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Liquid biopsy has already proven effective in aiding diagnosis, risk stratification and treatment personalization in several
malignancies, and it could represent a practice-changing tool also in biliary tract cancer, even though clinical
applications are currently still limited. It is promising for early diagnosis, especially in high-risk populations, and
several studies on circulating free DNA (cfDNA), circulating tumour cells and differential microRNA (miRNA) profiles
in this setting are ongoing. Circulating tumour DNA (ctDNA) also appears as a feasible noninvasive biomarker in the
curative setting, in detecting minimal residual disease after resection and in monitoring disease recurrence. As of
today, it can be particularly valuable in biliary tract cancer for genomic profiling, with a good concordance with
tissue samples for most molecular alterations. CtDNA analysis may especially be considered in clinical practice when
the tumour tissue is not sufficient for next-generation sequencing, or when urgent therapeutic decisions are
needed. Moreover, it offers the possibility of providing a real-time picture to monitor treatment response and
dynamically identify resistance mutations, potentially representing a way to optimize treatment strategies.
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INTRODUCTION

Biliary tract cancer (BTC) includes a variety of different
malignancies: intrahepatic cholangiocarcinoma (iCCA),
extrahepatic cholangiocarcinoma (eCCA) and gallbladder
cancer (GBC). Cancers of the ampulla of Vater are rare and
sometimes included in this classification. However, they
have distinct clinical behaviours, with an intestinal or pan-
creatobiliary histology, and cannot be univocally considered
as BTC; therefore, they are not usually included in clinical
trials in the advanced setting.

BTC incidence varies greatly among different world re-
gions based on distinct risk factors; however, it is consid-
ered a rare form of cancer in the Western world, with an
incidence between 1 and 3 per 100 000.* It has been
constantly increasing over the past few decades, however,
especially iCCA.” Despite improvements in treatment
options, such as the introduction of immune checkpoint
inhibitors (ICls) in the advanced setting, prognosis remains
abysmal, with a diagnosis of advanced disease in most cases
due to inadequate screening strategies, disease recurrence
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after surgery in ~60% of patients, and a 5-year survival rate
<20%.’

BTC diagnosis usually requires histological or cytological
confirmation with samples obtained from transpapillary
tumour biopsy, endoscopic ultrasound-guided fine-needle
aspiration (EUS-FNA), brush cytology via endoscopic retro-
grade cholangiopancreatography (ERCP), or biopsy of a
metastatic lesion, with varying sensitivity and high possi-
bility of nondiagnostic samples or low tumour cellularity
tissue. Therefore, the risk of delayed diagnosis due to
repeated procedures is high. Also, tumour tissue may prove
insufficient for adequate molecular profiling, considering
the several genomic alterations that may be clinically rele-
vant in BTC patients.” Liquid biopsy has already proven
effective in aiding diagnosis, risk stratification and treat-
ment personalization in many other malignancies®® and
could also represent a powerful tool in BTC. In particular, it
may also offer the opportunity to closely monitor disease
response and to extensively study acquired alterations
conferring resistance to systemic treatments.

LIQUID BIOPSY TECHNIQUES

Usually, the term liquid biopsy indicates the retrieval of
biological fluids for the isolation of different molecular
components. In oncology research, blood liquid biopsy has
proven the most useful so far for the isolation of cancer-
related molecules.
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Circulating tumour cells

From blood samples, circulating tumour cells (CTCs) can be
isolated through an enrichment process based on size and
shape, or captured by tumour-specific antibodies such as
EpCAM or mesenchymal proteins that help distinguish them
from haematopoietic circulating cells (immunoselection).’
CTCs in BTC are correlated with prognosis,”® postsurgical
recurrence and treatment response.’’**?> Moreover, genetic
material can be retrieved from CTCs, allowing genomic
profiling and molecular analyses.® However, the concen-
tration of CTCs in blood can be very low, making CTC pro-
cessing expensive and time consuming.9

Circulating free DNA

Circulating free DNA (cfDNA) consists of DNA fragments
that can be retrieved from serum and analysed. In solid
tumours, cfDNA can be used to study the genomic land-
scape of cancer cells, which are often heterogeneous in
space and time, to a better extent in comparison with
tumour biopsy. CfDNA levels correlate with tumour vol-
ume,™* could aid early diagnosis'® and are associated with
prognosis.'® The most interesting potential biomarker from
cfDNA is methylation in its distinct patterns, which could be
useful for BTC diagnosis’’ and in distinguishing malig-
nancies from benign conditions.*®*° Furthermore, cfDNA
methylation levels seem to be prognostic and predictive of
response to immunotherapy.'?° Correspondence between
tissue biopsy and cfDNA in detecting targetable mutations
has proven inconsistent, as have sensitivity and specificity.
In particular, when identifying FGFR2 fusions, the limitation
is represented by the number of different fusion partners,
for which partner-agnostic techniques might help.?* CfDNA,
nonetheless, could be a valuable tool in identifying resis-
tance mutations, especially when polyclonal mechanisms
must be addressed.”” CfDNA specifically derived from can-
cer cells [circulating tumour DNA (ctDNA)] has proven
effective in aiding diagnosis and prognostic and predictive
evaluation in many solid tumours, including BTC.”® CtDNA is
used to test for targetable mutations when the tumour
tissue is insufficient or not obtainable, having the advantage
of being easily retrievable.”*

Circulating RNA and extracellular vesicles

Moreover, all circulating RNA classes have been investigated
as potential cancer biomarkers, including microRNAs (miR-
NAs), long noncoding RNAs and circular RNAs. Retrieval
techniques are the same as used for ctDNA, but RNA usually
derives from active secretion rather than cell apoptosis,
and it is more unstable in plasma when not bound to
proteins or included in exosomes.”” RNA analysis provides
both quantitative and qualitative information about the
circulating transcriptome.?® In BTC, plasma and exosomal
miRNAs could play a role in diagnosis?’ and prognostic
evaluation.”®*’

More broadly, extracellular vesicles, including exosomes,
represent new promising cancer biomarkers. They are small
spheres with a bilayer lipid-membrane secreted by cells and
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containing several types of biomolecules, which can vary in
pathological conditions. They can be isolated from body
fluids by serial ultracentrifugation/sized-based assays and
precipitation,®® and their content can be analysed for
diagnostic and prognostic purposes.’’ Interestingly, extra-
cellular vesicles themselves can be used in cancer diagnosis,
considering tumour-associated microparticles (taMPs) with
specific proteins on the surface that can be quantified in the
plasma and are quantitively higher in malignancies.*

Application on bile samples

The most interesting and peculiar perspective for liquid
biopsy application in BTC regards bile samples, which can be
retrieved both by ERCP and percutaneous transhepatic
biliary drainage. The advantage of bile liquid biopsy is
avoiding the interference of molecules and cells derived
from other organs; the direct contact between cancer cells
and bile could lead to a higher concentration of biomarkers
and could provide more comprehensive information even in
heterogeneous tumours. As for concordance with tissue
biopsy, preliminary data seem to be acceptable®* and more
valuable than cytology,®>* but a balance between invasive-
ness and utility has yet to be defined.

All the above-mentioned biomarkers normally found in
blood have also been studied in bile samples. Free RNA is
quickly degraded; however, specific miRNA levels in bile
exosomes could be useful to aid diagnosis®> and even to
explore new pathways of CCA progression.>® Preliminary
data on long noncoding RNAs and circular RNAs are also
encouraging.>’ CfDNA concentration in bile is reported as
low, but still higher than in plasma and with longer
fragments, and similar data are reported for ctDNA.>* A
higher allele frequency for mutations in comparison with
plasmatic frequency has also been reported, with notable
concordance with tissue samples and a potential role in
diagnostics.*® As reported for blood samples, DNA methyl-
ation status could be analysed in bile samples also.*° New
possible bile biomarkers could be represented by proteins,
both well-known blood biomarkers that seem to have
higher biliary concentration in BTC patients, such as carci-
noembryonic antigen (CEA), and others such as proteins in
the mucin family, insulin-like growth factor-I (IGF-1), vascular
endothelial growth factor (VEGF), heat shock proteins,
neutrophil gelatinase-associated lipocalin (NGAL) and S100
family.*

DIAGNOSIS

Early diagnosis of CCA remains a major challenge, particu-
larly in high-risk subjects such as patients with primary
sclerosing cholangitis (PSC). Diagnostic procedures like fine-
needle endoscopic biopsy or biliary brush cytology by ERCP
may be technically difficult and sometimes result in non-
diagnostic outcomes due to the paucity of the sample. The
only serum biomarkers currently recommended for the
management of BTC patients are carbohydrate antigen 19-9
(CA19-9) and CEA, the diagnostic utility of which is limited
by the relative lack of sensitivity and specificity.
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All these considerations highlight the unmet need for
accurate and possibly noninvasive biomarkers to help in
diagnostics and early tumour detection in high-risk
populations.

¢fDNA and ctDNA

Although the potential of cfDNA and ctDNA as surrogates
for conventional tumour biopsy is attractive, few data are
available about their use in localized disease. In a recent
study, plasma cfDNA levels were quantified from 62 CCA
patients, 33 benign biliary disease (BBD) patients and 30
healthy controls (HCs) by fluorescent assay: plasma cfDNA
levels in CCA were significantly higher than those in the
other two groups (24-fold higher than in the HC group and
~3-fold higher than in the BBD group). Plasmatic cfDNA
showed high sensitivity (88.7%) and specificity (96.67%)
[area under the curve (AUC) 0.972 in the receiver operating
characteristic curve analysis] to discriminate CCA patients
from HCs, and the diagnostic efficacy of cfDNA level was
superior to serum CA19-9 and CEA.'® Similarly, a study of
cfDNA detected by quantitative PCR in 34 patients with GBC
and 39 controls (including 22 with cholecystitis) demon-
strated significantly higher cfDNA levels in the malignant
group.”! This evidence suggests that cfDNA quantitative
analysis could be used as a diagnostic biomarker for BTC
and could also play an important role in distinguishing BTC
from BBD. As seen in other tumours,*>*® ¢fDNA concen-
tration correlates with stage, tumour size and lymph node
metastases. A positive correlation between the estimated
tumour volume and cfDNA (r = 0.9326, P < 0.0001) was
confirmed in a recent study.*”

CfDNA gene methylation has also been explored as an
adjunctive tool in differentiating malignancies from BBD. A
study by Qiu et al. identified 3369 common differentially
methylated regions in 105 patients with BTC.?® Although
several genes have been reported to be methylated in
BTC,"” data are not sufficient yet to determine potential
biomarkers for cancer detection. Recently, methylation of
OPCML, HOXA9 and HOXD9 was quantified in serum cfDNA
of 80 patients (40 with CCA, 40 with other BBD-like chole-
cystitis, cholangitis and papillary adenoma), showing that
methylation levels of OPCML and HOXD9 were significantly
higher in the malignant group, with an AUC of 0.850 and
0.789, respectively; no significant difference was evidenced
for HOXA9 methylation levels.™®

CtDNA sensitivity in early stage BTC is modest due to the
lower tumour burden and ctDNA shedding in comparison
with the advanced setting. Therefore, its possible use as a
diagnostic marker remains a challenge. Additionally, the
high concordance between ctDNA and tumour tissue noted
in the advanced disease has not been confirmed in this
setting. The concordance has been described as low (56.3%)
comparing molecular profiling on preoperative ctDNA and
tumour samples; 35.2% of mutations were found in tumour
but not in ctDNA.*®

miRNAs. Several studies have reported the evolving role of
miRNAs as novel biomarkers in cancer diagnosis. They are
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single-stranded noncoding RNAs acting as post-transcriptional
regulators of gene expression and recent studies have high-
lighted their important role in the pathogenesis of BTC.**
Various miRNAs, such as miR-21, miR-26a, miR-122 and
miR-150, have been identified as possible blood-based bio-
markers for noninvasive diagnosis of BTC.>> When compared
with HCs and patients with PSC, CCA patients exhibited a
differential RNA profile, with up-regulation or reduced
expression of specific miRNA expression.

Plasma samples of 94 patients who had undergone
curative or noncurative resection for BTC and 50 HCs were
tested, showing that miR-21 was significantly elevated in
BTC compared with BBD (AUC 0.93 comparing BTC with HC,
0.83 when compared with BBD).*> No differential signifi-
cance in miR-21 expression between CCA and BBD was
found by Cheng et al., although its up-regulation was
confirmed in CCA compared with HC.*® This suggests that
miR-21 could be unsuitable to differentiate between CCA
and benign diseases; in addition, miR-21 has been reported
to have a diagnostic value for other tumours, such as
pancreatic ductal adenocarcinoma, colorectal carcinoma
and hepatocarcinoma, but without distinguishing between
tumour types and thus reducing its potential role as a
diagnostic instrument.

Recent studies have provided evidence for miR-26a
dysregulation in blood samples from CCA patients, with
contrasting results. Wang et al. evidenced elevated serum
miR-26a in CCA compared with HC.*” Conversely, in Cheng’s
study, miR-106a was significantly downregulated in CCA in
comparison with BBD or HC and was an independent pre-
dictor for poor prognosis.”® Moreover, Voigtlander et al.
found reduced expression of miR-26a in serum in CCA
compared with PSC.>*> MiR-122 is known for its high
expression in liver-associated pathological conditions*® and
was found significantly up-regulated in serum in CCA
compared with HC.*® Remarkably, miR-122 was also signif-
icantly up-regulated when comparing PSC with CCA.*

Other miRNAs were investigated as possible blood-based
biomarkers, including miR-150. Its expression levels were
examined in tumour tissues, peritumoral noncancerous
tissues and blood samples of 15 patients with iCCA, and
they were significantly elevated in CCA compared with
HC.>° The discriminative ability (AUC 0.791) was better
when compared with CA19-9 (AUC 0.747), with a sensitivity
of 80.6% and a specificity of 58.1%. Notably, miR-150 was
elevated in plasma but downregulated in matched tissue
samples. More recently, reduction of expression of miR-150
was described in both serum and matched tissue samples of
CCA; serum expression levels were significantly lower in
both CCA and PSC compared with HC.>* These findings are
in line with previous results by Kojima et al., who provided
evidence for reduced miR-150 expression in serum of BTC
patients compared with HC.>?

Assessing miRNAs not only in blood/serum but also in
bile has emerged as a possible alternative. Wu et al. ana-
lysed miR-150 serum levels in CCA patients and matched
the results with bile samples, showing a strong positive
correlation in miR-150 expression.51

https://doi.org/10.1016/j.esmoop.2025.105079 3


https://doi.org/10.1016/j.esmoop.2025.105079
https://doi.org/10.1016/j.esmoop.2025.105079

CTCs

Studies on CTCs in BTC are limited to EpCAM-enriched CTCs.
Ustwani et al. were the first to describe the possibility of
detecting CTCs in 25% of patients with BTC (3/13) or GBC
(1/3).>® Awasthi et al. focused on the diagnostic role of CTCs
in 27 cases of treatment-naive GBC and 6 HCs. EpCAM-
positive and CD45-negative CTCs were isolated in 25 of 27
GBC patients (5 stage I-ll, 22 stage IlI-IV) and CTC count
(cut-off point of >1) discriminated GBC from controls with a
sensitivity, specificity and diagnostic accuracy of 92.6%,
91.7% and 92.3%, respectively.”* Higher cut-off points for
CTCs were able to distinguish between disease stages.

CTCs expression of other proteins linked to the
epithelial—mesenchymal transition has been considered. In
a prospective trial by Han et al., vimentin-positive CTCs
(V-CTCs) were analysed alongside CTCs in 62 patients
(52 with BTC and 10 with BBD). A CTC count >40/ml, VCTC
count >15/ml and V-CTC/CTC ratio >40% were significantly
different in BTC and BBD patients.””

Other approaches

A study by Lapitz et al. analysed protein biomarkers in
serum extracellular vesicles (EVs) from patients with iso-
lated PSC, patients with concomitant PSC-CCA, patients
with PSC who developed CCA during follow-up, patients
with CCA of non-PSC aetiology and healthy individuals,
revealing distinct EV protein profiles for each subgroup.®
Compared with PSC, the expression of 68 different pro-
teins was altered in the PSC-CCA group (37 up-regulated,
31 downregulated). A total of 47 EV proteins showed sig-
nificant AUC values for CCA diagnosis, with FRIL providing
the highest score when compared with individuals with
isolated PSC (AUC 0.909) or with the nonmalignant control
group (AUC 0.931). The combination of these proteins and
CA19-9 showed higher accuracy than CA19-9 alone.
CRP/FIBRINOGEN/FRIL/PIGR levels showed a predictive ca-
pacity for CCA development in PSC before clinical evidence
of malignancy. This differential proteomic signature sug-
gests a possible diagnostic role in distinguishing patients
with CCA from those with BBD or HC.

In another study, the transcriptomic profile of serum and
urine EVs from patients with CCA, PSC, ulcerative colitis and
HCs was characterized. Differential RNA profiles were found
in serum and urine EVs in CCA patients and control groups
(with benign diseases and HCs), showing high diagnostic
capacity. Overall, patients with CCA present specific RNA
profiles in EVs, mirroring tumour characteristics and
constituting novel promising liquid biopsy biomarkers.>

MINIMAL RESIDUAL DISEASE ASSESSMENT

Given the high risk of relapse after BTC resection, a
biomarker that aids the identification of patients at major
risk of recurrence and who may benefit most from adjuvant
therapies is an attractive prospect. This perspective is
especially relevant for iCCA, leading to a better chance of
receiving a second resection or other liver-directed thera-
pies that may improve survival.
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Currently, ctDNA appears as the most promising tool in
detecting minimal residual disease (MRD) after curative
surgery and in monitoring disease recurrence during follow-
up. Although this field is rapidly evolving, very few studies
have been published on CCA in this setting. The role of
ctDNA analysis in detecting MRD was evaluated in a small
cohort of 11 patients with resected pancreatobiliary ma-
lignancies (8 BTC). Although not statistically significant, a
trend towards increased relapse risk in patients with ctDNA
detected after surgery was evidenced (66.67% in ctDNA-
positive versus 37.5% in ctDNA-negative patients).57 In a
retrospective study on 56 patients with early stage BTC
after curative resection, ctDNA detection after surgery
(MRD window period of 2-12 weeks) or during surveillance
(>12 weeks after surgery) was associated with lower
relapse-free survival (RFS).>® Patients with positive ctDNA in
the MRD window period had an RFS of 6.6 months versus
not reached in patients with negative ctDNA [hazard ratio
(HR) 26, 95% confidence interval (Cl) 2.6-265, P < 0.0001],
and an RFS of 19.3 months versus not reached during
follow-up (HR 20, 95% ClI 2.6-153, P < 0.0001). CtDNA
identified recurrence in 93.8% of the recurred patients, with
an average lead time of 3.7 months.

No data are available using approaches other than ctDNA,
although most recent efforts in liquid biopsy application in
BTC have focused on miRNAs. Expression levels of miR-21
were found to be significantly higher at baseline in pa-
tients with BTC and significantly decreased after surgery,
representing a possible marker to assess MRD.**

METASTATIC DISEASE

In the past few years, the CCA clinical landscape has been
significantly changing in terms of new treatment options,
thus defining personalized therapeutic strategies.

For over a decade, cisplatin plus gemcitabine was the
only standard first-line therapy for advanced CCA patients.>®
Recently, two phase Ill randomized trials demonstrated that
the combination of standard chemotherapy with an ICl
(durvalumab or pembrolizumab) provides greater efficacy
when compared with chemotherapy alone.®®®* Based on
these results, chemo-immunotherapy has become the new
standard of care in the first-line setting.

However, the majority of CCA patients experience disease
progression and subsequent treatment lines are often
needed. In this setting, precision oncology plays a funda-
mental role in offering innovative therapeutic options as an
alternative to standard second-line chemotherapy.®?

Molecular profiling

Using next-generation sequencing (NGS) technologies,
recent translational studies have revealed a complex mo-
lecular landscape in CCA patients, identifying several
potentially targetable genomic alterations. Up to 50% of
patients harbour actionable genetic alterations: in eCCA the
most prevalent are KRAS and TP53 mutations and ERBB2
amplifications, while in iCCA the most common are FGFR
fusions and BRAF, ARID1A and IDH mutations.®
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To date, several IDH and FGFR inhibitors have shown
efficacy as second-line therapies in patients with these
druggable alterations, leading to European Medicines
Agency and/or Food and Drug Administration approvals; it
is the case, for example, of ivosidenib for IDHI-mutant CCA
patients and pemigatinib and futibatinib for patients with
FGFR2 rearrangements.®*°® The testing of other driver al-
terations is suggested by international guidelines for their
possible impact in clinical practice considering the avail-
ability of targeted therapies, such as ERBB2 mutations/HER2
expression status, BRAF mutations, NTRK fusions, and
microsatellite instability and mismatch repair (MSI/MMR)
deficiency status.” Furthermore, several trials are
still ongoing, evaluating targeted therapies also in the
first-line setting, both alone [i.e. the FIGHT-302 trial
(NCT03656536) with pemigatinib, while the FOENIX-CCA3
trial (NCT04093362) with futibatinib and the PROOF-301
trial (NCT03773302) with infigratinio have been closed
due to poor recruitment] or in combination with chemo-
therapy (NCT04088188 with pemigatinib or ivosidenib) or
immunotherapy (NCT05913661 with pemigatinib and anti-
programmed cell death protein 1).

Due to the clinical relevance of novel treatment ap-
proaches, molecular profiling is essential to guide treatment
decisions and offer biomarker-directed therapies.*®*
Considering the several genetic alterations identified in
BTC and their complexity (i.e. FGFR2 fusions), NGS is
currently the preferred approach and should be carried out
upfront in all patients.®””°® CtDNA analysis may be consid-
ered if the tumour tissue is not sufficient for NGS and it is
recommended also by European Society of Medical
Oncology (ESMO) guidelines,®® especially since BTC sam-
pling often yields low tumour cellularity tissue. CtDNA can
be chosen also when urgent therapeutic decisions are
needed. Moreover, liquid biopsy offers the possibility of
providing a real-time picture to monitor treatment response
and to dynamically identify driver alterations and resistance
mutations.

A positive correlation (r = 0.9326, P < 0.0001) between
estimated tumour volume (based on radiological imaging)
and cfDNA shedding was described.™® Furthermore, ctDNA
variant allele frequency (VAF) strictly correlated with
tumour load, as well as with progression-free survival
(PFS).%* A similar tumour variant burden (considering gene
variants with a VAF >2%) was found comparing liquid
biopsy and tissue results.**

In this scenario, several studies have tested ctDNA and
cfDNA to detect molecular alterations, showing high
concordance with tissue biopsies.”>’%’* An American
prospective experience compared NGS results from plasma
c¢fDNA and tumour biopsies of 26 pancreatobiliary carci-
nomas reporting a concordance of 90%.™ A study on 102
Korean patients showed a ctDNA sensitivity of 84.8% for
mutations detected in tumour tissue.”* Another study
analysed 138 liquid biopsy samples of advanced BTC pa-
tients; excluding variants of uncertain significance, thera-
peutically relevant alterations were observed in 55% of
cfDNA samples.”” More recently, an extensive analysis of
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1671 patients with advanced BTC identified genetic alter-
ations in cfDNA in 84% of them (44% had targetable aber-
rations). In particular, concordance between liquid biopsy
and tissue samples was the highest for IDH1/2 and BRAF
point mutations, ranging from 87% to 100%. A significant
discordance has been described for FGFR2 fusions, with the
lower detection rate in cfDNA potentially due to the
inability to correctly identify all fusion partners.”* However,
custom NGS panels have recently proven to be precise in
identifying also FGFR2 fusions from plasma samples,
focusing on the regions most commonly involved in
the genomic breakpoints of FGFR2 fusions (intron 17 and
exon 18).”

Of note, another study showed higher concordance of
ctDNA genetic alterations with metastatic tumour tissue in
comparison with primary tumour tissue.”* These findings
suggest that novel genetic alterations may be involved in
metastatic dissemination and disease progression, and that
ctDNA analysis may be an interesting option for a more
precise and timely molecular characterization.™

Resistance mechanisms

As previously noted, monitoring treatment response is an
important setting for potential ctDNA/cfDNA application. A
German study evaluated ctDNA and tumour tissue samples
in 24 patients with iCCA and eCCA before and during
chemotherapy.?® In therapy-naive patients, the mutational
profile between tumour tissue and ctDNA was concordant
in 74% of cases (92% in iCCA, 55% in eCCA). New detectable
ctDNA mutations were observed at disease progression,
with ~63% of CT-naive patients who developed changes in
their mutational profile during chemotherapy. The most
frequently emerging mutated genes were ERBB2, KMT2C,
MUCI1, ARID1A, CBLB, FOXE1, GATA6 and MAP3KA4.

Another recent study evaluated a liquid biopsy-based
model to predict clinical benefit from ICls in the first-line
setting.75 CtDNA concentration changes after treatment
start, KRAS mutational status and leukocyte transcriptome
profile (analysed by whole transcriptome sequencing from
RNA extracted from peripheral blood mononuclear cells)
were used to predict 6-month PFS rate with an AUC of
0.909 (95% Cl 0.795-1.024).

CtDNA analyses have been tested in patients with FGFR2
rearrangements to identify monoclonal or polyclonal ac-
quired alterations conferring resistance to pemigatinib and
infigratinib.”>’®’® In a recent study by Gonzalez-Medina
et al., most patients progressing to FGFR2 inhibitors
presented increased fusion allele fraction and tumour
fraction in cfDNA ~3 months before radiological disease
progression, but changes in cfDNA concentration were
detected only when progression occurred.”®> Multiple point
mutations in the FGFR2 kinase domain have been evi-
denced at progression, with a marked inter- and intrale-
sional heterogeneity and different mutations in individual
resistant clones (up to 13 independent mutations per pa-
tient). The most frequently detected mutations involved the
tyrosine kinase domain.”®’® Interestingly, an increase in
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VAF of resistance mutations has been evidenced several
months before clinical progression.”®> Also, different
numbers of FGFR2 resistance mutations have been detected
for each FGFR2 inhibitor (higher with pemigatinib, lower
with futibatinib, with a mean of nine and two mutations per
patient, respectively).”> In a cohort of 82 patients treated
with FGFR inhibitors, 60% developed a secondary kinase
domain alteration, with a total of 128 distinct FGFR2 mu-
tations detected; N550 molecular brake (N550D, N550H,
N550K, N550T) and V565 gatekeeper (V565F, V565I, V565L)
mutations were the most common (63% and 47% of all
FGFR2 kinase domain mutations, respectively).”” The gate-
keeper residue controls the accessibility of ATP competitive
inhibitors to the hydrophobic pocket, while the molecular
break residue forms hydrogen bonds that regulate kinase
activation. In another cohort of 36 patients with tumours
harbouring activating FGFR2 alterations (27 with chol-
angiocarcinoma) and treated with reversible (i.e. pemigati-
nib and erdafitinib) or irreversible (i.e. futibatinib) FGFR2
inhibitors, the same polyclonal kinase domain resistance
mutations were evidenced in the majority of patients.®° At
least one mutation affecting either the molecular brake
N550 or the gatekeeper V565 was found in 59% of the
patients progressing to reversible inhibitors, and they were
the only kinase domain mutations found at progression to
futibatinib. Interestingly, polyclonality was rare in patients
with tumours other than cholangiocarcinoma (one among
nine patients). Other off-target resistance mechanisms have
also been evidenced, even if less frequent, such as acquired
mutations of PTEN, PIK3CA, NRAS, CDKN2A/B and TP53.7%%!
They can be evidenced often together with on-target mu-
tations.® Notably, some of the off-target alterations can be
evidenced also before FGFR inhibitor treatment (i.e. PIK3CA
mutations concomitant with FGFR2 alterations in 15%-20%
of iCCAs) and may represent pre-existing subclonal alter-
ations only emerging at drug resistance due to a different
resistance mechanism.””

In this context, the efficacy of a new selective irreversible
FGFR2 inhibitor (RLY-4008 or lirafugratinib) was evaluated
in a phase Il study analysing serial cfDNA samples. This
third-generation drug has been designed as a multitarget
inhibitor against the most common mutations conferring
resistance to other FGFR2 inhibitors. Interestingly, though,
the presence of acquired resistance mutations (i.e. V564F)
was still described at the time of progression.®?

Regarding patients with IDH1/2 mutations, a lower VAF
of mutated ctDNA determined by NGS before treatment
start was described as associated with a longer median time
to treatment failure (3.6 versus 1.5 months, P = 0.008).5°
Similarly, patients with a decrease in IDH mutations evi-
denced by droplet digital PCR on ctDNA had a trend to-
wards a longer median survival in comparison with patients
with no changes or increased VAF. Mutant /IDH isoform
switching (both from cytoplasmic mutant /IDH1 to mito-
chondrial mutant /DH2 and vice versa) has been described
as a mechanism of acquired resistance to IDH inhibition,
even though data mainly derive from acute myeloid
leukaemia patients.** A patient with /DHI R132C-mutant
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iCCA with a partial response to ivosidenib showed an
IDH2 R172V mutation at disease progression. Cleary et al.
described two other iCCA patients with /IDH1 R132C muta-
tion developing resistance mutations during treatment with
ivosidenib.®> One patient acquired an IDH2 R172K mutation
at ctDNA analysis, with the persistence of IDH1 R132C and
PIK3CA E545K mutations, even though with a lower MAF
(2.1% versus 15% at baseline and 2.2% versus 9%, respec-
tively); the other patient developed a second-site mutation
in IDH1 (D279N) co-existing with the basal /DH1 R132C
mutation, detected by a new biopsy of a liver metastatic
lesion. Several mechanisms of both primary and secondary
resistance have been described, including the activation of
other pathways (i.e. PI3K/AKT/mTOR).%®

Data on resistance mutations have been reported also
with HER2-targeted treatment in HER2-positive BTC pa-
tients: isolated TP53 mutations at baseline predicted a
lower PFS compared with patients with other alterations
(i.e. TERT promoter or PIK3CA) or no detected mutations
(6.51 versus 12.02 versus 10.58 months, respectively; P <
0.001).%”

Another promising noninvasive biomarker in advanced
BTC is represented by miRNAs; altered miRNA profiles have
been described in CCA as involved in resistance to CT.**®®
For instance, miR-21 experimental inhibition sensitized
CCA cells to gemcitabine through the inhibition of PTEN,
resulting in decreased PI3K signalling.®? Reduced expression
of miR-200b/c has also been reported, and its enforced
expression restores 5-fluorouracil (5-FU) sensitivity in CCA
cells.”® Similarly, expression of miR-29b, miR-205 and miR-
221 are downregulated in gemcitabine-resistant CCA cells,
but their experimental overexpression restores gemcitabine
sensitivity.”* The same happens with a restored expression
of miR-106b, which leads to re-sensitization to 5-FU, mainly
through the modulation of ZBTB7A, a proto-oncogenic
transcription factor.’” MiR-130a-3p levels mediate resis-
tance to gemcitabine by targeting the expression of another
transcription factor, peroxisome proliferator-activated re-
ceptor (PPARG).”® Functional high-throughput approaches
on CCA cell lines combined with analyses of BTC tissues
have identified miR-1249 as a driver of the expansion of the
CD133+ subpopulation that is responsible for primary
and secondary resistance of CCA cells to cisplatin and
gemcitabine.®®

DISCUSSION

There are several settings in which liquid biopsy application
could constitute a powerful tool to improve the clinical
management of BTC (Figure 1). However, available data are
still quite immature in comparison with other malignancies.

Few data are available regarding ctDNA/cfDNA applica-
tion for BTC screening in high-risk subjects and MRD
assessment after curative resection.

The analysis of methylation patterns appears as a
promising noninvasive tool for early diagnosis, especially to
distinguish BTC from other benign conditions of the biliary
tract. The methylation of several genes has been reported
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Figure 1. Liquid biopsy applications in BTC. (A) Blood and bile samples in diagnosis and early disease detection, exploiting circulating free/circulating tumour DNA
(cfDNA/ctDNA), microRNAs (miRNAs), circulating tumour cells or extracellular vesicles. (B) Evaluation of minimal residual disease (MRD) by ctDNA or miRNAs. (C)
Molecular profiling in the advanced setting by ctDNA analysis. (D) CtDNA and miRNAs as tools to study primary and secondary resistance to systemic therapies.

as a potential biomarker for cancer detection, but data are
still limited and need to be confirmed prospectively. Also,
ctDNA sensitivity remains low in early stage BTC due to the
limited shedding.

Furthermore, miRNAs have been a central focus as an
innovative instrument for BTC diagnosis. Several miRNAs
have been studied and identified as possible biomarkers for
early noninvasive diagnosis, considering the differential
expression levels in BTC patients in comparison with
healthy subjects. A good discriminative ability has been
described for the up-regulation or reduced expression
of several specific miRNAs.*>***”>1 C(linical application
remains problematic, though, due to the possible alteration
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in the expression levels, also in patients with benign clinical
conditions. In particular, decreasing levels of some miRNAs
(i.e. miR-26a), which have been described as downregulated
in CCA but up-regulated in PSC, would be difficult to relate
to early CCA rather than to a recovery from PSC.*’

The role of perioperative ctDNA testing for BTC is not
known yet, especially regarding its potential impact in the
neoadjuvant setting. Available data only derive from small
experiences, using both ctDNA detection and miRNAs
expression levels as possible biomarkers to assess MRD. No
statistical significance for a higher risk of relapse has been
shown in patients with ctDNA detection after surgery.”’
Another retrospective study has been recently presented,
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considering 14 patients with iCCA who underwent curative
resection.”® Preoperative ctDNA was reliably detected in all
patients except for one, independent of disease stage, but
ctDNA concentration did not show a linear correlation with
disease recurrence or survival, while a linear correlation was
shown with pathological tumour size. Therefore, the prog-
nostic value of ctDNA detection in the perioperative setting
has yet to be proven.

CtDNA levels for specific mutations or as a quantitative
marker have been proven to be prognostic."*?> Further-
more, longitudinal monitoring could help anticipate recur-
rence after definitive treatment,”’ evaluate disease
response®>°® and intercept resistant clones.?%’’7%8%8>
However, the variability in tumour shedding hinders tech-
nique replicability and makes it difficult to clearly establish
concordance between ctDNA and tissue samples, both from
intra-/extrahepatic primary and metastatic lesions.”*°’

CtDNA can be effectively used to molecularly profile the
disease when the tumour tissue is unavailable. A good
concordance with tissue analysis has been shown, in
particular with metastatic lesions.”>’%’* However, testing
for FGFR and NTRK fusions should be carried out on tissue,
preferably with panel-based RNA methods able to identify
fusion transcripts both with known and unknown fusion
partners.” An RNA-based NGS approach should be
preferred, especially when the available tissue is limited.®’

In the expanding field of precision oncology, ctDNA
analysis emerges as a valuable tool for providing a
comprehensive molecular characterization of the disease
and thus the most appropriate targeted therapy for BTC
patients in the advanced setting. Moreover, it could become
the pillar of future research by helping to understand mo-
lecular mechanisms of tumour response to systemic treat-
ment and the escape pathways through which cancer cells
acquire resistance, possibly offering to patients a sequence
of therapies targeted to the emergence of resistance
alterations. This is exemplified by new-generation FGFR2
inhibitors designed to overcome common resistance
mutations, or new drugs aimed at IDH1/IDH2 dual inhibition
to address IDH isoform switching as a resistance mechanism.

The clinical impact of miRNAs in BTC is also under
investigation in the advanced setting, considering the
alteration of RNA expression levels shown in CCA cells
resistant to chemotherapy. The next step will be the eval-
uation of miRNAs in vivo in order to correlate expression
levels with resistance to systemic treatments in BTC pa-
tients, possibly having an impact also as therapeutic targets
to overcome acquired drug resistance.

CONCLUSIONS

Liquid biopsy represents a new and potentially invaluable
tool for diagnosis, molecular analysis, patient selection and
disease monitoring in the often-challenging setting of BTC.

Further studies are needed to evaluate the clinical impact
of ctDNA analysis, particularly in the curative setting and for
MRD detection, as well as to explore the potential impact of
neoadjuvant systemic strategies.
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As of today, liquid biopsy can be considered especially
valuable for disease molecular profiling. Routine application
in future clinical practice is desirable, given the sampling
difficulties often encountered in BTC. Precision medicine in
BTC could be significantly advanced through liquid biopsy
by identifying primary and secondary resistance to targeted
therapies, thus optimizing treatment strategies.

FUNDING

This work was supported by the Italian Ministry of Health-
—Ricerca Corrente (no grant number).

DISCLOSURE

FP reports research funding from AstraZeneca, Eisai and
Roche; honoraria for advisory boards, activities as a speaker,
travel grants and research grants from Amgen, AstraZeneca,
Daiichi Sankyo, Celgene, Eisai, Eli Lilly, Exact Sciences,
Gilead, Ipsen, Italfarmaco, Menarini, Merck Sharp & Dohme,
Novartis, Pierre Fabre, Pfizer, Roche, Seagen, Takeda and
Viatris; all disclosures are outside the submitted work. All
other authors have declared no conflicts of interest.

REFERENCES

1. Baria K, De Toni EN, Yu B, Jiang Z, Kabadi SM, Malvezzi M. Worldwide
incidence and mortality of biliary tract cancer. Gastro Hep Adv.
2022;1(4):618-626.

2. Saha SK, Zhu AX, Fuchs CS, Brooks GA. Forty-year trends in chol-
angiocarcinoma incidence in the U.S.: intrahepatic disease on the rise.
Oncologist. 2016;21(5):594-599.

3. Lepage C, Capocaccia R, Hackl M, et al. Survival in patients with pri-
mary liver cancer, gallbladder and extrahepatic biliary tract cancer and
pancreatic cancer in Europe 1999—2007: results of EUROCARE-5. Eur J
Cancer. 2015;51(15):2169-2178.

4. Vogel A, Bridgewater J, Edeline J, et al. Biliary tract cancer: ESMO
Clinical Practice Guideline for diagnosis, treatment and follow-up. Ann
Oncol. 2023;34(2):127-140.

5. Cucciniello L, Gerratana L, Puglisi F. Liquid biopsy, an everchanging
balance between clinical utility and emerging technologies. Cancers
(Basel). 2022;14(17):4277.

6. Gerratana L, Davis AA, Zhang Q, et al. Longitudinal dynamics of
circulating tumor cells and circulating tumor DNA for treatment
monitoring in metastatic breast cancer. JCO Precis Oncol. 2021;5:943-
952.

7. Torresan S, de Scordilli M, Bortolot M, et al. Liquid biopsy in colorectal
cancer: onward and upward. Crit Rev Oncol Hematol. 2024;194:
104242.

8. Lehrich BM, Zhang J, Monga SP, Dhanasekaran R. Battle of the bi-
opsies: role of tissue and liquid biopsy in hepatocellular carcinoma.
J Hepatol. 2024;80(3):515-530.

9. Esmaeilsabzali H, Beischlag TV, Cox ME, Parameswaran AM, Park EJ.
Detection and isolation of circulating tumor cells: principles and
methods. Biotechnol Adv. 2013;31(7):1063-1084.

10. Yang JD, Campion MB, Liu MC, et al. Circulating tumor cells are asso-
ciated with poor overall survival in patients with cholangiocarcinoma.
Hepatology. 2016;63(1):148-158.

11. Frindt T, von Felden J, Krause J, et al. Circulating tumor cells as a
preoperative risk marker for occult metastases in patients with
resectable cholangiocarcinoma. Front Oncol. 2022;12:941660.

12. Reduzzi C, Vismara M, Silvestri M, et al. A novel circulating tumor cell
subpopulation for treatment monitoring and molecular characteriza-
tion in biliary tract cancer. Int J Cancer. 2020;146(12):3495-3503.

13. Palmirotta R, Lovero D, Silvestris E, et al. Next-generation sequencing
(NGS) analysis on single circulating tumor cells (CTCs) with no need of

Volume 10 m Issue 5 m 2025


http://refhub.elsevier.com/S2059-7029(25)00948-2/sref1
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref1
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref1
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref2
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref2
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref2
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref3
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref3
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref3
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref3
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref3
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref4
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref4
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref4
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref5
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref5
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref5
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref6
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref6
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref6
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref6
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref7
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref7
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref7
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref8
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref8
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref8
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref9
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref9
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref9
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref10
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref10
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref10
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref11
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref11
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref11
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref12
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref12
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref12
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref13
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref13
https://doi.org/10.1016/j.esmoop.2025.105079
https://doi.org/10.1016/j.esmoop.2025.105079
https://doi.org/10.1016/j.esmoop.2025.105079
https://doi.org/10.1016/j.esmoop.2025.105079
https://doi.org/10.1016/j.esmoop.2025.105079
https://doi.org/10.1016/j.esmoop.2025.105079
https://doi.org/10.1016/j.esmoop.2025.105079
https://doi.org/10.1016/j.esmoop.2025.105079
https://doi.org/10.1016/j.esmoop.2025.105079

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

33.

. de Scordilli et al.

whole-genome amplification (WGA). Cancer Genomics Proteomics.
2017;14(3):173-179.

Csoma SL, Bedekovics J, Veres G, et al. Circulating cell-free DNA-based
comprehensive molecular analysis of biliary tract cancers using next-
generation sequencing. Cancers (Basel). 2022;14(1):233.

Zill OA, Greene C, Sebisanovic D, et al. Cell-free DNA next-generation
sequencing in  pancreatobiliary carcinomas. Cancer  Discov.
2015;5(10):1040-1048.

Wintachai P, Lim JQ, Techasen A, et al. Diagnostic and prognostic value
of circulating cell-free DNA for cholangiocarcinoma. Diagnostics.
2021;11(6):999.

Yang JD, Yab TC, Taylor WR, et al. Detection of cholangiocarcinoma by
assay of methylated DNA markers in plasma. Gastroenterology.
2017;152(5):51041-S1042.

Branchi V, Schaefer P, Semaan A, et al. Promoter hypermethylation of
SHOX2 and SEPT9 is a potential biomarker for minimally invasive
diagnosis in adenocarcinomas of the biliary tract. Clin Epigenetics.
2016;8(1):1-11.

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. 2019;11(1):39.

Qiu Z, JiJ, Xu 'Y, et al. Common DNA methylation changes in biliary tract
cancers identify subtypes with different immune characteristics and
clinical outcomes. BMC Med. 2022;20(1):64.

Berchuck JE, Facchinetti F, DiToro DF, et al. The clinical landscape of
cell-free DNA alterations in 1671 patients with advanced biliary tract
cancer. Ann Oncol. 2022;33(12):1269-1283.

Goyal L, Saha SK, Liu LY, et al. Polyclonal secondary FGFR2 mutations
drive acquired resistance to FGFR inhibition in patients with FGFR2
fusion—positive cholangiocarcinoma. Cancer Discov. 2017;7(3):252-
263.

Ettrich TJ, Schwerdel D, Dolnik A, et al. Genotyping of circulating tumor
DNA in cholangiocarcinoma reveals diagnostic and prognostic infor-
mation. Sci Rep. 2019;9(1):13261.

Aguado E, Abou-Alfa GK, Zhu AX, et al. IDH1 mutation detection in
plasma circulating tumor DNA (ctDNA) and association with clinical
response in patients with advanced intrahepatic cholangiocarcinoma
(IHC) from the phase IIl ClarIDHy study. J Clin Oncol. 2020;38(suppl 15):
4576.

De Rubis G, Rajeev Krishnan S, Bebawy M. Liquid biopsies in cancer
diagnosis, monitoring, and prognosis. Trends Pharmacol Sci. 2019;40(3):
172-186.

Zaporozhchenko |A, Ponomaryova AA, Rykova EY, Laktionov PP. The
potential of circulating cell-free RNA as a cancer biomarker: challenges
and opportunities. Expert Rev Mol Diagn. 2018;18(2):133-145.

Ratti M, Lampis A, Ghidini M, et al. MicroRNAs (miRNAs) and long non-
coding RNAs (IncRNAs) as new tools for cancer therapy: first steps from
bench to bedside. Target Oncol. 2020;15(3):261-278.

Shen L, Chen G, Xia Q, Shao S, Fang H. Exosomal miR-200
family as serum biomarkers for early detection and prognostic pre-
diction of cholangiocarcinoma. Int J Clin Exp Pathol. 2019;12(10):3870-
3876.

Puik JR, Meijer LL, Le Large TY, et al. miRNA profiling for diagnosis,
prognosis and stratification of cancer treatment in chol-
angiocarcinoma. Pharmacogenomics. 2017;18(14):1343-1358.

Gongye X, Tian M, Xia P, et al. Multi-omics analysis revealed the role of
extracellular vesicles in hepatobiliary & pancreatic tumor. J Control
Release. 2022;350:11-25.

Lapitz A, Azkargorta M, Milkiewicz P, et al. Liquid biopsy-based protein
biomarkers for risk prediction, early diagnosis, and prognostication of
cholangiocarcinoma. J Hepatol. 2023;79(1):93-108.

. Julich-Haertel H, Urban SK, Krawczyk M, et al. Cancer-associated

circulating large extracellular vesicles in cholangiocarcinoma and he-
patocellular carcinoma. J Hepatol. 2017;67(2):282-292.

Han JY, Ahn KS, Kim TS, et al. Liquid biopsy from bile-circulating tumor
DNA in patients with biliary tract cancer. Cancers (Basel). 2021;13(18):
4581.

Volume 10 m Issue 5 m 2025

34,

35.

36.

37.

38.

39.

40.

41.

42.

43,

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

Kinugasa H, Nouso K, Ako S, et al. Liquid biopsy of bile for the mo-
lecular diagnosis of gallbladder cancer. Cancer Biol Ther. 2018;19(10):
934-938.

Voigtldander T, Gupta SK, Thum S, et al. MicroRNAs in serum and bile of
patients with  primary sclerosing cholangitis and/or chol-
angiocarcinoma. PLoS One. 2015;10(10):e0139305.

Shu L, Li X, Liu Z, et al. Bile exosomal miR-182/183-5p increases
cholangiocarcinoma stemness and progression by targeting HPGD and
increasing PGE2 generation. Hepatology. 2024;79:307-322.

Ge X, Wang Y, Nie J, et al. The diagnostic/prognostic potential and
molecular functions of long non-coding RNAs in the exosomes derived
from the bile of human cholangiocarcinoma. Oncotarget. 2017;8(41):
69995-70005.

Gou Q, Zhang CZ, Sun ZH, et al. Cell-free DNA from bile outperformed
plasma as a potential alternative to tissue biopsy in biliary tract cancer.
ESMO Open. 2021;6(6):100275.

Vedeld HM, Grimsrud MM, Andresen K, et al. Early and accurate
detection of cholangiocarcinoma in patients with primary sclerosing
cholangitis by methylation markers in bile. Hepatology. 2022;75(1):59-
73.

Liu F, Hao X, Liu B, Liu S, Yuan Y. Bile liquid biopsy in biliary tract cancer.
Clinica Chimica Acta. 2023;551:117593.

Kumari S, Tewari S, Husain N, et al. Quantification of circulating free
DNA as a diagnostic marker in gall bladder cancer. Pathol Oncol Res.
2017;23(1):91-97.

Lapin M, Oltedal S, Tjensvoll K, et al. Fragment size and level of cell-free
DNA provide prognostic information in patients with advanced
pancreatic cancer. J Transl Med. 2018;16(1):1-10.

Yan L, Chen Y, Zhou J, Zhao H, Zhang H, Wang G. Diagnostic value of
circulating cell-free DNA levels for hepatocellular carcinoma. Int J Infect
Dis. 2018;67:92-97.

Salati M, Braconi C. Noncoding RNA in cholangiocarcinoma. Semin
Liver Dis. 2019;39(1):13-25.

Kishimoto T, Eguchi H, Nagano H, et al. Plasma miR-21 is a novel
diagnostic biomarker for biliary tract cancer. Cancer Sci. 2013;104(12):
1626-1631.

Cheng Q, Feng F, Zhu L, et al. Circulating miR-106a is a novel prog-
nostic and lymph node metastasis indicator for cholangiocarcinoma.
Sci Rep. 2015;5(1):16103.

Wang L-J, Zhang K-L, Zhang N, et al. Serum miR-26a as a diagnostic and
prognostic biomarker in cholangiocarcinoma. Oncotarget. 2015;6(21):
18631-18640.

Bandiera S, Pfeffer S, Baumert TF, Zeisel MB. miR-122—a key factor
and therapeutic target in liver disease. J Hepatol. 2015;62(2):448-457.
Bernuzzi F, Marabita F, Lleo A, et al. Serum microRNAs as novel bio-
markers for primary sclerosing cholangitis and cholangiocarcinoma.
Clin Exp Immunol. 2016;185(1):61-71.

Wang S, Yin J, Li T, et al. Upregulated circulating miR-150 is associated
with the risk of intrahepatic cholangiocarcinoma. Oncol Rep.
2015;33(2):819-825.

Wau X, Xia M, Chen D, et al. Profiling of downregulated blood-circulating
miR-150-5p as a novel tumor marker for cholangiocarcinoma. Tumor
Biol. 2016;37(11):15019-15029.

Kojima M, Sudo H, Kawauchi J, et al. MicroRNA markers for the
diagnosis of pancreatic and biliary-tract cancers. PLoS One. 2015;10(2):
e0118220.

Ustwani O Al, lancu D, Yacoub R, lyer R. Detection of circulating tumor
cells in cancers of biliary origin. J Gastrointest Oncol. 2012;3(2):97-104.
Awasthi NP, Kumari S, Neyaz A, et al. EpCAM-based flow cytometric
detection of circulating tumor cells in gallbladder carcinoma cases.
Asian Pac J Cancer Prev. 2017;18(12):3429-3437.

Han SY, Park SH, Ko HS, et al. Vimentin-positive circulating tumor cells
as diagnostic and prognostic biomarkers in patients with biliary tract
cancer. J Clin Med. 2021;10(19):4435.

Lapitz A, Arbelaiz A, O’Rourke CJ, et al. Patients with chol-
angiocarcinoma present specific RNA profiles in serum and urine
extracellular vesicles mirroring the tumor expression: novel liquid bi-
opsy biomarkers for disease diagnosis. Cells. 2020;9(3):721.

https://doi.org/10.1016/j.esmoop.2025.105079 9


http://refhub.elsevier.com/S2059-7029(25)00948-2/sref13
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref13
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref14
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref14
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref14
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref15
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref15
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref15
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref16
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref16
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref16
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref17
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref17
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref17
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref18
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref18
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref18
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref18
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref19
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref19
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref19
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref19
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref20
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref20
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref20
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref21
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref21
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref21
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref22
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref22
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref22
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref22
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref22
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref23
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref23
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref23
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref24
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref24
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref24
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref24
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref24
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref25
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref25
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref25
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref26
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref26
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref26
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref27
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref27
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref27
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref28
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref28
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref28
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref28
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref29
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref29
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref29
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref30
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref30
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref30
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref31
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref31
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref31
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref32
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref32
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref32
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref33
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref33
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref33
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref34
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref34
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref34
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref35
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref35
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref35
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref36
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref36
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref36
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref37
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref37
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref37
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref37
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref38
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref38
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref38
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref39
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref39
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref39
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref39
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref40
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref40
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref41
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref41
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref41
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref42
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref42
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref42
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref43
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref43
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref43
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref44
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref44
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref45
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref45
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref45
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref46
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref46
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref46
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref47
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref47
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref47
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref48
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref48
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref48
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref49
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref49
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref49
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref50
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref50
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref50
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref51
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref51
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref51
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref52
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref52
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref52
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref53
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref53
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref54
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref54
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref54
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref55
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref55
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref55
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref56
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref56
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref56
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref56
https://doi.org/10.1016/j.esmoop.2025.105079
https://doi.org/10.1016/j.esmoop.2025.105079

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

10

Lamarca A, McNamara MG, Hubner R, Valle JW. Role of ctDNA to
predict risk of recurrence following potentially curative resection of
biliary tract and pancreatic malignancies. J Clin Oncol. 2021;39(suppl
3):336.

Yu J, He AR, Ouf M, et al. Detecting early recurrence with circulating
tumor DNA in stage I-lll biliary tract cancer after curative resection. JCO
Precis Oncol. 2025;9:e2400443.

Valle J, Wasan H, Palmer DH, et al. Cisplatin plus gemcitabine versus
gemcitabine for biliary tract cancer. N Engl J Med. 2010;362(14):1273-
1281.

Oh D-Y, He AR, Qin S, et al. A phase 3 randomized, double-blind, pla-
cebo-controlled study of durvalumab in combination with gemcitabine
plus cisplatin (GemCis) in patients (pts) with advanced biliary tract
cancer (BTC): TOPAZ-1. J Clin Oncology. 2022;40(suppl 4):378.

Kelley RK, Ueno M, Yoo C, et al. Pembrolizumab in combination with
gemcitabine and cisplatin compared with gemcitabine and cisplatin
alone for patients with advanced biliary tract cancer (KEYNOTE-966): a
randomised, double-blind, placebo-controlled, phase 3 trial. Lancet.
2023;401(10391):1853-1865.

Lamarca A, Palmer DH, Wasan HS, et al. Second-line FOLFOX chemo-
therapy versus active symptom control for advanced biliary tract
cancer (ABC-06): a phase 3, open-label, randomised, controlled trial.
Lancet Oncol. 2021;22(5):690-701.

Verdaguer H, Sauri T, Acosta DA, et al. ESMO Scale for Clinical
Actionability of Molecular Targets driving targeted treatment in pa-
tients with cholangiocarcinoma. Clin Cancer Res. 2022;28(8):1662-
1671.

Zhu AX, Macarulla T, Javle MM, et al. Final overall survival efficacy
results of ivosidenib for patients with advanced cholangiocarcinoma
with IDH1 mutation. JAMA Oncol. 2021;7(11):1669.

Abou-Alfa GK, Sahai V, Hollebecque A, et al. Pemigatinib for previously
treated, locally advanced or metastatic cholangiocarcinoma: a multi-
centre, open-label, phase 2 study. Lancet Oncol. 2020;21(5):671-684.
Goyal L, Meric-Bernstam F, Hollebecque A, et al. Futibatinib for FGFR2-
rearranged intrahepatic cholangiocarcinoma. N Engl J Med.
2023;388(3):228-239.

Fassan M, Angerilli V, Normanno N, et al. Practical guidelines for
molecular testing of cholangiocarcinoma in clinical practice: Italian
experts’ position paper. Crit Rev Oncol Hematol. 2024;194:104224.
Stenzinger A, Vogel A, Lehmann U, et al. Molecular profiling in chol-
angiocarcinoma: a practical guide to next-generation sequencing.
Cancer Treat Rev. 2024;122:102649.

Pascual J, Attard G, Bidard F-C, et al. ESMO recommendations on the
use of circulating tumour DNA assays for patients with cancer: a report
from the ESMO Precision Medicine Working Group. Ann Oncol.
2022;33(8):750-768.

Mody K, Kasi PM, Surapaneni PK, et al. Landscape of circulating tumor
DNA and tissue-based profiling in advanced cholangiocarcinoma. J Clin
Oncol. 2019;37(suppl 4):291.

Hwang S, Woo S, Kang B, et al. Concordance of ctDNA and tissue
genomic profiling in advanced biliary tract cancer. J Hepatol. 2025;82:
649-657.

Mody K, Kasi PM, Yang J, et al. Circulating tumor DNA profiling of
advanced biliary tract cancers. JCO Precis Oncol. 2019;3:1-9.
Gonzélez-Medina A, Vila-Casadestis M, Gomez-Rey M, et al. Clinical
value of liquid biopsy in patients with FGFR2 fusion—positive chol-
angiocarcinoma during targeted therapy. Clin Cancer Res. 2024;30(19):
4491-4504.

Okamura R, Kurzrock R, Mallory RJ, et al. Comprehensive genomic
landscape and precision therapeutic approach in biliary tract cancers.
Int J Cancer. 2021;148(3):702-712.

Zhang N, Wang Y, Yuan M, et al. Liquid biopsy-based prediction of
clinical benefit from immune checkpoint inhibitors in advanced biliary
tract cancer. J Clin Oncol. 2024;42(suppl 16):€16179.

Silverman IM, Hollebecque A, Friboulet L, et al. Clinicogenomic analysis
of FGFR2-rearranged cholangiocarcinoma identifies correlates of
response and mechanisms of resistance to pemigatinib. Cancer Discov.
2021;11(2):326-339.

https://doi.org/10.1016/j.esmoop.2025.105079

77.

78.

79.

80.

81.

82.

83.

84,

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

M. de Scordilli et al.

Varghese AM, Patel J, Janjigian YY, et al. Noninvasive detection of
polyclonal acquired resistance to FGFR inhibition in patients with
cholangiocarcinoma harboring FGFR2 alterations. JCO Precis Oncol.
2021;5:44-50.

Katoh M, Loriot Y, Brandi G, Tavolari S, Wainberg ZA, Katoh M. FGFR-
targeted therapeutics: clinical activity, mechanisms of resistance and
new directions. Nat Rev Clin Oncol. 2024;21(4):312-329.

Wu Q, Ellis H, Siravegna G, et al. Landscape of clinical resistance
mechanisms to FGFR inhibitors in FGFR2-altered cholangiocarcinoma.
Clin Cancer Res. 2024;30(1):198-208.

Facchinetti F, Loriot Y, Brayé F, et al. Understanding and overcoming
resistance to selective FGFR inhibitors across FGFR2-driven malig-
nancies. Clin Cancer Res. 2024;30(21):4943-4956.

Lamarca A, Ostios L, McNamara MG, et al. Resistance mechanism to
fibroblast growth factor receptor (FGFR) inhibitors in chol-
angiocarcinoma. Cancer Treat Rev. 2023;121:102627.

Schram A, Borad M, Sahai V, et al. Identifying FGFR2 fusions/rear-
rangements in cholangiocarcinoma patients using a novel cfDNA al-
gorithm for treatment with RLY-4008, a highly selective irreversible
FGFR2 inhibitor. Eur J Cancer. 2022;174:5116.

Lapin M, Huang HJ, Chagani S, et al. Monitoring of dynamic changes
and clonal evolution in circulating tumor DNA from patients with /DH-
mutated cholangiocarcinoma treated with isocitrate dehydrogenase
inhibitors. JCO Precis Oncol. 2022;6:€2100197.

Harding JJ, Lowery MA, Shih AH, et al. Isoform switching as a mech-
anism of acquired resistance to mutant isocitrate dehydrogenase in-
hibition. Cancer Discov. 2018;8(12):1540-1547.

Cleary JM, Rouaisnel B, Daina A, et al. Secondary IDH1 resistance
mutations and oncogenic IDH2 mutations cause acquired resistance to
ivosidenib in cholangiocarcinoma. NPJ Precis Oncol. 2022;6(1):61.
Lavacchi D, Caliman E, Rossi G, et al. Ivosidenib in IDH1-mutated
cholangiocarcinoma: clinical evaluation and future directions. Phar-
macol Ther. 2022;237:108170.

Ostwal V, Mandavkar S, Bhargava P, et al. Trastuzumab plus
gemcitabine-cisplatin for treatment-naive human epidermal growth
factor receptor 2—positive biliary tract adenocarcinoma: a multi-
center, open-label, phase Il study (TAB). J Clin Oncol. 2024;42(7):
800-807.

Carotenuto P, Hedayat S, Fassan M, et al. Modulation of biliary cancer
chemo-resistance through microRNA-mediated rewiring of the
expansion of CD133+ cells. Hepatology. 2020;72(3):982-996.

Meng F, Henson R, Lang M, et al. Involvement of human micro-RNA in
growth and response to chemotherapy in human cholangiocarcinoma
cell lines. Gastroenterology. 2006;130(7):2113-2129.

Peng F, Jiang J, Yu Y, et al. Direct targeting of SUZ12/ROCK2 by miR-
200b/c inhibits cholangiocarcinoma tumourigenesis and metastasis.
Br J Cancer. 2013;109(12):3092-3104.

Okamoto K, Miyoshi K, Murawaki Y. miR-29b, miR-205 and miR-221
enhance chemosensitivity to gemcitabine in HuH28 human chol-
angiocarcinoma cells. PLoS One. 2013;8(10):e77623.

Jiao D, Yan Y, Shui S, et al. miR-106b regulates the 5-fluorouracil
resistance by targeting Zbtb7a in cholangiocarcinoma. Oncotarget.
2017;8(32):52913-52922.

Asukai K, Kawamoto K, Eguchi H, et al. Micro-RNA-130a-3p regulates
gemcitabine resistance via PPARG in cholangiocarcinoma. Ann Surg
Oncol. 2017;24(8):2344-2352.

Choi WJ, Li Z, Magyar C, et al. The role of pre-operative ctDNA in
resectable intrahepatic cholangiocarcinoma. J Clin Oncol. 2024;
42(suppl 3):528.

Chen C, Wang T, Yang M, et al. Genomic profiling of blood-derived
circulating tumor DNA from patients with advanced biliary tract can-
cer. Pathol Oncol Res. 2021;27:1609879.

Lamarca A, Kapacee Z, Breeze M, et al. Molecular profiling in daily
clinical practice: practicalities in advanced cholangiocarcinoma and
other biliary tract cancers. J Clin Med. 2020;9:2854.

Israel MA, Danziger N, McGregor KA, et al. Comparative genomic
analysis of intrahepatic cholangiocarcinoma: biopsy type, ancestry, and
testing patterns. Oncologist. 2021;26(9):787-796.

Volume 10 m Issue 5 m 2025


http://refhub.elsevier.com/S2059-7029(25)00948-2/sref57
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref57
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref57
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref57
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref58
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref58
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref58
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref59
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref59
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref59
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref60
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref60
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref60
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref60
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref61
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref61
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref61
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref61
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref61
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref62
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref62
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref62
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref62
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref63
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref63
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref63
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref63
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref64
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref64
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref64
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref65
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref65
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref65
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref66
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref66
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref66
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref67
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref67
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref67
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref68
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref68
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref68
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref69
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref69
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref69
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref69
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref70
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref70
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref70
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref71
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref71
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref71
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref72
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref72
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref73
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref73
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref73
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref73
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref73
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref74
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref74
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref74
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref75
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref75
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref75
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref76
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref76
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref76
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref76
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref77
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref77
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref77
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref77
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref78
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref78
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref78
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref79
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref79
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref79
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref80
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref80
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref80
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref81
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref81
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref81
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref82
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref82
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref82
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref82
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref83
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref83
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref83
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref83
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref84
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref84
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref84
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref85
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref85
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref85
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref86
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref86
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref86
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref87
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref87
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref87
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref87
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref87
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref87
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref88
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref88
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref88
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref88
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref89
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref89
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref89
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref90
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref90
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref90
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref91
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref91
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref91
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref92
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref92
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref92
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref93
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref93
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref93
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref94
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref94
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref94
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref95
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref95
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref95
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref96
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref96
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref96
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref97
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref97
http://refhub.elsevier.com/S2059-7029(25)00948-2/sref97
https://doi.org/10.1016/j.esmoop.2025.105079
https://doi.org/10.1016/j.esmoop.2025.105079
https://doi.org/10.1016/j.esmoop.2025.105079
https://doi.org/10.1016/j.esmoop.2025.105079
https://doi.org/10.1016/j.esmoop.2025.105079
https://doi.org/10.1016/j.esmoop.2025.105079
https://doi.org/10.1016/j.esmoop.2025.105079
https://doi.org/10.1016/j.esmoop.2025.105079
https://doi.org/10.1016/j.esmoop.2025.105079

	Precision oncology in biliary tract cancer: the emerging role of liquid biopsy
	Introduction
	Liquid Biopsy Techniques
	Circulating tumour cells
	Circulating free DNA
	Circulating RNA and extracellular vesicles
	Application on bile samples

	Diagnosis
	cfDNA and ctDNA
	miRNAs

	CTCs
	Other approaches

	Minimal Residual Disease Assessment
	Metastatic Disease
	Molecular profiling
	Resistance mechanisms

	Discussion
	Conclusions
	Funding
	Disclosure
	References


