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ARTICLE INFO ABSTRACT

Keywords: Cholangiocarcinoma (CCA) is a rare malignancy originating from the biliary tree and is anatomically categorized
C_}l‘)langlocarcm"ma as intrahepatic (iCCA), perihilar, and extrahepatic or distal. iCCA, the second most prevalent hepatobiliary
glomark‘ers cancer following hepatocellular carcinoma (HCC), constitutes 5-20 % of all liver malignancies, with an
rognosis

increasing incidence. The challenging nature of iCCA, combined with nonspecific symptoms, often leads to late
diagnoses, resulting in unfavorable outcomes. The advanced phase of this neoplasm is difficult to treat with
dismal results. Early diagnosis could significantly reduce mortality attributed to iCCA but remains an elusive
goal. The identification of biomarkers specific to iCCA and their translation into clinical practice could facilitate
diagnosis, monitor therapy response, and potentially reveal novel interventions and personalized medicine. In
this review, we present the current landscape of biomarkers in each of these contexts. In addition to CA19.9, a
widely recognized biomarker for iCCA, others such as A1BG, CYFRA 21-1, FAM19A5, MMP-7, RBAK, SSP411,
TuM2-PK, WFA, etc., as well as circulating tumor DNA, RNA, cells, and exosomes, are under investigation.
Advancing our knowledge and monitoring of biomarkers may enable us to improve diagnosis, prognostication,

Early detection

and apply treatments dynamically and in a more personalized manner.

1. Introduction

Cholangiocarcinoma (CCA) is a rare malignancy originating from the
biliary tree, categorized anatomically as intrahepatic (iCCA), perihilar
(PHCC), and extrahepatic (ECC) or distal (DCCA) [1]. iCCA, the second
most prevalent hepatobiliary cancer after hepatocellular carcinoma
(HCQ), constitutes 5-20 % of all liver malignancies, with an escalating
incidence. Early nodal and vascular invasion characterizes iCCA,
contributing to a bleak prognosis [2-4]. The genesis of iCCA is attributed
to chronic inflammation, creating an inflammatory milieu damaging
DNA and promoting cholangiocyte proliferation [5]. An alternate
pathogenic theory suggests overexpression of Notchl in hepatic pro-
genitor cells, leading to oncologic transformation through a chol-
angiocellular pathway [6]. Well-established risk factors for iCCA
encompass cirrhosis, viral hepatitis, primary sclerosing cholangitis,
parasitic infections, carcinogen exposure, and genetic syndromes like

* Corresponding author.
E-mail address: a.ottaiano@istitutotumori.na.it (A. Ottaiano).

https://doi.org/10.1016/j.mcp.2024.101951

Lynch syndrome, BRCA-associated protein-1 (BAP-1) tumor predispo-
sition syndrome, cystic fibrosis, and biliary papillomatosis [7]. iCCA
manifests in two main subtypes: proliferative and inflammatory. The
proliferative subtype, marked by oncogenic signaling activation, DNA
amplifications, BRAF and KRAS mutations, tends to be less differenti-
ated and carries a poorer prognosis than the inflammatory subtype,
characterized by inflammatory signaling activation and cytokine over-
expression [8]. The challenging nature of the disease, coupled with
nonspecific symptoms, leads to late diagnoses, particularly for iCCA,
resulting in unfavorable outcomes. Since 2010, the standard care for
advanced, inoperable biliary tract cancers has been gemcitabine and
cisplatin combination (gem-cis).

Valle et al. demonstrated a median overall survival (OS) of 11.7
months in the ABC-02 trial with gemcitabine and cisplatin, compared to
8.1 months with single-agent gemcitabine in unresectable, recurrent, or
metastatic biliary tract cancers (HR: 0.64; 95 % CI: 0.52-0.80; P <
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0.001). The response rate was 26.1 % in patients treated with gemci-
tabine and cisplatin compared to 15.5 % in patients treated with gem-
citabine alone [9]. Subsequently, Oh et al. demonstrated in the TOPAZ-1
trial that adding durvalumab to gemcitabine and cisplatin (12.8 months)
significantly improved median OS compared to placebo plus chemo-
therapy (11.5 months; HR: 0.80; CL: 0.66-0.97; P = 0.021) [10]. There
were also improvements versus placebo plus chemotherapy in pre-
specified secondary endpoints, including progression-free survival.
Regrettably, the observed increase of +1.3 months in median survival
recorded in the TOPAZ-1 trial, although statistically significant, does not
fully satisfy. The prognosis for advanced cholangiocarcinoma remains
dismal, with only approximately 5 % of patients surviving at 5 years [10,
11]. Thus, even though the toxicity profile of cisplatin, gemcitabine, and
durvalumab is manageable, there is an urgent need to improve treat-
ment options for the advanced phase.

However, CCA, with its diverse etiologies and clinical heterogeneity,
poses a unique challenge in developing universal treatments, prompting
consideration of whether targeted therapies might yield more promising
results [12]. Surgical resection stands as the sole potentially curative
treatment for iCCA, with liver transplantation not established as a
treatment option unlike in HCC or PHCC [13,14]. However, only
approximately one-third of patients exhibit resectable disease. Despite
surgical resection with negative margins, early disease recurrence is
prevalent. Even with curative-intent surgical resection, the 5-year
overall survival (OS) remains unsatisfactory, with only 20-35 % of pa-
tients surviving. Although adjuvant chemotherapy may prolong survival
for specific patients, the success of systemic therapy is constrained by
drug resistance and notable toxicities, particularly in patients with a
poor performance status [15]. Recent advancements in genetic analysis
provide a better understanding of the distinct somatic genomic land-
scapes of biliary tract cancers, including iCCA. Next-generation
sequencing enables personalized medicine by identifying unique muta-
tions as potential therapeutic targets. However, it is essential to
emphasize that, as in other types of solid tumors, the absolute priority
remains early diagnosis. Only early diagnosis can have a significant
impact on reducing mortality attributed to cholangiocarcinoma and
avoiding secondary effects on patients’ quality of life and healthcare
costs [16]. The identification of biomarkers specific to iCCA can aid in
diagnosis, monitoring therapy response, and potentially unveil novel
interventions and personalized medicine [17,18]. Currently, carci-
noembryonic antigen (CEA), carbohydrate antigens 19-9 (CA 19-9),
and 125 (CA 125) are the only biomarkers in clinical practice, albeit
with limited utility due to poor sensitivity and specificity [19].
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Next-generation sequencing has begun elucidating the genetic landscape
of CCA, identifying tumor biomarkers or "actionable mutations," open-
ing avenues for targeted therapies.

This review explores potential biomarkers for iCCA and their role in
diagnosis, therapy response monitoring, and the identification of novel
interventions (Fig. 1).

1.1. Utility and constraints of existing biomarkers for diagnosis in patients
with iCCA

The utility of tumor biomarkers lies in their capacity to facilitate
early disease diagnosis, determine individual prognosis and relapse risk,
or aid in selecting the optimal treatment modality (surgical, locore-
gional, or systemic). An ideal biomarker for diagnosing CCA, akin to
other cancers, should be straightforward and cost-effective (readily
available), highly sensitive (capable of detecting the disease at an early
stage, preferably when curative therapy is viable), and specific (able to
differentiate CCA from other malignant or benign conditions). Unfor-
tunately, such an ideal biomarker for CCA has not yet been identified.
Currently, CEA, CA 19-9 and CA 125 are clinically employed as serum
markers for CCA; however, they exhibit low sensitivity and specificity
and are inadequate for early detection. For diagnostic purposes, serum
CA 19-9 lacks both high sensitivity and specificity, as moderately
elevated levels of this biomarker can be observed in situations of benign
bile duct obstruction. Consequently, the sensitivity and specificity of CA
19-9 for iCCA are 62 % and 63 %, respectively [20]. Additional serum
biomarkers, such as cytokeratin-19 fragment (CYFRA 21-1) and CA 242,
have been reported to possess higher specificity than CA 19-9 for iCCA
in a limited number of studies [21], yet they are not in routine clinical
use. Despite substantial efforts in recent years to identify novel, more
specific, and sensitive markers for iCCA, not only in serum but also in
bile and urine, none of the evaluated candidates have been deemed
suitable for clinical application [22]. When assessing a liver lesion, it is
crucial to differentiate iCCA from other liver tumors like HCC or meta-
static disease. The primary method for diagnosing iCCA involves im-
aging within the appropriate clinical context, with subsequent biopsy if
necessary [23-25]. However, various biomarkers have been identified
to aid in the diagnostic assessment of liver lesions. Tumor markers
furnish valuable diagnostic and prognostic information as supplemen-
tary confirmatory tests during the evaluation of solid tumors and in
postoperative surveillance to monitor for recurrent disease. Neverthe-
less, it is essential to underscore that tumor markers should not be solely
relied upon for diagnosis [26,27]. The diagnosis of iCCA relies primarily

Fig. 1. Circulating biomarkers of iCCA may include proteins and metabolites released by tumor cells, as well as circulating tumor cells that migrate from primary
sites. Additionally, free-floating DNA and RNA contribute to the pool of potential markers.
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on imaging modalities and subsequent biopsy procedures, which are
essential for distinguishing iCCA from other liver tumors, including
hepatocellular carcinoma (HCC). Biomarkers detected in blood, bile,
and tumor tissue play a supplementary role in the diagnostic assessment
of liver lesions, as detailed in Table 1.

A crucial factor influencing the efficacy of biomarkers lies in their
capacity to differentiate between HCC and iCCA. CA 19-9, a widely
recognized biomarker for cholangiocarcinoma, serves as a Lewis blood
group antigen produced by pancreatic, biliary ductal, gastric, and
colonic epithelial cells [28]. Notably, CA19-9 is absent in the production
and therefore remains undetectable in approximately 7 % of the popu-
lation [29]. The association of an elevated CA19-9 is more frequently
observed in iCCA, in contrast to an elevated a-fetoprotein (AFP), which
leans towards suggesting HCC [30]. With a diagnostic sensitivity of 72 %
and specificity of 84 % for cholangiocarcinoma, CA 19-9 is a valuable
biomarker. It is imperative to recognize that CA 19-9 elevation can also
occur in non-malignant conditions such as biliary obstruction, chol-
angitis, and primary biliary cirrhosis.

While not considered primary diagnostic genetic alterations for iCCA
due to their presence in various cancer types, KRAS stands out as one of
the most frequently mutated genes in iCCA and beyond, underscoring its
potential as a promising biomarker [31-34]. It is essential to recognize
that the spectrum of genetic alterations extends beyond KRAS. A sig-
nificant discovery involves mutations in BRAF, identified in approxi-
mately 10 % of iCCA patients, contributing to the intricate genetic
landscape of this malignancy. Moreover, a substantial proportion,
around 30 %, exhibits mutations in the PI3K/PTEN/AKT/mTOR
signaling pathway, highlighting the diverse genetic events driving iCCA
development and progression [35]. However, the multifaceted nature of
iCCA necessitates exploration into complementary biomarkers to
enhance the diagnostic accuracy of genetic assessments. While more

Table 1
Primary diagnostic biomarkers for iCCA.
Acronym (full name) Biologic function Source
A1BG («1b-Glycoprotein) Immune regulation. B
AFM (Afamin) Transporter for vitamins and other B
hydrophobic molecules.
CA 19-9 (Carbohydrate Cell-cell recognition and adhesion. B/Bi
antigen 19-9)
CYFRA 21-1 (cytokeratin 19 Part of cell cytoskeleton. B
fragments)
DKK1 (Dickkopf-1) Inhibits Wnt signaling pathway, B/T
influencing cellular growth and
differentiation.
KL-6 Mucin (Krebs von den It is a high-molecular-weight B

Lungen-6 Mucin) glycoprotein expressed on the surface of

type II pneumocytes in the lungs. Its

main cellular function is linked to the
protection and repair of the respiratory
epithelium.

Enzyme involved in extracellular matrix B
degradation, associated with tissue
remodeling and repair.

Transcriptional repressor playing a role B
in gene regulation and maintenance of
genomic stability.

Involved in spermiogenesis. B/Bi

Matrix (Metalloproteinase-7)

RBAK (RB-associated KRAB
zinc finger)

SSP411 (Sperm specific
protein 411)

TuM2-PK (Tumor type M2
pyruvate kinase)

Isoform of pyruvate kinase, an enzyme B/T

involved in glycolysis, is present in

cancer cells. It facilitates aerobic

glycolysis, known as the Warburg effect.

WFA (Wisteria floribunda Involved in cell adhesion and migration. ~ B/Bi
agglutinin)

14-3-3 eta (eta isoform of the
14-3-3 protein family)

Pleiotropic protein with diverse T
biological functions, including the
regulation of the cell cycle, signal
transduction, apoptosis, and stress

response.

Bile: Bi; Blood: B; Tissue: T.
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complex and not readily applicable in clinical practice, it is worth
emphasizing this aspect. Specifically, it has been hypothesized that
integrating genetic characterization with serum biomarkers (e.g.,
broader panels of serum biomarkers) could improve diagnostic preci-
sion. An intriguing investigation illustrated that the amalgamation of
well-established biomarkers, namely CA19-9, CEA, MMP-7, and CYFRA
21-1, emerges as a potent diagnostic tool. This combination yielded
impressive diagnostic performance with a sensitivity of 92 %, specificity
of 96 %, and an overall accuracy of 94 % in the diagnosis of intrahepatic
cholangiocarcinoma (iCCA) [36]. Significant is the observation that this
combined biomarker panel not only has the potential to aid in refining
diagnostic precision through genetic signatures but also exhibits prom-
ise in addressing particularly critical tasks, such as distinguishing
intrahepatic cholangiocarcinoma (iCCA) from hepatocellular carcinoma
(HCC) and pancreatic cancer [37]. Delving deeper into the genetic
landscape, additional markers such as IDH mutations, found in 15-30 %
of iCCA patients, offer insights into the molecular intricacies of this
cancer. The involvement of two isoforms, IDH1 and IDH2, in the Krebs
cycle further accentuates the diverse genetic alterations contributing to
iCCA pathogenesis [38,39]. Complementing these findings, FGFR mu-
tations are detected in 10-15 % of iCCA cases, adding yet another layer
of complexity to the molecular profile of this malignancy [40]. Bio-
markers play a crucial role in discerning between malignant and benign
biliary diseases. Notably, FAM19A5 and RB-associated KRAB zinc-finger
protein (RBAK) exhibit elevated levels in patients with CCA compared to
those with benign biliary conditions, emphasizing their potential diag-
nostic utility [41]. Another promising marker is the serum alb-Glyco-
protein (A1BG)/afamin (AFM) ratio, with a threshold greater than 1.8,
enabling the differentiation of CCA patients from healthy individuals
with an impressive sensitivity of 84.4 % and specificity of 87.5 % [42].
Additionally, levels of Wisteria floribunda agglutinin (WFA) in both
serum and bile present a potential differentiator between iCCA and
benign biliary diseases [43]. In the realm of biliary markers, a unique
diagnostic approach involves the use of bile-based indicators. Although
the fluid sample is in closer proximity to the presumed tumor tissue,
facilitating a potential diagnostic advantage, it is essential to acknowl-
edge that sample collection entails an invasive procedure. Notably, pa-
tients with CCA exhibit significantly lower total bile concentrations and
altered deoxycholic acid ratios compared to individuals with benign
biliary diseases, reflecting changes in bile acid transport associated with
the malignancy [44]. Another bile-specific marker, sperm-specific pro-
tein 411 (SSP411), demonstrates elevation in CCA patients relative to
those with benign biliary disease, further underscoring its potential
diagnostic significance [45]. Innovative techniques for biomarker
detection, such as liquid biopsies, are currently under investigation.
Liquid biopsies involve identifying markers in patient fluid samples (e.
g., blood, urine, or bile) to assess disease biology. They enable the
sequential detection of these markers, providing insights into changes in
tumor biology. Biomarkers of interest include circulating tumor DNA
(ctDNA) or RNA, circulating tumor cells (CTCs), and tumor-derived
cytokines, exosomes, and proteins [46]. This expanded comprehension
of the genetic and molecular features of iCCA not only deepens our
understanding but also paves the way for the development of more
comprehensive diagnostic and therapeutic strategies. The intricate
interplay of various genetic markers opens avenues for targeted in-
terventions, personalized treatment approaches, and a more nuanced
understanding of the heterogeneity inherent in iCCA.

1.2. Biomarkers as predictors of outcomes in patients with iCCA

Surgical intervention in patients with iCCA represents, when
possible, the main choice. However, the overall outcomes remain sub-
optimal, and the recurrence of the condition is frequent post-resection.
Moreover, hepatectomy poses significant physiological challenges,
necessitating careful patient selection for achieving operative success
[47]. Consequently, there is a pressing need for biomarkers that can aid
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in risk stratification and inform treatment decisions, as evidenced by the
ongoing research in this field. As highlighted earlier, CA19-9 emerges as
a valuable biomarker in iCCA diagnosis. Furthermore, it may carry
prognostic significance for individuals with iCCA. Notably, a very
interesting study has established that preoperative CA19-9 and CEA
levels could prognosticate OS with a defined cutoff of 176.3 U/mL for
CA19-9 and 9.6 ng/ml for CEA [48]. Indeed, elevated CA19-9 levels,
surpassing the threshold of 1000 U/mL, have been associated with
metastatic cholangiocarcinoma, underscoring the potential utility of this
biomarker in signaling the likelihood of an advanced disease stage [49].
In 2020, Tsilimigras et al. developed a classification tree through the
examination of 826 patients who underwent iCCA resection. The pa-
tients were categorized into three clusters: common, proliferative, and
inflammatory = based on tumor size, CA 19-9, and
neutrophil-to-lymphocyte ratio (NLR). Interestingly, despite the in-
flammatory cluster showing the lowest CA19-9 levels, medium-sized
tumors, and the highest NLR, individuals within this group experi-
enced the poorest median OS [50]. Instead, CYFRA 21-1 which
demonstrated a greater diagnostic capacity compared to both CA19-9
and CEA, showed a positive correlation with tumor stage, establishing
itself as an independent predictor of decreased recurrence-free and OS
[51]. Tumor type M2 pyruvate kinase (TuM2-PK) emerges as a valuable
marker for distinguishing CCA from benign diseases. Elevated TuM2-PK
levels in CCA patients are often proportional to the tumor burden,
particularly evident in those with lymph node metastasis [52,53].
Notably, one study reported that TuM2-PK exhibited superior sensitivity
and specificity for CCA compared to CA19-9, effectively discriminating
CCA from healthy controls [54]. Connective tissue growth factor (CTGF)
expression is potentially linked to longer disease-free survival (DFS) and
0S, although the underlying mechanisms influencing tumor biology
remain largely unexplored [55]. Wntl-inducible signaling pathway
protein 1 (WISP1), a component of the WNT pathways, plays a role in
regulating cell proliferation, differentiation, adhesion, migration, and
survival. WISP1 expression is associated with iCCA carcinogenesis,
being overexpressed in 49 % of iCCA cases and correlating with a poor
prognosis [56]. Malignant cholangiocytes expressing Matrix
Metalloproteinase-7 or 9 (MMP-7 or 9) are indicative of an unfavorable
post-operative survival [57]. Additionally, the mucin family of glyco-
proteins shows promise in aiding the diagnosis and prognosis of CCA
[58]. Furthermore, the expression of MUC4 and MUC5AC demonstrates
a discriminatory capacity between benign and malignant biliary dis-
eases [59]. Regarding postoperative outcomes, MUC1, MUC4, and
MUCI16 have been identified as prognostic indicators for a poor prog-
nosis, whereas tumors positive for MUC2 tend to exhibit a more favor-
able outlook [60-62]. Core 3-synthase, a pivotal component in the
digestive system, has been linked to lower migratory and invasive rates,
along with reduced metastatic activity when expressed in cells. Indeed,
in the context of CCA, the presence of core 3 synthase, detected by the
antibody G8-144, has shown an association with lower mortality rates.
Conversely, the expression of 6-sulfated N-acetyllactosamine on
extended core-1 O-glycans, identified by the antibody MECA-79, has
been correlated with an unfavorable prognosis [63]. Additionally, the
assessment of dual-specificity phosphatase 11 (DUSP11) in eight pairs of
iCCA, PHCC, and DCCA, along with their corresponding adjacent tissues,
revealed heightened DUSP11 levels in all types of CCA compared to
adjacent tissues. Specifically in iCCA, elevated DUSP11 expression was
linked to an advanced T stage and a poor prognosis, a correlation not
observed in ECC or PHCC [64]. The presence of DKK1 expression in
iCCA tumor tissue is linked to elevated levels of MMP-9 and vascular
endothelial growth factor-C (VEGF-C). This association is further
correlated with heightened tumor invasion and an increased likelihood
of lymph node metastasis [65]. The comprehensive molecular charac-
terization of CCA has unveiled a spectrum of variations influenced by
both anatomical location and etiology. Similar to other adenocarci-
nomas, iCCA demonstrates a heightened prevalence of mutations in key
genes, including tumor protein p53 (tp53), KRAS, and mothers against

Molecular and Cellular Probes 73 (2024) 101951

decapentaplegic homolog 4 (SMAD4), which may serve as potential
indicators of a poorer prognosis [66]. Furthermore, these tumors
frequently exhibit alterations in FGFR2, IDH1, IDH2, RB Transcriptional
Corepressor 1 (RB1), Erb-B2 receptor tyrosine kinase 2 (ERBB2), and
breast cancer-associated protein 1 (BAP1) [67]. In Table 2, we have
delineated the key biomarkers with prognostic significance for iCCA.

In particular, tp53 mutations, exemplified by their association with
an aggressive tumor phenotype and resistance to traditional therapies,
underscore the challenge posed by these genetic alterations in the
treatment landscape. Similarly, KRAS mutations, pervasive in diverse
cancers, play a pivotal role in fostering unregulated cell proliferation
and are implicated in a dismal prognosis for iCCA [68]. Meanwhile,
alterations in FGFR2, another prevalent mutation within iCCA, have
surfaced as a promising avenue for therapeutic intervention. The
exploration of inhibitors targeting FGFR signaling pathways as potential
treatments highlights the potential for precision medicine in the man-
agement of iCCA, showcasing a paradigm shift towards more tailored
and effective approaches [40]. Moreover, mutations in IDHI and IDH2
are significant in iCCA and have implications for prognosis and treat-
ment response. These mutations are associated with distinct molecular
subtypes and may guide personalized therapeutic strategies [69]. Also
the presence of ERBB2 mutations in iCCA emphasizes the heterogeneity
of this cancer type and suggests the need for tailored treatment ap-
proaches. Indeed, ERBB2-targeted therapies, proven effective in other
cancers, are being investigated for their applicability in iCCA [70]. It is
estimated that as many as 70 % of iCCA patients may carry mutations
that are potentially targetable [71]. In conclusion, the molecular char-
acterization of iCCA has revealed a heterogeneous landscape of muta-
tions that play crucial roles in tumor development and progression. The
identification of these biomarkers not only aids in prognostication but
also opens avenues for targeted therapeutic strategies, paving the way
for a more personalized and effective approach to the management of
iCCA.

1.3. Biomarkers to guide therapy utility in target therapy

Tumor biomarkers not only possess diagnostic significance but may
also serve to predict prognosis (such as OS and/or tumor recurrence) or
guide therapeutic decisions and assess responses to potential adjuvant
therapies. Despite the substantial genomic heterogeneity observed in
CCA tumors, distinct genetic alterations have been documented based
on the cancer subtype. Specifically, small bile duct iCCAs typically
exhibit mutations in IDH1/2 and FGFR2 fusions, whereas large duct
iCCAs, PHCCs, and DCCAs more consistently manifest KRAS and/or tp53
mutations. Notably, ELF3 mutations appear to be exclusively prevalent
in patients with DCCA [72]. Genomic and transcriptomic investigations
have further identified specific signatures associated with tumor
development and progression, providing valuable insights into the mo-
lecular landscape of CCA. Transcriptomic examination of iCCA tumors
has facilitated the categorization into two discernible subtypes: the
"inflammation subtype," primarily enriched in genes associated with
inflammation, and the "proliferation subtype," marked by heightened
expression of oncogenes and linked to a poorer prognosis. This un-
derscores the significance of tissue biomarkers in prognostic prediction.
The distinct molecular profiles identified in these subtypes contribute
valuable insights into the underlying mechanisms and potential thera-
peutic strategies for iCCA [73]. Nevertheless, with enhanced genetic
analysis and a deeper comprehension of distinct biomarkers, targeted
therapies have emerged to enhance treatment responses and OS rates
[18]. IDH1/2 mutations, FGFR2 gene fusions, and neurotropic tyrosine
kinase receptor (NTKR) fusions are predominantly exclusive to patients
with iCCA, with prevalence rates ranging from 4.9 to 36 %, 5.5-13.6 %,
and 3.5 %, respectively [74]. These molecular aberrations have
garnered significant attention in the realm of drug discovery due to their
potential as therapeutic targets. Despite the limited success of IDH in-
hibitors in the treatment of iCCA, efforts have been made to explore their
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Table 2
Prognostic biomarkers for iCCA.
Acronym (full name) Biologic function Source  Impact on
prognosis
A1BG (alb- Immune regulation. B Unfavorable
Glycoprotein)
AFM (Afamin) Transporter for vitamins and B Unfavorable
other hydrophobic
molecules.
CA 19-9 (Carbohydrate  Cell-cell recognition and B/Bi Unfavorable
antigen 19-9) adhesion.
Core 3-synthase Enzyme involved in the T Favorable
synthesis of Core 3 O-
glycans, playing a role in the
modification of
glycoproteins and
glycolipids in cells.
CTGF (Connective Regulation of cell growth, T Favorable
tissue growth factor) differentiation, and tissue
repair.
CYFRA 21-1 Part of cell cytoskeleton. B Unfavorable
(Cytokeratin 19
fragments)
DKK1 (Dickkopf-1) Inhibits Wnt signaling B/T Unfavorable
pathway, influencing
cellular growth and
differentiation.
DUSP11 (Dual It dephosphorylates tyrosine T Unfavorable
specificity and serine/threonine
phosphatase 11) residues within the mitogen-
activated protein kinase
pathways, thereby
influencing cell growth,
differentiation, and response
to stimuli.
ERBB2 Erb-B2 receptor Receptor tyrosine kinase T Unfavorable
tyrosine kinase 2) involved in cell growth and
differentiation.
FGFR2 (Fibroblast Receptor tyrosine kinase T Unfavorable
growth factor involved in cell growth,
receptor 2) differentiation, and tissue
repair.
IDH 1/2 (Isocitrate They catalyze the conversion T Unfavorable
dehydrogenase 1 and of isocitrate to alpha-
2) ketoglutarate, producing
NADPH (nicotinamide
adenine dinucleotide
phosphate) in the
tricarboxylic acid cycle.
KL-6 Mucin (Krebs von It is a high-molecular-weight T Unfavorable
den Lungen-6 Mucin)  glycoprotein expressed on
the surface of type II
pneumocytes in the lungs. Its
main cellular function is
linked to the protection and
repair of the respiratory
epithelium.
KRAS (Kirsten rat GTPase protein that plays a T Unfavorable
sarcoma viral crucial role in cell signaling,
oncogene homolog) particularly in the regulation
of cell growth and
differentiation.
MMP 7/9 (Matrix Enzymes involved in B Unfavorable
metalloproteinase 7/ extracellular matrix
9) degradation, associated with
tissue remodeling and repair.
MUC 1/4/16 (Mucin 1/ Transmembrane B Unfavorable
4/16) glycoprotein involved in cell
adhesion and signaling.
MUC 2 (Mucin 2) Secreted mucin involved in B Favorable

the protection and
lubrication of the
gastrointestinal tract. It
forms the mucus gel layer,
contributing to the defense
against pathogens and
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Table 2 (continued)

Acronym (full name) Biologic function Source  Impact on

prognosis

maintaining gut

homeostasis.

Secreted mucin primarily B

found in the respiratory tract

and gastric mucosa. It

contributes to the integrity

and protection of mucosal

surfaces.

Crucial regulator of the T

progression from the G1

phase to the S phase of the

cell cycle. It acts by

inhibiting the activity of

cyclin-dependent kinases,

thereby preventing the

phosphorylation of key

proteins involved in cell

cycle progression.

Transcription factor T

involved in the TGF-beta

signaling pathway. Plays a

crucial role in regulating cell

growth, differentiation, and

apoptosis.

Modified sugar structure T

with a sulfate group. Found

in glycoproteins and

glycolipids, playing a role in

cellular recognition and

interactions. Implicated in

various biological processes,

including cell adhesion and

signaling.

TP53 (Tumor protein Pleiotropic protein primarily T
53) involved in the regulation of

cell cycle progression,

apoptosis, and DNA repair. It

acts as a tumor suppressor by

monitoring genomic

integrity.

Isoform of pyruvate kinase, B/T

an enzyme involved in

glycolysis, is present in

cancer cells. It facilitates

aerobic glycolysis, known as

the Warburg effect.

Matricellular protein T

involved in cell signaling and

tissue repair. Associated

with the Wnt signaling

pathway and implicated in

various biological processes,

including inflammation,

fibrosis, and cancer.

MUC5AC (Mucin5AC) Unfavorable

RB1 (Retinoblastoma 1) Unfavorable

SMAD4 (Mothers
against
decapentaplegic
homolog 4)

Unfavorable

6-sulfated N-
acetyllactosamine

Unfavorable

Unfavorable

TuM2-PK (Tumor M2- Unfavorable

Pyruvate kinase)

WISP1 (WNT1
inducible signaling
pathway protein 1)

Unfavorable

Bile: Bi; Blood: B; Tissue.

efficacy. In this sense, the ClarIDHy study, a phase III randomized
controlled trial (RCT), encompassed 185 patients with IDHI-mutated
CCA. These patients were randomized to receive the IDH1 inhibitor,
ivosidenib, or a placebo. Notably, individuals administered ivosidenib
demonstrated significantly extended progression-free survival (PFS)
compared to those on placebo (2.7 versus 1.4 months, respectively)
[75]. Simultaneously, promising results have emerged in targeting
NTRK fusions with larotrectinib [76] or entrectinib [77] for the treat-
ment of previously treated advanced solid tumors, encompassing cases
of CCA as well. In this context, the significance of FGFR2-directed
therapies in iCCA patients with FGFR2 alterations who have pro-
gressed under the initial gemcitabine-cisplatin treatment is underscored
by findings from some clinical trials, showcasing encouraging outcomes.
In particular, the FDA-approved FGFR inhibitor, pemigatinib, exhibited
a very interesting objective response rate, yielding a median PFS of 6.9
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months in the FIGHT-202 trial [78]. These results prompt consideration
of the use of pemigatinib and other FGFR inhibitors as a potential
first-line treatment, offering a novel perspective in comparison to the
established standard of care for advanced CCA patients. The ongoing
assessments across numerous clinical studies aim to provide further in-
sights into the effectiveness of this approach. More detailed information
on the referenced clinical studies is provided in Table 3, where it is
evident that the majority of studies currently underway focus on FGFR2
fusions/rearrangements.

1.4. Prospective trajectories of biomarkers in iCCA

Exploring prospective trajectories in the realm of biomarker research
unveils a pivotal role in identifying and diagnosing various malig-
nancies. Recent evidence not only underscores the significance of bio-
markers in guiding patient selection for surgical interventions and
systemic therapies but also highlights their potential to significantly
impact survival outcomes in patients with iCCA. The quest for enhanced
survival involves identifying biomarkers capable of efficiently selecting
patients who stand to benefit from therapies, with a specific emphasis on
identifying those at an elevated risk of recurrence post-resection. While
systemic therapy presents modest benefits for a subset of iCCA patients,
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the challenge lies in navigating the delicate balance between therapeutic
advantages and potential toxicity for individual cases. This underscores
the critical importance of judicious patient selection to mitigate
morbidity and minimize unnecessary exposure to potentially toxic
treatments. Currently, the combination of gemcitabine with cisplatin
and durvalumab stands as the standard systemic treatment for advanced
iCCA [10,11]. Ongoing investigations encompass a comprehensive
spectrum of studies, delving into both systemic and locoregional ther-
apeutic modalities for iCCA, but simultaneously, the landscape of
biomarker detection is evolving, with novel techniques taking center
stage. Liquid biopsies, a promising avenue in this domain, involve
analyzing markers present in various patient fluid samples, including
blood, urine, or bile, providing valuable insights into disease biology.
These biopsies offer the advantage of serial marker detection, furnishing
crucial information on dynamic changes in tumor biology [80]. In up-
coming research endeavors, significant emphasis is placed on discerning
notable biomarkers, inclusive of ctDNA or ctRNA, CTCs, and
tumor-derived exosomes, cytokines, and proteins. The trajectory of
future investigations aims to delve deeper into the intricate landscape of
these biomolecular entities, as their potential implications in under-
standing disease pathophysiology and therapeutic responsiveness
continue to unfold. These biomarkers, residing in various biological

Table 3
Primary clinical studies on iCCA patients with targeted therapy-responsive mutations and their key outcomes.
Study type, NCT Phase  No. of patients Study Primary Outcomes
Ref Biomarker Arms Endpoint
Interventional NCT02989857  III 187 Active Comparator: PFS PFS was significantly improved with AG-120 compared with
(ClarIDHy) IDH1-mutated AG-120 placebo (median 2-7 months [95 % CI 1-6-4-2] vs 1-4 months
[75] Placebo Comparator: [1-4-1-6]; hazard ratio 0-37; 95 % CI 0-25-0-54; one-sided p
Interventional Placebo < 0-0001).
[76] Experimental: After
Interventional Cross over to AG-120
(STARTRK-2) NCT02122913 1 75 Larotrectinib (Dose MTD No results posted
[77] NTRK fusion excalation) RR
NCT02568267 II 534 Oral RXDX-101 ORR No results posted (still active)
NTRK fusion
Interventional NCT02924376  1I 147 Oral Pemigatinib ORR The median follow-up was 17-8 months (IQR 11-6-21-3). 38
(FIGHT-202) FGFR2 translocation (35-5 % [95 % CI 26-5-45-4]) patients with FGFR2 fusions or
[78] (Rearrangements or rearrangements achieved an objective response (three
Fusions) complete responses and 35 partial responses).
Interventional NCT03656536  III 434 Experimental: PFS No results posted (The study is currently in recruiting)
(FIGHT-302) FGFR2 rearrangement or Pemigatinib
[79] fusion Active Comparator:
Cisplatin +
Gemcitabine
Study type, NCT Phase  No. of patients Study Primary Outcomes
Ref Biomarker Arms Endpoint
Interventional NCT04093362  III 216 Experimental: Oral TAS-120 PFS No results posted (still active)
(FOENIX- FGFR2 rearrangement Active Comparator: Cisplatin +
CCA3) [80] Gemcitabine
Interventional NCT05565794 1L 20 Experimental: Pemigatinib ORR No results posted (The study is
(from CT.gov) FGFR2 rearrangement or currently in recruiting)
Interventional fusion
(REFOCUS) NCT04526106  1/1I 550 Oral RLY-4008 (dose escalation) MTD/ No results posted (The study is
(from CT.gov) FGFR2 rearrangement or ORR currently in recruiting)
fusion
Interventional NCT05174650 1II 37 Combined treatment: ORR No results posted (The study is
(from CT.gov) FGFR2 rearrangement or Atezolizumab + Derazantinib currently in recruiting)
fusion
Interventional NCT05678270 1II 64 Experimental: Oral ICP-192 ORR No results posted (The study is
(from CT.gov) FGFR2-Rearranged currently in recruiting)
Interventional NCT05242822 1 120 Experimental: Part A - dose escalation DLTs No results posted (The study is
(from CT.gov) FGFR2 and/or FGFR3 gene (Drug KIN-3248) AEs currently in recruiting)
alterations Experimental: Part B - dose expansion ORR
(Drug KIN-3248) DCR
DOR
PFS

AG-120: Ivosidenib; PFS: progression-free survival; MTD: Maximum tolerated dose; RR: Response rate; RXDX-101: Entrectinib; ORR: Objective Response Rate; TAS-
120: Futibatinib; CT.gov: ClinicalTrials.gov; RLY-4008: lirafugratinib; DLTs: Dose limiting toxicities; AEs: Adverse events; DCR: Disease control rate; DOR: duration of

response.
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fluids, offer a comprehensive view of the dynamic molecular milieu
associated with malignancies. As we navigate this evolving field, the
integration of advanced technologies and methodologies promises to
unveil novel insights, shaping the landscape of personalized diagnostics
and targeted therapies. Indeed, the potential of ctDNA as an indicator of
systemic therapeutic response has already been emphasized in recent
published research. For instance, a 92 % concordance rate was observed
between tumor tissue and corresponding ctDNA samples in iCCAs
[81-85]. In a very recent study conducted by Choi et al. [86], the current
evidence and future perspectives on the use of ctDNA in the diagnosis,
management, and understanding of the prognosis of patients with iCCA
undergoing surgery are presented. Specifically, the authors outline the
application of liquid biopsies or ctDNA in various capacities [1]: char-
acterizing the molecular profile of the tumor to inform the selection of
molecularly targeted therapy in the neoadjuvant setting [2], functioning
as a surveillance tool to identify minimal residual disease or detect
cancer recurrence post-surgery, and [3] aiding in the diagnosis and
screening for early detection of iCCA in populations at elevated risk.

CtDNA serves as a valuable DNA source for tumor genetic assess-
ment, playing a pivotal role in ensuring the clinical validity and utility of
assays in a laboratory setting, following evolving guidelines [87]. While
elaborating on the limitations of this technique exceeds the scope of this
work, it is crucial to emphasize the importance of ctDNA, especially in
iCCA. In fact, its non-invasive and repeatable nature is noteworthy,
particularly in situations where the available tumor quantity may be
inadequate for a comprehensive tumor DNA analysis. In iCCA, con-
ducting a comprehensive gene panel analysis before initiating treatment
is advisable. This panel should ideally include multigene NGS assess-
ments, incorporating at least IDH1 for ivosidenib treatment and FGFR2
fusions for pemigatinib therapy. The therapeutic implications of other
mutations (ARID1A, KRAS, PIK3CA, tp53, etc.) in CCA remain unclear.
Importantly, ctDNA and tumor DNA demonstrate good concordance in
detecting actionable mutations [88-90].

Furthermore, the variant allele frequency in ctDNA showed corre-
lation with tumor load and PFS. Investigations into CTCs by Yang et al.
[91] unveiled their association with disease extent, aggressiveness, and
survival prediction in CCA patients. Additionally, studies on circulating
microRNA as a bile-derived biomarker in CCA, led by Han et al. [92],
demonstrated the ability of microRNA to mirror the oncogenic charac-
teristics of CCA tissue. Emerging on the biomarker horizon is the iden-
tification of extracellular vesicles (EVs) as potential indicators for CCA.
Released by tumor cells, EVs play a vital role in regulating cellular mi-
croenvironments by transporting biologic material [93]. Implications
for tumor-induced inflammation and chemoresistance add further
intrigue to the potential of EVs as biomarkers [94,95]. In a recent study,
Xu et al. [96] identified a CCA-associated circular RNA, circ-CCAC1,
upregulated in bile EVs and tissues, suggesting its potential role as
both a biomarker and therapeutic target. Ongoing trials investigating
the role of circular RNA (circRNA) in iCCA are underway, with studies
indicating decreased expression of circSMARCAS in iCCA tissue, nega-
tively correlated with advanced disease stage [97,98]. Additionally,
circACTN4 has been identified as a promoter of tumor cell growth by
regulating Wnt signaling pathways, indicating its potential as a thera-
peutic target [99]. Strategies targeting the miRNA response elements
carried by circRNAs, such as target site blockers (TSBs), hold promise for
reducing the pro-oncogenic activity of circRNA [100,101].

One of the most useful and pragmatic approaches in the field of
biomarkers in CCA might involve assessing biomarkers capable of pre-
dicting the development of CCA in at-risk patients (obesity, sclerosing
cholangitis, opisthorchiasis infection, chronic viral infections, and
cholelithiasis). This is undoubtedly an extremely challenging and com-
plex task, pursued in the context of all solid tumors. In the scientific
literature, there are very few relevant data, often stemming from studies
in which a prospective design is not clearly identifiable, and the studies
are underpowered. In Table 4, we present studies that investigate the
role of soluble biomarkers in predicting the progression to CCA from
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Table 4
Studies reporting on the role of biomarkers in predicting the development of
CCA from predisposing conditions.

Author, Year Risk factor Biomarker Predictive power
Lempinen M, PsC Serum Median: 66 mg/L, IQR:
2007 trypsinogen-2 39-131 for patients

with PSC developing
CCA. AUC: 0.804.
Halme L, PSC Aneuploid DNA Aneuploidy (yes vs
2012 content on biopsy no).
Positive predictive
value 92 %, negative
predictive value 53 %.
Jamnongkan Opisthorchiasis- Serum oxidized Cut-off OD value 0.12.
W, 2012 associated CCA alpha-1 AUC: 0.818.
antitrypsin Sensitivity and
specificity of 81 and
80 %, respectively.
Prakobwong Opisthorchiasis- Serum Hydroxyproline
S, 2012 associated CCA hydroxyproline >41.0 mg/ml vs <
41.0; OR: 3.69; 95 %
CI: 1.198-11.382; p:
0.020.
Jo JH, 2013 Hepatolithiasis Serum CA19-9 CA19-9>22 U/mL.
level AUC: 0.799; OR:
1.001. The sensitivity
and specificity of 73.9
and 68.4 %,
respectively.
Lapitz A, PSC CRP/PIGR/VWF Concomitant
2023 from serum CRP>14,000 ng/ml/
extracellular PIGR>750 ng/ml/
vesicles VWF>8500 ng/ml.
AUC: 0.992; OR:

387.5. The sensitivity
and specificity were
92.6 and 96.9 %,
respectively.

AUC: Area Under the Curve (it represents the overall performance of the test in
distinguishing between patients at risk developing CCA and those who will not
develop CCA. 1 indicates complete accuracy and 0.5 no discriminatory power);
CIL: Confidence Intervals; CRP: C-Reactive Protein; IQR: Inter-Quartile Range;
OD: Optical Density; OR: Odds Ratio (it represents the likelihood of having a
high biomarker level among patients who will develop CCA compared to the
likelihood among those who will not); PIGR: Alpha-enolase plasminogen re-
ceptor; PSC: primary sclerosing cholangitis; VWF: Von Willebrand Factor.

benign conditions [102-107].

Finally, it is worth discussing that the exploration of immunohisto-
chemistry biomarkers for prediction of CCA in patients predisposed to
the disease, encounters formidable challenges, highlighting an existing
unmet need in the field. Firstly, the inherent heterogeneity of CCA poses
a significant hurdle. The intricate interplay of genetic, epigenetic, and
microenvironmental factors contributes to the diversity within CCA tu-
mors, leading to variations in biomarker expression patterns. Secondly,
a significant proportion of the identified biomarkers are associated with
a phenotype of CCA that is fully malignant. Given the biological
aggressiveness of the neoplasm, this association lacks clinical-prognostic
utility as it does not allow for the implementation of impactful pre-
ventive measures against disease progression. Moreover, the challenge is
compounded by the scarcity of large, prospective, and well-defined co-
horts of patients at risk of developing CCA.

2. Conclusions and perspectives

Cholangiocarcinoma represents an exceptionally intriguing and
paradigmatic model in oncology due to its high genetic and molecular
heterogeneity. This heterogeneity, with the advancement of technology
and our ability to dynamically characterize predictive biomarkers for
response and prognosis, could potentially become its “Achilles’ heel” in
the future. The enhancement of knowledge and monitoring of
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biomarkers may, in fact, allow us to apply treatments dynamically and
in a personalized manner, increasingly based on specific targets, thereby
combating the disease more effectively. This approach has the potential
to improve the time-to-outcome and the quality of life for patients.
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