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Abstract

Primary sclerosing cholangitis (PSC) is a chronic immune-mediated disease of the liver of unclear
etiology, characterized by chronic inflammation and fibrosis of bile ducts. It primarily affects
middle aged men, and is associated with 4-fold increased mortality as compared to ageand gender-
matched population. Progressive biliary and hepatic damage results in portal hypertension and
hepatic failure in a significant majority of patients over a 10-15 year period from initial diagnosis.
In addition, PSC confers a markedly increased risk of hepatobiliary cancer, including
cholangiocarcinoma and gallbladder cancer as compared to the general population, and cancer is
the leading cause of mortality in patients with PSC. It is associated with inflammatory bowel
disease in 70% patients, and increases the risk of colorectal cancer almost 10-fold. Despite
significant research efforts in this field, the pathogenic mechanisms of PSC are still incompletely
understood, although growing evidence supports the role of genetic and immunologic factors.
There are no proven medical therapies that alter the natural course of the disease. Thus, liver
transplantation is the only available treatment for patients with advanced PSC, with excellent
outcomes in this population.

INTRODUCTION

Primary sclerosing cholangitis (PSC) is a chronic cholestatic liver disease characterized by
progressive inflammation and fibrosis of the intra-hepatic and extra-hepatic bile ducts,
leading to cholestasis, progressive hepatic fibrosis and eventually to decompensated
cirrhosis in a significant majority of patients over 10-15 years.1~" In addition, since PSC
confers a markedly increased risk of hepatobiliary and colorectal cancer (CRC) as compared
to the general population, with cancer being the leading cause of mortality in patients with
PSC, it should be considered a pre-malignant condition.8 Based on the uncertainty of
etiopathogenesis, no effective medical therapy for halting the progression of PSC has been
identified. Among eligible patients, liver transplantation (LT) is currently the only curative
therapy for PSC. Despite advances in diagnostic modalities and endoscopic intervention,
mortality rates from PSC have remained essentially unchanged over the past two decades.
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EPIDEMIOLOGY AND RISK FACTORS

The incidence of PSC is estimated at 1 per 100,000 population, with evidence that the
incidence is increasing over time based on a recent meta-analysis of population-based
studies from Northern Europe, UK, USA and Canada.® The highest annual incidence is
reported in Norway (1.3 per 100,000), with a prevalence of 8.5 per 100,00019 and in this
population PSC is the leading indication for LT.11 In the United States, the overall age- and
sex-adjusted incidence of PSC is estimated at 0.9 per 100,000 population with a prevalence
of 13.6 per 100,000.1 The median age at time of diagnosis ranges between 35-47 years, and
62—70% of patients are males.1: 3: 4. 7. 9. 10. 12 Approximately 58-77% patients have
associated inflammatory bowel disease (IBD).

No clear environmental or clinical risk factors for the development of PSC have been
identified. Some studies suggest that smoking and tonsillectomy may reduce the risk of PSC,
independent of IBD.13-15 No significant relationship between previous appendectomy and
risk of PSC is known.14 15

PATHOGENESIS

The pathogenesis of PSC is continue to be elusive, and is reviewed in detail elsewhere.16 It
is felt to be a complex immune-mediated disease, rather than a true autoimmune disease
given the lack of classic features (male rather than female predisposition, lack of response to
immunosuppressive medications and lack of highly-selective and pathogenic auto-
antibodies).16 The most commonly accepted theory is that, in a genetically predisposed
individual, an initial insult to cholangiocytes through environmental exposure to toxins or
infections agents (such as bacterial translocation across a leaky gut) results in persistent
immune-mediated damage with progressive destruction of bile ducts leading to chronic
cholestasis and progressive fibrosis.

The genetic predisposition to PSC is supported by multiple studies which show almost a
100-fold increased risk of the disease in first-degree relatives of patients with PSC, as well
as clustering within families.1” Genome-wide association studies in PSC have shown strong
associations with HLA haplotypes, particularly HLA-DR3 (DRB1*0301) and HLA-B8
(B*0801).18 Polymorphisms of several non-HLA genes have also been shown to influence
susceptibility to PSC such as those encoding intracellular adhesion molecule 1 (ICAM-1),19
tumor-necrosis factor,20 and matrix metalloproteinase 3 (MMP-3).21 However, most of these
genetic associations are weak and have been difficult to reproduce. Given the strong
association with IBD, the “leaky gut hypothesis” appears to be playing a fundamental role in
describing the pathogenesis of PSC.22 It is hypothesized that bacterial products can
translocate through an inflamed gut while gut-derived memory T-lymphocytes target the
liver via aberrantly expressed adhesion molecules and contribute to cholangiocyte
damage.2® This concept is also supported by the fact that pre-liver transplant colectomy may
afford protection against recurrent PSC in the transplanted liver,24 as well as the presence of
common peripheral anti-neutrophil cytoplasmic antibodies ()ANCA) in both these
disease.?> Nonetheless, this concept does not explain the pathogenesis of PSC in patients
without IBD. Toxic, genetically- or chemically-modified bile-induced damage has also been
proposed as a pathophysiologic mechanism in PSC primarily based on animal models, but
there is inconclusive evidence to support this in humans.28
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DIAGNOSIS

Clinical manifestations

The majority of patients (44-56%) are asymptomatic at time of diagnosis,!: ¢ and the
discovery of PSC is increasingly based on the investigation of abnormal serum liver tests
and/or the incidental discovery of intra-hepatic bile duct dilatation on cross-sectional
imaging. Notably, up to 17% of asymptomatic patients may have cirrhosis on liver biopsy at
time of diagnosis.2” In asymptomatic patients, the estimated survival without
decompensated cirrhosis at 7 years is 75% in comparison to 96% for age- and sex-matched
healthy individuals.28

Among symptomatic patients, fatigue and pruritus are the initial presenting symptoms, and
with progression, these patients tend to develop jaundice, abdominal pain and weight loss.
Episodes of bacterial cholangitis are uncommon at presentation in the absence of dominant
strictures or biliary manipulation,2 and usually present with fevers, chills, right upper
quadrant pain and worsening liver biochemistries.

Biochemical and serological features

Elevated serum alkaline phosphatase is the hallmark of PSC, and found in 95% of patients.
Serum alanine and aspartate aminotransferase levels are also usually elevated up to 2-3
times the upper limit of normal.3% Serum bilirubin level is typically normal at diagnosis in
the majority of patients with high levels worrisome for advanced disease, superimposed
choledocholithiasis, or malignancy.3%: 31 A wide variety of non-organ specific auto-
antibodies can be detected in the serum of patients with PSC, including anti-nuclear
antibodies, anti-cardiolipin antibodies, thyroperoxidase, rheumatoid factor, and smooth
muscle antibodies in keeping with underlying alterations in immune regulation.32 pANCA is
detected approximately 30-80% of patients with PSC and like other auto-antibodies, lacks
disease specificity.33 34 None of these antibodies, however, are of clinicopathologic
relevance nor do they reflect severity or prognosis of underlying disease. Hence, they are not
routinely used in the diagnosis of PSC.

Radiographic features

Cholangiography is considered the ‘gold standard’ for diagnosis of PSC. The characteristic
findings include short, multifocal, annular strictures alternating with normal or slightly
dilated intervening segments, giving rise to the so-called ‘beads-on-a-string’ appearance.3®
Long, confluent strictures may also be observed though these are more worrisome for
development of superimposed cholangiocarcinoma (CCA). PSC involves both the intra- and
extra-hepatic bile ducts in the majority of patients while an estimated 25% of patents only
have isolated intra-hepatic involvement.29 Isolated involvement of the extra-hepatic bile
ducts is very unusual (<5% patients), and should only be diagnosed if there is adequate
visualization of intra-hepatic bile ducts. Gallbladder, cystic and pancreatic ducts may also be
involved in patients with PSC. Magnetic resonance cholangiopancreatography (MRCP) has
replaced endoscopic retrograde cholangiopancreatography (ERCP) as the initial diagnostic
test of choice — it is non-invasive, lacks radiation exposure, has comparable sensitivity (80—
90%) and specificity (>90%) to ERCP, and is more cost-effective.36-39, ERCP is associated
with serious complications such as bacterial cholangitis and pancreatitis, and may be
associated with post-procedural hospitalization in up to 10% of patients.*® Among
symptomatic patients, ERCP is clearly required given the likelihood for biliary intervention.
It is also useful in a subset of patients in whom MRCP provides sub-optimal visualization of
intra-hepatic bile ducts.
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Histological features

Periductal fibrosis with inflammation, bile duct proliferation and ductopenia are the main
histological findings in PSC. Notably, the characteristic ‘onion-skinning’ periductal fibrosis
that is the hallmark for PSC is rarely observed.*! However, liver biopsy is not routinely
necessary for confirming the diagnosis of PSC in patients with typical cholangiographic
findings.*2 It is useful for disease staging in PSC where inflammation and fibrosis involving
portal (stage 1), periportal (stage 2), or septal (stage 3) areas can lead to cirrhosis, which
represents stage 4.43 Non-invasive assessment of fibrosis with elastography-based imaging
techniques has also been shown to be useful in patients with PSC.44 In addition, liver
histology is critical in diagnosing patients with small-duct PSC and in patients where an
overlap syndrome with autoimmune hepatitis (AIH) is suspected (see below). 4245

VARIANT PSC SYNDROMES

Small-duct PSC

Small-duct PSC is diagnosed when patients have clinical, biochemical and histological
features of PSC in the setting of a normal cholangiogram (Figure 2B). This represents ~11—
17% patients with PSC based on population-based studies.! 12 The diagnosis is difficult to
confirm in the absence of IBD. Long-term follow-up studies have shown that approximately
25% of subjects progress to large-duct PSC over time. These patients have significantly
longer transplantationfree survival rates as compared to patients with large-duct PSC. Small-
duct PSC does not appear to predispose to the development of CCA in the absence of
progression to large-duct PSC.46 Also, it appears that Crohn’s colitis may be associated with
small-duct PSC than large-duct PSC.#’ Children with ABCB4 deficiency (leading to a
defect in the gene encoding the multidrug resistance protein 3) may be misdiagnosed as
having small-duct PSC.48

Overlap syndrome with autoimmune hepatitis

Overlap syndrome with AlIH and PSC should be suspected if a patient with typical
cholangiographic findings is noted to have a 5-10 fold elevation in serum aminotransferases,
increased level of serum auto-antibodies and/or hypergammaglobulinemia and histological
evidence of moderate to severe interface hepatitis.2® This variant of PSC is diagnosed in
1.4-17% patients with PSC, and most commonly in children and young adults.#%-51 In this
subset of patients, medical therapy with prednisone and/or azathioprine is recommended.
Data on the clinical presentation, treatment response, and long-term clinical outcomes in
adults with overlap syndrome is lacking. Likewise, overlap syndrome should also be
suspected in a patient with AIH who is noted to have concomitant IBD and/or an incomplete
response to medical therapy.2®

IgG4-related sclerosing cholangitis

IgG4-related sclerosing cholangitis is a recently recognized entity thought to represent the
biliary manifestation of a multi-organ, steroid-responsive disorder characterized by
increased IgG4 production.>2 This is the most common cause of biliary strictures in patients
with autoimmune pancreatitis, but it may occur in the absence of characteristic pancreatic
involvement. In a subset of patients with 1gG4-related sclerosing cholangitis identified from
a cohort of patients with autoimmune pancreatitis, the disease primarily affected males in
the 7t decade of life. Patients frequently present with painless jaundice (77%) and are less
likely to have associated 1BD.53 1gG4-related sclerosing cholangitis is usually responsive to
treatment with corticosteroids, though relapse is frequent after steroid withdrawal especially
for patients with proximal strictures. Diagnostic criteria have been proposed for 1gG4-
related sclerosing cholangitis based on characteristic histological and cholangiographic
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findings, elevations in serum IgG4, systemic organ involvement and response to
corticosteroids.>3

In contrast, there is a subset of patients with classic PSC who have elevated serum IgG4
levels and no other features of 1gG4-related disease. In a retrospective analysis of 127
patients with PSC, an estimated 9% were noted to have elevated 1gG4 levels although
biopsies demonstrating infiltration of 1gG4-positive plasma cells in bile ducts were not
routinely available.>* These patients were usually older than patients with PSC and normal
1gG4 levels, less likely to have associated IBD and a shorter time to LT. Hence, it is
recommended that serum 1gG4 levels be tested in all patients with suspected PSC, and if
elevated, to consider and evaluation for 1gG4-related disease where a trial of steroid therapy
may be considered.2? It should be noted that increased serum IgG4 levels have also been
more commonly observed in patients with typical PSC who have or ultimately develop
CCA.>?

COMPLICATIONS AND ASSOCIATED CONDITIONS

Cholangiocarcinoma

The lifetime prevalence of CCA is 5-10% in patients with PSC, a risk that is 160-fold higher
than that seen in the general population.5-57 Several risk factors for CCA in PSC have been
recognized including older age at PSC diagnosis, smoking, alcohol use, elevated bilirubin, a
longer duration of associated IBD, presence of colorectal neoplasia in patients with IBD,
proctocolectomy, variceal bleeding, and polymorphism of the NKG2D gene.>’ Duration of
PSC does not appear to be a risk for development of CCA as 30-50% patients with CCA are
diagnosed within 1 year of diagnosis of PSC.57: 58

The diagnosis of CCA is very difficult to confirm. It should be suspected in patients with an
acute decline in clinical status including unexplained weight loss and/or worsening of serum
liver biochemistries. In these patients, imaging with MRI/MRCP as well as an assessment of
serum CA 19-9 level is warranted. The demonstration of an intra-hepatic mass lesion with
characteristic imaging features (i.e., malignant appearing mass with delayed venous phase
enhancement) has virtually a 100% sensitivity and specificity for the diagnosis of CCA.>®
However, most early stage CCAs are ductal in location and current non-invasive imaging
modalities have poor positive predictive values in identifying these lesions. Likewise, serum
CA 19-9 has a limited diagnostic utility as it can be elevated in patients with bacterial
cholangitis or significant intra-hepatic cholestasis. Furthermore, it is virtually undetectable
in 7% of the normal population who are negative for the Lewis antigen.>’ A diagnostic cut-
off level of 130 U/ml has a sensitivity and specificity of 79% and 98% for diagnosing CCA
although CA 19-9 has never been shown to increase the detection of localized or early-stage
CCA. Patients with a dominant stricture should undergo ERCP with attempts at obtaining
biopsies and brush cytology. Unfortunately, the sensitivity of brush cytology is low at 18—
40%.29 Recent studies have demonstrated that fluorescence in situ hybridization (FISH) may
increase the yield of conventional cytology. The demonstration of polysomy by FISH
analysis of cytologic specimens has demonstrated a sensitivity of 41% and a specificity of
98% for the diagnosis of CCA in PSC patients.50

Surveillance for CCA is recommended in patients with PSC. However, an evidence-based
approach based on prospective data collection has not been identified. Most experts
recommend annual imaging (using MRI/MRCP or ultrasound) along with serum CA 19-9
level measurement. In patients noted to have abnormalities in either one of these, invasive
testing with ERCP using conventional brush cytology and FISH is recommended.>” Table 1
shows cancer surveillance recommendations for patients with PSC.
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Colorectal Neoplasia

PSC is associated with IBD in about 60-80% patients based on numerous observational
studies and a meta-analysis of population-based studies.® Ulcerative colitis (UC) is the
most common type of IBD identified in 48—-86% patients; Crohn’s disease can be seen in
13-25% patients. Conversely, PSC is the most common hepatobiliary complication seen in
patients with IBD, and is seen in about 5% patients.2 IBD often precedes PSC or is
diagnosed concomitantly; in a subset of patients IBD may develop after diagnosis of PSC,
even after LT. Hence, it is recommended that all patients with PSC undergo colonoscopy
with random biopsies at diagnosis to detect IBD. If the initial colonoscopy with biopsies is
negative for IBD, then a repeat colonoscopy should be repeated every 5 years.

Multiple studies suggest that IBD in PSC may represent a unique phenotype characterized
by a high prevalence of pancolitis, mild histological inflammation, and usually a mild or
quiescent clinical course.51-66 Some studies suggest that patients with PSC-IBD may have
higher incidence of backwash ileitis and rectal sparing,52 though this has not been
universally observed.61 63.65 Even in patients with Crohn’s disease associated with PSC,
colonic involvement is more likely (>90%) and ileal involvement is uncommon.61. 64, 67
Patients with PSC-IBD who undergo ileal pouch anal anastomosis (IPAA) have a higher
incidence of acute and chronic pouchitis,52: 68: 69 as compared to subjects with IBD alone. In
addition, patients with PSC-IBD who undergoing Brooke ileostomy creation have a
significantly higher rate of developing difficult-to-treat peristomal varices due to portal
hypertension from progressive PSC.62 70 Hence, it is preferable the patients with PSC with
associated UC undergo IPAA if surgical management is required, or, in patients with
endoscopic and histologic rectal sparing, ileorectal anastomosis may be considered.

Patients with PSC-1BD have a significantly higher risk of colorectal dysplasia and cancer
(CRC) than patients with IBD alone. A meta-analysis of 11 studies reported a pooled odds
ratio of 4.26 (95% Cl, 2.80-6.48), for developing CRC."! The cumulative incidence of
development of CRC or dysplasia in PSC/UC patients versus UC alone is 9% and 2% after
10 years and 20%—-31% and 5% after 20 years of disease duration, respectively. Hence, in
patients with PSC-IBD, colonoscopic surveillance is recommended every 1-2 years from
time of PSC diagnosis.2% 72 Colonic neoplasia tends to occur proximally in 2/3™ of
patients.” This risk of colonic neoplasia continues to be high even after LT, with an almost
10-fold higher risk than patients undergoing LT for other indications. Thus, annual
surveillance colonoscopy with a minimum of 32 biopsies is required to exclude colorectal
neoplasia (Table 1).

Gallbladder Neoplasia

Gallbladder abnormalities such as gallstones (25%) and PSC involving the gallbladder or
cystic duct (15%), are seen in up to 41% patients with PSC.4° Patients also have an
increased frequency of gallbladder mass lesions, with an estimated prevalence of 3-14%
versus 0.35% in the general population.”® In a study of 286 patients with PSC, 10/18 mass
lesions represented gallbladder adenocarcinoma while an additional 9 patients were noted to
have gallbladder epithelial dysplasia without a mass lesion.”® It appears that gallbladder
adenocarcinoma appears to follow an adenoma-carcinoma sequence secondary to PSC-
induced chronic inflammation.”® Based on these observations, it is recommended that
patients with PSC undergo annual surveillance for gallbladder mass lesions. While early
studies suggested that any patient with PSC and gallbladder polyps should consider
cholecystectomy, the procedure is associated with significant liver-related morbidity in up to
40% patients, especially in those with cirrhosis. More recent data suggests that polyp size
>0.8cm has 100% sensitivity and 70% specificity in predicting the presence of gallbladder
neoplasia.”’ Hence, we recommend close surveillance with imaging annually in patients
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with PSC and small gallbladder polyps and to consider prophylactic cholecystectomy for
lesions > 8 mm in the setting of intact hepatic synthetic function (Table 1).2°

Due to the markedly increased risk of cancer in patients with PSC, it should be considered a
pre-malignant condition warrant close surveillance.

Pruritus develops in 40-60% patients with PSC and is associated with significant
impairment of health-related quality of life.30 The severity is independent of histological
stage and cholangiographic extent of disease, though extra-hepatic biliary structuring can
influence intensity of symptoms. It is mediated by bile salt retention and endogenous opioid
ligand accumulation.”® Medical management strategies are similar to those employed for

patients with primary biliary cirrhosis.”® The management of pruritus is outlined in Table
2'40, 79

Metabolic bone disease and nutritional deficiencies

Osteoporosis (defined as t-score <-2.5 on bone mineral densitometry) is seen in 10-15% of
patients with PSC while osteopenia (t-score between —1.0-2.5) is seen in 30% patients.&0
The risk of metabolic bone disease is higher with advanced age, low body mass index and
long duration of associated IBD. In patients with PSC being evaluated for LT, osteoporosis
develops in 30-50% patients.81 Screening and management recommendations are outlined
in Table 2.2°

Fat-soluble vitamin deficiency occurs in 50-85% of patients with advanced PSC. Decreased
secretion of conjugated bile acids in the small intestine can contribute to steatorrhea, or it
may develop secondary to co-existing conditions such as celiac disease and chronic
pancreatitis. Oral supplementation of vitamin A, D, and E is recommended in patients with
PSC when present.29 82

Complications of portal hypertension

Cirrhotic-stage PSC patients develop portal hypertension and associated complications such
as ascites, hepatic encephalopathy and variceal bleeding. In addition, a small subset of
patients with PSC may develop pre-cirrhotic, pre-sinusoidal portal hypertension secondary
to nodular regenerative hyperplasia and/or obliterative portal venopathy.83 The management
of complications from portal hypertension in PSC similar to other underlying chronic liver
disease etiologies.?

TREATMENT OF PRIMARY SCLEROSING CHOLANGITIS

Medical Management

To date, there are no medical therapies that have been proven to alter the natural course of
PSC. The most comprehensively studied agent is UDCA, 7-B-epimer of chenodeoxycholic
acid that improves hepatobiliary secretion, is hepato-protective, has immunomodulatory
properties, and is very effective in the management of primary biliary cirrhosis.8 An initial
placebo-controlled randomized controlled trial demonstrated that standard dose UDCA (13-
15mg/kg/day) was no superior to placebo at a median follow-up 2.2 years with regards to
important clinical end points although serum liver biochemistries were substantially
improved.8° Subsequent trials with higher weight-based doses of UDCA have shown no
clinical benefit over placebo treated groups as well. Furthermore, a multicenter trial of
UDCA at 28-30mg/kg/day was associated with a two-fold increase in disease progression as
compared to placebo treated subjects.8® A meta-analysis of 8 RCTs comprising 567 patients
(5 studies with standard dose UDCA, 3 studies with high-dose UDCA) showed UDCA was
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comparable to placebo with no differences in mortality, need for LT, histologic progression,
or development of CCA.87 Therefore, current available evidence does not support the use of
UDCA for the treatment of PSC. A novel bile acid, 24-norursodeoxycholic acid has shown
promise as an anti-fibrotic, anti-inflammatory and anti-proliferative agent in a mouse model
of cholangitis and biliary fibrosis where the reversal of sclerosing cholangitis within 4 weeks
of treatment has been observed.88 Human studies are currently in progress.

There is some evidence that UDCA may modify the risk of colorectal neoplasia, with
standard dose UDCA decreasing the risk of colorectal neoplasia8® 20 while high-dose
UDCA potentially increases the risk.?1 Based on a meta-analysis of 6 studies reporting on
41 cases of advanced colorectal neoplasia (CRC and/or high-grade dysplasia) in 546 patients
with PSC-1BD, we recently showed that standard-dose UDCA was associated with a 63%
risk reduction.®2 Based on these results, standard dose UDCA has been recommended as a
chemopreventive agent for reduction in CRC risk in patients with PSC and associated IBD
by the American Gastroenterological Association.’?

Several other medical therapies such as immunosuppressive agents (prednisolone,
budesonide, azathioprine, methotrexate, tacrolimus, cyclosporine, mycophenolate mofetil),
anti-tumor necrosis factor antagonists (infliximab, etanercept), anti-fibrotic agents
(silymarin, pirfenidone, pentoxifylline, colchicine, penicillamine) and systemic antibiotics
(vancomycin, minocycline, metronidazole) have been tried in the management of PSC, but
none of them has demonstrated clinical benefits to date.29: 84

Management of Biliary Strictures

A dominant stricture is defined by a stenosis diameter <1.5mm in the common bile duct and
<1mm in the common hepatic duct. It develops in 45-58% patients with PSC.2? In a patient
with stable PSC, the presence of clinical deterioration with worsening pruritus, jaundice or
bacterial cholangitis warrants evaluation by ERCP to exclude a dominant stricture.
Furthermore, progressive biliary dilation on imaging, rising biochemical indices and/or
constitutional symptoms such as weight loss also requires evaluation by ERCP to exclude
CCA masquerading as a dominant stricture.

The ideal endoscopic technique has not been established, but some non-randomized studies
suggest that balloon dilatation alone and dilatation with stent placement are equally
efficacious, but the latter is associated with a significantly higher risk of complications
including bacterial cholangitis, as compared to balloon dilation alone.%3 Hence, stenting is
usually reserved for strictures that are refractory to dilatation. In a subset of patients with
failed endoscopic cannulation, sphincterotomy alone may be helpful if the sphincter of Oddi
is affected by PSC, but is usually reserved to facilitate dilatation, stent placement or stone
extraction.%

In patients with proximal dominant strictures or complex biliary anatomy, and in patients
with failed attempts at endoscopic intervention, percutaneous trans-hepatic cholangiographic
approach is required. Non-transplant surgical procedures with resection of the extra-hepatic
biliary stricture and Roux Y hepaticojejunostomy, with or without operative stent insertion,
may be considered for selected non-cirrhatic patients with PSC who have failed endoscopic
and/or radiologic intervention.% Biliary bypass procedure with cholangioenterostomy is
infrequently performed as most dominant strictures are hilar.9

Complications from endoscopic therapy have been reported in 7-20% of PSC patients,
including pancreatitis, cholangitis, biliary tract perforation and hemorrhage.*%: 97 Hence,
prophylactic antimicrobial therapy is recommended for all patients with PSC undergoing
endoscopic or percutaneous manipulation of the biliary tree.2?
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Liver Transplantation

LT is currently the only available therapeutic modality for patients with advanced stage
PSC, and fortunately excellent long-term patient and graft outcomes have been observed for
both deceased donor and living donor LT.4> 98 |n addition to standard indications for LT
(progressive liver failure, complications of portal hypertension, hepatocellular carcinoma),
there are a number of specific indications for PSC such as intractable pruritus, recurrent
bacterial cholangitis and perihilar CCA. Of note, a recent multicenter analysis of LT for
CCA demonstrated 5-year recurrence-free survival rates of 65% in carefully selected
patients.% Patients with PSC who undergo LT are more prone to acute and chronic cellular
rejection although it does not impact graft survival. Recurrent PSC is reported in 30%-50%
patients within 10 years after transplantation.?4 190 The diagnosis is based on combination
of radiological, histological and biochemical findings after excluding other causes of post-
transplant biliary strictures such as hepatic artery thrombosis, ductopenic rejection and ABO
incompatibility.101 The long-term natural history of recurrent PSC is poorly understood as
30% of patients may develop progressive disease over a 10-year follow-up period leading to
re-transplantation or death.102

The management of PSC patients following LT is similar to strategies used for other liver
transplant recipients. However, two important issues should be kept in mind. About 30% of
patients with associated IBD may develop worsening of disease activity after LT. Active
IBD at the time of LT, discontinuation of 5-aminosalicylate at the time of LT, use of
tacrolimus-based immunosuppression and infrequent use of azathioprine may be associated
with an unfavorable course of IBD after LT.193. 104 Approximately ~14—30% patients with
PSC may develop de novo IBD up to 10 years after transplantation. Finally, the risk of CRC
is 10-fold higher in patients with PSC and IBD undergoing transplantation, as compared to
other indications, and may be higher than pre-transplant risk. Hence, annual colonoscopic
surveillance for CRC should be continued after LT in patients with PSC-1BD.2°

PROGNOSIS

PSC is an insidious and slowly progressive disease without effective medical therapy. While
the median time from diagnosis to death or LT is 12 years,19° there is significant inter-
patient variability in prognosis depending on the stage of disease at diagnosis as well as
inherent differences in the phenotype of PSC (small duct v. large duct). Several prognostic
models for PSC have been described to determine risk factors for disease progression and
the best time for LT.2: 3. 7. 45, 106, 107 The most recent modification of the Mayo PSC risk
score based on age, bilirubin, serum AST, albumin and history of variceal bleeding as
prognostic parameters is helpful to predict prognosis in early PSC.197 Recent studies have
shown that cholangiographic findings, particularly the presence of a dominant stricture, may
modify the prognosis of PSC and should be included in prognostic models.> 108 |n advanced
PSC, the Model for End Stage Liver Disease (MELD) score is more predictive of mortality
than any of the PSC-specific prognostic models. However, there is no consensus regarding
the optimal model and hence, the use of prognostic models for predicting clinical outcomes
in an individual patient is not recommended by the AASLD.2° Additionally, none of the
prognostic models is able to predict the development of CCA in patients with PSC.

CONCLUSIONS

PSC is a chronic cholestatic liver disease which impacts survival and quality of life of
affected patients. Complications related to chronic cholestasis and portal hypertension from
progressive disease as well as hepatobiliary and colorectal cancer, occur in a significant
number of patients. To date, no medical therapies have been shown to modify the natural
course of PSC except for LT.
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Figure 1.

Typical cholangiographic findings of primary sclerosing cholangitis. (a) MRCP
demonstrating multiple strictures and dilatations of the biliary tree, affecting the intrahepatic
and extrahepatic biliary tree; (b) ERCP with typical findings of pruning and beaded
appearance of the biliary tree.
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Figure 2.

A. Classic “‘onion skin’ fibrosis, causing obliteration of the bile ducts in primary sclerosing
cholangitis [Photograph courtesy: Thomas Smyrk, M.D., Department of Pathology, Mayo
Clinic, Rochester]

B. Ductopenia, without onion-skinning fibrosis in small-duct primary sclerosing cholangitis
[Photograph courtesy: Thomas Smyrk, M.D., Department of Pathology, Mayo Clinic,
Rochester]
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Table 1

Cancer surveillance in Primary Sclerosing Cholangitis. Due to the markedly increased risk of cancer in
patients with PSC, it should be considered a premalignant condition.

Cholangiocar cinoma
. 160-fold higher risk than general population
. Annual imaging (MRI/MRCP or ultrasound) along with serum CA 19-9

. In patients noted to have dominant stricture or elevated CA 19-9 (in the absence of bacterial cholangitis), proceed with ERCP with
brushings for conventional cytology and FISH

O CCA confirmed — Consider evaluation for liver transplantation (perihilar CCA <3cm)
o CCA not confirmed — Repeat MRI/MRCP and/or ERCP with CA 19-9 in 3-6 months

Gallbladder Cancer
. 30-40 fold higher risk than general population
. Annual imaging (MRI/MRCP or ultrasound)
. If gallbladder polyp identified, then
o Size = 0.8 cm — Cholecystectomy

O Size <0.8 — Consider cholecystectomy if liver synthetic function is reasonable; if not, then repeat imaging in 3-6
months

Colorectal Cancer
. 10-fold higher risk (only in patients with associated IBD) than general population
. Colonoscopy with random biopsies every 1-2 years

O If dysplasia identified, then further management as per AGA guidelines for management of dysplasia in patients with
IBD7?

. Continue annual surveillance even after liver transplantation for PSC

. Consider annual evaluation of pouch and rectal cuff for dysplasia in patients who have undergone IPAA

Hepatocellular Cancer
. Risk not significantly increased in patients with cirrhosis due to PSC (<1.5% per year)

. Routine surveillance is not recommended (though will be captured through annual hepatic imaging for CCA and/or gallbladder
cancer surveillance)

Pancreatic Cancer

. Unclear if risk increased (one report suggests a 14-fold higher risk than the general population, though there was significant risk of
misclassifying distal bile duct CCA as pancreatic cancer)

. Routine surveillance not recommended

[Abbreviations. CCA — Cholangiocarcinoma; CRC — Colorectal cancer; ERCP — Endoscopic retrograde cholangiopancreatography; FISH —
Fluorescence in situ hybridization; IBD — Inflammatory bowel disease; IPAA — lleal pouch anal anastomosis; MRI — Magnetic resonance imaging,
MRCP - Magnetic resonance cholangiopancreatography]
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Table 2

Management of extra-hepatic, non-neoplastic complications of primary sclerosing cholangitis

Dominant Stricture

. Evaluate with ERCP with brush cytology and FISH (where available) to exclude underlying cholangiocarcinoma. Avoid biopsy if
patient believed to be a liver transplantation candidate

. Endoscopic therapy with dilation, with or without stenting (if dilation alone unsuccessful) once diagnostic testing completed
. Percutaneous transhepatic Cholangiography for proximal dominant stricture or complex biliary anatomy

. If failed endoscopic and radiological management, then consider surgery with resection of extra-hepatic biliary stricture and Roux-
En-Y hepaticojejunostomy in select patients with non-cirrhotic PSC

Pruritus
. Evaluate for presence of dominant stricture, and consider endoscopic intervention if present
. Rule out UDCA as cause for paradoxical worsening of pruritus

. 1%t line — Bile salt-binding agents (cholestyramine) with or without anti-histamines

. If unsuccessful, consider rifampin or opiate antagonists (naltrexone)
. If persistent symptoms, consider selective serotonin reuptake inhibitors (sertraline) or gabapentin
. If medically refractory symptoms, may consider evaluation for liver transplantation

Metabolic Bone Disease

. Screen for osteoporosis/osteopenia with DEXA scan at diagnosis of PSC. Risk is higher in patients with long-standing IBD,
advanced age and low body mass index

. If osteopenia, add calcium 1.0-1.5g/day and vitamin D 10001U/day supplementation
. If osteoporosis, add bisphosphonates (preferably intravenously in patients with esophageal varices)
. If normal bone density at presentation, consider repeating every 2-3 years

. Continue intensive surveillance of bone density after liver transplantation for PSC.

Malabsor ption

. Screen for fat-soluble vitamin deficiency (Vitamin A, D, E and K), especially in patients with advanced PSC and prolonged
cholestasis

. Replace as needed. May require higher doses and/or parenteral replacement.
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