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Abstract.  Peripheral blood of patients
“physiologically” presents cells and cellular components
deriving from primary or metastatic sites, including
circulating tumor cells (CTCs), circulating free DNA
(¢cfDNA) and exosomes containing proteins, lipids and
nucleic acids. The term circulating tumor DNA (ctDNA)
indicates the part of cfDNA which derives from primary
tumors and/or metastatic sites, carrying tumor-specific
genetic or epigenetic alterations. Analysis of ctDNA has
enormous potential applications in all stages of cancer
management, including earlier diagnosis of cancer,
identification of driver alterations, monitoring of treatment
response and detection of resistance mechanisms. Thus,
ctDNA has the potential to profoundly change current
clinical practice, by moving from tissue to peripheral blood
as a source of information. Herein, we review current
literature regarding the potential role for ctDNA in biliary
tract cancer (BTC) patients, with a particular focus on state-
of-the-art techniques and future perspectives of this highly
aggressive disease.

cancer

Biliary tract cancers (BTCs) include a heterogeneous group of
malignancies usually classified in the following subgroups,
according to anatomical location: intrahepatic cholangio-
carcinoma (iCCA), extrahepatic cholangiocarcinoma (eCCA),
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gallbladder cancer (GBC) and ampulla of Vater cancer (AVC)
(1-3). The term cholangiocarcinoma includes iCCA and eCCA,
which in turn comprises perihilar cholangiocarcinoma (pCCA)
and distal cholangiocarcinoma (dCCA) (4, 5). Although the
anatomical classification of BTC may be considered simplistic,
it faithfully reflects the differentiation of BTC subgroups in
terms of epidemiology, etiology, clinical presentation,
molecular features and therapeutic approaches (6, 7). BTC
currently represents about 3% of all gastrointestinal
malignancies and the second most common primary liver
cancer (PLC), following hepatocellular carcinoma (HCC) (8,
9). Even though BTC is considered an uncommon cancer in
Western countries, its incidence is increasing, and perhaps is
associated with the increasing incidence of iCCA and partly as
a result of better disease recognition (10-12). An important
geographical variation in BTC epidemiology has been
historically observed, with higher incidence rates in
geographical areas where liver fluke infestation (Opistorchis
viverrini and Clonorchis sinensis) is more common such as
Korea, Japan, China and Thailand (13, 14). More specifically,
Northeast Thailand presents the highest BTC rate worldwide,
with an annual incidence of 95/100,000 inhabitants and
representing more than 80% of all PLCs in this region (15, 16).
Other countries such as India and Chile depict high incidence
of GBC, given the high prevalence of chronic hepatolithiasis
(17, 18). Apart from these risk factors, primary sclerosing
cholangitis (PSC), cirrhosis, chronic hepatitis C and B
infection, fatty liver disease and asbestos exposure have been
associated with an increased risk of developing BTC (19-22).

Although surgery remains the mainstay of cure in early
stages, the majority of BTC patients are diagnosed with
advanced-stage disease, therefore precluding any surgical
management (23, 24). Cisplatin plus gemcitabine
combination chemotherapy is considered the standard first-
line treatment in advanced, unresectable BTC, following the
results of the ABC-02 landmark trial (25). Despite ABC-02
trial representing a historical step forward in medical
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treatment for advanced BTC, the survival gain provided by
first-line chemotherapy is modest since nearly all patients
develop progressive disease following front-line treatment,
with a median overall survival (OS) of less than a year (26).
More recently, although outstanding advances in genomic
sequencing have given hope to new treatment strategies,
BTC patients still have a poor prognosis with short life
expectancy (27-29).

In the last decade, liquid biopsy has received growing
attention because of its promising applications in patients with
cancer (30, 31). In fact, liquid biopsy, based on circulating free
DNA (cfDNA), circulating tumor cells (CTCs), circulating
cell-free RNA (ccfRNA) and circulating tumor DNA (ctDNA),
represents a potential tool which could bring a new insight
into cancer diagnosis and management (Figure 1) (32, 33).
More specifically, this new technology has the potential to
reveal cancer-specific genetic and epigenetic features directly
in the bloodstream (34, 35); if the term cfDNA indicates DNA
which is freely circulating but not necessarily of tumor origin,
ctDNA represents a tumor-derived fragmented DNA which is
released into the bloodstream (36, 37). More specifically, the
majority of cfDNA comes from normal cells; conversely, a
small part of cfDNA directly comes from primary tumors,
metastatic sites or CTCs, and it is called ctDNA (38-40). The
possibility to detect biological, tumor-derived material
circulating in body fluids may have remarkable applications
in any phase of cancer management in terms of earlier
diagnosis, detection of relapse, identification of therapeutic
targets, monitoring of treatment response and tracking
emergence of resistance (41-44).

Herein, we review current literature regarding the
potential clinical role of ctDNA in BTC management, with
a particular focus on current state of art and possible future
directions.

Current Limits in Diagnosis of BTC:
Blood-based Markers, Imaging and Histology

Although multiple diagnostic methods are currently available,
the diagnosis of BTC remains challenging (45, 46). In clinical
practice, CA19-9 and carcinoembryonic antigen (CEA) are the
most frequently used blood-based tumor markers (47, 48).
However, CA 19-9 (with a cut-off >129 U/ml) represents the
only recommended biomarker for clinical use, according to
the ESMO guidelines for BTC (49); besides, overall
sensitivity of CA19-9 remains controversial since high levels
of CA19-9 may be encountered in several other malignancies,
in benign cholestasis and after hepatic injuries (50). Lastly,
various cut-off values have been proposed, usually between
100 U/ml and 200 U/ml (51).

Ultrasonography, computed tomography (CT) and
magnetic resonance imaging (MRI) are important techniques
for diagnosis and staging (52). At ultrasonography, iCCA
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appear as solid mass lesions while pCCA and dCCA are
more difficult to identify using ultrasound (53); conversely,
MRI is considered the modality of choice in BTC diagnosis,
given the high contrast resolution and the ability to
determine the vascular, biliary and parenchymal extension of
the neoplasm (54).

Pathological confirmation of diagnosis is necessary before
any non-surgical treatment and can be challenging in BTC,
particularly in patients affected by PSC and biliary strictures
(55). Decisions to undertake biopsies should follow a
multidisciplinary discussion, especially in potentially
resectable tumors (56). Endoscopic imaging and tissue
sampling are useful but, unfortunately, biopsy samples are
often inadequate for molecular profiling (57), and in
addition, tissue sampling has reported high specificity but
low sensitivity in diagnosis of malignant biliary strictures
(58). Lastly, the highly desmoplastic nature of BTC limits
the accuracy of cytological and pathological approaches (59).
In this scenario, it is urgent to develop new strategies in
order to anticipate the diagnosis identifying BTC at an early,
resectable stage, and obtain sufficient material with which to
perform genomic analysis.

Genomic Profiling of BTC

Recent efforts in genomic sequencing and molecular
subtyping have paved the way towards a new era in BTC
management (60). In fact, the advances in the comprehension
of BTC molecular landscape have recently provided new keys
to identify prognostic and predictive biomarkers as well as
mechanisms of resistance and pathogenesis (61). More
specifically, almost 50% of BTCs are supposed to harbor at
least one driver mutation, and to date, several targeted agents
have shown promising results in recent clinical trials (62, 63).

Firstly, Javle er al. suggested a correlation between
genomic features and clinical outcomes, on the basis of data
extracted from the FoundationOne platform (64). According
to that study, KRAS was the most common aberration in
eCCA (42% of cases), ERBB2 in GBC (16%) and IDH1 and
FGFR in iCCA; moreover, FGFR mutations seemed to be
associated with a good prognosis, according to the study.
More recently, a multicenter study on 489 BTCs from 10
countries suggested the presence of 4 molecular clusters of
BTC, on the basis of integrative clustering analysis of
mutations, combined whole-genome, copy-number, gene
expression and DNA methylation data (65). In this study,
Cluster 1 mainly included fluke-positive malignancies with
ERBB2 amplification, TP53 and ARIDIA alterations;
conversely, Cluster 4 identified fluke-negative iCCA with
FGFR aberrations and CpG shore hypermethylation.
Moreover, better OS was observed in Cluster 4, thus
supporting previous findings from Javle et al. regarding the
role of FGFR aberrations.
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Detection of BTC

Liquid biopsy

Analysis of Biopsy

Figure 1. Schematic figure of liquid biopsy as a source of information.

As stated above, these aberrations and molecular features
represent potential therapeutic targets in specific anatomic
subtypes. The recent prospective MOSCATO-1 trial analyzed
1,035 tumor samples and matched, on the basis of genetic
aberrations, 199 patients to specific targeted therapies (66).
Among them, 18 patients were affected by previously
treated, advanced BTC; interestingly, in BTC patients
receiving targeted therapies ORR was 33% and PFS and OS
were 5.2 months and 17 months, respectively.

A plethora of previous studies on BTC have grouped
together patients with different anatomical and molecular
subtypes, something which represents the “original sin” of
several clinical trials which do not do justice to the marked
inter- and intra-tumoral heterogeneity of BTC (67-69). The
modest survival benefit observed with current treatment
options emphasizes the need for new affective agents and
tailor-made trials based on genetic profile and histological
features characterizing BTC (70). The emergence of targeted
treatments in BTC is challenging previous treatment

paradigms, especially for iCCA for whom targeting FGFR
fusions and IDH1/IDH2 mutations is becoming part of
current clinical practice (71-73).

Between Two Worlds: ctDNA
Assay and Tissue-based Assay

Tumor biopsies are the gold standard for cancer diagnosis
and the primary tool for molecular testing, guiding treatment
selection (74). Nevertheless, sampling tissue is an invasive
and often anatomically difficult method; moreover,
conventional tissue biopsies are not always feasible, they
frequently need to be repeated and it is not easy to obtain
sufficient material of proper quality for cancer genome
profiling (75).

Conversely, the analysis of ctDNA has the potential to
overcome the abovementioned limitations, by capturing the
outstanding spatial and temporal tumor heterogeneity and
expanding the opportunity for real-time monitoring (76).
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Table 1. Tissue-based assay vs. ctDNA assay.

Tissue-based assay

ctDNA assay

Disadvantages

Time-intensive procedure
Localized sampling of tissue

Limited evidence for treatment selection
Low correlation with histology/cellular phenotype

Sampling is not easily carried out (tumor tissue insufficient and/or inaccessible)

Invasive procedure

Advantages

Substantial evidence for treatment selection
High correlation with histology/cellular phenotype

Fast

Comprehensive tissue profile
Easy sampling

Minimally invasive testing
Easily repeatable technique

Thus, liquid biopsy is emerging as a promising, attractive
molecular diagnostic tool with minimal invasiveness (77).
Compared to classic tissue biopsies, the analysis of ctDNA
is quick, simple and presents minimal procedural risk (Table
I), considering that blood, saliva or urine are easier to access
than tissue biopsy (78). In fact, although liquid biopsy is
commonly referred to peripheral blood analysis, this term
includes the collection and analysis of cancer-derived
material from other bodily fluids such as saliva, bile, urine,
stool, cerebrospinal fluid, ascites and pleural fluid (79).
Overall, liquid biopsy is the natural “partner” of tailor-made,
personalized oncology approach, having the potential to
capture tumor spatio-temporal heterogeneity and providing
a more “holistic” view of tumor (80-82).

Limitations of cfDNA/ctDNA analysis include lack of
spatial specificity for anatomically critical and clinically
relevant lesions, low shedding of ctDNA by certain
malignancies and the lack of prospective validation for
clinical practice for a majority of cancers (83, 84). Moreover,
currently available ctDNA assays are not able to detect a
number of genes compared to tissue-based panels, a critical
issue which modern technologies are trying to face (85-87).

Clinical Applications of ctDNA/cfDNA Analysis

In 1948, Mandel and Métais were the first to identify
fragmented DNA in the non-cellular component of the blood,
which was called cfDNA (88). Twenty-nine years after the
first identification of cfDNA, Leon e al. observed increased
levels of ¢cfDNA in cancer patients compared to healthy
controls (89). Since then, an accumulating body of literature
has investigated CTCs, ctDNA and cfDNA as novel
biomarkers, with the aim to facilitate early detection of
malignancies and improve the prognosis of cancer patients
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(90-92). On the basis of current knowledge, the mechanisms
of apoptosis and necrosis have been identified as important
contributors to cfDNA release into the bloodstream (93). In
physiological conditions, cfDNA derived from cells is found
in plasma at low concentrations which may be influenced by
several stressing situations (e.g. physical exercise, surgery,
inflammation, etc.) (94). As previously stated, the proportion
of cfDNA which is specifically released from tumor cells is
currently called c¢tDNA, who in turn may represent from
0.1% to 90% of overall cfDNA (95). The applications of
cfDNA/ctDNA can be schematically summarized by five
categories (Table II): diagnosis, detection of tumor burden,
prognosis, selection of treatment and monitoring for
relapse/treatment efficacy.

With regard to diagnosis, early detection methods are
under active investigation (96). In particular, the diagnosis
of cancer at an early stage remains a challenge in several
malignancies, given the frequent “silent” clinical character
of early-stage disease and, in many cases, even of advanced
cancer (97). Therefore, identifying early-stage malignancies
would mean better chance of cure making cfDNA analysis
an extremely attractive tool (98). Unfortunately, this
approach would need an extremely sensitive method in order
to detect minimal amounts of cfDNA released into the
bloodstream and to date, no technology currently exists to
reach this goal (99).

In the current era of precision cancer therapies, the choice
of treatment is often based on tumor molecular profile and
the clinical benefit of tailor-made agents is limited by the
emergence of acquired resistance (100). In this landscape,
ctDNA has the potential to assess molecular profile with a
quick and minimally invasive procedure such as a simple
blood draw (101). Despite early studies detected low
concordance between tumor and plasma samples, recent and
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Table I1. Highlights of current and future applications of ctDNA in cancer management.

Diagnosis

The majority of studies have shown poor sensitivity, especially for early stage disease

For small tumors, not enough ctDNA to provide an accurate test result
Need for further validation, in order to allow early intervention and curative surgery

Tumor burden

Larger amount of ctDNA=advanced tumor stage/greater metastatic burden

ctDNA has the potential to “capture” tumor burden in different moments of the disease,
given the possibility to repeat blood testing more often than imaging/traditional biopsies

Prognosis

Absence of ctDNA after radical surgery has been associated with better

prognosis and smaller risk of relapse in several malignancies
Future perspectives: the possibility to determine the necessity of adjuvant therapy
and the true risk of relapse

Treatment

Sequencing the ctDNA may guide choice of therapy, targeting specific mutations

ctDNA analysis captures tumor heterogeneity, a key element towards more targeted treatment

Monitoring for relapse/treatment efficacy

ctDNA concentrations follow the evolution of the disease, indicating relapse/treatment

failure before clinical practice/imaging
ctDNA has the potential to monitor response to treatment and the onset of new mutations

larger studies have suggested concordance rates from 80%
to 90% between the two samples, particularly in key driver
genes (102, 103). Nevertheless, a proportion of patients
affected by metastatic disease (estimated at about 10-15%)
may not present sufficient cfDNA/ctDNA levels to permit
mutational profiling from plasma, a key element to consider
when interpreting the results of cfDNA/ctDNA analysis
(104).

During medical treatment, liquid biopsy may detect
emergent genetic alterations driving acquired therapeutic
resistance (105); thus, serial liquid biopsies may be useful
tools to identify resistant mutations and to change treatment
in real time, avoiding invasive tumor biopsies (106).
Therefore, liquid biopsy has rapidly emerged as an extremely
promising technology, due to the ability to capture tumor
molecular heterogeneity and the clonal outgrowth of resistant
subclones (107). Interestingly, the main and earliest example
of the application of cfDNA/ctDNA testing for the
management of therapeutic resistance is epidermal growth
factor receptor (EGFR)-mutated non-small cell lung cancer
(NSCLC) (108, 109). In this setting, cfDNA analysis may
detect the emergence of EGFR T790M mutation during
EGFR inhibitor therapy — with a high level of concordance
observed between the results of tissue testing and liquid
biopsy — and also the coexistence of other resistance
mechanisms, such as MET amplification (110). Other
possible applications of cfDNA/ctDNA include the
identification of prognostic and predictive biomarkers,
detection of postsurgical residual disease, tracking of
therapeutic response and the detection of recurrence (111,
112). Despite the fact that liquid biopsy may pave the way
for a revolution in medical oncology, a careful understanding
of limitations and advantages of this approach is mandatory
to properly interpret the analysis and to correctly guide
clinical decision making.

The Use of ctDNA in BTC

Although liquid biopsy may present an attractive diagnostic
tool in early-stage BTC, very few data are currently available
and the advances in the field have been hampered by
technical challenges primarily due to the frequently low
levels of ctDNA in patients with localized disease (113). As
stated above, the difficulty in obtaining sufficient cytologic
material to confirm the diagnosis and to perform genomic
analysis is particularly challenging in BTC, whose poor
prognosis is in part due to late diagnosis (114). Thus, ctDNA
could play a particularly important role in BTC patients,
since biopsy samples are often inadequate for molecular
profiling, especially in eCCA and GBC (115).

In a prospective analysis of 26 pancreatobiliary
malignancies, Zill et al. reported high concordance between
mutations detected in tumor biopsies and cfDNA (116). This
study included 8 patients with BTC and 18 with pancreatic
cancer; cfDNA identified the 90.3% of mutations detected in
tissue biopsies.

A study by Kumari et al. recently assessed the role of
c¢fDNA in the diagnosis of GBC (117). Serum was collected
from 34 GBC patients and 39 sex- and age-matched controls,
22 of which with cholecystitis and 17 patients without
comorbidities. In this study, which represented the first to
evaluate serum cfDNA in GBC, the authors used real-time
PCR assay to quantify amount of cfDNA, comparing the
three cohorts of patients (117). Interestingly, cfDNA was
found to be significantly lower in cholecystitis controls and
healthy subjects compared to the GBC group. Moreover,
cfDNA was significantly associated with jaundice, metastatic
lymph nodes and stage, according to TNM system (117).
Thus, cfDNA quantitative analysis could play an important
role in distinguishing inflammatory disorders and GBC and
may serve as novel, noninvasive marker for GBC diagnosis.
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In another study on 69 cholangiocarcinoma patients
(94% with pCCA) and 95 healthy sex- and age-matched
controls, cfDNA analysis identified a panel of four genes
(HOXA1, PRKCB, CYP26C1, and PTGDR) which had
differentially methylated regions (DMRs) in CCA patients
(118). The panel showed a specificity of 93% and a
sensitivity of 83% in the detection of cholangiocarcinoma;
interestingly, the DMR ctDNA panel detected 32 (80%) of
the 40 CCAs which were deemed eligible for surgical
resection or transplantation and 15 (60%). Overall, the
sensitivity of cfDNA/ctDNA mutations for early stage BTC
is currently unknown.

As previously stated, sequencing of tissue samples may be
limited by low tumoral content, thus liquid biopsy is being
harnessed for genomic profiling of BTC (119). In a study by
Andersen and Jakobsen, the authors proposed a multiplex
digital PCR method of screening for 31 mutations in KRAS,
NRAS, BRAF and PIK3CA genes in patient plasma (120).
Interestingly, the assay was firstly confirmed in pooled
normal serum and positive controls; therefore, the assay was
conducted on serum of six wild-type patients for the assayed
mutations and five BTC patients with proven tumor
mutations. Mutations found in the tumor were in parallel
found in the plasma of all the “mutated” patients and, at the
same time, there was a perfect agreement in wild-type status
between tumor and plasma (120).

In another study, Mody et al. performed a ctDNA analysis
on 138 samples of BTC patients, finding at least one
genomic alteration in 89% of cases (121). Interestingly, the
majority of cases included in this study were iCCAs,
something which represents the main limitation of this study
since iCCAs are the BTC subgroup for which liver biopsies
and tissue sampling are easier. Although the most frequently
detected alterations were TP53, KRAS and FGFR2, the
proper and parallel concordance between ctDNA and tissue-
based alterations has yet to be assessed in larger cohorts of
patients (121).

Another role for ctDNA/cfDNA is represented by
monitoring response to chemotherapy and targeted therapy,
thus tracking emergence of resistance (122, 123). In a
German study, ctDNA and tumor tissue samples were
collected from 24 BTC patients before and during
chemotherapy; the two samples were subjected to deep
sequencing of 15 frequently mutated genes in BTC,
including TP53, ARIDIA, KRAS, IDHI, BAP1, PBRM1,
SMAD4, PIK3CA, FBXW7, CDKN2A, ERBB2, NRAS,
IDH2, BRAF and BLC2 (124). Interestingly, ctDNA in blood
compared to tissue had a concordance of 74% in all patients
and 92% in the iCCA cohort; moreover, 63% of
chemotherapy-naive patients had their mutational profile
changed during treatment. Lastly, ctDNA variant allele
frequency (VAF) showed a strict correlation with
progression-free survival (PFS) and tumor load.
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As previously stated, FGFR2 genomic alterations are the
most frequently observed aberrations in iCCA, with a
prevalence ranging from 13-45% and a mutual exclusivity
with KRAS/BRAF mutation (125, 126). In recent years, the
role of FGFR-targeted therapies has been tested in a number
of clinical trials and various agents have been evaluated or
are currently under investigation including multitarget
tyrosine kinase inhibitors as well as specific anti-FGFR2
antibodies including BGJ39 (127). Goyal et al. recently
analyzed cfDNA collected by serial sampling in 4 patients
enrolled in a Phase II trial assessing the role of BGJ39 (128).
Among the 4 patients, 3 experienced significant tumor
regression followed by short interval disease progression.
Serial analysis of cfDNA at enrollment and after progression
showed the presence of the V564F acquired mutation at the
time of progression and, in 2 patients, multiple point
mutations in the FGFR portion of the fusion genes (128).
Moreover, a high concordance was observed between tissue
and plasma measurements, since tumor biopsy of the post-
progression lesions and postmortem analysis agreed with
cfDNA analysis, identifying marked intratumor heterogeneity
and de novo point mutations conferring resistance to the
FGFR inhibitor (128). Although based on a small subgroup
of patients, the study highlighted the potential advantages of
c¢fDNA in BTC targeted therapy, where real-time detection
of resistance mutations and monitoring of clonal evolution
may provide extremely useful information to guide the
selection of treatment.

Lastly, the option to use the bile as source for DNA
sequencing in BTC has been recently investigated and
deserves to be mentioned, since bile is another component
of liquid biopsy. A recent study by Shen et al. from 10 BTC
patients (including 4 cases of GBC) suggested that bile
cfDNA could consist of long fragments, with a high
correspondence between molecular features detected in bile
and tissue sampling (129). Studies on larger cohorts of
patients are needed to confirm the above results and to
further assess the role of bile as source of cfDNA.

Conclusion

The applications of ctDNA/cfDNA on tumor detection,
characterization and genetic assessment have the potential to
pave the way towards a new era in cancer management.
Although few data are currently available regarding ctDNA
analysis in BTC, this cost-effective, fast and non-invasive
test may contribute to the implementation of precision
medicine and improve clinical outcomes in a highly
aggressive and increasingly frequent disease.
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