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Abstract: Management of primary sclerosing cholangitis (PSC)
can be divided into endoscopic, medical, and surgical treatments.
Whereas endoscopic therapy is primarily used to manage dominant
strictures, medical treatment is directed both at modifying course of
the disease and at symptomatic relief. Ursodeoxycholic acid is the
most promising disease-modifying agent. Corticosteroids and other
immunosuppressive agents do not have a proven role. Cholestyr-
amine and rifampicin improve pruritis but response to these agents
cannot be reliably predicted. Opioid antagonists are useful in refrac-
tory pruritis. All patients with advanced PSC should be offered bone
mineral-density measurement and, if needed, treatment for osteo-
porosis. These approaches are not mutually exclusive and are often
used concurrently or in sequence depending on the clinical situation.
Liver transplantation is the only therapy that improves survival. In this

review, we discuss the various management options for PSC.

rimary sclerosing cholangitis (PSC) is one of the most com-

mon adult chronic cholestatic liver diseases in the United

States.'? It is characterized by inflammation and obliterative
fibrosis of the extrahepatic and the intrahepatic bile ducts. The sub-
sequent cholestasis, in particular retention of hydrophobic bile acids
in the liver, results in hepatocyte injury, development of hepatic
fibrosis, and ultimately biliary cirrhosis. Although the course of
PSC is unpredictable—bacterial infection and development of a
dominant stricture can accelerate disease progression—end-stage
liver disease usually develops around 12 years after diagnosis. Chol-
angiocarcinoma in the setting of PSC reduces life expectancy to less
than 1 year.

The causes of bile duct injury and factors responsible for pro-
gression of PSC remain largely unknown. Genetic predisposition and
immunologic abnormalities are thought to play a key role because of
the close association between PSC and inflammatory bowel disease
in adults and autoimmune hepatitis in children.®” Other proposed
causes of injury to bile ducts include bacterial proteins that leak into
the portal blood from an inflamed bowel, toxic bile acid metabolites
from the enterohepatic circulation, chronic viral infections, and
ischemic injury.® As more than one of these factors may contribute
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Table 1.
Sclerosing Cholangitis

Drugs Evaluated for Treatment of Primary

Immunosuppressants:

¢ Prednisone

¢ Budesonide

e Methotrexate

e Azathioprine

* Mycophenolate mofetil
* Cyclosporine

¢ Tacrolimus

¢ Cladribine

e Pentoxifylline

Antifibrotics and Other Agents:
¢ Colchicine

* D-penicillamine

¢ Pirfenidone

¢ Nicotine

Bile Acids:
* UDCA 10-15 mg/kg daily
* UDCA 20-30 mg/kg daily

Combination Therapy:

e Prednisone + colchicine

e UDCA + methotrexate

e UDCA + mycophenolate mofetil

* UDCA + prednisolone + azathioprine
* UDCA + budesonide or prednisone

to the development of PSC in any one individual, a uni-
fied effective treatment for PSC has yet to be established.

In 2006, PSC management can be divided into
endoscopic, medical, and surgical treatments. Endoscopic
therapy is primarily used to manage dominant strictures.
Medical treatment is directed both at modifying the
course of the disease and at symptomatic relief. Surgical
therapy currently is limited to liver transplantation. These
approaches are not mutually exclusive and are often used
concurrently or in sequence, depending on the clinical
situation. In this review, we discuss the various manage-
ment options for PSC.

Medical Management

Drugs used in management of PSC include those that
affect the course of the disease (disease-modifying agents)
and those aimed at symptomatic relief. Because of the
uncertainty regarding the pathogenesis of PSC, drug
therapy is often based on treatments that have been
shown to be effective in other cholestatic and autoim-
mune disorders.

Disease-modifying Agents

Injury in PSC is a two-step process: (1) bile duct injury
results in an interruption in bile flow and (2) accumula-
tion of bile acids leads to liver injury and ultimately cir-
rhosis. PSC treatments directed at each of these steps have
been evaluated in both controlled and uncontrolled trials
(Table 1); none, whether used alone or in combination,
has proven satisfactory. The number of patients involved
tends to be small and inadequate to provide meaningful
survival data and patient characteristics, and study designs
are too heterogeneous to allow for meta-analysis. Ursode-
oxycholic acid (UDCA) is the most commonly used drug
to treat PSC. This is due to its proven ability to improve
liver biochemistries in any type of liver disease as well as
its effectiveness in primary biliary cirrhosis (PBC).>!!

Ursodeoxycholic Acid  Bile acids are amphipathic mol-
ecules that have a steroid nucleus from which hydroxyl
groups project into space. The presence of both a hydro-
philic (water-soluble) and a hydrophobic (lipid-soluble)
surface make bile acids excellent detergents, good at
breaking up complex fats so that they can be absorbed.
The fewer hydroxyl groups, the more hydrophobic a bile
acid, and the stronger are its detergent properties. These
detergent-like effects on cellular membranes were thought
to be the primary mechanism for bile acid—induced hepa-
tocyte injury.'” More recent data, however, indicate that
more important may be bile acid-induced ligand-inde-
pendent death receptor pathways that trigger apoptosis
in hepatocytes.!*!

UDCA is a dihydroxy bile acid with hydroxyl
groups pointing to either side of the steroid ring. As a
consequence it is the most hydrophilic of bile acids and
the least effective detergent.? Under normal physiologic
circumstances, UDCA makes up approximately 3%
of the human bile acid pool. The proportion, however,
increases to 50% when it is administered orally at a dose
of 13-15 mg/kg daily (the standard dose approved for use
in PBC).” Historically, enrichment of the bile acid pool
with the hydrophilic UDCA was thought to reduce overall
cytotoxicity by simple displacement of hydrophobic bile
acids.'® The mechanisms involved in fact are multiple and
much more complex.

UDCA has a choleretic effect that increases bile flow
and thus excretion of potentially toxic bile acids and other
metabolites."” Thiseffectis due to stimulation of transporter
proteins in the hepatocytes, modulation of the intracellu-
lar signaling cascades, and modification of the transporter
molecules in the apical hepatocyte membrane.’*2* UDCA
also modifies apoptotic threshold via activation of the
epidermal growth factor receptor and mitogen-activated
protein kinases.?’ UDCA appears to inhibit apoptosis by
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preventing cholestasis-induced mitochondrial membrane
permeability and release of caspase-activating proteins
into the cytosol."” In animal experiments, UDCA inhibits
bile ductular proliferation via stimulation of the calcium
and protein kinase C-a—dependent signaling pathway in
the cholangiocytes.” Importantly, it also decreases aber-
rant HLA type I expression on hepatocytes® and cytokine
secretion by peripheral monocytes.?

Clinical Trials of UDCA in PSC The earliest trials of
UDCA in patients with PSC, both controlled and uncon-
trolled, involved small groups of patients and used UDCA
10-15 mg/kg daily. In general, these studies showed
improvements in liver enzymes, rarely improvement in
symptoms, and a mixed picture in histology (when done).
For example, an open-label study of 10 mg/kg UDCA
once daily showed reductions in alkaline phosphatase
(ALP), transaminases, bilirubin, and cholesterol as well
as decreases in disabling fatigue and pruritus after 2 years
of therapy.” In contrast, a controlled pilot study showed
no effect on fatigue and pruritus in spite of significant
improvement in serum transaminases, ALP, and gamma-
glutamyl transferase in those receiving UDCA.?® The
largest study of 105 patients randomized to UDCA or
placebo showed no difference in symptom relief or his-
tologic progression between the two groups.” After a
mean follow-up of 2.9 years UDCA did not significantly
change time to development of cirrhosis, death, or liver
transplantation. The study did show, however, that the
rate of treatment failure was one third lower in those
whose transaminases improved to within 1.5 times the
upper limit of normal.”

Data from studies that used UDCA to treat cholesta-
sis associated with cystic fibrosis have led to evaluation of
higher doses of UDCA in patients with PSC. Three recent
trials evaluated UDCA doses as high as 30 mg/kg daily.
Mitchell and colleagues randomized 26 PSC patients to
UDCA 20-25 mg/kg daily or placebo. Although there
was no reduction in symptoms, there was a significant
improvement in serum ALP and gamma-glutamyl
transferase levels (P<.05).” More importantly after
2 years of therapy there was significant improvement in
cholangiographic appearance (P<.03) and liver fibrosis
(P<.05). A shorter open-label pilot study conducted at the
Mayo Clinic compared high-dose UDCA (25-30 mg/kg
daily) to placebo.?”” This study demonstrated significant
improvement in the projected survival using the Mayo
risk score, albeit the impact of the high dose of UDCA
on liver histology and cholangiographic appearance was
not evaluated.

These promising findings were not confirmed by Ols-
son and associates® in a large (110 patients) randomized
placebo-controlled study utilizing UDCA 17-23 mg/kg

daily for up to 5 years. Although there were fewer deaths,
transplantations, and cholangiocarcinomas in the UDCA
group, the differences were not significant. Enrollment in
the study, however, was stopped after 15 months, with
only 63% patient accrual, and the dose of UDCA may
have been too low. Rost and colleagues,” for example,
demonstrated in a small study that in PSC patients
biliary enrichment with UDCA increases until a dose
of 22-25 mg/kg daily is reached. A National Institutes
of Health—sponsored multicenter randomized placebo-
controlled study evaluating UDCA 25-30 mg/kg daily is
currently in progress. Results will be available in 3 years
and hopefully will give final guidance about the effective-
ness of UDCA therapy.
Immunosuppressive Agents As genetic predisposition
and immune dysregulation are thought to play a major
role in pathogenesis of PSC, it is not surprising that
immunomodulators have been studied as disease-modify-
ing agents in PSC. What is surprising is the paucity of
trials, most of which have been small and uncontrolled.
To a large extent this is because of investigator concerns
regarding toxic side effects. Overall results of these trials
have been disappointing.

A few studies have evaluated prednisone. The only
controlled trial compared it, in combination with colchi-
cine, to concurrent historical controls.*? The combination
was not found to retard histologic progression after 2 years
of therapy. Angulo and colleagues investigated the use of
budesonide in PSC patients.?® After one year there was
only minimal improvement in the biochemical parameters
and in the degree of portal inflammation and there was no
significant change in the Mayo risk score, degree of fibro-
sis, or histologic staging. Surprisingly, and in contrast to
what would be expected of budesonide, there was marked
bone loss compared with matched controls at the end of
the study. The lack of enthusiasm for corticosteroids is
probably also due to the clinical observation that there is
no evidence of improvement in the clinical or biochemical
parameters of PSC in patients who receive corticosteroids
for concurrent inflammatory bowel disease.**

Corticosteroids, however, can be beneficial in patients
who have been diagnosed as having a PSC/autoimmune
hepatitis overlap syndrome. In a retrospective study, a
subgroup of PSC patients with features of autoimmune
hepatitis seemed to respond favorably to corticosteroid
treatment and may obtain improved long-term survival.*
Approximately 10% of patients with cholangiographically
proven PSC also have elevated IgG4 levels. Recently it has
been suggested that such patients may have autoimmune
sclerosing cholangitis, an entity seen in combination with
autoimmune pancreatitis.”> Corticosteroid therapy may
be effective in this setting.
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Other immunosuppressive agents tested in patients
with PSC, either alone or in combination with UDCA,
are methotrexate, azathioprine, mycophenolate mofetil,
cyclosporine, and tacrolimus. In a randomized placebo-
controlled trial of methotrexate in PSC, no significant
changes in liver histology, cholangiographic appear-
ance, or biochemical parameters other than ALP were
observed.*® A pilot study of methotrexate in combination
with UDCA did not show any additional benefit when
compared to UDCA alone.?” Similar findings were seen in
two open-label trials comparing mycophenolate mofetil in
combination with UDCA and standard UDCA.***! There
are case reports of azathioprine in PSC but no controlled
trials.’®“! Thus in a case series, a combination of UDCA
(500-750 mg/day), prednisolone (1 mg/kg daily), and
azathioprine (1.5 mg/kg daily) showed improvement in
the liver histology in a good proportion of patients with-
out any significant side effects.”? Cyclosporine has been
evaluated in a controlled trial at Mayo Clinic.”® Although
there was no dramatic improvement in PSC, patients with
concurrent UC experienced a moderation in the sever-
ity of colitis and had fewer recurrent colitis flares. Two
open-label pilot studies of tacrolimus were not promising
enough to warrant further testing in randomized trials.*’
Pilot studies of the anti—tumor necrosis factor agents
pentoxifylline and etanercept failed to show any clinical

improvement. 1

Other Agents The antifibrotic agents pirfenidone?” and
colchicine® have failed to show any beneficial effects in
PSC. In a placebo-controlled trial comparing UDCA
300 mg twice daily to colchicine 0.6 mg twice daily no
difference was evident after 2 years in liver injury, liver
function, liver size, or hepatic copper content.” Further,
there was no difference in biliary ductal morphology, and
the authors concluded that neither UDCA nor colchicine
is effective therapy for PSC. The finding of elevated cop-
per levels in PSC led to a large randomized controlled
trial of D-penicillamine. There was no effect on disease
progression as measured by clinical, radiographic, or his-
tologic parameters.”® The finding of an inverse association
between PSC and smoking prompted two pilot studies
of nicotine; neither showed a benefit and the oral prepa-
ration was associated with side effects.’! Metronidazole
used in combination with UDCA to suppress bacterial
activity in the gut in PSC was superior to UDCA alone in
improving the biochemical parameters.”

Supportive Therapy

Common complications of chronic cholestasis are fatigue,
pruritus, and osteoporosis. At times these complicatons
can be so disabling that they have been used as indications
for liver transplantation. Fatigue and pruritus are present

in as many as 70% and 69%, respectively, of patients with
PSC% and are often the presenting symptoms. Fatigue
remains a poorly understood phenomenon in PSC. Most
patients feel well in the morning and become tired as the
day progresses. This is not the pattern typical of clinical
depression and thus it is not surprising that trials of selec-
tive serotonin reuptake inhibitors were not successful.**
The agent responsible for pruritus has not yet been
identified. It appears, however, to be a gut-derived, liver-
metabolized opioid receptor ligand that acts centrally.”
Traditional empiric therapy has been directed at prevent-
ing the absorption and facilitating liver clearance of the
pruritogen. Cholestyramine 4—16 g/day in divided doses
has been used to accomplish the former, and rifampicin
300-600 mg/day in divided doses the latter.'* Rifampicin
promotes pruritogen metabolism via microsomal enzyme

induction,*®

while cholestyramine binding promotes
its excretion from the gut. Rifampicin has been shown
to help relieve pruritus of cholestasis in most of the ran-
domized trials.””? Response to either cholestyramine or
rifampicin is unpredictable. For refractory pruritus there
is good evidence that the opioid antagonists nalmefene,
naloxone, and naltrexone can be effective.®®* Opioid
withdrawal can develop, however, with initial use and all
patients should be monitored during the first 2 to 3 days
of use.

Information on osteoporosis in PSC is limited.
However, there is evidence that osteoporosis worsens with
PSC progression: although only 7 of 81 relatively healthy
patients enrolling in a UDCA trial had bone mineral
density of the lumbar spine below the fracture threshold,
the proportion had risen to 50% at time of transplan-
tation.”® The causes are multiple and include prolonged
corticosteroid use, vitamin D deficiency due to fat mal-
absorption, and calcium loss secondary to inflammatory
bowel disease and fat binding. Treatment of osteoporosis
in PSC is empiric and based on recommendations from
other cholestatic diseases.*® All patients with advanced
disease and particularly those on prolonged corticosteroid
therapy should be offered bone mineral density measure-
ment. Treatment should consist of calcium and vitamin D
supplementation, bisphosphonates, and hormone replace-
ment therapy in postmenopausal women. Based on PBC
data, hormone replacement therapy is well tolerated by
patients with cholestasis.

Endoscopic Therapy in PSC

In recent years magnetic resonance cholangiography has
been the preferred method to confirm the diagnosis of
PSC. It is noninvasive, associated with few risks, and, in
experienced hands, both highly sensitive (83-88%) and
specific (92-99%) for large duct disease seen in PSC.®>¢
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Endoscopic approach, however, remains the mainstay of
management of biliary strictures in PSC. Surgery and
interventional radiology require a percutaneous approach
and are inherently risky. Endoscopy is noninvasive, pro-
vides a convenient, rapid access to the biliary tree, and thus
allows for repeat interventions with few complications.

Dominant Strictures

The precise definition of dominant stricture remains a
matter of debate. Most investigators, however, agree that
it involves the narrowing of one of the larger bile ducts to
the point that the obstruction worsens the already existing
cholestasis. Development of dominant strictures is one of
the common complications of PSC: they are present in
35% of patients after 8 years®® and in more than half after
13 years in spite of UDCA therapy.”” Presence of biliary
obstruction irrespective of cause accelerates the progres-
sion of liver disease to end-stage. PSC patients with biliary
strictures also tend to have bacterial cholangitis,””! which
not only contributes to liver damage but also to overall
morbidity as a result of systemic infection.

Endoscopic Therapy of Biliary Strictures

Endoscopic balloon dilatation and/or biliary stenting as
treatment for dominant strictures have been evaluated in a
number of clinical trials (Table 2). Both modalities require
repeat endoscopic interventions to maintain duct patency
(Figure 1). After stenting, additional procedures, usually
at 2 to 3 month intervals but sometimes within weeks of
deployment, are needed to deal with stent occlusion. Stent
occlusion is of particular concern because it predisposes
patients to bacterial cholangitis.”? To minimize the risk of
biliary tract infection, all endoscopic procedures should
be performed under antibiotic prophylaxis,” albeit a
short-course antibiotic treatment is not effective in eradi-
cating bacteria from the bile ducts.”” Repeat procedures
are also required after most balloon dilatations because
the fibrous ring responsible for the development of the
stenosis shrinks over time and again occludes the duct.®’
Recently most investigators have recommended balloon
dilatation over stent placement for dominant strictures in
PSC.9737 In part, this is in order to avoid the problem of
infection, but also because of evidence that the addition
of stenting after balloon dilatation of a dominant stricture
is ineffective.”® In cases where stenting is required, for
example, drainage of bacterial cholangitis complicated
by sepsis, stents are kept in place for as short a time as
possible.”?

Results of endoscopic therapy of biliary strictures
in patients with PSC have been mixed.®”’*” In general,
presence of a dominant stricture, common bile duct
stricture and high serum bilirubin levels are all indepen-
dent predictors of a successful outcome to endoscopic

Table 2. Endoscopic Treatment of Patients with Primary
Sclerosing Cholangitis with Dominant Stenoses of Major
Bile Ducts

Author Patient, N = Stent, n = Dilatation, n
Johnson, 1987 35 11 24
Gaing, 1993 16 15 6

Lee, 1995 53 22 31

van Milligen, 1996 25 21 0
Wagner, 1996 12 0 12
Kaya, 2001 71 37 34
Baluyut, 2001 63 32 140
Stiehl, 2002 52 5 210

Reproduced from Stichl A. Primary sclerosing cholangitis: the role of endoscopic
therapy. Semin Liver Dis. 2006;26:62-68.
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Figure 1. Endoscopic procedures in patients with PSC with

dominant stenoses.

Reproduced from Stiehl et al.®”

therapy.*® Importantly, serum bilirubin level is a more
sensitive indicator of successful therapeutic intervention
than transaminases.* In addition, repeated endoscopic
treatment of dominant strictures decreases the risk of
development of cholangiocarcinoma.®” The two larger
studies published in 2001 and 2002 repeated endoscopic
attempts to maintain biliary patency and also improved
patient survival when compared to predicted survival.*”>
In the German study, participants in a UDCA treatment
trial underwent endoscopic dilatation when clinically
indicated; in the US study, no additional UDCA was
provided. The patients who did best were those with early
disease, demonstrating the importance of early identifi-
cation of dominant strictures.®” Neither study, however,
showed that endoscopic therapy in the long run prevented
progression to end-stage liver disease or eliminated the
need for liver transplantation.
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Liver Transplantation in PSC

Liver transplantation is the only form of therapy that
improves survival in PSC patients who develop end-stage
liver disease.®’ Excellent long-term survival of 77% and
86% at 5 years and 69% and 70% at 10 years were reported
in Europe and the United States, respectively.®>** These
survival rates compare favorably to those transplanted for
other chronic, nonmalignant, nonviral liver diseases.*
Age, renal failure, Child-Pugh classification, and United
Network for Organ Sharing status are among predictive
factors associated with poor outcome after transplanta-
tion.” Recurrence of PSC after liver transplantation has
been reported to occur in 4-20% of patients.*>* The
true incidence has been difficult to determine because
recurrent PSC is often indistinguishable from biliary
strictures due to other (well-established) causes.

Summary and Treatment Recommendations

Treatment of PSC remains a work in progress. To a large
extent this is because of continuing uncertainty about its
pathogenesis and the factors that promote progression to
end-stage liver disease. Among disease-modifying agents,
UDCA is the most promising. It has been shown to
improve biochemical abnormalities in patients with PSC
and may improve symptoms and histology. Until appro-
priately powered studies confirm the benefit of high-dose
UDCA therapy, it should be administered at a dose of
13-15 mg/kg daily. Corticosteroids can be used to treat
PSC/autoimmune hepatitis overlap syndrome but have
no role in treatment of uncomplicated PSC. Endoscopic
therapy is the approach of choice for dominant strictures.
For patients with end-stage liver disease due to PSC, liver
transplantation is the only therapy that improves survival.
Transplanted patients need to be monitored for recurrent
PSC, which may be difficult to distinguish from biliary
stenosis due to other causes.
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