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Abstract
Primary sclerosing cholangitis (PSC) is a chronic cholestatic
syndrome of unknown origin mostly found in males, and
characterized by diffuse inflammation and fibrosis of both
intra- and extra-hepatic bile ducts. So far, PSC is considered
as an autoimmune hepatobiliary disease. In most cases
the progression of PSC towards liver cirrhosis and liver
failure is slow but irreversible, and liver transplantation is
currently the only definitive treatment. In recent years,
PSC has been an area of active research worldwide with
great interest in etiology, pathogenesis, diagnosis, and
therapeutic options such as hydrophilic ursodeoxycholic acid
and immunosuppressive agent tacrolimus. Recent updates
on clinical and therapeutic aspects of PSC are discussed in
the present review.
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INTRODUCTION

Primary sclerosing cholangitis (PSC), first described by a French
author Delbet in 1924[1], is a chronic cholestatic syndrome
characterized by diffuse inflammation and fibrosis of both intra-
and extra-hepatic bile ducts[2]. The mean age at diagnosis is
40 years and men are affected about two times more than women[3].
The natural history of the disease is variable from patient to
patient although in most cases the progression towards liver
failure is slow but irreversible. In the end stages, PSC results in
biliary cirrhosis, portal hypertension, and is associated with
bile duct carcinoma with a high frequency (8%). Currently, PSC
is the fifth most common indication for liver transplantation in
the USA, but in the Nordic countries, PSC is the most important
indication for orthotopic liver transplantation (OLT). With a

still unknown etiology, establishing the correct therapy for
PSC is difficult. Unlike primary biliary cirrhosis (the other most
common chronic cholestatic disease in the adult), PSC lacks a
definitive medical therapy. The ultimate goal of the therapy should
be symptom improvement and longer survival. Promising
regimens are high doses of ursodeoxycholic acid (UDCA) alone
or in combination with other drugs, and tacrolimus (FK506).
Presently, liver transplantation is the only definitive treatment.
      The present review will address recent aspects of PSC and
focus on pathogenesis, diagnosis and treatment.

EPIDEMIOLOGY, ETIOLOGY AND PATHOGENESIS

The prevalence of PSC is currently unknown. About 75% are
associated with inflammatory bowel disease (IBD), especially
ulcerative colitis (UC) (87% of associations with IBD). Given the
prevalence of UC in USA between 40 and 225 per 100 000, and
knowing that about 2.5-7.5% of patients with this disease suffer
from PSC[4,5], the prevalence in USA has been estimated as 1-6
cases per 100 000 persons. However, this data is likely to
underestimate the true prevalence of PSC, since 20-30% of cases
of PSC are not associated with IBD[6]. Males are two times more
affected than females, and the average age of clinical onset of
PSC is 39-40 years, but the range can be between 1 and 90 years[7].
Although PSC is most likely a multifactorial disease, the exact
etiology remains unknown so far. Among the many pathogenic
theories formulated, the most important are discussed below.

Genetic predisposition
There is evidence about the familial occurrence of PSC and
many studies have focused on the relationship between PSC
and the human major histocompatibility complex HLA. Findings
suggest a genetic background for PSC predisposition. HLA
type II haplotypes B8 or DR3 are most commonly associated
with PSC (60% and 56%, respectively)[8-10], suggesting a central
role of  DR3- locus. DRw52a is also very frequently associated
(52-100% of patients)[11,12]. DR2 is associated with a younger
onset of the disease[9] while DR4 seems to be an important
marker of more rapid disease progression[13]. For HLA type I
haplotypes, the association involves A1 and Cw7 genes.

Immunological causes
This seems to be the most attractive hypothesis for PSC. The
strong association of PSC with a series of autoimmune diseases
underscores the role of immunological alterations in the
pathophysiology of the disease (Table 1). Moreover, specific
autoantibodies can be found in patients with PSC, i.e.,
antineutrophil cytoplasmatic antibodies (p-ANCA)[14],
anticolon antibodies[15], antineutrophil nuclear antibodies[16]

with a high frequency, while anti-mitochondrial auto-antibodies
(AMA), anti-nuclear auto-antibodies (ANA), anti-smooth
muscle auto-antibodies (ASMA) with a lower frequency[17].
Circulating immune complexes are found in as many as 80% of
patients[18]. Other immunological abnormalities may include
hypergammaglobulinemia (30%), high serum IgM (50%)[14],
decreased circulating T cells, increased ratio of CD4:CD8[19],
decreased C3

[20]. At histology, it is possible to find lymphocytic



bile duct destruction[21] and an increase of class II major
histocompatibility complex (MHC II) on biliary epithelial cells[22].
However, the exact role of immune system alterations (primary
or secondary involvement?) in the development, behaviour
and progression of the disease is still not completely understood.

Bacterial-toxic damage
This theory is based on the frequent association of PSC with
IBD, especially UC[23]. The combined activity of detergent bile
acid with bacteria in a diseased colon may result in an increased
mucosal permeability. The presence of bacteria[23] and/or their
toxins, and the increased concentration of potentially toxic bile
acids in the portal vein[6] may cause Kupffer cell activation to
produce tumor necrosis factor (TNF)[24]. Overproduction of
TNF may ultimately result in bile duct inflammation and
hepatobiliary lesions leading to portal fibrosis and PSC. It is a
fact, however, that an accurate study employing liver histology
in PSC patients found only a mild or absent portal phlebitis, as
a marker of portal vein bacteraemia[21]. The development of
PSC, moreover, is not related to the severity of IBD. PSC may
be diagnosed years before the onset of colitis or years after
total colectomy, and this finding suggests that bacteremia alone
may not be the sole determinant in the pathogenesis of PSC[25].

Viral infection
Several viruses including CMV and retrovirus type III have
been implicated in the pathogenesis of PSC. This theory is less
attractive, since investigators have only shown induction of
secondary cholangitis and biliary atresia but not PSC[21].

Smoking behaviour
In a controlled study, we found that the frequency of PSC and
UC was markedly increased in non-smoking patients[26],
suggesting that smoking is associated with a decreased risk of
PSC. Nicotine may be the active agent responsible for the
negative correlation between smoking and disease risk. Indeed,
the addition of transdermal nicotine to conventional
maintenance therapy could improve symptoms in patients with
ulcerative colitis[27]. In another study, however, we found that
transdermal nicotine did not have a clear short-term beneficial effect
on PSC[28]. Thus, further studies are needed to clarify this issue.

Biliary arteriolar injury
The rationale for this theory is that all conditions that can alter
the peribiliary vascular plexus may cause ischemic damage and
biliary tract necrosis and potential evolution to PSC. Such
conditions include liver transplantation, chronic rejection, or
diseases characterized by a high frequency of thrombosis[29,30].
Vascular injury, however, was absent at histology in the liver
of PSC patients undergoing liver transplantation[31]. Although
suggestive, this theory has been abandoned so far.

DIAGNOSIS

Diagnosis of PSC may be difficult, especially at early stages,
since patients are asymptomatic or poorly symptomatic.
Diagnostic steps must include clinical assessment, laboratory
tests, imaging, and histology. The ultimate diagnosis of PSC
requires that all secondary causes of cholangitis are ruled out,
namely bacterial infections (chronic and acute, secondary to
surgery or to acquired immunodeficiency syndromes),
abnormalities of the biliary tree, ischemic bile duct damage
(secondary to floxuridine treatment), and neoplasms[6].

Clinical assessment
At an early stage, PSC is frequently asymptomatic. Symptoms

appear with the progression of the disease and include pruritus,
jaundice, fatigue, weight loss, and steatorrhoea. Fever, pain in
the right upper quadrant of the abdomen, night sweating, and
chills are present in 10-15% of patients at the time of the
diagnosis[6]. In children the onset may be characterized by
anorexia, nausea, fatigue, and weight loss[7]. The physical
examination is usually negative in early stages. If positive, it
may disclose hepatomegaly (55%), intermittent jaundice (45%),
splenomegaly (35%), skin hyper pigmentation (25%),
excoriations (21%), other signs such as xanthomas, ascites and
edema[32]. Progressive portal hypertension is characterized by
abundant ascites, variceal bleeding, and portal systemic
encephalopathy[33].

Laboratory tests
A cholestatic biochemical profile for six months or more is
frequently found in PSC patients, but findings are not specific[32].
Alkaline phosphatase (AP) can be normal[34] or up to 3 or 4 times
normal[2,35]. A mild-to-moderate elevation in alanine
aminotransferase (ALT) and aspartate aminotransferase (AST)
is usually present. Bilirubin fluctuates but is elevated, albumin
can be normal or decreased, partial thromboplastin time (PTT)
can be normal or increased. This picture may be different in
children: Feldstein et al[36] found an increased AST - ALT level
and an increased GT level respectively in 90% and 94% of
cases at the time of the diagnosis of PSC. Although AP was
increased in 75% of patients, there was a high variability due to
faster bone turnover during growth. These findings suggest
that GT is the most sensitive test for the diagnosis of PSC in
children. Eosinophilia can be found in 5% of patients[37]. Some
immunological tests may help in the diagnosis of PSC. Hyper-
-globulinemia is found in 30% of patients, an increase of IgM
in 40-50%[37,38], ANA in 6%, ASMA in 11%, and AMA in 5% of
patients[37]. In children, hyper--globulinemia was found in 66%
of patients, an increase of IgM in 23%, an increase of IgG in
70%, ANA and ASMA in 69%, and ANCA in 72% of patients[36].

Imaging
This is the most important step for the diagnosis of PSC. At the
end of the 1970s, ERCP and percutaneous transhepatic
cholangiography (PTC) represented the gold standard for
the diagnosis of PSC (Figure 1). Nowadays, most reliable
techniques are magnetic resonance (MR) and MR-
cholangiopancreaticography (MRCP)[39]. Distinctive features
are a multifocal stricture and bead involving bile ducts[40,41],
which appear as normal or slightly dilated[42], and diffuse
strictures[42]. However, in the early stages, fine or deep ulcerations
of the common bile duct can be the only findings[6]. Gallbladder
and cystic ducts are involved in 15% of patients[43]. In small-
duct PSC, a PSC variant, cholangiographic features may be
silent, because affected bile ducts are too small to be seen by
radiology[6]. The finding of a polipoid mass into dilated ducts
may be predictive of cholangiocarcinoma and needs further
investigations including biopsy, brushing, needle aspiration
and evaluation of  serum and bile tumoral markers (CEA and
CA19.9)[44,45]. An important role of PSC diagnosis is the emerging
of MRCP (Figure 2)[46,47]. Weber et al[47] recently compared
MRCP with ERCP in 55 patients with suspected PSC.
Morphologic criteria of PSC were documented with ERCP as
the gold standard, and sensitivity, specificity and diagnostic
accuracy were calculated. Of the 55 patients with PSC at ERCP,
40 were positive for MRCP imaging and 37 for liver biopsy. The
authors concluded that MRCP could be a reliable non-invasive
imaging method for the diagnosis and follow up of PSC. Nowadays,
MR imaging can be a useful tool to establish the diagnosis of
advanced PSC leading to cirrhosis, in the presence of large
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regenerative nodules. In another recent study[39], 52 patients
with PSC underwent MR imaging, 87% of PSC patients had
classic findings of liver cirrhosis, but with different patterns and
there was a high variability among the patients. The common
findings were hypertrophy of the caudate lobe (58-63%), large
regenerative nodules (54%) localized in the central part of liver
in about two-third of the cases, biliary ductal dilatation (80%),
peripheral bile duct dilatation due to compression of central
ducts by central regenerative nodules (29%), peripheral wedge-
shaped areas of parenchymal atrophy (50% of patients with
cirrhosis patterns) and fibrosis. The authors, however, did not
evaluate the sensivity and specificity of MR imaging in PSC,
thus more studies are needed in this field.

Figure 1  Cholangiographic pictures of enlarged bile ducts in
a PSC patient. On the left picture of ERCP, and on the right
picture of PTC, multifocal stricturing and slightly dilated bile
ducts are visible in both pictures.

Ultrasonography
We reported for the first time that fasting gallbladder volume
was greatly enlarged in PSC patients. The enlargement could

be noteworthy (i.e., >100 mL) and in one case a volume of 324 mL
was found without cystic duct obstruction[48]. Nevertheless,
postprandial gallbladder contraction was preserved and
comparable to normal. Thus, when associated with altered
biochemistry, the finding of an increased fasting gallbladder
volume at ultrasonography (i.e., >50 mL) could be a useful,
non-invasive, and easy to perform screening test in patients
suspected of having PSC. However, the sensitivity of this test
is low in early stages, and a normal gallbladder volume does
not rule out the diagnosis of PSC.

Figure 2  MRCP pictures of a PSC patient. Wall irregularities
(see arrows) are visible in undilated bile ducts. The gallblad-
der (GB) is enlarged.

Histology
Histological findings are not specific for PSC and false negatives
are frequent (5-10%) because in the early stages the disease is
focal[49]. Extra-hepatic and large intra-hepatic bile ducts are
characterized by necrosis of epithelial cells, a thickened fibrous
wall with inflammatory infiltrates that tend to cluster around
biliary glands (Figure 3)[42,50]. Intra-hepatic bile ducts are

Figure 3  Histological appearance of the common bile duct (A) and a large intralobular bile duct (B) in PSC  (Cross section of liver,
4× and 40× magnification, Masson Stain).

Figure 4  Histological appearance of a small bile duct with inflammatory cells (A) and a small intra-hepatic bile duct with
concentric rings of fibrosis (B) in PSC (40× magnification, H&E).

A B

A B

GB



characterized by necrosis of epithelial cells, bile duct
proliferation, ductopenia in some tracts, edema in some others,
fibrous cholangitis with features in portal triads of concentric
fibrosis around bile ducts (Figure 4)[50,51]. In advanced stages,
bile ducts become a solid fibrous cord, which is a distinctive
feature of PSC. There is also a typical reactive hyperplasia
of intramural glands of the extra hepatic bile ducts while
dysplasia is rare[52]. Hepatic parenchyma shows some
changes, which are common to primary biliary cirrhosis and
not specific but important for staging and prognosis.
Histological features can be classified in four stages. In the
first stage, inflammation is focal and limited to portal triads.
In the second stage, lesions are more widespread, infiltrates
and fibrosis are more predominant, and bile ducts are
enlarged. In the third stage, portal to portal fibrous septa are
commonly found, while stage four is a typical and nonspecific
picture of cirrhosis[6].

NATURAL HISTORY

Since PSC progression can be silent for years, its detection
may result from abnormal liver function tests and histological
features[53]. However, an earlier diagnosis means prolonged
survival since therapy might interfere with the natural history
of the disease. The mean survival from the time of diagnosis
has been reported to be 9-11 years[54] and 17 years[55]. In children,
the mean survival without therapy is 12.7 years but it is shorter
with overlapping autoimmune hepatitis (AIH)[36]. The most
common complications in PSC include osteoporosis (related to
the osteoblast inhibitors found in serum of patients with
cholestasis)[56], portal hypertension and liver  failure,
cholestasis, cholelitiasis and choledocholithiasis (in 30% of
patients, probably related to chronic cholestasis)[57], deficiency
in vitamins A, B, C, D (50% vitamin A deficiency), ascites,
bleeding from esophageal varices, spontaneous bacterial
peritonitis, portal encephalopathy, bleeding from peristomal
varices (after proctocolectomy and ileal stoma), bacterial
cholangitis (spontaneous or secondary to ERCP or biliary surgery).
The presence of dominant strictures of the biliary tract (15-20%
of patients) may result in jaundice, pruritus, fever[58-60], and
cholangiocarcinoma (from 6% to 30%, specially in patients with
cirrhosis or with UC associated)[61]. All above-mentioned
complications may reduce survival.
      Predicting survival on the basis of clinical, biochemical, and
histological features is of great importance to monitoring
therapy and timing liver transplantation. Thus, many prognostic
models and risk score models have been constructed, including
the Child-Pugh score[62], the Mayo Clinic survival model[63]

and the Kaplan-Meier survival curve, which have been
corrected and integrated with ERCP findings[64]. Results,
however, are not always related to the true evolution of the
disease. PSC is most commonly associated with IBD. The
prevalence of IBD in PSC patients is 54-100% (90% UC, 10%
Crohn’s disease) and in most of the cases PSC follows IBD
(94% of patients have IBD at the time of diagnosis), but the
correlation is lacking between liver and colon damage[35]. In
the adult population AIH appears to coexist with PSC as an
overlap syndrome[65,66] in 7.1-10.6% of cases, the prevalence
in children averages 35%[67]. Usually patients with mixed
findings of the two diseases have predominant manifestations
of AIH and their histological assessment may show only
features of periportal hepatitis. The prognosis of this
association is unknown, but since there is no gain with
corticosteroids, it is likely that the PSC component dictates
the clinical course of the illness. PSC has been found to be
associated with a large number of other syndromes. As

previously mentioned, the high frequency of association with
autoimmune diseases indeed supports the autoimmune
pathogenesis theory (Table 1).

Table 1  Diseases most commonly associated with PSC

Celiac disease

Rheumatoid arthritis

Thyroiditis

Sjogren’s syndrome

Lupus erythematosus

Lupic nephritis

Chronic pancreatitis

Retroperitoneal fibrosis

Systemic sclerosis

Peyronie’s disease

Autoimmune hemolytic anemia

Immune thrombocytopenic purpura

Membranous nephropathy

Histiocytosis X

Cystic fibrosis

Angioblastic lymphadenopathy

Intra-abdominal adenopathy

Vasculitis

Pseudotumor of the orbit

Gallbladder disease

THERAPY

Since the etiology and pathogenesis of PSC are still unknown,
therapy is difficult and remains mostly endoscopic. Although
several medications have been evaluated alone or in
combination, liver transplantation stands as the definitive
therapy for PSC.

Ursodeoxycholic acid (UDCA)
UDCA is the dihydroxy bile acid produced in a small amount by
colon microflora from dehydroxylation of the primary bile salt
chenodeoxycholic acid. UDCA is found in human bile as 4-5%
of the total bile acid pool. Because of its chemical structure,
UDCA is more hydrophilic (i.e., less detergent and less cytotoxic)
than other primary and secondary bile acids. Orally, the
absorption of UDCA is between 30% and 60%, mainly in the
small intestine (80%) and less in the colon[68]. Advanced
cholestasis may diminish the oral  bioavailability of UDCA[69].
Hepatocytes are able to pick up UDCA from the portal vein via
specific transporters (NTCP and OATP)[70] and after that, UDCA
is conjugated to glycine and taurine[71]. From the liver, UDCA
is secreted in bile ducts via another transporter protein, the
bile salt export pump (BSEP)[70]. The first pass hepatic
metabolism is 70%, so its blood level in systemic circulation is
very low[72] and peak levels in bile are found 1-3 h after
administration. The half-life of UDCA is 3.5-5.8 d[73], and UDCA
is mainly eliminated by faeces. In cholestatic diseases, however,
renal secretion of UDCA may increase. UDCA is responsible
for a number of effects in the body (Table 2). These effects
include decreased serum and biliary cholesterol levels, increased
conversion of cholesterol to bile acids, decreased ileal
absorption of endogenous bile acids[74-76], increased total serum
bile acid pool[77,78], improvement of bile acid hepatic excretory
rates and transit time[79]. In experimental animals, UDCA induces
hypercholeresis, i.e., a greater than expected choleresis[80] via
the so-called “cholehepatic shunt” process[81]. When protonated,
in fact, UDCA is more lipophilic and can be rapidly reabsorbed
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from the bile ductules into the peribiliary plexuses. In this way,
it comes back directly to the liver and can be re-secreted.
Additional effects of UDCA include reduction of T-cells that
mediate hepatocellular damage[82,83], cell damage induced by
decreased hydrophobic bile acid[84-86], and inhibition of
neoplasm proliferation[87-89]. Regimens of UDCA used in PSC
are depicted in Table 3 and include UDCA alone (at low or high
doses) or in combination with other medications. Though
UDCA is still widely used in PSC patients, there is no definitive
data regarding the impact of this drug on survival or time to
OLT.

UDCA alone
Several trials used UDCA at low doses (8-15 mg/kg b.w. daily)
and showed a relevant improvement in liver biochemistry but
not in histology, symptoms and survival[90-92]. One Dutch
multicenter randomized study[93] compared a single dose with
multiple doses (t.i.d. at meal time) for 2 years in 48 PSC patients.

For both groups the total administered doses were 10-12 mg/kg
b.w. daily. During the 2-year observation period, symptom and
AP, GT and AST decreased significantly while bilirubin and
histology did not deteriorate in both groups. No difference
existed between single and multiple doses of UDCA. As biliary
enrichment of UDCA is expected to be lower in cholestasis, use
of high doses of UDCA in PSC has a rationale. Mitchell et al[94]

compared UDCA (20 mg/kg·d) (n = 13) with placebo (n = 13),
and found that UDCA in total bile acid pool increased from 3%
to more than 70% in the UDCA group. Although there was no
difference between the two groups with respect to symptoms
like malaise and fatigue, pruritus and jaundice were more
frequent in the control group. The UDCA group had
improvement in serum levels of AP and GT (no effect on
bilirubin and albumin levels), while there was a minor decrease
of the scores of portal inflammation. ERCP showed no
progression of the disease. The authors concluded that high
dose regime of UDCA might be effective in the therapy of PSC

Table 2  Targets, mechanisms and effects of UDCA therapy

Target      Mechanisms                     Effects             References

Cholesterol Intestinal absorption ↓ Biliary cholesterol decreased by 40-60%         [118]

Conversion to bile acids ↑ Serum LDL and HDL cholesterol decreased

Bile acid pool Ileal absorption of endogenous Serum UDCA increased by 10-64%

hydrophobic bile acids ↓ Total bile acids ↑ Hydrophobic bile acids ↓         [74-77,119,120]

Unchanged hydrophilic bile acid pool         [121,122]

Exocytocis and canalicular transport ↑

Bile flow (due to ↑ cytoplasmatic free Ca2+)

Modulation of membrane transport proteins Excretory rates and bile acids transit time ↑         [123-125]

Hypercholeresis         [80]

Gallbladder Modulation of smooth muscle contractility Fasting gallbladder volume ↑         [126-128]

(CCK receptor + cholinergic nerves) Postprandial gallbladder emptying 

Gallbladder bile Biliary total proteins ↓ Crystallization-promoting activity ↓         [129,130]

Concanavalin A-binding fraction ↓ Inhibition of cholesterol crystallization

Immune system Expression of MHC class I and II ↓ Immunomodulatory effect         [82,83]

T-cell hepatocellular damage ↓

Cells Hydrophobic bile acid induced cell damage ↓ Cytoprotection (e.g., liver damage ↓)         [85,86]

Apoptosis or necrosis ↓

Neoplasms Unknown (decreased fecal hydrophobic Chemo protection (neoplasm proliferation ↓)         [87,89,131]

deoxycholate, lithocholate)

↓, decreased; ↑, increased; , unchanged; MHC, major histocompatibility complex.

Table 3  Regimens and effects of UDCA for PSC therapy

Regimen Assessment Outcome      References

8-13 mg/(kg·d) Liver biochemistry Improved [92]

Low doses Histology, symptoms, survival Ineffective

(single administration) 13-15 mg/(kg·d) Liver biochemistry Improved [90]

Histology, symptoms, survival Ineffective

Low doses 10-12 mg/(kg·d) t.i.d. Liver biochemistry Improved [93]

(multiple administration)1 Histology, symptoms No progression

20 mg/(kg·d) Liver biochemistry Improved

Histology Improved [94]

High doses ERCP No progression

25-30 mg/(kg·d) Liver biochemistry Improved

Mayo risk score and survival Improved [95]

at 4 yr

UDCA 650 mg/d + Liver biochemistry Improved

Combination azathioprine 1-1.5 mg/(kg·d) + Histology Improved [96]

prednisolone 1-10 mg/(kg·d) ERCP Improved

1 Comparable effects for multiple vs single administration.
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but the heterogeneous stages of patients at the starting point
of the study did not allow drawing definitive conclusions.
Another study[95] employed UDCA 25-30 mg/(kg·d) in 23 patients
(77% with UC), 38% of  the patients showed more than 50%
improvement of AP compared to baseline, bilirubin was improved
by 44% in the 11 patients with prior hyperbilirubinemia, and
AST and albumin were improved in 59% of the patients. The
Mayo risk score also improved together with the 4-year survival.
Taken together, these studies have shown that high doses of
UDCA have a positive outcome not only in liver biochemistry,
but also in survival of PSC patients. The results of a controlled
trial with a high dose of UDCA for PSC are awaited from the
Mayo Clinic group.

UDCA in combination
UDCA has been employed in combination with prednisolone
and azathioprine[96]. The triple regimen comprised a daily dose
of UDCA 650 mg plus prednisolone (from a starting dose of
1 mg/kg b.w. to a final dose of 5-10 mg/kg b.w.) and azathioprine
1-1.5 mg/kg b.w. In the 15 patients followed up for 41 mo, there
was a rapid and relevant decrease of liver enzyme levels and
also AP and AST (56% decrease), ALT (65% decrease), and
bilirubin (27% decrease). ERCP and liver histology were also
improved and only 1 patient developed dominant strictures as
a complication of the disease. These promising results need to
be confirmed by larger and controlled studies.

D-penicillamine
Because of increased copper deposits in PSC liver, the Mayo
Clinic group evaluated the effect of D-penicillamine on 70 patients
for 36 mo. There was no beneficial effect on disease progression[97].
The onset of important side effects (e.g., proteinuria) was a
reason to abandon this treatment.

Corticosteroids and other immunosuppressants
Based on the hypothesis that PSC has an immunologic cause,
corticosteroids and other immunosuppressants were used for
PSC. Oral corticosteroids yielded an initial improvement in the
biochemical profile. However, lack of evidence for the long
term benefit as well as bone demineralization, is an argument
against the use of this regimen[98]. Whereas tacrolimus (FK506)
resulted in a significant improvement of liver biochemistry in
10 PSC patients after 1 year of treatment[99]. In another study,
methotrexate was ineffective[6]. Other medications such as
azathioprine, cyclosporine, tested in association with
corticosteroids and UDCA, have never been evaluated alone
in the therapy of PSC[61].

Other drugs for chronic cholestasis
Pruritus in PSC can be common and often disabling. As far as
bile flow is preserved, a suitable approach is sequestering
luminal bile salts. Cholestyramine, the chloride salt of a non-
absorbed basic anion-exchange resin is effective at an oral
dose of 4 g t.i.d.[100]. In patients who do not tolerate cholestyramine,
an alternative is the ammonium resin cholestipol hydrochloride.
Due to their affinity to di-hydroxy bile salts, these resins must
be taken apart from UDCA. In patients not responding to resins,
rifampine 150 mg b.i.d. can be effective as well as phenobarbital
(60-100 mg at bedtime), anti-histamines, naloxone and naltrexone[61].
There is no proven therapy for osteoporosis in PSC, options might
include drugs such as 25-hydroxyvitamin D plus calcium[100],
calcitonin, and biphosphonates. Studies performed with
biphosphonates like etidronate in PBC[101,102] suggested that
these drugs could be valuable in PSC, too. When chronic jaundice
develops, it is necessary to monitor fat-soluble vitamin levels
in order to treat deficiencies with supplements. Antibiotics

usually manage bacterial cholangitis with a high penetration
rate in biliary tract like cyprofloxacine. Alternative drugs are
amoxycillin and trimethoprim-sulfametoxazole[61].

Endoscopic treatment
Therapeutic ERCP may be effective in PSC patients with
symptomatic dominant strictures (i.e., discrete areas of narrowing
within the extrahepatic biliary tree), gallstones or debris[103-106].
Other studies found that PSC patients undergoing endoscopic
treatment had an increased survival, which was much higher
than that predicted from survival models[103,107]. Endoscopic
treatment may prevent biliary obstruction, which seems to be
the main cause of cirrhosis in these patients. Methods include
catheter or balloon dilatation (Figure 5), temporary stent
placement, and nasobiliary drainage with or without lavage.
Endoscopic treatment is considered to be a valuable option in
addition to medical treatment[2,106].

Figure 5  Sequence of balloon dilatation during ERCP treat-
ment in a PSC patient with prior multiple bile duct strictures.

Liver transplantation
Orthotopic liver transplantation (OLT) is an effective therapy
for PSC and the only life-saving option for the end-stage disease
(>85% survival at 3 years)[108-110]. In patients with PSC and UC
undergoing OLT, intestinal symptoms subside or remain
quiescent in the post transplantation period[111]. Following OLT,
however, PSC tends to recur in 15-30% of patients, and there is
also a high recurrence rate of biliary strictures, chronic rejection,
and reflux cholangitis[112]. Unfortunately, use of immunosuppr-
essants such as orthoclone or corticosteroids could not improve
survival and recurrence of the disease[112]. Indications for OLT
are well accepted and have been recently reviewed. Each patient
should be assessed individually keeping in mind that important
factors for OLT are both difficult prediction of disease course
and the overall increased risk of hepatobiliary malignancies
(i.e., cholangiocarcinoma and hepatocellular carcinoma).
Indications related to the end-stage disease include jaundice,
which cannot be alleviated endoscopically or with medical
therapy, cirrhosis with reduced liver function, variceal bleeding,
portal gastropathy, intractable ascites, hepatic encephalopathy,
severe recurrent bacterial cholangitis, progressive muscle
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wasting, disabling fatigue, and suspected hepatocellular
carcinoma or cholangiocarcinoma[7,61,113,114].

Proctocolectomy
In theory this procedure could improve the natural history of
PSC. Two studies, however, found no effect on symptoms,
biochemical, radiological, histological features of PSC and
survival after proctocolectomy[54,115]. This surgical approach,
however, should be always performed in case of intractable
IBD, colonic dysplasia, and colonic cancer.

Biliary surgery
This approach should be avoided because of the risk of
complicating cholangitis[116] and because previous surgery is a
contraindication for liver transplantation[117].

CONCLUSIONS

PSC is a disease of unknown cause implying progressive
fibrosis and ultimately disappearance of intra- and/or extra
hepatic ducts. Although PSC is not a common disease, it
represents a diagnostic and therapeutic challenge for the
physicians and ultimately involves several body regions. The
disease is poorly symptomatic in most cases and cholestatic
profile appears only at a later stage, in particular when a
dominant stenosis develops. Moreover, signs and symptoms
are not specific and overlap with other biliary diseases, while
laboratory findings are poorly diagnostic since all liver enzymes
can be normal or only slightly increased. Indeed, AP levels in
adults and GT levels in children are the most sensitive tests
when PSC is suspected. Immunological tests, on the other hand,
can be misleading since hyper--globulinemia and increased
IgM levels are found only in less than half of the patients with
different types of autoantibodies and a low frequency of
occurrence. Whereas both ERCP and PTC are the only useful
tools for diagnosing PSC, they become diagnostic only in
advanced PSC. In the future, as the sensitivity and specificity
raise, less invasive tools such as MRCP and MR will need to be
included in the diagnostic workup for PSC. Lastly, liver histology
is useful for PSC diagnosis but a high number of false negatives
are possible at earlier stages, due to the focal distribution of
lesions. There is no established therapy for PSC but some drugs
may relieve symptoms and prolong survival. Such drugs include
high doses of UDCA, alone or standard doses of UDCA in
combination with azathioprine and prednisolone. Tacrolimus
shows promising results, although longer trials are needed to
show an ultimate effect on the progression of the disease.
Waiting for more effective medical treatments, liver transplant
is the only definitive therapy for PSC, although 15-30% of
transplanted patients would have PSC recurrence.
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