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Summary

Background: Primary sclerosing cholangitis (PSC) is a
chronic inflammatory disease affecting the intra- and ex-
trahepatic bile duct system that can ultimately cause
liver cirrhosis. Apart from the risk of progression to end-
stage liver disease the prognosis of PSC is primarily de-
termined by the risk to develop hepatobiliary or extrahe-
patic malignancies. A reasonable surveillance strategy
for PSC patients must allow the detection of early cancer
that will permit a potentially curative therapy. Methods:
Current guidelines on malignancy within the context of
PSC as well as the primary literature were reviewed for
this article. Results: Here, we focus on a concise review
of the three tumors most commonly associated with
PSC: cholangiocellular carcinoma (CCA), gallbladder
cancer, and colorectal carcinoma. For cancer surveil-
lance in this patient group, endoscopy, cholangiography,
cross-sectional imaging, and the use of serum tumor
markers are principally available. Furthermore, for the
diagnosis of CCA novel approaches were recently sug-
gested to improve sensitivity and specificity to detect
this malignancy. Conclusion: We review different as-
pects of cancer surveillance in patients with PSC. Since
prospective data on the surveillance of malignant tu-
mors is unavailable, we discuss a rational approach on
how to perform cancer surveillance in patients with PSC.

Introduction

Primary sclerosing cholangitis (PSC) is a chronic inflammatory
liver disease leading to stricturing scars of the intra- and extrahepatic
bile ducts. In most cases, PSC progresses to end-stage liver disease. In
the absence of effective medical treatments liver transplantation is
the only option in advanced disease. The prevalence of PSC has been
described to follow a north-south gradient - with the highest num-
bers in Scandinavia and northern Europe and significantly lower
numbers in southern Europe and Asia. While the incidence of PSC
was described as relatively stable, there is data from a Swedish cohort
reporting an increased incidence over the period of 1992-2005 [1].

PSC is associated with inflammatory bowel disease (IBD) in
about two thirds of the patients. While the intestinal disease most
often resembles ulcerative colitis, PSC cases associated with
Crohn’s disease are found less frequently. Although the etiology of
PSC still remains unknown and its pathogenesis is only partially
understood, it is generally accepted that PSC is an immune-medi-
ated, if not autoimmune disease. The contribution of genetic pre-
disposition and environmental factors to PSC is just at the begin-
ning of being understood [2-5].

Importantly, PSC patients bear an increased risk to develop
hepatobiliary as well as extrahepatic malignancies. In a Swedish co-
hort study, PSC patients were predisposed to develop cholangiocel-
lular carcinoma (CCA), hepatocellular carcinoma (HCC), and gall-
bladder cancer (GBC). Moreover, in this study pancreatic cancer
and colon cancer were also more common in PSC patients [1, 6].
While we could confirm the increased risk for CCA, GBC, and
colon carcinoma in patients with PSC, the risk for HCC was low
enough that surveillance for this tumor may not be warranted [7].

In this article we will focus on a brief overview of the three most
common malignancies associated with PSC: CCA, GBC, and colo-
rectal cancer (CRC). Given the rarity of PSC, there is a lack of pro-
spective clinical studies on the surveillance of these tumors. We will
therefore present the current diagnostic access to these malignancies
and discuss a pragmatic approach to cancer surveillance in PSC.
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Diagnosis of CCA in PSC Patients

CCA can be considered as the most important comorbidity of
PSC. The lifetime risk to develop a CCA was estimated to be in the
range of 10-15%, and the annual incidence was found to be 0.6-
1.2% in larger studies [8, 9]. Since it has been reported that approx-
imately one third of all CCAs will be detected within the first year
after diagnosing PSC, it is prudent to try to exclude the presence of
CCA at diagnosis of PSC, with all the limitations of current diag-
nostics discussed in detail below. CCA can be classified as intrahe-
patic, perihilar, and distal whereas GBC should be regarded as an
entity of its own (see below). In PSC, the majority of the tumors
will develop at the liver hilum and are mostly associated with a
stricture of the bile duct, i.e. a dominant stenosis. Considering that
at least half of the patients will develop dominant bile duct stric-
tures over the years [10], the differentiation between benign and
malignant dominant stenoses is a major clinical challenge.

In this regard, a common scenario the clinician encounters is the
question about the dignity of a stenosis within the context of chol-
estasis, jaundice, and pruritus. Dominant stenoses will develop in
more than half of the patients during the course of the disease, and
CCA not being associated with dominant strictures is rare [11-13].
Hence, most strictures are of benign nature, and the sensitivity to
detect malignancy using the combination of imaging modalities in-
cluding computed tomography (CT) and magnetic resonance imag-
ing (MRI), endoscopy with biliary brush cytology or biopsy, and the
analysis of tumor markers in the serum is below 50-60%.

For a sensitive detection of CCA in patients with PSC it is cru-
cial to combine complementing diagnostic modalities. Since the
positive predictive value of imaging studies alone is poor, a defi-
nite diagnosis in patients with suspicious findings in the screening
procedure warrants further procedures with endoscopic examina-
tions including brush cytology and/or biopsy. It has been demon-
strated that there is a strong association of dysplasia with the de-
velopment of CCA [14]. Brush cytology offers the advantage of a
very good specificity and positive predictive value but it only
comes with a poor sensitivity for the detection of CCA within the
range of 40-50%. The clinician consequently faces a dilemma once
there is a suspicious finding upon cross-sectional imaging but a
failure to make a definite diagnosis of CCA by means of comple-
menting tests. In these cases, repeated endoscopic retrograde chol-
angiopancreatographies (ERCPs) with brush cytology, biopsy, and
— if technically feasible — cholangioscopy are usually needed. For
this patient group, we would also strongly argue for repeated
cross-sectional imaging studies in shorter intervals, e.g. within 12
weeks.

For PSC patients with suspicion of CCA, it has been suggested
to additionally make a cytological analysis using the fluorescent in
situ hybridization (FISH) method [15, 16]. Sensitivity and specific-
ity of FISH polysomy for the detection of CCA were 46 and 88%,
respectively. The detection of trisomy or tetrasomy lowered the
sensitivity and specificity for CCA to 25 and 67%, respectively. Of
note, patients with trisomy or tetrasomy findings in FISH analysis
had a similar outcome to patients with negative FISH results
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whereas, in contrast, detection of polysomy in FISH analysis was
associated with an outcome similar to patients with CCA [16].

Furthermore, the addition of digital imaging analysis or intra-
ductal ultrasound could further increase the poor sensitivity of the
established diagnostic tools [13]. Using novel technologies such as
proteome analysis of bile [17] or urine [18] or the detection of the
methylation status of a defined panel of genes [19], the sensitivity
and specificity of diagnosing CCA could be further improved.
Though very promising, these approaches will need further inde-
pendent validation prior to becoming routinely applied in the
management of PSC patients.

Surveillance of PSC Patients for the Development
of CCA

For a potentially curative treatment such as resection or the
combination of neoadjuvant therapy and liver transplantation,
CCA needs to be detected at an early stage. Therefore, optimal sur-
veillance and diagnostic workup would be essential for these pa-
tients. Given the unavailability of prospective studies on the sur-
veillance of CCA in PSC patients, a rational approach is needed
that allows the clinician to identify bile duct lesions warranting
further evaluation. The American Association for the Study of
Liver Diseases as well as the British Society of Gastroenterology
propose guidelines for the surveillance and diagnosis of CCA in
this patient group [20, 21].

Principally, liver neoplasia presenting as a mass lesion can be
detected by using a combination of cross-sectional imaging and
cholangiography technology [9, 22]. However, it is of importance
that it can become extremely challenging to detect early carcinoma
with these methods. While CT and MRI imaging achieved a better
sensitivity in detecting malignancy, ultrasound was shown to pro-
vide a better accuracy in distinguishing CCA from PSC alone in a
retrospective study in a tertiary care center [9]. Combining MRI
with magnetic resonance cholangiopancreatography (MRCP) tech-
nology raised the sensitivity to 89% while the specificity was not
majorly changed. The non-invasive diagnostics of MRI plus MRCP
thus yielded a similar sensitivity as ERCP and provided a better ac-
curacy in distinguishing CCA from PSC alone [9]. In the light of
possible complications due to the invasive ERCP and the radiation
exposure of repeated CT scans, we recommend screening PSC pa-
tients without the need for endoscopic intervention either with
MRI plus MRCP or with an ultrasonography performed by experi-
enced personnel.

Adding the test of serum levels of carbohydrate antigen 19-9
(CA 19-9) to cross-sectional imaging and cholangiographic diag-
nostics, the sensitivity to detect CCA was found to be increased up
to 100% [9]. For CCA in PSC patients, CA 19-9 is the only tumor
marker that has been shown to be of diagnostic value and is there-
fore used in many centers. Again, however, prospective data for
screening PSC patients is unavailable. When using CA 19-9, it is
important to note that it can be elevated within the context of other
hepatic and extrahepatic conditions and also in bacterial cholangitis
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and cholestasis induced by benign bile duct stenoses. In a retrospec-
tive study of 79 PSC patients it was shown that more than one third
of patients presenting with CA 19-9 elevations of more than 129 U/ml
did not have CCA after a median follow-up of 30 months [23].
Moreover, it is important to note that CA 19-9 is not expressed in
people without the Lewis antigen (5-10%) which makes this marker
useless in patients with this trait [24]. Other serum markers such as
CYFRA 21-1 [25] or trypsinogen-2 [26] may be more suitable for
this population but prospective data is missing for PSC patients.

If the primary aim is to detect as many early CCAs as possible,
defining the cut-off value at 20 U/ml offered the best test perfor-
mance when applied in conjunction with imaging modalities. Com-
bining CA 19-9 with a cut-off of 20 U/ml with ultrasonography, CT
or MRI, a sensitivity of 91, 100 or 96%, a specificity of 62, 38 or
37%, and a negative predictive value of 98, 100 or 98% were accom-
plished if at least one method was positive [9]. In the same study,
when CA 19-9 was combined with ERCP or MRI plus MRCP, a
sensitivity of 100% could also be achieved when at least one method
offered a positive finding. However, this strategy comes at the price
of a lower positive predictive value and, consequently, a need for
invasive tests for the confirmation of diagnosis; many patients will
need a workup by conceivably undergoing repeated invasive diag-
nostics which might eventually turn out as unnecessary. From the
data available it remains unclear whether the addition of CA 19-9 in
a CCA surveillance program is beneficial. Within the current guide-
lines of the European Association for the Study of the Liver (EASL)
for the management of cholestatic liver disease the use of CA 19-9
as a biochemical marker for early detection of CCA is not recom-
mended; however, it is mentioned that it might be useful as a
screening strategy when combined with a cross-sectional imaging
modality [27]. We would therefore not recommend the use of CA
19-9 as a surveillance tool in PSC outside of clinical studies.

Surveillance of PSC Patients for the Development
of GBC

GBC in PSC patients does not fall into the classification of CCA
and should be regarded as an entity of its own. Ultrasound exami-
nation has a high spatial resolution and will detect tumors in the
gallbladder at least as reliably as CT or MRI, is not associated with
radiation exposure, and will be more cost-effective. Consequently,
regular ultrasound exams seem to be an ideal means for gallbladder
tumor surveillance. According to the current guidelines, surgery is
recommended for patients with gallbladder polyps regardless of size
[28]. It has been suggested that for gallbladder lesions below the size
of 0.8 cm repeated imaging every 3-6 months is an alternative strat-
egy because most cancers will arise from polyps well above that size
[29]. In our experience, gallbladder tumors in PSC patients may
grow rapidly [12], and we therefore believe that cholecystectomy
should not be delayed. Annual surveillance as suggested in the cur-
rent guidelines may not be sufficient in this high-risk patient group;
thus, we would argue for ultrasound examinations every 6 months
[12]. Once a mass lesion of the gallbladder is diagnosed by cross-
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Fig. 1. Surveillance strategy for the development of hepatobiliary malignancy in
PSC patients performed at our center. *Patients with PSC and liver cirrhosis
should be evaluated for liver transplantation before undergoing proctocolectomy.
High-grade dysplasia should be confirmed by two independent pathologists.

sectional imaging, we would adhere to the guidelines and recom-
mend cholecystectomy - regardless of the size of the lesion unless
the surgical risk outweighs potential benefits.

In our institution, PSC patients are evaluated by ultrasound
every 6 months. Additionally, as long as no suspicious results are
found, patients will receive a contrast-enhanced MRI plus MRCP
every 1-2 years, depending on the degree of bile duct pathology
(fig. 1). If a new dominant stricture is detected, the patient will be
referred to ERCP with brush cytology and additional cross-sec-
tional imaging. In case of a confirmed CCA, the patient will ideally
be evaluated for liver transplantation after neoadjuvant therapy or
in ongoing clinical studies or for resection of the tumor if the liver
disease is not too advanced or in selected cases of distal CCA. Pa-
tients who develop a dominant stricture that cannot be confirmed
to have CCA by means of brush cytology or biopsy will undergo
repeated ERCP within 3 months if clinical suspicion remains. Oth-
erwise the patients return to the regular surveillance program.

Surveillance of PSC Patients for the Development
of CRC

Approximately two thirds of PSC patients are also affected by
an associated IBD, which often presents as mild pancolitis. There-
fore, colonoscopy should be performed in patients with newly di-
agnosed PSC in order to exclude subclinical IBD. Patients with
proven IBD bear an increased risk of developing CRC. Compared
to patients with IBD alone, patients with IBD and PSC seem to
have an even greater risk of developing dysplasia or CRC [30].
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Fig. 2. Surveillance strategy for the development of CRC in PSC patients per-
formed at our center.

Pan-colonoscopy every 1-2 years is part of the recommendation
of the current EASL guidelines [27] for patients with PSC and IBD.
In our institution, patients with PSC and IBD will be counselled to
undergo colonoscopy annually (fig. 2). PSC patients without prior
evidence of colitis will be advised to repeat endoscopic evaluation
every 5 years also in the absence of clinical symptoms.

The goal of CRC surveillance must be to detect dysplasia as the
definitive premalignant condition. If high-grade dysplasia or can-
cer is detected, patients will usually be recommended to undergo
proctocolectomy. High-grade dysplasia should be confirmed by an
independent pathologist. High-grade dysplasia in a conventional
polyp without evidence for colitis-associated risk lesions, such as
dysplasia-associated lesions or mass, may be treated endoscopically
under continued surveillance. In patients with PSC as well as evi-
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dence for low-grade dysplasia, a repeated endoscopy with extensive
collection of tissue samples within a few months is warranted. If
only low-grade dysplasia keeps getting diagnosed, endoscopic re-
evaluation with a systematic biopsy procedure at intervals of 6-12
months can be justified.

Given the risk of hepatic decompensation after abdominal sur-
gery, we recommend that any PSC patient with advanced disease
(i.e. liver cirrhosis) should be counselled accordingly and undergo
evaluation for possible liver transplantation before proctocolec-
tomy.

Conclusion

Apart from the progression of intra- and extrahepatic strictur-
ing of the biliary system ultimately leading to end-stage liver dis-
ease, malignancy can be regarded as the most dreadful comorbidity
of PSC. Only the early detection of small CCA, GBC, and CRC will
offer a potentially curative therapy. In order to detect premalignant
dysplasia or early CRC, regular pan-colonoscopy every 1-2 years
with a systematic biopsy regimen is the best current strategy. For
CCA and GBC, in the absence of prospective data on the surveil-
lance of this patient group, the combination of imaging with ultra-
sonography every 6-12 months and MRI/MRCP every 1-2 years
seems a reasonable approach. CA 19-9 may be determined in pa-
tients with suspected CCA but its role in cancer surveillance is un-
clear. Diagnostic ERCP including brush cytology and biopsy
should be reserved for patients with suspected CCA as confirma-
tory means of diagnostics. Novel methods for the diagnosis of CCA
seem promising; however, they have not been evaluated for the
surveillance of patients with PSC.
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