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Abstract

Cholangiocarcinoma (CCA) is a highly lethal malignancy that comprises approximately 15% of all the primary liver
tumors and 3% of gastrointestinal cancers. Diagnosis is often done when the disease is already at advanced stages,
resulting in poor outcomes. Prevention of risk factors and early diagnosis are the cornerstones for improving
survival. Early diagnosis is feasible in the setting of surveillance programs in patients at high risk of CCA such as
patients with primary sclerosing cholangitis. Regrettably, surveillance of CCA in this population is hampered by the
low diagnostic accuracy of current tumor markers at earlier stages, the difficulties of imaging techniques for the
differential diagnosis between benign and malignant biliary strictures, and the need for invasive procedures for
diagnostic confirmation. In this review we discuss the rationale for surveillance of CCA in high-risk populations,
particularly patients with primary sclerosing cholangitis, the recommended tools for surveillance and diagnostic
work-up, and future perspectives.
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INTRODUCTION

Cholangiocarcinoma (CCA) is the second most common primary hepatic malignancy after hepatocellular
carcinoma (HCC), comprising approximately 15% of all primary liver tumors and 3% of gastrointestinal
cancers. Its incidence has been increasing in the past decades worldwide, and despite significant
advancements in the knowledge of CCA mechanisms, diagnosis, and management, survival has not
substantially improved in the past decade™”.

Since CCAs are usually asymptomatic in early stages, the diagnosis is established when the disease is already
at advanced stages™, which highly compromises treatment options, resulting in a dismal outcome.
Therefore, prevention and early diagnosis remain the cornerstone for improving the survival of this
devasting disease. Furthermore, identifying preventable risk factors and patients at risk of CCA are keys to
decreasing the disease-related mortality of this highly lethal neoplasia®. In this review, we provide a
comprehensive and critical overview of the current knowledge and future directions for the early diagnosis
of CCA.

SURVEILLANCE IN CANCER: ANY CHANCE FOR CCA?

Surveillance in cancer is defined as the repeated application of a test over time with the aim of reducing
mortality from a disease™™. It is critical to tease apart between mortality (measured as the number of deaths
per unit of time) and survival (duration of life after the diagnosis of the disease). Decreasing cancer-related
mortality should be the sole objective of surveillance programs since survival is a surrogate endpoint that is
subject to multiple biases that do not impact mortality”. The most common biases in studies evaluating the
efficacy of cancer surveillance are lead-time (refers to the phenomenon where early diagnosis of a disease
falsely makes it look like people are surviving longer), length bias (surveillance is more likely to detect slow-
growing cancers than rapidly growing cancers), and healthy-volunteer bias (those individuals willing to
participate in early detection efforts may be more attuned to health messages, more predisposed to adhere
to health providers’ recommendations and they may also be from a higher socioeconomic group and have
better access to quality healthcare). The ability of surveillance to detect the disease at an earlier stage is a
required outcome of surveillance programs, but the mere finding of early-stage disease is not sufficient as
proof of efficacy. In addition, treatment at an early stage should impact on survival in most patients.
Otherwise, its effect on mortality will not be evident.

The World Health Organization (WHO) has suggested some principles for recommending surveillance in
cancer: The condition should be an important health problem with high mortality and/or morbidity,
there should be an accepted treatment for patients with recognized disease, treatment should be better at an
earlier stage, facilities for diagnosis and treatment should be available, there should be a recognizable latent
or early symptomatic stage, a suitable test or examination acceptable for the population should be available,
the natural history of the condition, including development from latent to declared disease, should be
adequately understood, the target population for surveillance should be clearly identified, the cost of case-
finding (including diagnosis and treatment of patients diagnosed) should be economically balanced, and
finally, case-finding should be a continuous process. Unfortunately, most of these criteria are not met in
CCA. Although several risk factors are linked to CCA, most CCA cases remain sporadic, without any
identifiable risk factor, limiting the applicability of any surveillance program. Only patients with primary
sclerosing cholangitis (PSC), the most well-known risk factor for CCA, can be identified as a target
population for surveillance since the cumulative incidence of CCA at 20 years is 20%-25%", and its
occurrence constitutes one of the most important causes of death in this population". Furthermore, the
natural history of the disease, including development from latent to declared disease, is not adequately
understood despite recent advancements in the knowledge of CCA mechanisms. In addition, recommended
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surveillance tests are expensive (which clearly impacts on cost-efficacy of any surveillance program
proposal), not widely available, and there is not a validated recall diagnostic strategy upon the suspicion of
CCA. Finally, only a few proportion of patients may benefit from potential curative therapies', which calls
into question the efficacy of any surveillance program.

PRIMARY SCLEROSING CHOLANGITIS AND CCA: AN OPPORTUNITY FOR
SURVEILLANCE

PSC is recognized as the most important risk factor for CCA development in Western countries. It is
associated with almost a 400-fold increased risk for developing CCA compared to the general population
with a 5.65% risk of developing CCA ten years from PSC diagnosis. Approximately 30%-50% of the patients
will have CCA at the time of PSC diagnosis or within the first year of diagnosis, and CCA is found to be
responsible for almost 30% of PSC-related deaths"*'*. Anatomically, the majority of CCAs in PSC are
perihilar, though distal (below the cystic duct) or intrahepatic CCA (arising beyond second-order IHDs)
can also occur.

Available epidemiology data from previous studies regarding the PSC-CCA association are heterogeneous,
probably due to: (1) the low frequency of both diseases (PSC prevalence ranges from 0 to 16.2 per
100,000/inhabitants™” and CCA age-standardized incidence rate per 100,000 inhabitants in Western
countries is 0.5-3""); (2) delayed PSC diagnosis as many patients are asymptomatic for a long-term prior to
the diagnosis; (3) heterogeneity on the CCA detection time as patients with PSC might develop CCA more
than 4 to 6 years from PSC diagnosis™*"?, 50% within the first year after PSC diagnosis and approximately
10% present with CCA at the time of PSC diagnosis"”; and (4) analysis from previous studies pooling PSC
with other inflammatory liver diseases by the generic term of “cholangitis”. PSC is a cholestatic idiopathic
liver disease characterized by inflammation and progressive intra and extrahepatic biliary duct fibrosis, so
the term is correct, but other biliary tract diseases that mimic PSC (including IgG4-related cholangitis) can
be confounders. Accordingly, reliable data regarding the actual incidence of CCA in PSC and the risk
factors associated with its occurrence is scarce, which impacts on the design of an effective surveillance
strategy.

Furthermore, it is relevant to tease apart CCA surveillance aimed to achieve an early CCA diagnosis in
asymptomatic patients with PSC who may be potential candidates for curative treatments, from recall
diagnosis of CCA triggered from a change in clinical status, an elevation of biochemical parameters (for
example bilirubin or CA 19.9) or upon the detection of a highly suspicious lesion by an imaging technique,
events usually related to advanced CCA stages.

The scientific evidence supporting the efficacy of CCA surveillance in PSC is scarce. Although the incidence
of CCA is high in patients with PSC, surveillance strategies in asymptomatic patients are not universally
endorsed because of several diagnostic and therapeutic limitations. First, the incidence of CCA in
asymptomatic PSC patients may not be high enough for recommending surveillance in this population"®.
Second, diagnosis of CCA in PSC is quite challenging because CCA mimics inflammation-related dominant
biliary strictures. Third, confirmatory diagnosis requires invasive endoscopic procedures, and conventional
cytology or even sophisticated techniques such as fluorescence in situ hybridization (FISH) lack sensitivity.
Finally, potentially curative treatment is only feasible in a minority of cases, depending in part on the
availability of liver transplantation”. Despite these limitations, retrospective studies, some of them
monocentric and including a limited number of patients"”, suggest that cancer-related mortality decreases

19-22

with surveillance"??. While further prospective studies are warranted, despite the lack of evidence, some

scientific guidelines recommend surveillance for CCA in patients with PSC*°.
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Selecting which patients should be enrolled in the surveillance program and the frequency of the tests is a
crucial decision to develop a cost-effective surveillance strategy. Imaging tests with high sensitivity may
increase false-positive results and consequently increase exposure to invasive tests like endoscopic
retrograde cholangiopancreatography (ERCP). On the contrary, selecting a test imbalanced to a higher
specificity would increase the number of false-negative cases, missing early CCA diagnosis'*’.

All these considerations thicken the plot, where the clinician will have to decide if the findings justify
exposing the patient to invasive procedures for histopathological confirmation.

Imaging techniques for CCA surveillance in PSC

The ideal imaging test for surveillance should offer an adequate diagnostic accuracy balancing a very high
sensitivity to detect an early-stage CCA on asymptomatic patients with an acceptable specificity for avoiding
unacceptable false-positive results. On top of that, the test should be acceptable by the population and
widely available. More importantly, an appropriate and validated recall strategy in the case of a positive
surveillance test should be available.

There are three non-invasive imagine techniques that could be considered for surveillance: ultrasonography
(US), computerized tomography (CT), and magnetic resonance imaging (MRI) with
cholangiopancreatography technique (MRCP). US is widely available and relatively cheap, but the
sensitivity of US for early-stage CCA detection and the ability to provide a full virtual an reproducible map
of the biliary tree is far from optimal and it is inferior to MRI for early-stage CCA detection”. CT is
associated with radiation exposure and limited image quality of the biliary tree when the biliary ducts are
not dilated.

MRI/MRCP is considered the imaging standard for diagnosis and follow-up in patients with PSC**. The
MRI/MRCP is non-invasive without radiation exposure, and is the best image technique to explore the
biliary tree with a pooled sensitivity of 98.9% (95%CI: 98.6-99.3) and specificity close to 100% as reported in
a recent meta-analysis, increasing CCA detection sensitivity by combining with contrast agents, without
affecting the specificity”?. MRI should be considered as the study of choice as it is superior against US in
the detection of early-stage perihilar CCA in patients with PSC, showing better area under the curve (AUC)

22]

in the entire cohort (0.87 vs. 0.70) and also in asymptomatic patients (0.81 vs. 0.59)'

There are different findings on imaging tests which are considered to be suspicious for CCAP* [Table 1].
The most frequent finding is the presence of an obstructive biliary stricture, but this finding is not a specitic
as patients with PSC usually have inflammatory/fibrotic obstructive biliary strictures on imaging studies
known as dominant strictures (DS), which may mimic malignant strictures. Early CCA has different
presentations in imaging tests: dilatation and/or thickening of the biliary duct, tumor infiltration along the
biliary tree resulting in ductal narrowing, beading irregularities of the central hepatic ducts, diffuse
strictures, or a discrete mass-forming lesion, making the diagnosis between malignant and benign strictures
extremely difficult*>”).

The presence of a dominant stricture (DS) is the imaging hallmark for CCA diagnosis. Chapman et al.
found a correlation between DS and the development of CCA in a retrospective 25-year study of PSC
patients””. This relationship has been described in further retrospective and prospective studies, showing an
increase of risk of 6.2% to 26.3% in patients with PSC with a DS in comparison of patients with PSC without
a DS, with CCA being diagnosed over a 6.2- to 9.8-year follow-up period”**!. However, the presence of a DS
for CCA diagnosis is not mandatory since patients without DS are diagnosed with CCA**). In addition, the
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Table 1. Imaging findings suspicious for CCA in PSC patients

Intrahepatic ductal dilatations or DS

Marked dilatation next to strictures

Biliary duct wall thickening

Irregular ductal narrowing with shouldered margins

Intraductal polypoid lesions (> 1cm)

Focal bile duct thickening with enhancement at MRI
Hyperenhancement in more delayed contrast enhanced phases
Rapid progression of strictures

Focal biliary duct dilatation associated with ipsilateral lobar atrophy

DS: Dominant strictures; MRI: magnetic resonance imaging; ERCP: endoscopic retrograde cholangiopancreatography.

presence of DS is not a synonym of CCA since 50% of patients with PSC will develop focal DS during the
course of the disease”, and in a retrospective analysis of 230 patients with PSC, only 19% of biliary
strictures were caused by CCA™.

Based on the current evidence, the recommended strategy for imaging screening of CCA in PSC patients

20,33]

without other additional risk factors would be an annual contrast-enhanced MRCP [Figure 1],

Biomarkers for CCA surveillance in PSC

The advantages of using biomarkers for screening are the worldwide availability and reproducibility. The
most widely used biomarker in CCA is carbohydrate antigen 19.9 (CA 19-9). Unfortunately, its diagnostic
performance is not optimal since it is common to find elevated levels in the context of cholestasis. A
preliminary study from the Mayo Clinic reported an AUC of 0.949 (95%CI: 0.895-1.000), with a 78.6%
sensitivity and 98.5% specificity for CA 19-9 level > 129 IU/mL. Unfortunately, all patients had an advanced-
stage CCA at diagnosis”. In a later study at the same center including 73 patients with PSC and evaluating
the same cut-off value (CA19-9 values > 129 IU/L), 37% of the patients did not present CCA after an
exhaustive study and a median follow-up of 30 months". Similar results were reported in Sweden"". In a
retrospective analysis evaluating 230 patients followed from 2000 to 2006, 23 developed CCA (15 stage I-II
and 8 stages III-IV). By ROC analysis, the cut-off point with the highest diagnostic yield was 20 IU/mL,
which was associated with a sensitivity, specificity, positive predictive value, and negative predictive value of
78%, 67%, 23%, and 96% respectively””. Joint use of CA19-9 and CEA has been explored. Although a study
that included 74 patients with PSC showed a diagnostic yield of 86%"”, subsequent studies indicate that this
combination does not offer an acceptable diagnostic yield"***. The combination of serum tumor markers
and imaging is associated with an improvement in sensitivity, including MRI/MRCP plus CA19-9 with a
cut-oft value of 20 U/mL (sensitivity, 100%; specificity, 38%; diagnostic average, 89%) and US plus CA19-9
with a cut-off value of 20 U/mL (sensitivity, 91%; specificity, 62%; diagnostic average, 93%)"”.. Interestingly,
when both tests were negative (CA 19.9 less than 20 UI/mL and lack of evidence of biliary tract
dilatation/bile duct wall thickening by imaging), the negative predictive value was very high which suggests
that physicians can confidently use negative test results to rule out cancer.

According to the available studies, there is not enough evidence for recommending the use of CA 19-9 for
surveillance purposes™.

Role of the endoscopic tests
Biliary strictures are one of the main problems of PSC as DS can be difficult to characterize. The definition
of DS is based on ERCP and is not considered applicable to MRI given the insufficient spatial resolution and
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Stratify risk for CCA
! |
Large-duct primary sclerosing Risk factors other than PSC
colangitis (PSC) + Tobacco
| + Alcohol consumption
i 1 + Inflammatory bowel disease
. . + Portal hypertension
Asymptomatic Symptomatic or «  Cirrhosis?®
laboratory changes +  Viral hepatitis
(e-g.: 1Bilirubin) * Metabolic sindrome
*  Flukes
Surveillance for CCA Suspicion of CCA:

Active search
Not enough evidence for
surveillance recommendation in
general population

MR — MRCP
every 12 months

Imaging findings suspicious
for CCA (Table 1)

Figure 1. Decision algorithm for CCA surveillance. *Hepatocellular carcinoma surveillance with ultrasonography every 6 months. CCA:
Cholangiocarcinoma; MRI: magnetic resonance imaging; MRCP: magnetic resonance with cholangiopancreatography technique.

lack of hydrostatic pressure. The ESGE/EASL guidelines define a DS as stenosis of the common bile duct
and right and left confluence of the hepatic ducts with a diameter of < 1.5 mm in the common bile duct
and/or < 1.0 mm in a hepatic duct within 2 cm of the main hepatic confluence [Figure 2]\, It is noteworthy
to point out that these thresholds were arbitrary and are not consistent in every PSC study to define DS.
Half of the patients with PSC will develop focal DS during the course of the disease, as reported by
Gotthardt et al. in a prospective 20-year study including 170 patients with PSC during a median follow-up
of 7 years'"’. The risk of cholangiocarcinoma in DS is around 5%“**!. However, there are no specific
imaging features in ERCP that can distinguish benign from malignant strictures. Definitive diagnosis always
requires additional techniques such as CT/MRI, biliary cytology, or histology.

Available guidelines recommend ERCP in symptomatic PSC patients with clinical symptoms, worsening
cholestasis, weight loss, or a new or progressive DS®****|. These patients are candidates for a therapeutic
ERCP with stricture dilatation and/or biliary stent depending on the DS characteristics and clinical specific
indication. Any stricture must always be evaluated for malignancy during the procedure, with brush
cytology with or without FISH analysis, fluoroscopy guided biopsy and/or biopsy by cholangioscopy™".

The reliability of bile duct brushing for CCA diagnosis is variable, and sensitivity can be as low as 8 %"**. A
meta-analysis reported a pooled sensitivity of 43% (95%CI: 35-52%) and specificity of 97% (95%CI: 95%-
98%) with a pooled diagnostic odds ratio of 20.23 (95%CI: 8.75-46.79)"*. The heterogeneity could be derived
from the fact that the sensitivity and specificity depend on the pre-test probability for CCA, thus choosing
the correct patients is an essential diagnostic step. FISH from bile brushing uses DNA to identify
chromosomal abnormalities such as aneuploidy and polysomy, increasing the diagnostic yield for CCA. A
meta-analysis showed a pooled sensitivity of 68% (95%CI: 61%-74%) and specificity of 70% (95%CI: 66%-
73%) with a pooled diagnostic odds ratio of 7.24 (95%CI: 3.93-13.36) to detect CCA"*

Cholangioscopy is a promising option for patients with PSC and high suspicion of malignancy by imaging
but with indeterminate histopathological results and is most useful when there is a high pre-test probability
for CCA (high CA 19-9 levels, jaundice, and weight loss). A meta-analysis found that single-operator
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Figure 2. A 58 year-old man with long lasting primary sclerosing cholangitis and ulcerative cholangitis. A stenosis in the hepatic duct
associated with focal bile duct thickening with enhancement at MRI was detected. A diagnostic ERCP was performed, confirming the
presence of a noncritical stenosis of 2.5 mm in diameter and 5 mm in length in the hepatic duct, just below the hepatic confluent. Brush
cytology and biopsy were obtained for anatomopathological analysis, and no atypia were found.

cholangioscopy was a highly accurate diagnostic modality for CCA diagnosis with a pooled sensitivity and
specificity of 65% (95%Cl: 35%-87%) and 97% (95%ClI: 87%-99%), respectively“”. It should state that a
negative biopsy does not exclude CCA owing to the possibility of sampling error.

ERCP is not exempt of side effects, and therapeutic ERCP in patients with PSC carries a higher
complication profile due to the multifocal nature of the disease and intrahepatic bile duct obstruction"”.

SURVEILLANCE IN OTHER HIGH-RISK PATIENTS

There are multiple risk factors for CCA. The common characteristic they share is that they are associated
with chronic inflammation of the biliary epithelium and bile stasis"”. For instance high alcohol
consumption, presence and longer duration of inflammatory bowel isease (IBD)"*", portal hypertension,
cirrhosis, tobacco smoking, viral hepatitis, non-alcohol fatty liver disease (NAFLD), obesity, and metabolic
syndrome are all risk factors for CCA**!. Regrettably, although all those factors are associated with higher
risk of CCA, particularly for the intrahepatic form (iCCA), the high prevalence of some of them in general
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population makes any attempt of surveillance no cost-effective. Only in those patients with cirrhosis,
surveillance of HCC by biannual US may allow incidental early iCCA diagnosis"’.

Infections with specific trematodes such as Opisthorchis viverrini and Clonorchis sinensis are a leading
cause of CCA in East and Southeast Asia'!. Infection can cause recurrent inflammation, leading to
disorders of the biliary system, including cholangitis, obstructive jaundice, hepatomegaly, fibrosis of the
periportal system, cholecystitis, and cholelithiasis"”. Given the high prevalence of liver fluke infection in
those regions, large-scale screening with stool examination for fluke ova supplemented with serological
assay for the diagnosis of opisthorchiasis and clonorchiasis coupled with abdominal ultrasonography or
other radiological imaging is performed*>**. Retrospective studies indicate that US-screening is an effective
tool for detecting early-stage, operable CCA in high incidence areas”*, and when associated with
prevention of infection by educational campaigns and the use of medications (praziquantel) to treat liver
fluke infection, both measures can decerase incidence and mortality of CCA in highly prevalent areas"”"*.

FUTURE PERSPECTIVES

Major efforts should be directed in identifying those patients at high risk of CCA. Although there are several
risk factors, most CCA cases remain sporadic®™’. Only patients with PSC can be identified as a target
population for surveillance, but the actual risk of CCA development is not well-known, hindering the
recognition of those patients in whom the expected risk of CCA supports the surveillance recommendation.
In addition, major improvements need to be implemented in the current diagnostic tools. Although
MRI/MRCP is considered the best diagnostic imaging modality, distinguishing between malignant and
benign strictures is challenging. In recent years, artificial intelligence (AI) techniques applied to healthcare
are evolving and are used in many biomedical areas, in particular oncology™. In the field of radiology, the
implementation of AI through machine-learning techniques has allowed the development of radiomics as a
new field of medical research. That said, radiomic studies in CCA are scarce and most of them include a
relatively small number of patients and lack from external validation. In addition, there has been little
standardization and generalization of radiomic findings, which limit the use of this methodology into the
clinical practice””*". Finally, the differential diagnosis of DS is frequently challenging, and the current
techniques are invasive and impaired by low sensitivity. Liquid biopsy may become a reliable tool for
improving the diagnostic accuracy. Recently, a prospective study including patients with suspicious biliary
strictures (n = 68) showed that the mutational analysis of bile cell-free DNA (cfDNA) by next-generation
sequencing (NGS) in bile showed a sensitivity and specificity of 96.4% and 69.2%, respectively. More
interestingly, 22 out of 35 patients initially categorized as having a benign/indeterminate stricture were
finally diagnosed of malignancy during the follow-up and in them, the NGS assay showed a 100% sensitivity
for malignancy diagnosis®. Validation studies including patients with PSC are eagerly awaited. Finally,
refinements in the selection of patients in whom liver transplantation may be effective!™ and improvement
(e3]

in the current medical therapy, with the implementation of targeted therapies'®*” or immunotherapy'*” will

change the outcome of this lethal disease.
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