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PET Positron emission tomography
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TRAIL  Tumor necrosis factor-related apoptosis-inducing ligand
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Primary Sclerosing Cholangitis: Background and Risk
of Malignancies

Primary sclerosing cholangitis (PSC) is a chronic liver disease of unknown etiology
but likely sustained by immune-mediated mechanisms, featuring ductopenic bile
duct injury, cholestasis, peribiliary fibrosis, and associated multifocal strictures
alternating with segmental ductal ectasia [1, 2]. Since PSC can target any segment
of the biliary tree, including either the intrahepatic or the extrahepatic portions, PSC
is currently divided into three main variants (or subtypes) according to the level and
extent of biliary involvement (Table 10.1): classic PSC, small-duct PSC, and auto-
immune hepatitis (AIH)-associated PSC.

A unique feature of PSC is its strong association with inflammatory bowel disease
(IBD), with chronic ulcerative colitis (UC) comprising nearly 75-80% of these cases,
while Crohn’s disease (CD) and indeterminate colitis comprise approximately
10-15% and 5-10%, respectively [3]. Although the clinical course of the disease is

Table 10.1 Different subtypes of primary sclerosing cholangitis [1, 2, 56]

Biliary
Subtype involvement | Clinical features and risk of malignancy
Classic Small and 70-80% of patients have IBD; increased risk of colon cancer and
(90%) large bile gallbladder cancer, cholangiocarcinoma, and hepatocellular
ducts carcinoma
Small-duct | Only small May progress to classic subtype; associated with longer survival
(5%) bile ducts and lower risk of cholangiocarcinoma than the classic subtype
AIH- Small and Associated with interface hepatitis. Higher than expected levels
associated | large bile of aminotransferases and IgG; patients usually younger than
(5%) ducts 25 years at diagnosis (35% of children with PSC); better
prognosis than the classic subtype but worse than autoimmune
hepatitis alone
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quite heterogeneous, most patients progress to end-stage liver disease and require
liver transplantation (LT) [4]. Currently, PSC is still regarded as an “orphan” disease,
given the lack of effective therapies in hindering disease progression. Though LT has
significantly improved long-term survival of PSC patients with end-stage liver dis-
ease, up to 40-50% of deaths remain cancer-related and make PSC a bona fide pre-
malignant condition [5]. Among cancers associated with PSC, cholangiocarcinoma
(CCA) is the most diagnosed and lethal tumor, but PSC patients can also develop
colorectal (especially when PSC is associated with UC) and gallbladder cancer [6].
Unlike other chronic liver diseases, the risk of hepatocellular carcinoma (HCC) is
quite low, and it seems to be related to the progression to cirrhosis [7, 8].

Among the three anatomical subtypes of CCA, the one most commonly diagnosed
in PSC patients is the perihilar form (pCCA), as generally observed in CCA patients
even in the absence of a PSC background. Morphologically, CCA frequently presents
as an obstructive biliary stricture without evidence of a mass on cross-sectional imag-
ing [9]. There are some important distinctive features of PSC-associated CCA. In
PSC patients, the lifetime risk of CCA development is 7-14% (corresponding to a
400- to 1500-fold increase in respect to the general population), with a 10-year cumu-
lative incidence of 7-9% according to multiple studies [10-12]. Interestingly, CCA
development is not related to the duration of the disease, in contrast with what is
generally observed with other primary liver malignancies, HCC in particular, com-
monly arising in a cirrhotic setting [6]. Of note, one third of the CCAs detected in
PSC is diagnosed within the first year from the PSC diagnosis, thus suggesting that a
long-standing disease becomes symptomatic because of the tumor [13]. Moreover,
since PSC strikes young individuals, in their third to fifth decade, PSC-associated
CCA develops about 20 years earlier than in CCA patients without PSC [8].

PSC-related factors predisposing to CCA are still largely unknown. A recent
study indicates duration and severity of PSC, age at diagnosis, smoking, alcohol
consumption, or a history of colorectal dysplasia as factors bearing an increased
CCA risk [5]. On the other hand, small-duct PSC and pediatric patients have a low
risk of CCA development [6, 14]. As aforementioned, PSC patients also have a
lifetime risk of gallbladder cancer ranging from 3 to 14%, whereas patients with
PSC and UC have a fourfold increased risk of colorectal cancer when compared to
patients with UC alone. Among other epithelial cancers, the risk of developing HCC
is also slightly increased, ranging from 0.3 to 2.8% [5].

Pathogenesis of PSC-Associated CCA: The Archetype
of a Premalignant Condition Sustained by
Fibroinflammatory Lesions

The pathogenesis of PSC involves both environmental and inherited factors, with a
yet unidentified environmental trigger probably activating a persistent cholangio-
cyte injury in genetically predisposed individuals. This injury is associated with a
pronounced accumulation of fibrotic tissue, which prevails on the inflammatory
infiltrate, with the development of the typical “onion skin-like” lesions, the
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hallmark of the disease [1, 4]. These lesions are made up of activated fibroblasts and
macrophages and by a concentric peribiliary deposition of new extracellular matrix
(ECM) components, in particular collagen type I and fibronectin, which induce pro-
gressive narrowing of the damaged bile ducts, eventually resulting in ductopenia [4,
15]. Moreover, ECM components, by binding soluble mediators (growth factors,
chemokines, cytokines) via low-affinity non-covalent interactions, create gradients
that further stimulate recruitment of fibroblasts and inflammatory cells to the dam-
aged ducts leading to cholangiocyte proliferation and neoangiogenesis [16].
Remarkably, in CCA, neoplastic bile ducts are embedded in a dense desmoplas-
tic tissue populated by myofibroblasts (cancer-associated fibroblasts) and macro-
phages (tumor-associated macrophages), together with a variety of innate and
adaptive immune cells, encompassing T lymphocytes, macrophages, and neutro-
phils, which reproduces the prominent fibroinflammatory reaction featuring PSC
[17-19] (Fig. 10.1). This observation lends support to the concept that PSC is para-
digmatic of the pathogenetic sequence from fibroinflammation to cancer, driven by
a proficient microenvironment characterized by qualitative and quantitative changes
in ECM components associated with a dense myofibroblast gathering (Fig. 10.2).
Moreover, either pro-inflammatory mediators released in the periductal milieu or

Fig. 10.1 Primary sclerosing cholangitis (a, ¢) and cholangiocarcinoma (b, d) share an exuberant
fibrotic reaction embedding the bile ducts (a, b, Masson’s trichrome), densely populated by acti-
vated myofibroblasts laying closely adjacent to cholangiocytes (¢, d, immunohistochemistry for
alpha-smooth muscle actin). Magnification a, b, 100x; ¢, 200x; d, 400x
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Fig. 10.2 In primary sclerosing cholangitis (PSC), the histopathological sequence from fibroin-
flammation to biliary dysplasia and cancer (cholangiocarcinoma, CCA) is faithfully reproduced.
The peribiliary microenvironment behaves as the main director of this sequence, sustained by
ECM changes and prominent myofibroblast accumulation. Up-sided micrographs are derived from
human liver biopsies immunostained by the biliary marker keratin-7. Magnification, 100x

cholestasis cooperates with the inciting effects of the fibrotic stroma. IL-6, nitric
oxide (NO), and reactive nitrogen and oxygen species induce DNA damage and
promote epithelial cell proliferation while inhibiting apoptosis. TNF-a is also
involved in the upregulation of inducible NO synthase.

Once cholangiocytes have gained a malignant phenotype, they release further
growth factors, cytokines and chemokines acting as a feed-forward loop that poten-
tiate CCA invasiveness [6]. The tumor necrosis factor-related apoptosis-inducing
ligand (TRAIL), a pro-apoptotic death receptor agonist, might also be involved in
the sequence PSC-CCA by activating a sublethal pro-apoptotic signaling that
induces chromosomal instability [20]. Furthermore, cholestasis that may exert sev-
eral effects on malignant transformation of the biliary epithelium has been shown,
as related to the activation of receptor tyrosine kinases, such as the epidermal growth
factor receptor leading to cell proliferation, and of cyclooxygenase-2 (COX-2),
which, beyond promoting proliferation, stimulates angiogenesis and inhibits apop-
tosis [21, 22]. Of note, development of an abundant stromal reaction nearby the
tumoral ducts (so-called tumor reactive stroma) is a common trait in many epithelial
malignancies with pronounced invasive properties, including, beyond CCA, pancre-
atic ductal adenocarcinoma and invasive ductal breast carcinoma among others,
where it provides a scaffold sustaining tumor cell dissemination [23]. However, the
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mechanisms underpinning the progressive course that culminate in cancer from
fibrosis through dysplasia are largely uncharted, given the lack of experimental con-
ditions able to model the PSC-CCA progression. Thus, the development of an ani-
mal model recapitulating this pathogenetic sequence is eagerly awaited, as a
valuable tool to capture the pathways promoting biliary carcinogenesis and, possi-
bly, to identify putative biomarkers detecting tumor onset in the earliest stages.

Clinical Presentation of PSC-Associated CCA:
The Confounding Presence of Dominant Strictures

Early CCA diagnosis can be extremely challenging, as its clinical presentation is
generally insidious. The diagnostic difficulty in detecting potential CCA is particu-
larly true in patients with PSC. In fact, symptoms of PSC (fatigue, pruritus), or
related to its complications, such as acute cholangitis (jaundice, fever, abdominal
pain), eventually accompanied by weight loss and worsening of cholestatic labora-
tory profile, especially a sustained elevation in serum bilirubin and alkaline phos-
phatase (ALP), can be associated with CCA as well [8, 24].

In this respect, a major concern in PSC is the development of dominant stric-
tures. Dominant strictures are focal high-grade biliary stenoses, generally defined as
having a diameter <1.5 mm in the common bile duct or <1 mm in the right and left
hepatic duct [25]. They occur in approximately 50% of patients with PSC and can
be difficult to discriminate from CCA, either clinically or morphologically.
Typically, recurrent episodes of bacterial cholangitis in a PSC patient are highly
suggestive of a dominant stricture and may contribute to disease progression [26].
The relationship between CCA and dominant strictures can be perplexing, since
CCA may arise from a dominant stricture, whereas, on the other hand, only 5% of
dominant strictures have an underlying malignancy. When associated with a domi-
nant stricture, CCA usually develops in the hilum or in the common bile duct, and,
conversely, benign dominant strictures affect mainly the extrahepatic bile ducts [8].

Diagnosis of PSC-Associated CCA: Critical Issues
and Multimodal Approach

With the improvement of surgical resection and LT techniques for locally advanced
CCA, early detection of this tumor when arising in a PSC background is crucial to
improve patient prognosis. As there is no clear relationship between PSC duration
and CCA development, patients with a recent PSC diagnosis should be also screened
for biliary malignancy with the combined use of laboratory tests, cross-sectional
imaging, and endoscopic techniques, along with conventional and, possibly, new
biomarkers to be tested in serum and eventually in bile and in other biological flu-
ids [6, 8].
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Laboratory Tests and Serum Biomarkers

CCA usually presents with rapid worsening of liver biochemistries (mostly ALP
and eventually total bilirubin), eventually leading to clinical deterioration (pruritus,
jaundice, weight loss, acute cholangitis) in an otherwise stable PSC patient [27].

Among conventional serum biomarkers, carbohydrate antigen (CA) 19-9, a
membrane glycolipid expressed by tumoral duct cells, is the most associated with
CCA, though studies addressing its role in PSC patients are scarce. In addition,
CA19-9 has significant variability in sensitivity and specificity depending on the
cutoff value. The optimal cutoff is 129 U/mL, showing a sensitivity of 78% and a
specificity of 98%, though 1/3 of PSC patients with increased levels of CA19-9
above this cutoff are not diagnosed with CCA. Importantly, serum levels of CA19-9
are influenced by the allelic variants of fucosyltransferase (FUT). Two different
FUT genotypes, 2 and 3, that determine the Lewis blood group, catalyze the final
steps of CA19-9 biosynthesis. Based on these genotypes, distinct groups with low,
intermediate, and high expression of CA19-9 can be identified, indicating FUT2/3
genotype-dependent cutoff values for CA19-9 as a means to improve its sensitivity
by reducing the false positives [27-29]. Noteworthy is the observation that 7-10%
of the general population is Lewis blood antigen-negative and lacks expression of
CA19-9 [30]; thus, normal or undetectable levels of CA19-9 do not effectively rule
out the possibility of CCA. Another factor that can limit the clinical usefulness of
CA19-9 in PSC patients is bacterial cholangitis, which is responsible for marked
though transient increase in CA19-9 serum levels [31], while dominant strictures
seem to have less effect on biomarker expression [32].

Serum CEA is another biomarker of interest, as it is not influenced by bacterial
cholangitis and dominant strictures, possesses a higher specificity than CA19-9, and
potentially could be used to predict survival after CCA resection. However, com-
pared with CA19-9, CEA has a lower sensitivity, as it is increased, for instance, by
cigarette smoking (a well-established risk factor for CCA development). Similar to
CA19-9, CEA levels are influenced by FUT genotype. Of note, measurement of
both CA19-9 and CEA has been proposed to improve early diagnosis of CCA [8].

Imaging techniques are a critically important asset for CCA diagnosis, as the
detection of morphological abnormalities in the biliary tree is a prerequisite for
endoscopic procedures, as discussed in detail elsewhere in this book (Chap. 7,
Viragh K et al.). In brief, ultrasonography (US) is a common first-line test and has a
sensitivity of 57% and specificity of 94% in this context. However, while US is
particularly useful in detecting mass lesions, the infiltrating or intraductal morpho-
logical phenotype of CCA can be difficult to appreciate, especially in a background
of PSC [27, 33]. Magnetic resonance imaging (MRI) has a much higher sensitivity
than US and has become the technique of choice for both diagnosis and staging of
CCA. The combination of MRI with magnetic resonance cholangiopancreatogra-
phy (MRCP) provides the most accurate noninvasive method to study the biliary
tree and to unveil tumoral infiltration. More features suggestive of a neoplastic
behavior can be identified by dynamic contrast-enhancement MRI, magnetic
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resonance angiography, and diffusion-weighted imaging (DWI), which permits rec-
ognition of distant metastases, involvement of the vascular bed, and distinction of
CCA from HCC [33, 34]. Computed tomography (CT) can characterize mass
lesions, investigate tissue invasion with involvement of regional lymph nodes, and
detect the presence of extrahepatic dissemination in CCA, but its sensitivity and
specificity is reduced in the setting of PSC-associated CCA (75% and 85%, respec-
tively) [27, 33, 35].

8FE-Fluoro-deoxyglucose ('*F-FDG) positron emission tomography (PET), even-
tually complemented with CT (PET/CT), can be a valuable approach to detect early,
small biliary tumors and metastases. In particular, PET is useful to discriminate
CCA from dominant strictures in PSC patients. A high tissue uptake index (SUVmax/
liver >3.3) is a good parameter for CCA diagnosis, with sensitivity and specificity
of both around 90%, while an index <2.4 seems to rule out CCA [36]. Major draw-
backs of this technique are (i) the increased number of false positives in conditions
of ongoing tissue inflammation due to bacterial cholangitis or intense background
disease activity and (ii) the lack of accuracy in detecting perihilar tumors, both of
which are unfortunately common events in PSC.

Endoscopic procedures such as endoscopic retrograde cholangiopancreatogra-
phy (ERCP) remain an important part of PSC management, in particular when
imaging results are uncertain or tissue sampling is needed [37]. Dominant strictures
represent the most common indication for endoscopic biliary procedures in PSC, as
these lesions require careful exclusion of malignancy along with local treatment via
balloon dilation and/or stenting [37, 38]. Biliary intraductal brushing can be per-
formed during ERCP to evaluate for possible malignancy; despite a high specificity
(>95%), however, it has poor sensitivity (5-40%) [39]. Thus, to improve diagnostic
accuracy of conventional cytology, biliary brushing has been coupled with fluores-
cence in situ hybridization (FISH) assessing for chromosomal instability [39, 40],
resulting in a specificity of nearly 100% and an increase in sensitivity up to 45-49%
[41]. Of note, sensitivity can reach 76—-89% if supported by analysis of the tumor
suppressor gene pl6 (by evaluating the deletion of the 9p21 locus) [41, 42].
Detection of polysomy by FISH either in multiple areas of the biliary tree (multifo-
cal) or in consecutive endoscopic procedures (serial) has been associated with a
higher risk of CCA than when detected in unifocal or single samples [43, 44].

Endoscopic ultrasound (EUS) is another available technique to evaluate domi-
nant strictures (as well as lymphadenopathy), having the advantage of lower mor-
bidity than ERCP [39]. A meta-analysis performed in biliary obstructions of
different etiologies showed that EUS had an overall sensitivity of 78% and a speci-
ficity of 84% in detecting malignancy [45]. Sensitivity and specificity could be fur-
ther improved by combining EUS with fine needle aspiration (FNA), though patients
who underwent EUS-FNA would be excluded from LT according to the Mayo
Clinic protocol because of the risk of tumor seeding [46]. Additional studies are
needed to better understand the role of EUS in this setting [39].

Another useful technique that has drawn increasing interest is cholangioscopy, as
it allows direct visualization of the biliary mucosa to detect suspicious lesions such
as nodules, ulcers, polyps, or projections and to collect tissue samples [47]. A
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cholangioscopic finding of dilated, tortuous subepithelial vessels is a highly sugges-
tive feature of malignancy, though it can also be present in PSC without dysplasia
[40]. Similarly, cholangioscopic biopsies are relatively limited by their small size.
Notably, it is important to recognize that most studies have been conducted so far
with the first-generation devices. Given the introduction of the new (third-generation)
high-resolution cholangioscope (Spyglass DS™, Boston Scientific Corp., Natick,
MA, USA) that provides a more thorough inspection of the mucosal profile, further
studies will be needed to reassess the diagnostic accuracy of this technique, its cost-
efficacy, and the rate of adverse events [39].

Novel Tumoral Biomarkers

Given the limitations of conventional serum biomarkers and noninvasive techniques,
there is a need to identify novel disease biomarkers aimed at improving the early
detection of CCA, eventually beyond serum sampling. These include anti-
glycoprotein 2 (GP2), bile and urine biomarkers, and extracellular vesicles.

Anti-GP2 is a secretory IgA autoantibody targeting proteins predominantly
expressed by exocrine pancreatic cells that can be found in PSC patients, especially
those with the classic variant involving the large bile ducts, where it likely associ-
ates with poor outcomes (meaning early death or shorter LT-free survival), and this
effect was primarily dependent upon development of CCA. Among the several iso-
forms, the combined use of anti-GP2, and anti-GP2, IgA seems more sensitive than
using only one isoform, and the detection of anti-GP2; IgG seems related with a
higher risk of CCA development in PSC patients. Notably, the presence of anti-GP2
IgA could identify a subset of PSC patients with a severe disease phenotype, as its
association with PSC/CCA is not related with duration of disease, older age at diag-
nosis, and serum levels of bilirubin [8, 48]. Thus, anti-GP2 IgA may be regarded as
novel tool enabling early diagnosis of PSC-associated CCA, but further studies are
awaited to figure out its possible role for prioritizing LT in high-risk PSC patients
[8, 48]. Another panel that has been proposed with the aim of discriminating benign
from malignant biliary strictures includes pyruvate kinase M2, cytokeratin 19 frag-
ment, mucin 5 AC, and gamma glutamyl-transferase [8].

Another biological sample that can be harnessed for prognostic/diagnostic pur-
poses in PSC is bile [28]. Bile and urine proteome analysis have shown interesting
results, with combined analysis having a sensitivity of 72% and a specificity of 96%
[8]. One fundamental issue with bile collection is that it requires ERC (or other
invasive means of biliary access). This is a subject of active investigation deserving
consideration in future studies [28, 49].

In addition to soluble factors, cholangiocytes may secrete extracellular vesicles
(EVs) as a means of cell-to-cell communication. EVs contain proteins, lipids, and
nucleic acids, such as micro-ribonucleic acids (miRNAs) and long noncoding RNAs
(IncRNAs). In malignant cholangiocytes, a miRNA of interest is miRNA-195,
which is mutually exchanged by neoplastic and stromal cells, as it is
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constitutionally downregulated in both cell types and, thus, could be involved in
tumorigenesis. On the other hand, trafficking of IncRNA seems related more with
CCA progression. EVs produced by cancer cells contain a range of pro-invasive
factors normally not released by healthy cholangiocytes. Their assessment in the
so-called liquid biopsy might provide a novel noninvasive tool for early detection of
CCA [49, 50].

Surveillance Programs: Still Searching for the Way to Go

One of the main issues concerning the risk of CCA in PSC has been the lack of an
effective evidence-based surveillance protocol to monitor these patients. There are
a number of questions that must be addressed before establishing an effective pro-
gram, including (a) how frequently surveillance should be performed, (b) the tools
(radiological and laboratory) with which surveillance should be conducted, and (c)
how to risk stratify patients for tumor development (e.g., are there some patients
who need not undergo CCA surveillance or who need it more frequently than other
PSC patients?) [27].

To help address this uncertainty, a study was undertaken in a large population of
PSC patients undergoing annual imaging with US, CT, or MRI/MRCP coupled with
annual CA19-9 testing, with further evaluation by MRI/MRCP and/or ERCP if any
newly identified biliary lesion. Taking this approach, PSC patients in the surveil-
lance group were found to have a significantly higher 5-year overall survival (68%
vs 20%, p < 0.001) and a significantly lower rate of CCA-related adverse events
(32% vs 75%, P < 0.001) compared to those without a regular surveillance [51].
Based primarily on the findings of this study, published in 2018, a CCA surveillance
protocol was published in 2019 by the American Gastroenterological Association
recommending the combination of imaging and CA19-9 for CCA surveillance [27].
Of the imaging modalities available, MRCP (with intravenous contrast, if possible)
and US appeared to have the best performance characteristics [51]. Further consid-
erations regarding cancer surveillance in PSC are discussed elsewhere [5, 8, 27].
Large prospective studies would be useful to identify the best surveillance strategy,
with the ultimate goal of improving early diagnosis when CCA is more likely to be
eligible for curative treatment (e.g., surgery, LT) [27, 51].

Treatment: LT Is Often the Most Convenient Approach
for PSC-Associated CCA

PSC patients with a new CCA diagnosis should undergo a multidisciplinary evalu-
ation to choose the best treatment option based on the tumor stage. Surgical resec-
tion and LT are the only potentially curative options for early-stage CCA. If the
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patient is eligible for resection, surgery is the first-line approach in all CCA sub-
types. Patients with intrahepatic CCA can undergo resection of the involved seg-
ments or lobe, whereas distal CCA usually involves a pancreatoduodenectomy. In
pCCA, based on tumor extension, resection can involve the intra- and extrahepatic
bile ducts and the ipsilateral liver, the gallbladder, and the involved regional lymph
nodes. Unfortunately, the 3-year survival rate is still quite low (<20%), even when a
resection with negative tumor margins is achieved. Moreover, PSC-associated
CCAs are rarely diagnosed at an early stage, with most patients presenting with
advanced and unresectable disease and reduced functional liver mass caused by the
underlying disease.

LT is an option for patients with unresectable disease, and it is particularly attrac-
tive in PSC patients as it removes the “oncogenic field effect” exerted by the under-
lying chronic fibroinflammation. In this regard, patient selection is crucial to achieve
the best possible outcomes and to ensure the optimal organ allocation. Data from the
Nordic Liver Transplant Center based on a cohort of 53 CCA patients (34 with PSC/
CCA) shows a 5-year survival of 58% when patients were selected based on a TNM
stage <2 and a CA19-9 level <100 U/mL, regardless of tumor localization [52]. A
5-year survival rate up to 70% can be achieved in patients with early-stage pCCA if
neoadjuvant chemoradiation is performed, although less than 10% of patients are
indeed eligible candidates [53]. Another procedure for patients with unresectable
pCCA eventually eligible for LT is the Mayo Clinic protocol. In this multimodal
approach, patients undergo external beam radiation therapy, followed by 2 weeks of
brachytherapy and then abdominal exploration for staging. Intravenous 5-fluorouracil
is administered for chemosensitization during radiotherapy, and capecitabine is
administered afterward until LT is performed. Following this protocol, a 5-year sur-
vival of 74% was reported in the first study [53], and similar results were repro-
duced in a larger multicenter study in which, notably, more than two thirds of
patients had a PSC-associated CCA [54].

Beyond surgery, there are currently no data regarding specific treatment of PSC/
CCA in more advanced stages, and the reader may refer to the relative chapters
discussed elsewhere in the present book. Whether PSC/CCA harbors specific
molecular signatures possibly behaving as actionable targets is a subject deserving
attention by future studies. In fact, given the growing number of potential targets
emerging in CCA, patients with unresectable PSC/CCA can be an ideal subset to be
considered for enrolment in clinical trials [54, 55].

Summary and Future Directions

The close association of CCA with PSC provides a unique opportunity to unravel
the intricate mechanisms by which a chronic inflammatory epithelial lesion with
prominent scarring progresses through dysplasia and, in some cases, carcinoma.
Although this area has been actively investigated in the past few decades, several
challenges remain. For instance, the approach to surveillance remains an area of
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uncertainty, and discriminating CCA from a DS still often poses a diagnostic conun-
drum. From a therapeutic perspective, LT remains the most definitive treatment for
CCA, but in some cases, this is not an option, in part because PSC-associated CCA
is a difficult-to-diagnose disease in early stages. Future efforts are eagerly awaited
to identify reliable predictive biomarkers of PSC progression and associated carci-
nogenesis as well as effective tailored therapies.
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