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Abstract

Primary sclerosing cholangitis (PSC) is a rare cholestatic liver disease
characterized by progressive fibroinflammatory destruction of the intra- and/or
extrahepatic biliary ducts. While its features and disease course can be variable,
most patients with PSC have concurrent inflammatory bowel disease and will
eventually develop liver cirrhosis and end-stage liver disease, with liver
transplantation representing the only potentially curative option. Importantly,
PSC is associated with a significantly increased risk of malignancy compared to
the general population, mainly cholangiocarcinoma, gallbladder carcinoma,
hepatocellular carcinoma, and colorectal cancer, with nearly 50% of deaths in
patients with PSC being due to cancer. Therefore, robust surveillance strategies
are needed, though uncertainty remains regarding how to best do so. In this
review, we discuss the epidemiology, prevention, and surveillance of cancers in
patients with PSC. Where evidence is limited, we present pragmatic approaches
based on currently available data and expert opinion.

Key words: Bile duct diseases; Cholangiocarcinoma; Gallbladder carcinoma;
Hepatocellular carcinoma; Colorectal cancer; Chemoprotection; Inflammatory bowel

disease
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Core tip: Primary sclerosing cholangitis is a rare cholestatic liver disease characterized by
progressive fibroinflammatory destruction of the bile ducts. It is associated with a
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significantly increased risk of malignancy over the general population, with nearly 50%
of deaths in patients with primary sclerosing cholangitis caused by cancer, thus
necessitating robust surveillance strategies. In this article, we provide a synopsis of the
epidemiology, prevention, and surveillance of cancers in patients with primary sclerosing
cholangitis.
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INTRODUCTION

Primary sclerosing cholangitis (PSC) is a rare, progressive cholestatic liver disease
characterized by chronic inflammation and fibrosis of the intra- and extrahepatic bile
ducts!'L It is a heterogenous disease often presenting with an insidious onset and
variable disease course, though ultimately leading to cirrhosis and end-stage liver
disease in most cases!*‘l. Its incidence and prevalence appear to vary depending on
geography, with estimated incidence ranging from 0-1.3 per 100000 and prevalence
from 0-16.2 per 100000, both of which appear to be rising for unclear reasons!l. The
disease has a male predominance, though it can affect men and women of nearly all
agesl’. It also has a strong association with inflammatory bowel disease (IBD), with a
majority of patients with PSC also having IBD"!. Associations with other immune-
mediated diseases such thyroid disease, psoriasis, and sarcoidosis have also been
reported!*"?. Furthermore, patients with PSC have a significantly increased risk of
developing various abdominal malignancies, which in fact account for 40%-50% of the
mortality in patients with PSCI'-'°l. Nevertheless, predictors of cancer in PSC are still
largely unclear, preventive measures are for the most part unproven if not non-
existent, and much is still unknown regarding prevention and surveillance of cancer
in PSCFl. Furthermore, there is significant ambiguity regarding surveillance strategies,
with limited recommendations provided by society guidelines. In this article, we
discuss the epidemiology, prevention, and surveillance of cancer in patients with PSC.
We review current recommendations and avenues for cancer surveillance based on
currently available evidence and expert opinion.

CANCER EPIDEMIOLOGY IN PRIMARY SCLEROSING
CHOLANGITIS

PSC is associated with a major lifetime risk of gastrointestinal cancers. Compared
with the general population, patients with PSC have double the risk of cancer in
general and 40 times the risk of a primary hepatobiliary cancer!”l. Various studies
have shown that patients with PSC have a significantly increased risk of developing
cholangiocarcinoma (CCA), gallbladder carcinoma (GBC), hepatocellular carcinoma
(HCC), and colorectal carcinoma (CRC) (Figure 1)l'>%5l. We discuss each of these in
forthcoming sections.

Cholangiocarcinoma risk

Patients with PSC are at particularly increased risk for CCA. The annual incidence of
CCA in patients with PSC is estimated to be 0.5%-1.5%, with a reported lifetime
incidence of 20%"**. Recently, a large international multi-centered cohort study (n =
7121 patients from 37 countries) estimated the prevalence of hepatobiliary cancer in
PSC to be 10%, with CCA being the most common malignancy™l. Compared to the
general population, patients with PSC have a 400- to 1500- fold increased lifetime risk
of CCAP#1. Though the predictors of CCA in PSC remain somewhat unclear, several
factors seem to be associated with CCA risk. For example, prolonged duration of IBD
in PSC-IBD patients seems to (further) increase the risk of developing CCA, as does a
history of colonic dysplasial'*l. Notably, cirrhosis does not appear to significantly
increase the risk of (or at least is not required for development of) CCA in patients
with PSC, and many patients do not carry a diagnosis of cirrhosis at the time of CCA
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Cholangiocarcinoma
Up to 20% lifetime incidence
400x-1500x risk over general population

Hepatocellular carcinoma
0.3%-2.8% lifetime incidence
Unknown risk over general population

Colorectal cancer

""" 20%-30% lifetime incidence in PSC-IBD
10x risk' over general population

4x risk" over patients with UC

Gallbladder carcinoma
1%-3.5% lifetime incidence
10x risk over general population

Figure 1 Lifetime incidence of various cancers associated with primary sclerosing cholangitis and their respective risks compared with the general
population. Estimations of lifetime incidence are made from limited available data (predominantly based on 10- to 30-year longitudinal studies), and thus may often
underestimate true lifetime risk. 'The risk in patients with PSC-IBD (not PSC alone) is 4x the risk in patients with UC alone and 10x the risk in the general population.
PSC: Primary sclerosing cholangitis; PSC-IBD: Inflammatory bowel disease co-existing with primary sclerosing cholangitis; UC: Ulcerative colitis.

diagnosis®*1.

To better characterize and manage CCA, tumors are often classified into one of
three subtypes based on their location: Intrahepatic (located proximal to the
secondary branches of the left and right hepatic ducts), perihilar (between the cystic
duct confluence and the secondary branches of the left and right hepatic ducts), and
distal (between the cystic duct and the hepatopancreatic ampulla)®*. Based on the
limited number of studies that have evaluated CCA by subtype, it appears that
patients with PSC may have a higher proportion of intrahepatic tumors compared
with patients without PSC***1. However, studies are very heterogenous; one study
even reported no cases of intrahepatic tumors”!. Overall, studies evaluating the
features and outcomes of CCA by location specifically in patients with PSC are very
limited, with various studies using different classification schemes/definitions!*"-*! or
including other cancers (e.g., GBC) as CCAP, thus limiting the ability to compare
studies and draw meaningful conclusions in this regard.

Of note, though the median time between PSC diagnosis and CCA ranges from 4-6
years, as many as 50% of patients are diagnosed with CCA either at presentation or
within 1 year of being diagnosed with PSCI**"*. The presenting features of CCA are
lamentably nonspecific, with extrahepatic CCA presenting with biliary obstruction
symptoms [e.g., abdominal pain, jaundice, dark urine (choluria), pruritis, malaise,
weight loss, pale stools (from acholia), and increases in serum alkaline phosphatase
and bilirubin above PSC baseline] and intrahepatic CCA more frequently presenting
with “cancer” symptoms (e.g., abdominal pain, fatigue, weight loss, diminished
appetite, and night sweats; alkaline phosphatase is typically elevated above baseline,
but bilirubin may remain unchanged)-*l. Unfortunately, CCA accounts for
approximately a third of all-cause mortality in PSCP], and up to 80% of patients who
develop CCA die within 1 yearl’l. Liver transplantation (LT) for PSC, though curative
for many, does not preclude recurrence of PSC or PSC-associated CCA (though both
occur in only a minority of patients). Moreover, CCA may develop post-LT, with at
least several cases reporting de novo tumor growth in the remnant bile duct when the
native bile duct was preserved™ 1. For this reason, some have recommended
avoiding choledochocholedochal anastomosis in patients with PSCF1. Treatment of
CCA and other PSC-associated malignancies has been recently reviewed and is
discussed elsewherel™*,
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Gallbladder carcinoma risk

Patients with PSC have an increased incidence of various gallbladder abnormalities,
including gallstones, cholecystitis, gallbladder polyps, and GBC. It is important to
note that although most gallbladder polyps are benign in the general population,
patients with PSC have a high incidence of dysplastic or malignant polyps!*. In a
Swedish study of 286 patients with PSC, 6% had gallbladder masses, of which 56 %
harbored malignancy!’.. Similarly, in an American study of 102 patients with PSC
undergoing cholecystectomy, 13.7% had a gallbladder mass, of which 57% had
adenocarcinomas!’. GBC can manifest on imaging as a mass replacing part or all of
the gallbladder (seen in 45%-60%), wall thickening (20%-30%), or intraluminal
polypoid lesion (15%-25%)!*1. Current societal guidelines recommend consideration of
cholecystectomy in all patients with PSC with gallbladder polyps greater than 8 mm
in size as well as gallbladder masses of any size due to the high risk of current or
developing malignancy!**-*l. Smaller polyps, on the other hand, should be closely
monitored, as cholecystectomy in patients with PSC may be associated with relatively
high morbidity and should not be performed unless the benefit is believed to
outweigh the potential risks!*’. The lifetime incidence of GBC in patients with PSC is
estimated to be 3 %-14 %",

Hepatocellular carcinoma risk

There is an increased risk of HCC in patients with PSCI*). Though the incidence of
HCC in PSC has not been well studied, limited data suggest a lifetime incidence of
0.3% to 2.8%". In a recent study of 830 patients with PSC, 23 patients had HCC, all
of which had cirrhotic-stage PSC, suggesting the increased risk for HCC in patients
with PSC may be solely in the setting of cirrhosis, as with most other chronic liver
diseasesl!l.

Colorectal cancer risk

It is well known that patients with IBD are at increased risk for CRC. Although the
exact mechanism is unclear, it is thought that chronic intestinal inflammation
promotes pro-neoplastic changes, thus leading to dysplasia and IBD-associated
cancer™. Most patients with PSC also have IBD, with an estimated prevalence of IBD
in patients with PSC ranging from 50% to 80%, the majority of cases being of the
ulcerative colitis (UC) subtypel”*'l. Remarkably, patients with PSC and IBD are at
even higher risk for CRC than those with PSC alone or IBD alone. In one study, the
reported 10-year and 20-year risks for CRC were 14% and 31%, respectively,
compared to 2% and 2%, respectively, in patients with PSC alonel'*”.. Similarly, a
large meta-analysis of 16844 patients revealed a 4-fold increased risk of CRC in
patients with concurrent PSC and UC compared with patients with UC alonel™. A
more recent meta-analysis of 13379 IBD patients also came to the same conclusions!".
Of note, although PSC has been found to be an independent risk factor for CRC in
patients with UG, it is unclear whether PSC has the same influence in Crohn’s disease.
The few studies on this topic in the literature have had differing resultst”**l. In
general, however, it is believed that the risk of CRC in extensive Crohn’s colitis is
similar to that of UC.

It should be mentioned that IBD co-existing with PSC (PSC-IBD) may represent a
genetically and clinically distinct entity from IBD alonel™. Intestinal disease in PSC-
IBD is typically more quiescent and is often asymptomatic, thus only found on active
screening with colonoscopy with biopsies!” . Furthermore, the progression of colonic
neoplasms from low grade dysplasia to advanced colorectal neoplasia occurs at a
higher rate in patients with PSC-IBD (regardless of the apparent severity of PSC)
compared with patients with IBD alone!*'l. Patients with PSC-IBD also appear to have
a younger age at onset of IBD symptoms (19 vs 29 years)!"”), younger age at diagnosis
of CRC (38 vs 48 years)*”), more extensive colitis””, increased frequency of right sided
cancers (67% vs 36%), and overall worse prognosis (5 year survival: 40% vs 75%)”,
compared to patients with IBD alone. Of note, unlike classical IBD where patients are
considered to be at an increased risk of CRC after having IBD for a decade, patients
with PSC-UC have an increased risk of CRC as soon as the initial diagnosis of both
diseases is madel*’l. In addition, for unclear reasons, the risk of CRC can increase
after LT, thus routine surveillance for CRC is essential*l.

Pancreatic cancer risk

There is currently little data supporting an increased risk of pancreatic cancer in
patients with PSC. A review of the literature reveals one study of 604 patients with
PSC finding the risk of pancreatic cancer to be 14 times higher than the general
populationl'™. Subsequent studies, however, have not found such high rates of
pancreatic cancer in patients with PSC. A study of 211 patients with PSC in the
Netherlands found only 1 case of pancreatic cancer!'”, and a study of 200 patients with
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PSC in Belgium found 5 cases of pancreatic cancer, though one of the cases could not
be distinguished from distal CCAl"). Given the paucity of data to date, specific
surveillance for pancreatic cancer is not recommended at this time but is an area
which merits further investigation.

CANCER PREVENTION IN PRIMARY SCLEROSING
CHOLANGITIS

Data regarding the prevention of cancer in PSC are scarce, largely due to the rarity of
PSC and difficulty in amassing sufficient patient-years to power chemopreventive
studies. There are currently no pharmacological agents that are routinely
recommended for cancer prevention in patients with PSC. Multiple potential disease
modifying agents and pharmacotherapeutics have been studied, including
atorvastatin, azathioprine, colchicine, budesonide, docosahexaenoic acid, D-
penicillamine, malotilate, methotrexate, metronidazole, minocycline, mycophenolate
mofetil, nicotine, pentoxifylline, pirfenodone, prednisolone, tacrolimus, thalidomide,
and silymarin, all without clear clinical benefit!*l. However, there are several
pharmacological agents that may have potential benefit, thus necessitating further
investigation.

Ursodeoxycholic acid (UDCA), a hydrophilic bile acid, has been one of the most
studied pharmacological agents for PSC to date, with trials showing varying results.
Although its mechanism for chemoprevention is still unclear, it is thought to act
through alterations in colonic bile acid milieu (among other mechanisms), possibly
lowering levels of carcinogenic compounds!”l. Several trials have shown that the use
of UDCA reduces the risk of developing dysplasia or cancer in patients with PSC-
IBD!**’], while others show no benefit"! or even deleterious effects when taken in high
doses (28-30 mg/kg/day)""l. In general, low- to intermediate-dose UDCA appears to
have some chemopreventive benefit!! while high-dose UDCA has been associated
with an increased risk of adverse effects””, including an increased risk of CRC", and
thus should be avoided. The role of intermediate-dose UDCA in patients with PSC for
chemopreventive purposes remains unclear at this time. The American Association
for the Study of Liver Diseases (AASLD) and American College of Gastroenterology
(ACG) both strongly recommend against the routine use of UDCA as
chemoprevention for CRC in patients with PSC-IBD!"**l, while the European
Association for Study of the Liver (EASL) does not provide specific recommendations
for the general use of UDCA, but acknowledges consideration of UDCA in high-risk
groups (e.g., those with strong family history of CRC, previous history of colorectal
dysplasia and cancer, or longstanding extensive colitis)!*l.

Oral vancomycin, an immunomodulating bacterial glycopeptide antibiotic, has
been used to treat PSC and found to result in significant improvement in clinical
symptoms and liver biochemistries in some PSC-IBD patients!””"l. However, data
regarding the impact of vancomycin on cancer prevention (or prevention of recurrent
PSC post-LT) are not yet available. The use of oral vancomycin in PSC remains an
area of active and exciting research”.

Curcumin, a naturally-occurring phytoextract from the turmeric (Curcuma longa)
rhizome is another compound of interest. Preclinical studies have suggested that
curcumin has anti-inflammatory, anti-fibrotic, and anti-neoplastic effects, primarily
with regard to HCC and CCAl”l. Although there are no published clinical trials to
date on the effects of curcumin on hepatobiliary malignancies, a phase 1/2 study for
the use of curcumin in the treatment of PSC is currently underway!”"), and if
therapeutic effects are found, would support further studies to investigate its
chemopreventive potential.

In addition to pharmacological agents, prevention can involve minimizing
modifiable risk factors for hepatobiliary malignancies. Several studies have found
smoking and alcohol consumption to be associated with an increased risk of
CCAP>»71 However, there have not been any published studies evaluating whether
cessation of smoking or alcohol consumption can reduce the risk of hepatobiliary
malignancies or survival in patients with PSC.

CANCER SURVEILLANCE IN PRIMARY SCLEROSING
CHOLANGITIS

In the health sciences, surveillance refers to the observation and monitoring of
asymptomatic, but at-risk populations for the occurrence of an outcome of interest.
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When the outcome of interest is cancer, surveillance is performed to detect lesions
before they become cancer and/or to detect cancers at an earlier stage, thereby
increasing the chance of cure. For surveillance to be effective, the at-risk population
must be identifiable, and tests used in the identification of patients with disease must
be accurate, accessible, cost-effective, and with acceptable risks. Furthermore, the
disease should be treatable with evidence-based modalities and should increase
survival of the population under surveillance!*’l. Strategies and recommendations for
cancer surveillance in patients with PSC are discussed in the following sections.

Surveillance for cholangiocarcinoma

The development of surveillance guidelines for CCA has been challenging albeit an
area of great interest. Patients with PSC are at risk for developing CCA, thus, a clear
at-risk population can be identified for the purposes of developing an effective
surveillance program. In addition, surveillance modalities are, for the most part,
available and with acceptable risks to patients. However, early detection and tissue
diagnosis of CCA have historically been challenging, limited treatment options are
available if CCA is detected, and consequently, survival benefit of surveillance (until
recently) has largely been unknown. Due to these limitations and others, unlike for
GBC and CRC (Figure 2), there is currently no consensus, evidence-based societal
guideline for CCA surveillance in PSCF.

Despite the aforementioned shortcomings, many experts suggest the usage of
regular imaging and measurement of the serum tumor marker carbohydrate antigen
19-9 (CA 19-9) for surveillance of CCAl"*’. Indeed, the majority of large-volume
centers perform yearly or biennial magnetic resonance imaging/magnetic resonance
cholangiopancreatography (MRI/MRCP) for patients with PSCI], which has a
reported sensitivity and specificity of 89% and 75%, respectively®!l. Transabdominal
ultrasound is another modality often considered given its lower cost, increased
availability, and greater patient acceptability compared with MRI/MRCP; however,
sensitivity is seemingly lower at 57% (while specificity is higher, 94%)®1. Computed
tomography has similar sensitivity and specificity to MRI/MRCP at 75% and 80%,
respectively, but is not recommended due to the long-term risk of radiation and
iodinated contrast and somewhat inferior diagnostic performance in some studies!"**"l,

CA 19-9 is a serum biomarker that has been extensively studied for its role in the
diagnosis of pancreatobiliary malignancy, including CCA. However, there is no
agreement on cutoff for diagnosis, and its sensitivity and specificity is relatively low
when used by itself without other diagnostic modalities (78% and 67%, respectively,
when using a cutoff of 20 IU/mL)¥!. False positive results for CA 19-9 are frequently
encountered, with one study finding approximately one third of patients with an
increased CA 19-9 over 129 IU/mL not having CCAF. Nevertheless, CA 19-9 is still
often used in clinical practice, and the combination of CA 19-9 levels greater than 20
IU/mL and suspicious findings on MRI/MRCP has been found to increase sensitivity
of detecting CCA to near 100% (at the expense of decreased specificity of 38%)"l. The
use of CA 19-9 also increases the sensitivity of ultrasound to 91% (with specificity of
67%)11. Thus, we propose the use of annual abdominal imaging [ultrasound (US) or
MRI/MRCP] combined with CA 19-9 for CCA surveillance (Figure 3). Of note, recent
studies have explored other serum biomarkers (and even bile biomarkers) that may
aid in the diagnosis of CCA, though more research is needed prior to their use in the
clinical setting!®**1.

Endoscopic retrograde cholangiopancreatography (ERCP) with biliary sampling
may be another surveillance strategy. When all definite, probable, and possible
findings of CCA are included, the sensitivity of an abnormal ERCP is high (91%)®'.
However, the sensitivity of cytology for malignant lesions is low, with a systematic
review and meta-analysis reporting a sensitivity of 43%l. Fluorescence in situ
hybridization analysis has been found to improve this sensitivity® ", but the risks of
post-ERCP complications, especially pancreatitis, cholangitis, and hospitalization rate
of over 10% of patients with PSC make this an undesirable surveillance modality.
Thus, ERCP should be resorted to only when imaging and/or serum CA 19-9 are
positive or indeterminate/insufficient.

New research has shown that surveillance for hepatobiliary cancers is associated
with improved outcomes, including survival, in patients with PSC. A retrospective
study of 830 patients with PSC found an association between hepatobiliary cancer
surveillance and (1) earlier stage of cancer at diagnosis, (2) significantly lower 5-year
risk of a cancer-related adverse event (32% vs 75%), and (3) significantly higher
overall survival at 5 years (68% vs 20%) compared to patients that were not in a
surveillance program®!. Despite these promising results, care should still be exercised
when implementing surveillance strategies, as diagnostic tools are still limited, and
false positives are not uncommon. Furthermore, treatment options are limited, with
curative surgical resection being appropriate in only a subset of patients and LT being
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Patients with PSC

!

|

Colorectal cancer surveillance

Hepatobiliary cancer surveillance

pathway pathway
Colonoscopy with terminal ileal exam and C/'rrho.c/s‘ present Cirrhosis absent
random colonic biopsies
IBD present IBD absent
”C”C Multimodal CCA/ Multimodal CCA/
i i s.LtJ':vLeJ;ance * | GBC surveillance GBC surveillance
wi every . )
) testing annually testing annually
1l
surveillance Reassess for development of 6 mo
colonoscopy IBD every 5 vr (<o
annually VoY
A
———————— IBD present ~ --------i-------- IBD absent

Figure 2 Overview of cancer surveillance in patients with primary sclerosing cholangitis, beginning at time of primary sclerosing cholangitis diagnosis.
This overview is based on recommendations from the American Association for the Study of Liver Disease practice guidelines!**l. CCA: Cholangiocarcinoma; GBC:
Gallbladder carcinoma; HCC: Hepatocellular carcinoma; IBD: Inflammatory bowel disease; US: Ultrasound; PSC: Primary sclerosing cholangitis.

89-92]

offered only to selected patients with hilar CCA at highly specialized centers!

Surveillance for gallbladder carcinoma

In the general population, GBC is often diagnosed at late stages because of the paucity
of symptoms at early stages. By the time a diagnosis is made, patients often have
metastatic cancer and a 5-year survival rate of less than 5%"". However, if detected
incidentally or at an early stage (T1), 5-year survival after simple cholecystectomy is
near 100%". The same analogy can be made for patients with PSC; however, patients
with PSC are much more likely to have gallbladder neoplasms (polyps, masses) than
the general population, as mentioned earlier, and a high proportion of such lesions
harbor malignancy in PSCt1. Given these considerations, both the AASLD and EASL
recommend yearly abdominal ultrasound in patients with PSCI**1. Although
ultrasound is the preferred modality due to its high accuracy, availability, and cost-
effectiveness, GBC surveillance can also be performed with MRI/MRCP (e.g., if used
to concurrently surveil for CCA)M1. As discussed earlier in this review, all patients
with PSC with gallbladder polyps greater than 8 mm in size or gallbladder masses of
any size should be evaluated for cholecystectomy!"”*-?); while smaller lesions may be
observed!l.

Surveillance for hepatocellular carcinoma

Historically, patients with PSC have been considered to have a relatively low risk for
developing HCC, with an estimated lifetime incidence below 1.5%, a cut off
established to justify regular HCC surveillance strategies based on cost-benefit
analysis™. However, reports on the incidence of PSC have been limited and vary
considerably. In a retrospective study of 119 patients with PSC and cirrhosis, no
patients developed HCCI". Conversely, in a more recent study of 830 patients with
PSC, 2.8% (n = 23) were found to have HCC, all of whom had underlying cirrhosis™'l.
Therefore, it is unclear whether HCC surveillance is indicated for all patients with
PSCP7. At this time, the AASLD, EASL, and ACG do not provide specific
recommendations on screening for HCC in patients with PSC, in part due to the fact
that many patients with PSC do not (yet) have cirrhosis. Our practice is to conduct
HCC surveillance with imaging every 6 mo for all patients with PSC-related cirrhosis,
as is done for patients with cirrhosis due to other diseases”™*. For patients without
cirrhosis, surveillance for HCC is effectively a byproduct of routine CCA surveillance.

Surveillance for colorectal cancer

Patients with PSC are at increased risk for CRClI'*'%>1 and the risk is considered to be
increased at time of initial PSC diagnosis!*’l. Furthermore, the risk of CRC does not
decrease after LT and can even increase further compared to pre-transplantation
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and
v ) v Consider liver
ERCP + MRCP in ERCP + MRCP in transplantation
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Figure 3 Suggested cholangiocarcinoma surveillance in patients with primary sclerosing cholangitis. Adapted from Tabibian et a'*], with permission. Red
arrows represent assumes stable findings; CA 19-9: Carbohydrate antigen 19-9; CCA: Cholangiocarcinoma; ERC: Endoscopic retrograde cholangiography; GB:
Gallbladder; GBC: Gallbladder cancer; FISH: Fluorescence in situ hybridization; HCC: Hepatocellular carcinoma; MRCP: Magnetic resonance
cholangiopancreatography; US: Ultrasound; ERCP: Endoscopic retrograde cholangiopancreatography; MRI: Magnetic resonance imaging.
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risk”l. Thus, surveillance for CRC in patients with PSC pre- and post-transplantation
is extremely important, with proven CRC-related survival benefitl’l. All leading
societies recommend a full colonoscopy with biopsies in patients with a new
diagnosis of PSCH*1. In patients with PSC and IBD, surveillance colonoscopy with
biopsies should be performed at 1-2 year intervals from the time of diagnosis of PSC
due to the high risk of CRC in patients with PSC-IBDI'***"l as well as the frequent lack
of symptoms at diagnosis’l. For patients without IBD, some experts advocate
repeating a colonoscopy at 3-5 year intervals*l. Of note, the use of chromoendoscopy
with targeted biopsies has been recommended for surveillance of patients with IBD,
though its value in unselected patients over high-definition colonoscopy is debatable,
particularly considering the increased time and resources required for
chromoendoscopy. Most providers thus tend to rely on high-definition colonoscopy
with random colonic biopsies as first-line surveillance and reserve chromoendoscopy
for patients known or believed to be at particularly increased risk for CRC (e.g., those
with longstanding extensive colitis, family history of colon cancer, and concomitant
PSC)[IUU»H)Z].

Surveillance in children

PSC appears relatively infrequently in children compared to adults!"”. Pediatric PSC
also presents differently than PSC in adults and has a variable natural history!**l.
Given the rarity of CCA and GBC in children and the differences in pediatric
compared to adult PSC, routine surveillance for these malignancies is not
recommended™*l. However, similar to PSC in adults, IBD is frequently identified in
pediatric PSC; therefore, it may be reasonable to consider colonoscopy with biopsies
in children who are newly diagnosed with PSCH*.

CONCLUSION

Patients with PSC have a significantly increased risk of developing hepatobiliary and
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colorectal cancers, particularly the subset of patients with PSC-IBD. Currently, no
proven pharmacological agents for prevention of carcinogenesis in patients with PSC
exist. Leading national and international societies have published guidelines for CRC
and GBC surveillance in patients with PSC, but surveillance strategies for CCA and
HCC have not been well studied or data-proven. On the basis of a recent large study
of patients with PSC, CCA surveillance appears to be associated with improved
outcomes and should be performed once PSC has been diagnosed. The risk of HCC
appears to be comparably lower and only present once PSC has progressed to
cirrhosis. One common and (recent) evidence-based CCA surveillance strategy in
patients with PSC is yearly cross-sectional imaging (US or MRI/MRCP) combined
with serum tumor marker CA 19-9. Additional longitudinal, multicenter studies are
needed to better evaluate the role, techniques, and impact of surveillance for CCA and
other malignancies in patients with PSC.
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