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Abstract

Primary sclerosing cholangitis (PSC) is a chronic liver condition which may
affect both intra and extrahepatic biliary tree. Etiology of PSC remains to be
fully elucidated but genetic, autoimmune, inflammatory and possibly infective
factors could all contribute to its development. More than two-thirds of patients
are males and the most commonly associated condition is an inflammatory
bowel disease which occurs in up to 70% of affected subjects. Endoscopic
cholangiopancreatography (ERCP) and magnetic resonanse cholangiopancrea-
tography (MRCP) remain a gold standard in the diagnosis of this condition. No
curative treatment of PSC exists and a proportion of patients who develop liver
failure or suffer from recurrent episodes of cholangitis requires liver
transplantation. PSC is associated with increased risk of malignancies, in
particular cholangiocarcinoma which may arise in 12% of patients. The main
aim of this chapter is to review the current knowledge on pathogenesis and
clinical aspects of PSC as well as its associated malignancies.
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1 Introduction

Sclerosing cholangitis comprises a group of chronic, progressive cholestatic liver
diseases which may affect both intra and extrahepatic biliary tree. Secondary and
rare causes of IgG4 related sclerosing cholangitis include portal bilopathy, scle-
rosing cholangitis, inflammatory hepatic pseudotumours, autoimmune pancreatitis,
mast cell cholangiopathy or AIDS related cholangiopathy. The main focus of this
chapter is primary sclerosing cholangitis (PSC), the commonest cause of scle-
rosing cholangitis. PSC is one of the most fascinating and challenging conditions
in the contemporary hepatology. Its aetiology remains a mystery and although
underlying immunological mechanisms play an important role, for many reasons
PSC can not be called a typical autoimmune condition. In terms of diagnosis and
treatment neither reliable serum markers to diagnose PSC exist nor is curative
medical therapy available. Liver transplantation potentially cures the disease in
many patients however the disease may recur after surgery even leading to graft
loss. Significantly increased risk of both biliary and extrahepatic malignancies
pose a real challenge in the management of this condition.

2 Epidemiology

Incidence of PSC seems to be higher in northern Europe and United States than in
southern Europe or Asia. Unfortunately, the data on the epidemiology of PSC are
scanty with only a few population-based studies existing in the literature. Boberg
et al. (1998) in their study on Norwegian population found the mean annual
incidence to be of 1.3/100000 and the point prevalence of 8.5/100.000. Bambha
et al. (2003) who studied American population living in Minnesota showed an age-
adjusted incidence of PSC of 1.25/100000 in males and 0.54/100.000 in females
with the prevalence of 20.9/100.000 in males and 6.3/100000 in females. In
another, population-based, Canadian study, Kaplan et al. (2007) found an annual
incidence to be of 0.92/100.000 and more specifically for the small-duct variant of
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PSC of 0.15/100000. A more recent study from the UK where the incidence rates
during the period between 1991 and 2001 were analysed showed the rate of the
disease to be 0.41/100000 person-years and the prevalence in 2001 of 3.85/
100000. Authors found that the incidence of PSC over the analyzed period
increased by 50% (Card et al. 2008).

3 Aetiopathogenesis

Without a doubt the aetiology of PSC is multifactorial with genetic, autoimmune,
inflammatory and possibly infective factors all playing their role.

An increased prevalence of PSC has been found in first degree relatives
(Bergquist et al. 2005) and recent, Swedish study on 678 patients with PSC
showed the risk (with the hazard ratio and 95% confidence interval) of cholangitis
in off spring, siblings and parents of these patients to be 11.5; 11.1 and 2.3,
respectively when compared to the relatives of the control group (Bergquist et al.
2008).

HLA haplotypes B8 and DR3 which are both associated with autoimmune
conditions occur with an increased frequency in patients with PSC. MICA genes
are localised between HLA-B and TNFA in the MHC class I region and MCA*008
homozygocity showed the most significant association with PSC, reaching an odds
ratio of 5.01 (Norris et al. 2001). It has also been postulated that haplotypes
DRB1*0701, DRB1#0401 and MICA*002 may be related to decreased risk of
PSC (Spurkland et al. 1999). With regard to non-MHC genes data are conflicting
and almost as a rule are not reproducible (Kitiyakara and Chapman 2008).

An autoimmune background for PSC is suggested by its common coexistence
with typical autoimmune conditions and inflammatory bowel diseases, predomi-
nantly ulcerative colitis. PSC is associated with various autoantibodies, including
antinuclear antibodies (ANA), smooth muscle antibodies (SMA) or perinuclear-
staining antineutrophil cytoplasmic antibodies (p-ANCA). They occur with vari-
ous frequencies but are unlikely to be directly involved in the pathogenesis of this
condition (Angulo et al. 2000).

A potential role of infection as a possible trigger of an immune-mediated
inflammation has been considered since the late 1980’s. Several studies have
shown a high prevalence of various microorganisms obtained from either bile or
bile ducts tissues (Kahana et al. 2003; Fox et al. 1998; Olsson et al. 1998; Kulaksiz
et al. 2006). However, these organisms have been found mainly in patients with
immunodeficiency syndromes or PSC-like secondary cholangitis. On the other
hand Olsson et al. reported a significant prevalence of hepatobiliary infection in
patients with PSC caused by colonic bacteria, predominantly o«-haemolytic
Streptococci (1998). A potential role of infectious agents can also be suggested by
the fact that combined therapy with metronidazole and ursodeoxycholic acid
(UDCA) improves both liver biochemistry and histology in patients with PSC
(Farkkila et al. 2004).
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Well known close linkage between PSC and chronic inflammatory bowel
disease (IBD) led to the hypothesis that portal bacteremia associated with
increased permeability of the inflamed colon could be a potential source of biliary
inflammation. This hypothesis is strengthened by the works on animal models
where hepatic injury similar to PSC were observed after intraportal injection of
intestinal non-pathogenic bacteria (Kono et al. 1988) or in experimental small
bowel bacterial overgrowth (Lichtman et al. 1990). These findings, however,
do not explain why PSC occurs more frequently in patients with ulcerative colitis
than with Crohn’s disease and also human studies have not confirmed portal
bacteraemia or portal vein phlebitis in patients with ulcerative colitis. However,
recently published studies support the idea that intestinal permeability, secondary
to IBD could play a role in the pathogenesis of PSC. According to this hypothesis,
colonic bacteria or bacterial antigens can trigger ANCA formation and autoim-
mune reaction in the genetically susceptible host by molecular mimicry in a cross-
reaction with human autoantigens (O’Mahony and Vierling 2006). In this context
induction of bile duct inflammation neither require a direct microbial presence
in the biliary ducts nor the portal bacteraemia. However, unlike in primary
biliary cirrhosis (PBC) where ubiquitous, xenobiotic-metabolising bacteria,
Novosphingobium aromaticivorans has been suggested as a source of molecular
mimicry (Selmi et al. 2003), there is no conclusive evidence which bacterial
antigens might cross-react with human autoantigens and thereby play the trigger’s
role of autoimmunity phenomena in PSC. Recently, the bacterial cell division
protein FtsZ has been proposed as a potential antigen for p-ANCA in patients with
PSC and AIH (Terjung and Spengler 2009).

In patients who undergo proctocolectomy for ulcerative colitis symptoms of PSC
may occur many years later. This fact led to the hypothesis that PSC can be
triggered by/through long-lived memory cells, primary recruited during active
inflammation of the colon (Grant et al. 2002). These T lymphocytes undergo
enterohepatic circulation and can cause an organ specific immune response. The
described lymphocyte tropism is a result of the unique expression of many adhesion
molecules restricted to the particular locations. It has been shown that there is an
overlapping expression of mucosal addressin cell adhesion molecule-1 (MAdCAM-1)
and vascular adhesion protein-1 (VAP-1) between the mucosal and hepatic endo-
thelium, especially during episode of inflammation (Grant et al. 2001). It may
suggest that mucosal memory cells may be able to enter the liver using both VAP-1
and MAdCAM-1 and, when activated by the particular stimulus or stimuli, can
trigger the chronic liver inflammation even after resolution of colitis.

4 Clinical Features and Diagnosis

Up to 71% of patients are male. A significant proportion (between 21 and 44%) of
affected subjects are asymptomatic at the diagnosis and their disease is diagnosed
as a consequence of further investigations of accidentally found disturbance of
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Fig. 1 a Primary sclerosing cholangitis with typical multiple stenoses seen in the biliary tree
leading to a beaded pattern (arrows). b cholangiocarcinoma (CCA) of the common bile duct
(arrow)

liver biochemistry. The most common complaints in those who are symptomatic
are abdominal pain, icterus, skin itching and recurrent episodes of fever
(Weismuller et al. 2008). The prevalence of chronic fatigue, an extremely trou-
blesome symptom in chronic cholestasis, (Milkiewicz and Heathcote 2004) is
controversial. Bjornson et al. found it to be lower than in general population
(Bjornsson et al. 2004) whereas in most recent study Al-Harty et al. were able to
detect it in more than 90% of patients (Al-Harthy et al. 2009).

Inflammatory bowel disease (IBD) is the most commonly associated condition
which can occur in up to 73% of patients. Ulcerative colitis is diagnosed in majority
of affected subjects and colonic Crohn’s disease comprises between 1 and 14%.
Among other associated diseases of an autoimmune background, most common are
insulin dependent diabetes mellitus (IDDM), thyroid conditions and psoriasis.

Liver biochemistry demonstrates cholestasis with elevated alkaline phosphatase
(ALP). Mild/moderate elevation of serum transaminases can also be commonly
seen. Bilirubin levels tend to fluctuate and increase during episodes of cholangitis.
In patients who developed liver cirrhosis features of impaired synthetic function
with decreased levels of albumin and prolonged prothrombin time can be seen.
Autoantibodies, with an exception of p-ANCA (36) play neither diagnostic nor
prognostic role (Terjung and Spengler 2005).

ERCP remains a gold standard in the diagnosis of PSC. As ERCP can be
associated with complications such as pancreatitis or cholangitis, MRCP is a
modality of choice in an early assessment, particularly in patients without clinical
and biochemical symptoms suggesting the necessity of endoscopic intervention.
Except non-invasiveness of MRCP, its clear advantage is a visualisation of bile
ducts localised after significant stenoses where contrast medium may not pene-
trate. However, interpretation of MRCP scans requires advanced radiological
expertise, for sure not available in all hospitals thus ERCP with its ability of direct
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diagnostic (brush cytology) and therapeutic (stenting) interventions holds its role
as a gold standard. Typical ERPC image in patient with PSC is shown in Fig. 1a.

It has been recently shown that overall complications rate after ERCP in
patients with PSC was comparable to these without PSC. However the risk of
cholangitis was significantly higher and the duration of the procedure was sig-
nificantly longer in subjects with PSC (Bangarulingam et al. 2009).

Unlike in many other liver disorders, histology plays a minor role in the diag-
nosis of PSC as it shows significant variability and it affects clinical management in
just 1.3% of patients (Olsson et al. 1995; Burak et al. 2003). It is however useful in
the assessment of the stage of fibrosis and for confirming cirrhotic. A small pro-
portion of patients have normal ERCP/MRCP, suffer from IBD and have histology
compatible with PSC. This variant is called small-duct PSC and carries significantly
better prognosis in terms of progression of the disease and the risk of CCA
(Bjornsson et al. 2002). It has been recently shown that unlike in PSC with typical
ERCP/MRCEP picture the presence of IBD exerts no significant effect on the long-
term prognosis in patients with small-duct variant (Bjornsson et al. 2008).

PSC can be overlapped with AIH, more commonly in children (Gregorio et al.
2001). Also in adults it has been postulated that all patients with AIH who have
elevated ALP or GGT should be screened for PSC with MRCP (Abdalian et al.
2008). This approach permits detection of PSC in 10% of adult patients with ATH
(Abdalian et al. 2008).

5 Malignancies in PSC
5.1 Cholangiocarcinoma

Cholangiocarcinoma (CCA) is a tumour with extremely bad prognosis and has
similar incidence and mortality rates (Khan et al. 2008). Incidence shows geo-
graphical relationship with the highest rates observed in Thailand and being 100
higher than in Europe. In East Asia CCA is associated with infestation with
hepatobiliary flukes, in particular Opisthorchis viverrini and Clonorchis sinensis
(Shaib and El-Serag 2004; Watanapa 1996) and in Japan and Taiwan with
hepatholithiasis (Okuda et al. 2002). In Europe, PSC is the most common risk
factor. Over last decades mortality rates of CCA show a significant increase of
intrahepatic CCA and no increase or even fall in extrahepatic form. These data
have to be interpreted with caution due to a potential error related to misclassi-
fication of hilar (Klatskin) tumour which in terms of its localisation is extrahepatic
but in ICD-0-2 classification it received a code of an intrahepatic one.

In terms of pathogenesis, CCA is clearly related to processes induced by
inflammation and cholestasis. Undoubtedly, like in many other tumours, inter-
leukin-6 (IL-6) is a key signalling cytokine involved in the pathogenesis of CCA
(Wise et al. 2008). Its receptor subunit gp-130 is overexpressed in CCA
(Yokomuro et al. 2000) and production facilitated by other inflammatory agents
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(Park et al. 1999). Increased IL-6 not only causes CCA resistance to cytotoxic
treatments (Isomoto et al. 2007; Kobayashi et al. 2005) but also leads to an
activation of the family of mitogen activated protein kinases (MAPK) such as p44,
p42 and p38 playing a crucial role in proliferation of CCA cells (Park et al. 1999).
IL-6 produced by CCA cells in an autocrine fashion upregulates anti-apoptotic
molecule Mcl-1 via STAT3 and AKT cascades (Kobayashi et al. 2005).

Various other cytokines enhanced by both inflammation and cholestasis in PSC
trigger the cascade of inducible nitric oxide synthase (iNOS) activation followed
by reactive nitrogen oxide species (RNOS) production which leads to DNA
damage and mutagenesis (Blechacz and Gores 2008). Persistent activation of
epidermal growth factor receptor (EGFR) by bile salts has been observed in CCA
(Werneburg et al. 2003). This phenomenon facilitates proliferation of CCA cells.
EGFR phosphorylation (along with the effect of bile acids, oxysterol and iNOS)
triggers MAPK leading to increased expression of cyclooxygenase-2 (COX-2) in
CCA cells and inhibition of apoptosis (Endo et al. 2002; Han et al. 2004). Growth
of CCA cells is also affected by various other factors such as estrogens, neuro-
peptides or neuroendocrine hormones. 17 beta estradiol, one of the most toxic
metabolites of estradiol (Milkiewicz et al. 2001) facilitates proliferation of CCA
cells, an effect clearly inhibited by tamoxifen (Sampson et al. 1997). On the other
hand stimulation of alpha2 receptors, gamma-aminobutyric acid and gastrin seem
all decrease proliferation of CCA cells via various mechanisms (Wise et al. 2008;
Kanno et al. 2002; Fava et al. 2005). Figure 2 shows in a simplified scheme of the
development of CCA.

A large study on the relationship between PSC and CCA comprising about 400
patients from 5 European centres showed that 12.2% of patients with PSC were
found to have CCA (Boberg et al. 2002). In 50% of them CCA was diagnosed
within first year of the diagnosis of PSC and in a further 27% CCA was found
during liver transplant assessment. Typical ERCP image of CCA is shown in
Fig. 1b. Interestingly, although symptoms of jaundice, pruritus or abdominal pain
were more pronounced in these who developed CCA, this relation was not seen
when these patients were excluded from the analysis. Also, patients who devel-
oped CCA suffered from ulcerative colitis significantly longer than these who did
not (17.4 years vs. 9 years). More recently a Dutch study found the 10 and 20 year
rate of CCA in patients with PSC to be of 9% and 9%, respectively (Claessen et al.
2009a). Detailed description of diagnosis, staging and treatment of CCA is not an
aim of this chapter. Authors would recommend recent review on it by Blechacz
and Gores (Blechacz and Gores 2008).

5.2 Other Malignancies in PSC

5.2.1 Colorectal Cancer

An increased risk of colorectal dysplasia and cancer in patients with PSC and IBD
has been demonstrated in several studies with their cumulative risk being 9, 31 and
50% after 10, 20 and 25 years as compared to 2, 5 and 10%, respectively for
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Fig. 2 Processes involved in the pathogenesis of cholangiocarcinoma in PSC (detailed
description in the text). Inflammation and cholestasis with accumulation of several toxic agents
lead to activation of various signaling cascades promoting inhibition of apoptosis, proliferation
and mutagenesis of biliary epithelial cells. Abbreviations: interleukin-6 (IL-6), mitogen activated
protein kinases (MAPK); inducible nitric oxide synthase (iNOS); reactive nitrogen oxide species
(RNOS); cyclooxygenase-2 (COX-2); epidermal growth factor receptor (EGFR)

patients with UC only (Broome et al. 1995). In patients who underwent liver
transplantation for PSC cumulative risk of developing colonic cancer was 14 and
17% after 5 an 10 years, respectively as compared to 0% at 10 years in these who
have PSC without IBD (Vera et al. 2003). The natural history of colitis seems to be
different in patients with PSC where it presents itself more frequently as pancolitis
with less active course (Joo 2009). Thus the duration of colitis may be longer in
these subjects, increasing the risk of colorectal carcinogenesis (Sokol et al. 2008).
Also colonic cancer in patients with PSC and IBD is more frequently localised to
the right colon (Claessen et al. 2009b). It is now widely recommended that patients
with PSC and IBD should undergo colonoscopies on an annual basis (Kitiyakara
and Chapman 2008). Those who do not have symptoms of colitis should undergo
initial colonoscopy at their diagnosis of PSC but no clear guidelines exist as to the
further follow-up in this subgroup of patients.
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5.2.2 Gallbladder Cancer

When compared to general population, gallbladder polyps represent an increased
risk of neoplastic transformation in patients with PSC, with as many as 57% of
polyps found malignant in one series (Buckles et al. 2002). In another study,
gallbladder adenocarcinomas were found in 14% of patients with PSC and an
increased risk of gallbladder neoplasia in subjects with coexisting IBD or intra-
hepatic biliary cancer was also observed (Lewis et al. 2007). Thus regular
examination of the gallbladder in PSC patients has been recently suggested and
cholecystectomy recommended when gallbladder lesion is found, regardless of its
diameter (Said et al. 2008).

5.2.3 Other Malignancies in PSC

Increased risk of two other gastrointestinal tract tumours, namely pancreatic
(standard incidence ratio 9.7) and stomach cancer (standard incidence ratio 2.5)
were observed in a large study from Sweden comprising more than 600 patients
with PSC (Bergquist et al. 2002).

53 Chemoprevention

In patients with PSC and UC colonic cancer is more frequently localised to the right
side of the colon suggesting a potential pathogenic role of agents to which proximal
colon is exposed first. Among good candidates are secondary bile salts such as
deoxycholate, a metabolite of primary bile salt (cholate), sythesised in the gut after
the exposure of cholate to intestinal bacteria. Deoxycholate has a well proven toxic
and cancerogenic properties (Bernstein et al. 2005; Rosignoli et al. 2008). In this
context, a potential, chemopreventive role of UDCA, a hydrophyllic, secondary bile
acid, commonly prescribed in PSC may be of importance. UDCA expresses several
hepatoprotective properties not only by replacing toxic bile salts from a total bile
acid pool but also inducing choleresis by triggering various intracellular signalling
pathways (Paumgartner and Beuers 2004; Beuers et al. 2001; Milkiewicz et al.
1999, 2002; Wimmer et al. 2008). Our recent study applying gene array technique
showed that UDCA is a potent modulator of genes involved in cell cycle and
apoptosis (Chen et al. 2008). In terms of a potential chemopreventive effect of
UDCA on the development of CCA the literature is equivocal (Olsson et al. 2005;
Brandsaeter et al. 2004) but certainly it is affected by the fact that majority of CCA
manifests itself shortly after the diagnosis of PSC thus the preventive effect of
UDCA is difficult to prove. However, clear trends towards positive effect of UDCA
have been seen by some authors with one study showing that no single case of CCA
has been diagnosed in patients treated with UDCA longer than 8 years (Rudolph
et al. 2007). More convincing evidence exists for chemoprevention of UDCA on
colonic cancer (Wolf et al. 2005; Tung et al. 2001; Pardi et al. 2003). Additionally,
these data is strengthened by the study on patients with another chronic, cholestatic
liver condition, PBC where significant reduction of colonic polyps was observed in
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Table 1 Studies on chemoprevention with ursodeoxycholic acid (UDCA) in primary sclerosing
cholangitis (PSC)

Author/year Tumour/ Type of study  Results/conclusions

of lesion

publication

Tung et al.  Colonic Cross-sectional ~ Significant decrease of colonic dysplasia in

2001 dysplasia patients using UDCA

Pardi et al.  Colonic Prospective Significant reduction of the risk of colonic

2003 dysplasia/ dysplasia/cancer in patients taking UDCA
cancer

Wolf et al.  Colonic Retrospective 1. Not significant reduction of the incidence of

2005 dysplasia/ colonic dysplasia/cancer in patients taking
cancer UDCA

2. Significant reduction of overall mortality in
patients taking UDCA

Brandsaeter Hepatobiliary Prospective Increased risk of hepatobiliary cancers in

et al. 2004  tumours patients who did not take UDCA

Olsson et al. CCA Randomised, Not significant effect of high dose of UDCA on

2005 placebo- the incidence of CCA but study did not reach an
controlled enrolment target

Rudolph CCA Prospective Annual incidence of CCA lower than expected

et al. 2007 in patients taking UDCA

these who took UDCA (Serfaty et al. 2003). Literature data on the chemopreventive
studies with UDCA in patients with PSC is summarised in Table 1.

5.4 Treatment

5.4.1 Medical
Historically, several agents have been assessed for the treatment in PSC. These
include colchicine, cyclosporine A, methotrexate, d-penicillamine, budesonide,
mycophenolate mofetil, pentoxifylline, pirfenidone, tacrolimus and prednisone
(Cullen and Chapman 2006). Almost all these therapies are now considered
ineffective or associated with significant side effects. The only exception is per-
haps steroids. Boberg et al. (2003) have shown that a subgroup of patients with
PSC may benefit from steroids in terms of long-term survival. They comprised a
group of young subjects with significantly higher levels of ALT and some histo-
logical features of AIH. Nevertheless, all subjects from these study had their PSC
confirmed with cholangiography.

Ursodeoxycholic acid (UDCA) has been widely used in patients with PSC
however recent study has shown that long-term, high-dose therapy with this
compound did not improve survival and was in fact associated with higher rates of
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serious adverse events (Lindor et al. 2009). Following these findings American
Association for the Study of Liver Disease (AASLD) has recommended against
using UDCA in patients with PSC (Chapman et al. 2010) and most recent European
Association for the Study of Liver Disease (EASL) Guidelines suggested that UDCA
may be used in patients with PSC but in these who also suffer from advanced colitis
(EASL Clinical Practice Guidelines 2009). Despite these controversies many experts
may still consider using UDCA in a lower dose (13—15mg/ kg b.w.) recommended in
patients with PBC (Chapman 2009).

A recent, pilot study showed a significant improvement of alkaline phosphatase
and Mayo risk score in patients treated with minocycline (Silveira et al. 2009).
This effect was attributed to anti-inflammatory and immunomodulatory rather than
antimicrobial properties of minocycline. Certainly, these results have to be vali-
dated in larger cohorts of patients.

Major steps in our understanding of the pathogenesis of cholestasis and elu-
cidation of the role of nuclear orphan receptors such as PXR, FXR, VDR, CAR or
PPAR may have an important therapeutic consequences in future, however at this
point the data is limited to experimental works on laboratory animals (Beuers et al.
2009).

5.4.2 Endoscopic

Endoscopic treatment plays an important role in the management of patients with
PSC. Unfortunately, due to a lack of randomised studies comparing different
endoscopic approaches no guidelines on applying therapeutic endoscopy in PSC
exist. In principle, endoscopy is of particular use in restoring a bile flow in patients
who developed a dominant stricture, especially in a common bile duct. Most
commonly this can be managed with either balloon dilatation or stenting
(Bjornsson et al. 2004; Bjornsson and Olsson 2004; Baluyut et al. 2001). As CCA
may manifest itself as a dominant stricture material for cytology and if possible
histology should be taken during the procedure (Weismuller et al. 2008). A recent,
retrospective study on a large cohort of patients treated endoscopically showed that
their survival at 3 and 4 years was significantly better than the one predicted by
Mayo model (Gluck et al. 2008).

5.4.3 Liver Transplantation

PSC is a good indication for liver transplantation however the timing of the
operation poses a significant challenge. This is mostly due to the high risk of CCA
which once developed is a contraindication for the transplantation in a majority of
centres. Patients with PSC usually comprise a population of relatively young and
frequently clinically stable subjects thus liver transplantation on the grounds of the
fact that 10-15% of them will develop CCA is not justified. As effective sur-
veillance for CCA does not exist the decision of transplantation is difficult. There
is no doubt that patients with recurrent episodes of cholangitis in whom endo-
scopic management is not effective are good candidates. Patients with Candida
positive bile cultures may be at particular risk and should be referred for liver
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transplantation early (Rudolph et al. 2009). Also those who developed liver cir-
rhosis with features of end stage liver disease should be considered for trans-
plantation according to the same principles applied in other patients with cirrhosis.
On occasion, intractable pruritus can be in itself an indication for surgery, but this
is more common in PBC than in PSC.

A recent study, based on UNOS database obtained between 1995 and 2006
showed that despite the constant increase of the overall number of liver transplants
in the US, the number of transplants for PSC showed no change over the analysed
period (Lee et al. 2007). Interestingly, a clear trend towards a decrease of placing
patients with PSC on the waiting list was seen. Interpretation of these phenomena
is difficult as the static number of transplants performed for PSC may be related to
the low MELD (Model of End Stage Liver Disease) scores of these patients and, in
terms of numbers on the waiting list, it may reflect better pre-transplant treatment
(UDCA, endoscopic methods). Prognosis after transplantation is favourable with 5
and 10 years survivals of 79 and 78% (European liver transplant registry 2009).
PSC may recur after surgery in up to 37% of patients. Data are accumulating that
the presence of intact colon poses a significant risk of the recurrence. Vera et al.
(2002) have shown that cumulative, 10 years risk of PSC recurrence after grafting
in patients in whom their colons were removed before or during transplantation
was 0.1 as compared to 0.7 in those who had their colons intact. They also showed
that in small number of patients, recurrence may lead to graft loss and re-grafting.
These findings have been recently confirmed by the same group on a significantly
larger cohort of patients (Alabraba et al. 2009).

As already mentioned, the presence of CCA is a clear contraindication for
transplantation in PSC. However, authors from Mayo Clinic designed protocols
which include meticulous staging and neoadjuvant chemoradiation which permit
transplantation in carefully selected patients with PSC and CCA reaching 5 years
survivals in 82% of patients as compared to 21% in these who underwent resection
(Rea et al. 2005).

References

Abdalian R, Dhar P, Jhaveri K, Haider M, Guindi M, Heathcote EJ (2008) Prevalence of
sclerosing cholangitis in adults with autoimmune hepatitis: evaluating the role of routine
magnetic resonance imaging. Hepatology 47(3):949-957

Alabraba E, Nightingale P, Gunson B et al (2009) A re-evaluation of the risk factors for the
recurrence of primary sclerosing cholangitis in liver allografts. Liver Transpl 15(3):330-340

Al-Harthy N, Kumagi T, Parasar S, Coltescu C, Heathcote EJ, Hirschfield GM (2009) High
prevalence of fatigue in patients with sclerosing cholangitis. J Hepatol 50:S241

Angulo P, Peter JB, Gershwin ME et al (2000) Serum autoantibodies in patients with primary
sclerosing cholangitis. J Hepatol 32(2):182-187

Baluyut AR, Sherman S, Lehman GA, Hoen H, Chalasani N (2001) Impact of endoscopic therapy on
the survival of patients with primary sclerosing cholangitis. Gastrointest Endosc 53(3):308-312

Bambha K, Kim WR, Talwalkar J et al (2003) Incidence, clinical spectrum, and outcomes of
primary sclerosing cholangitis in a United States community. Gastroenterology 125(5):1364—
1369



Primary Sclerosing Cholangitis 129

Bangarulingam SY, Gossard AA, Petersen BT, Ott BJ, Lindor KD (2009) Complications of
endoscopic retrograde cholangiopancreatography in primary sclerosing cholangitis. Am J
Gastroenterol 104(4):855-860

Bergquist A, Ekbom A, Olsson R et al (2002) Hepatic and extrahepatic malignancies in primary
sclerosing cholangitis. J Hepatol 36(3):321-327

Bergquist A, Lindberg G, Saarinen S, Broome U (2005) Increased prevalence of primary
sclerosing cholangitis among first-degree relatives. J Hepatol 42(2):252-256

Bergquist A, Montgomery SM, Bahmanyar S et al (2008) Increased risk of primary sclerosing
cholangitis and ulcerative colitis in first-degree relatives of patients with primary sclerosing
cholangitis. Clin Gastroenterol Hepatol 6(8):939-943

Bernstein H, Bernstein C, Payne CM, Dvorakova K, Garewal H (2005) Bile acids as carcinogens
in human gastrointestinal cancers. Mutat Res 589(1):47-65

Beuers U, Bilzer M, Chittattu A et al (2001) Tauroursodeoxycholic acid inserts the apical
conjugate export pump, Mrp2, into canalicular membranes and stimulates organic anion
secretion by protein kinase C-dependent mechanisms in cholestatic rat liver. Hepatology
33(5):1206-1216

Beuers U, Kullak-Ublick GA, Pusl T, Rauws ER, Rust C (2009) Medical treatment of primary
sclerosing cholangitis: a role for novel bile acids and other (post-)transcriptional modulators?
Clin Rev Allergy Immunol 36(1):52-61

Bjornsson E, Olsson R (2004) Dominant strictures in patients with primary sclerosing
cholangitis-revisited. Am J Gastroenterol 99(11):2281

Bjornsson E, Boberg KM, Cullen S et al (2002) Patients with small duct primary sclerosing
cholangitis have a favourable long term prognosis. Gut 51(5):731-735

Bjornsson E, Simren M, Olsson R, Chapman RW (2004a) Fatigue in patients with primary
sclerosing cholangitis. Scand J Gastroenterol 39(10):961-968

Bjornsson E, Lindqvist-Ottosson J, Asztely M, Olsson R (2004b) Dominant strictures in patients
with primary sclerosing cholangitis. Am J Gastroenterol 99(3):502-508

Bjornsson E, Olsson R, Bergquist A et al (2008) The natural history of small-duct primary
sclerosing cholangitis. Gastroenterology 134(4):975-980

Blechacz B, Gores GJ (2008) Cholangiocarcinoma: advances in pathogenesis, diagnosis, and
treatment. Hepatology 48(1):308-321

Boberg KM, Aadland E, Jahnsen J, Raknerud N, Stiris M, Bell H (1998) Incidence and
prevalence of primary biliary cirrhosis, primary sclerosing cholangitis, and autoimmune
hepatitis in a Norwegian population. Scand J Gastroenterol 33(1):99-103

Boberg KM, Bergquist A, Mitchell S et al (2002) Cholangiocarcinoma in primary sclerosing
cholangitis: risk factors and clinical presentation. Scand J Gastroenterol 37(10):1205-1211

Boberg KM, Egeland T, Schrumpf E (2003) Long-term effect of corticosteroid treatment in
primary sclerosing cholangitis patients. Scand J Gastroenterol 38(9):991-995

Brandsaeter B, Isoniemi H, Broome U et al (2004) Liver transplantation for primary sclerosing
cholangitis; predictors and consequences of hepatobiliary malignancy. J Hepatol 40(5):
815-822

Broome U, Lofberg R, Veress B, Eriksson LS (1995) Primary sclerosing cholangitis and
ulcerative colitis: evidence for increased neoplastic potential. Hepatology 22(5):1404-1408

Buckles DC, Lindor KD, LaRusso NF, Petrovic LM, Gores GJ (2002) In primary sclerosing
cholangitis, gallbladder polyps are frequently malignant. Am J Gastroenterol 97(5):1138-1142

Burak KW, Angulo P, Lindor KD (2003) Is there a role for liver biopsy in primary sclerosing
cholangitis? Am J Gastroenterol 98(5):1155-1158

Card TR, Solaymani-Dodaran M, West J (2008) Incidence and mortality of primary sclerosing
cholangitis in the UK: a population-based cohort study. J Hepatol 48(6):939-944

Chapman R, Fevery J, Kalloo A, Nagorney DM, Boberg KM, Shneider B, Gores GJ (2010)
Diagnosis and management of primary sclerosing cholangitis. Hepatology 51:660-678

Chapman RW (2009) High-dose ursodeoxycholic acid in the treatment of primary sclerosing
cholangitis: throwing the urso out with the bathwater? Hepatology 50:671-673



130 P. Milkiewicz and E. Wunsch

Chen L, Borozan I, Milkiewicz P et al (2008) Gene expression profiling of early primary biliary
cirrhosis: possible insights into the mechanism of action of ursodeoxycholic acid. Liver Int
28(7):997-1010

Claessen MM, Vleggaar FP, Tytgat KM, Siersema PD, van Buuren HR (2009a) High lifetime risk
of cancer in primary sclerosing cholangitis. J Hepatol 50(1):158-164

Claessen MM, Lutgens MW, van Buuren HR et al. (2009b) More right-sided IBD-associated
colorectal cancer in patients with primary sclerosing cholangitis. Inflamm Bowel Dis
15(9):1331-1336.

Cullen SN, Chapman RW (2006) The medical management of primary sclerosing cholangitis.
Semin Liver Dis 26(1):52-61

Cullen SN, Rust C, Fleming K, Edwards C, Beuers U, Chapman RW (2008) High dose
ursodeoxycholic acid for the treatment of primary sclerosing cholangitis is safe and effective.
J Hepatol 48(5):792-800

EASL (2009) Clinical Practice Guidelines: Management of cholistatic liver diseases. J Hepatol
51:2009 237-267

Endo K, Yoon BI, Pairojkul C, Demetris AJ, Sirica AE (2002) ERBB-2 overexpression and
cyclooxygenase-2 up-regulation in human cholangiocarcinoma and risk conditions. Hepatology
36(2):439-450

European liver transplant registry 2009. http://www.eltr.org

Farkkila M, Karvonen AL, Nurmi H et al (2004) Metronidazole and ursodeoxycholic acid for
primary sclerosing cholangitis: a randomized placebo-controlled trial. Hepatology 40(6):
1379-1386

Fava G, Marucci L, Glaser S et al (2005) Gamma-aminobutyric acid inhibits cholangiocarcinoma
growth by cyclic AMP-dependent regulation of the protein kinase A/extracellular signal-
regulated kinase 1/2 pathway. Cancer Res 65(24):11437-11446

Fox JG, Dewhirst FE, Shen Z et al (1998) Hepatic Helicobacter species identified in bile and
gallbladder tissue from Chileans with chronic cholecystitis. Gastroenterology 114(4):755-763

Gluck M, Cantone NR, Brandabur JJ, Patterson DJ, Bredfeldt JE, Kozarek RA (2008) A twenty-
year experience with endoscopic therapy for symptomatic primary sclerosing cholangitis.
J Clin Gastroenterol 42(9):1032-1039

Grant AJ, Lalor PF, Hubscher SG, Briskin M, Adams DH (2001) MAdCAM-1 expressed in chronic
inflammatory liver disease supports mucosal lymphocyte adhesion to hepatic endothelium
(MAdCAM-1 in chronic inflammatory liver disease). Hepatology 33(5):1065-1072

Grant AJ, Lalor PF, Salmi M, Jalkanen S, Adams DH (2002) Homing of mucosal lymphocytes to
the liver in the pathogenesis of hepatic complications of inflammatory bowel disease. Lancet
359(9301):150-157

Gregorio GV, Portmann B, Karani J et al (2001) Autoimmune hepatitis/sclerosing cholangitis
overlap syndrome in childhood: a 16 year prospective study. Hepatology 33(3):544-553

Han C, Leng J, Demetris AJ, Wu T (2004) Cyclooxygenase-2 promotes human cholangiocar-
cinoma growth: evidence for cyclooxygenase-2-independent mechanism in celecoxib-
mediated induction of p2lwafl/cipl and p27kipl and cell cycle arrest. Cancer Res
64(4):1369-1376

Harnois DM, Angulo P, Jorgensen RA, LaRusso NF, Lindor KD (2001) High-dose ursodeoxy-
cholic acid as a therapy for patients with primary sclerosing cholangitis. Am J Gastroenterol
96(5):1558-1562

Isomoto H, Mott JL, Kobayashi S et al (2007) Sustained IL-6/STAT-3 signaling in
cholangiocarcinoma cells due to SOCS-3 epigenetic silencing. Gastroenterology 132(1):
384-396

Joo M, Abreu-e-Lima P, Farraye F et al (2009) Pathologic features of ulcerative colitis in patients
with primary sclerosing cholangitis: a case-control study. Am J Surg Pathol 33(6):854-862

Kahana DD, Cass O, Jessurun J, Schwarzenberg SJ, Sharp H, Khan K (2003) Sclerosing
cholangitis associated with trichosporon infection and natural killer cell deficiency in an
8-year-old girl. J Pediatr Gastroenterol Nutr 37(5):620-623


http://www.eltr.org

Primary Sclerosing Cholangitis 131

Kanno N, Lesage G, Phinizy JL, Glaser S, Francis H, Alpini G (2002) Stimulation of alpha
2-adrenergic receptor inhibits cholangiocarcinoma growth through modulation of Raf-1 and
B-Raf activities. Hepatology 35(6):1329-1340

Kaplan GG, Laupland KB, Butzner D, Urbanski SJ, Lee SS (2007) The burden of large and small
duct primary sclerosing cholangitis in adults and children: a population-based analysis. Am J
Gastroenterol 102(5):1042—-1049

Khan SA, Toledano MB, Taylor-Robinson SD (2008) Epidemiology, risk factors, and
pathogenesis of cholangiocarcinoma. HPB (Oxford) 10(2):77-82

Kitiyakara T, Chapman RW (2008) Chemoprevention and screening in primary sclerosing
cholangitis. Postgrad Med J 84(991):228-237

Kobayashi S, Werneburg NW, Bronk SF, Kaufmann SH, Gores GJ (2005) Interleukin-6
contributes to Mcl-1 up-regulation and TRAIL resistance via an Akt-signaling pathway in
cholangiocarcinoma cells. Gastroenterology 128(7):2054-2065

Kono K, Ohnishi K, Omata M et al (1988) Experimental portal fibrosis produced by intraportal
injection of killed nonpathogenic Escherichia coli in rabbits. Gastroenterology 94(3):787-796

Kulaksiz H, Rudolph G, Kloeters-Plachky P, Sauer P, Geiss H, Stiehl A (2006) Biliary candida
infections in primary sclerosing cholangitis. J Hepatol 45(5):711-716

Lee J, Belanger A, Doucette JT, Stanca C, Friedman S, Bach N (2007) Transplantation trends in
primary biliary cirrhosis. Clin Gastroenterol Hepatol 5(11):1313-1315

Lewis JT, Talwalkar JA, Rosen CB, Smyrk TC, Abraham SC (2007) Prevalence and risk factors
for gallbladder neoplasia in patients with primary sclerosing cholangitis: evidence for a
metaplasia-dysplasia-carcinoma sequence. Am J Surg Pathol 31(6):907-913

Lichtman SN, Sartor RB, Keku J, Schwab JH (1990) Hepatic inflammation in rats with
experimental small intestinal bacterial overgrowth. Gastroenterology 98(2):414-423

Lindor KD, Kowdley KV, Luketic VA, Harrison ME, McCashland T, Befeler AS, Harnois D,
Jorgensen R, Petz J, Keach J, Mooney J, Sargeant C, Braaten J, Bernard T, King D, Miceli E,
Schmoll J, Hoskin T, Thapa P, Enders F (2009) High-dose ursodeoxycholic acid for the
treatment of primary sclerosing cholangitis. Hepatology 50:808-814

Milkiewicz P, Heathcote EJ (2004) Fatigue in chronic cholestasis. Gut 53(4):475-477

Milkiewicz P, Mills CO, Roma MG, Ahmed-Choudhury J, Elias E, Coleman R (1999)
Tauroursodeoxycholate and S-adenosyl-L-methionine exert an additive ameliorating effect on
taurolithocholate-induced cholestasis: a study in isolated rat hepatocyte couplets. Hepatology
29(2):471-476

Milkiewicz P, Roma MG, Cardenas R, Mills CO, Elias E, Coleman R (2001) Effect of
tauroursodeoxycholate and S-adenosyl-L-methionine on 17 beta-estradiol glucuronide-
induced cholestasis. J Hepatol 34(2):184-191

Milkiewicz P, Roma MG, Elias E, Coleman R (2002a) Pathobiology and experimental
therapeutics in hepatocellular cholestasis: lessons from the hepatocyte couplet model. Clin Sci
(Lond) 102(6):603-614

Milkiewicz P, Roma MG, Elias E, Coleman R (2002b) Hepatoprotection with tauroursodeoxych-
olate and beta muricholate against taurolithocholate induced cholestasis: involvement of
signal transduction pathways. Gut 51(1):113-119

Norris S, Kondeatis E, Collins R et al (2001) Mapping MHC-encoded susceptibility and
resistance in primary sclerosing cholangitis: the role of MICA polymorphism. Gastroenter-
ology 120(6):1475-1482

O’Mahony CA, Vierling JM (2006) Etiopathogenesis of primary sclerosing cholangitis. Semin
Liver Dis 26(1):3-21

Okuda K, Nakanuma Y, Miyazaki M (2002) Cholangiocarcinoma: recent progress. Part 1:
epidemiology and etiology. J Gastroenterol Hepatol 17(10):1049-1055

Olsson R, Hagerstrand I, Broome U et al (1995) Sampling variability of percutaneous liver biopsy
in primary sclerosing cholangitis. J Clin Pathol 48(10):933-935

Olsson R, Bjornsson E, Backman L et al (1998) Bile duct bacterial isolates in primary sclerosing
cholangitis: a study of explanted livers. J Hepatol 28(3):426-432



132 P. Milkiewicz and E. Wunsch

Olsson R, Boberg KM, de Muckadell OS et al (2005) High-dose ursodeoxycholic acid in primary
sclerosing cholangitis: a 5 year multicenter, randomized, controlled study. Gastroenterology
129(5):1464-1472

Pardi DS, Loftus EV Jr, Kremers WK, Keach J, Lindor KD (2003) Ursodeoxycholic acid as a
chemopreventive agent in patients with ulcerative colitis and primary sclerosing cholangitis.
Gastroenterology 124(4):889-893

Park J, Tadlock L, Gores GJ, Patel T (1999) Inhibition of interleukin 6-mediated mitogen-
activated protein kinase activation attenuates growth of a cholangiocarcinoma cell line.
Hepatology 30(5):1128-1133

Paumgartner G, Beuers U (2004) Mechanisms of action and therapeutic efficacy of ursodeoxy-
cholic acid in cholestatic liver disease. Clin Liver Dis 8(1):67-81 vi.

Rea DJ, Heimbach JK, Rosen CB et al (2005) Liver transplantation with neoadjuvant chemo-
radiation is more effective than resection for hilar cholangiocarcinoma. Ann Surg 242(3):
451-458

Rosignoli P, Fabiani R, De BA, Fuccelli R, Pelli MA, Morozzi G (2008) Genotoxic effect of bile
acids on human normal and tumour colon cells and protection by dietary antioxidants and
butyrate. Eur J Nutr 47(6):301-309

Rudolph G, Kloeters-Plachky P, Rost D, Stiehl A (2007) The incidence of cholangiocarcinoma in
primary sclerosing cholangitis after long-time treatment with ursodeoxycholic acid. Eur J
Gastroenterol Hepatol 19(6):487-491

Rudolph G, Gotthardt D, Kloters-Plachky P, Kulaksiz H, Rost D, Stiehl A (2009) Influence of
dominant bile duct stenoses and biliary infections on outcome in primary sclerosing
cholangitis. J Hepatol 51(1):149-155

Said K, Glaumann H, Bergquist A (2008) Gallbladder disease in patients with primary sclerosing
cholangitis. J Hepatol 48(4):598-605

Sampson LK, Vickers SM, Ying W, Phillips JO (1997) Tamoxifen-mediated growth inhibition of
human cholangiocarcinoma. Cancer Res 57(9):1743-1749

Selmi C, Balkwill DL, Invernizzi P et al (2003) Patients with primary biliary cirrhosis react
against a ubiquitous xenobiotic-metabolizing bacterium. Hepatology 38(5):1250-1257

Serfaty L, De LA, Rosmorduc O et al (2003) Ursodeoxycholic acid therapy and the risk of
colorectal adenoma in patients with primary biliary cirrhosis: an observational study.
Hepatology 38(1):203-209

Shaib Y, El-Serag HB (2004) The epidemiology of cholangiocarcinoma. Semin Liver Dis
24(2):115-125

Silveira MG, Torok NJ, Gossard AA et al (2009) Minocycline in the treatment of patients with
primary sclerosing cholangitis: results of a pilot study. Am J Gastroenterol 104(1):83-88

Sokol H, Cosnes J, Chazouilleres O et al (2008) Disease activity and cancer risk in inflammatory
bowel disease associated with primary sclerosing cholangitis. World J Gastroenterol
14(22):3497-3503

Spurkland A, Saarinen S, Boberg KM et al (1999) HLA class II haplotypes in primary sclerosing
cholangitis patients from five European populations. Tissue Antigens 53(5):459—469

Terjung B, Spengler U (2005) Role of auto-antibodies for the diagnosis of chronic cholestatic
liver diseases. Clin Rev Allergy Immunol 28(2):115-133

Terjung B, Spengler U (2009) Atypical p-ANCA in PSC and AIH: a hint toward a “leaky gut”?
Clin Rev Allergy Immunol 36(1):40-51

Tung BY, Emond MJ, Haggitt RC et al (2001) Ursodiol use is associated with lower prevalence
of colonic neoplasia in patients with ulcerative colitis and primary sclerosing cholangitis. Ann
Intern Med 134(2):89-95

Vera A, Moledina S, Gunson B et al (2002) Risk factors for recurrence of primary sclerosing
cholangitis of liver allograft. Lancet 360(9349):1943-1944

Vera A, Gunson BK, Ussatoff V et al (2003) Colorectal cancer in patients with inflammatory
bowel disease after liver transplantation for primary sclerosing cholangitis. Transplantation
75(12):1983-1988



Primary Sclerosing Cholangitis 133

Watanapa P (1996) Cholangiocarcinoma in patients with opisthorchiasis. Br J Surg
83(8):1062-1064

Weismuller TJ, Wedemeyer J, Kubicka S, Strassburg CP, Manns MP (2008) The challenges in
primary sclerosing cholangitis—aetiopathogenesis, autoimmunity, management and malig-
nancy. J Hepatol 48(Suppl 1):S38-S57

Werneburg NW, Yoon JH, Higuchi H, Gores GJ (2003) Bile acids activate EGF receptor via a
TGF-alpha-dependent mechanism in human cholangiocyte cell lines. Am J Physiol
Gastrointest Liver Physiol 285(1):G31-G36

Wimmer R, Hohenester S, Pusl T, Denk GU, Rust C, Beuers U (2008) Tauroursodeoxycholic
acid exerts anticholestatic effects by a cooperative cPKC alpha-/PKA-dependent mechanism
in rat liver. Gut 57(10):1448-1454

Wise C, Pilanthananond M, Perry BF, Alpini G, McNeal M, Glaser SS (2008) Mechanisms of
biliary carcinogenesis and growth. World J Gastroenterol 14(19):2986-2989

Wolf JM, Rybicki LA, Lashner BA (2005) The impact of ursodeoxycholic acid on cancer,
dysplasia and mortality in ulcerative colitis patients with primary sclerosing cholangitis.
Aliment Pharmacol Ther 22(9):783-788

Yokomuro S, Lunz JG III, Sakamoto T, Ezure T, Murase N, Demetris AJ (2000) The effect of
interleukin-6 (IL-6)/gp 130 signalling on biliary epithelial cell growth, in vitro. Cytokine
12(6):727-730



	7 Primary Sclerosing Cholangitis
	Abstract
	1…Introduction
	2…Epidemiology
	3…Aetiopathogenesis
	4…Clinical Features and Diagnosis
	5…Malignancies in PSC
	5.1 Cholangiocarcinoma
	5.2 Other Malignancies in PSC
	5.2.1 Colorectal Cancer
	5.2.2 Gallbladder Cancer
	5.2.3 Other Malignancies in PSC

	5.3 Chemoprevention
	5.4 Treatment
	5.4.1 Medical
	5.4.2 Endoscopic
	5.4.3 Liver Transplantation


	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


