzyme involved in the route of serotonin synthesis, in 48 tumour biop-
sies of CCA patients compared to healthy liver tissue. Decreased levels of enzymes
responsible for serotonin degradation, such as monoamine oxidase A, were also
observed. Finally, increased levels of serotonin were found in the bile of CCA
patients but not in patients with intrahepatic stones [109].

Urine Biomarkers

Urine has been shown to be a useful non-invasive source of biomarkers for different
cancers, including bladder [110], kidney [111], liver [112], and pancreas [113], with
advantages of ease of access and low proteome complexity compared to blood [114].
However, its applicability to biliary tract cancers has been only recently explored.
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Volatile Organic Compounds

Urine is a body fluid rich in a variety of volatile organic compounds (VOCs) that
have been screened for markers that may differentiate CCA from benign biliary
conditions. Navaneethan et al. used selected-ion flow-tube mass spectrometry
(SIFT-MS) to measure the concentration of VOCs in urine. Results showed that a
combination of ethane and 1-octene levels distinguished CCA from PSC patients
with an 80% sensitivity and 100% specificity (AUC 0.900). In addition, by compar-
ing the concentration of 2-propanol and acetonitrile, the authors reported an effi-
cient tool for separating CCA cases from a mixed group of PSC and other benign
biliary conditions (AUC 0.862) [115].

Proteomic Profile

The total urinary proteome of 41 patients bearing different biliary conditions includ-
ing CCA, PSC, and other benign disorders has also been analysed with the aim of
finding a singular proteomic signature able to detect and differentiate malignancies.
Around 5600 different peptides were selected from the samples with a frequency
higher than 20%. Out of these, 43 peptides were chosen as potential biomarkers
of CCA showing AUC ranging from 0.630 to 0.890 [116]. Some of these peptides
were assigned to well-known proteins such as collagen a-1 and -2 (extracellular
matrix components), osteopontin, uromodulin (an inhibitor of calcium crystallisa-
tion in renal fluids), and the antigen CD99 (involved in transmembrane transport).
The panel of identified distinct markers was then validated in a different cohort of
123 patients that included CCA, PSC, and other benign biliary disorders, proving
efficiency in discriminating CCA cases with a sensitivity of 83% and a specificity
of 79% (AUC 0.870) [117].

Extracellular Vesicles

EVs have also been sourced from urine showing particularly good potential when
their transcriptomic content was analysed. In a comparative study of the RNA con-
tent of EVs from CCA (n = 23), PSC (n = 5), UC (n = 12), and healthy individuals
(n =5), a total number of 27,319 transcripts were identified, out of which 1470
were unique in CCA samples. Messenger RNAs INOS8OD, MAP6D1, and RRAGD
(AUC 1.00 for all) and non-coding RNAs HCG4, MIR200C, and LOC100134868
(AUC 0.930, 0.904, and 0.896, respectively) were the best candidate markers for
the differential diagnosis of CCA versus healthy individuals. CLIP3, VCAMI, and
TRIM33 messenger RNAs (AUC 0.965 for all) were able to differentiate CCA ver-
sus PSC; whereas MT1F, GPX3, and LDHA (AUC 0.915, 0.897, 0.894, respec-
tively) were selected to distinguish CCA from a control group that combined PSC,
UC, and healthy patients [37].
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Histological Markers

Biopsy confirmation is often required for the clinical diagnosis of CCA [10]. In this
regard, biomarkers analysed in resected tissue may provide complementary infor-
mation for patient stratification, prognosis, and personalised therapies.

Genomic Markers

Considering the high heterogeneity of mutations between the different subtypes of
CCA tumours, finding key and specific altered genes can inform treatment options
and predict patient outcome after tumour resection [118]. Mutations in DNA repair
and cell growth genes (such as TP53 and KRAS, respectively) have been linked to
worse patient prognosis than mutations in metabolic genes like IDH-1 and IDH-2
(encoding the enzymes isocitrate dehydrogenases 1 and 2) [7, 119-122]. The fibro-
blast growth factor receptor 2 gene (FGFR2) has been frequently reported mutated
in iCCA patients and not in other liver cancers, suggesting the diagnostic potential
of this genetic marker [118]. However, studies involving larger patient cohorts are
required to validate these markers.

CCA tissue samples have also been used to identify novel biomarkers based
on epigenetic alterations. A study conducted by Andresen and co-workers identi-
fied a four-gene panel (CDO1, CNRIP1, SEPT9, VIM) using tissue from brush
cytologies. The panel showed a sensitivity of 85% and a specificity of 98% (AUC
0.944) in discriminating CCA from PSC patients [123]. Similarly, and although
less investigated, other genes have also shown abnormal methylation patterns in
CCA such as MLHI1, DCLKI1, CDO1, ZSCAN18, and ZNF331. These genes play
key roles in DNA repair, stemness, and tumour growth and invasion [124, 125].
To date, the characterisation of the CCA methylome is still limited. A summary
of the main steps towards the implementation of a novel biomarker is represented
in Fig. 19.2.

Transcriptomic Markers

Whole transcriptome sequencing of resected tumour tissue has allowed researchers
to better understand the biology and behaviour of CCA. In an integrative molecular
analysis that combined gene expression levels, single-nucleotide polymorphisms
(SNPs), and immunohistochemical markers of 153 patients, two subtypes of iCCA
were found. In the so-called inflammatory type, an overexpression of inflammation-
related genes (such as different cytokines and STAT3) was reported, whereas in the
‘proliferation type’, an activation of oncogenes (KRAS, MAPKs, and MET) was
observed and linked to worse patient outcome [126].
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Fig. 19.2 Steps to cancer biomarker discovery. The process starts with the selection of a cohort of
patients for biomarker discovery. Samples (blood, bile, urine, tissue) are screened for potential
altered biomolecules. Levels of these molecules are then compared between cancer and control
groups, and statistical differences and diagnostic potential are calculated. Only a few biomolecules
(or a combination) get selected for further validation in larger cohorts. (This figure was created
using images from Servier Medical Art Commons Attribution 3.0 Unported License (http://smart.
servier.com). Servier Medical Art by Servier is licensed under a Creative Commons Attribution 3.0
Unported License)

A different study examining the recurrence-free interval after resection of CCA
and gallbladder cancer linked the overexpression of CTL4 (cytotoxic T-lympho-
cyte-associated protein 4) and FOXP3 (marker of naturally occurring regulatory
T cells) to patients with no CCA recurrence up to 18 months after resection [127].
Recently, the expression of IL-33 in tumour tissue was also associated with better
prognosis in both iCCA and pCCA patients [128].

Immunohistochemical Markers

A number of prognostic markers for CCA have been identified using histological
tumour samples. In one of the largest meta-studies to date, the histological signature
of 4126 CCA patients was compared, identifying 77 potential prognostic biomark-
ers. Some of these markers were fascin (an actin bundling protein), the epithelial
growth factor receptor (EGFR), mucins 1 and 4 (MUC1/4), and p27 (a tumour sup-
pressor protein able to block the proliferation of cancer cells). Over-expression of
these five proteins was linked to increased patient survival [129]. Similarly, Suzuki
et al. reported that increased expression of the pyruvate kinase type M2 (PKM2) in
tumour tissue may enhance tumour cell invasion and promote lymph node metasta-
sis in iCCA cases [130].
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micro-RNA

Microarray profiling of CCA resected tumours has allowed the identification of
small RNA molecules with the potential for CCA detection and staging [39]. The
best characterised is miR-21, which has shown 95% sensitivity and 100% specific-
ity in the detection of CCA versus normal bile duct and liver tissue [131, 132]. This
miR has also been linked to worse prognosis. In another study, miR-21 had similar
expression in CCA and PDAC tissue compared to normal surrounding tissue, while
a panel of seven other miRs were differently expressed [133].

Conclusion and Future Perspectives

CCA remains a deadly disease due in part to the lack of accurate non-invasive diag-
nostic tests, especially for early-stage disease. The identification and validation of
specific markers could not only help discriminate which patients could undergo
tumour resection, the only available curative option to date, but also predict the
risk of recurrence after surgery. A great number of biomarkers including genetic
material (DNA/RNA), circulating proteins, extracellular vesicles, bile acids, and
metabolites, among others, have been identified in blood, bile, urine, and tumour
tissue of CCA patients. However, in order to be translated to the clinical setting, the
diagnostic and prognostic potential of these biological entities need to be validated
in large international cohorts and compared with appropriate disease control groups.
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