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PRIMARY SCLEROSING CHOLANGITIS 

Primary sclerosing cholangitis is a chronic cholestatic liver disease of 
- unknown cause that is characterized by fibrosing inflammation of both the 

intrahepatic and extrahepatic bile ducts with ongoing inflammation, 
destruction and fibrosis.1-4 

This chronic inflammation frequently results in bile duct obliteration and 
irregular narrowing until the small intrahepatic ducts disappear. It usually 
develops into biliary cirrhosis, liver failure, and sometimes 
cholangiocarcinoma. Focal bile duct dilation proximal to areas of stricture 
produces the characteristic beaded appearance on cholangiography.5,6 The 
disease progresses silently, but relentlessly, and although only about 1% as 
common alcoholic liver disease,7,8 it is the fourth leading indication for liver 
transplantation in adults in the United States. 9 

Although the first descriptions of primary sclerosing cholangitis are credited 
to Hoffman10 in 1867, and Deldettll in 1924, the disease remained a medical 
rarity for a number of years. The advent of endoscopic cholangiography 
(ERCP) in the 1970's, however, enabled the diagnosis to be made in an ever 
increasing number of patients. This led to the publication in 1980 of two large 
reviews of primary sclerosing cholangitis from the Mayo Clinic1 in the Royal 
Free Hospital.2 Both of these studies retrospectively described for the first 
time and a large number of patients, the clinical, histological and radiological 
features characteristic of primary sclerosing cholangitis. ERCP, in addition, 
revolutionized the diagnostic criteria for primary sclerosing cholangitis. In 
the past, laparotomy was considered to be mandatory for the diagnosis; today 
the diagnosis of primary sclerosing cholangitis is based almost entirely on 
cholangiographic findings. Since the 1980's progress and understanding of 
all aspects of primary sclerosing cholangitis has been remarkable. 

EPIDEMIOLOGY 

Before the introduction of ERCP, the true prevalence of primary sclerosing 
cholangitis and its association with inflammatory bowel disease were not fully 
appreciated. Since the 1980's, a number of large series have been reported in 
both Europe and the United States1-2, 12-17 including a large multi-center 
study of 436 patients with primary sclerosing cholangitis.l2 Sixty-eight 
percent of patients with primary sclerosing cholangitis are male, and median 
age of diagnosis is 42 years.12 Of the approximately 70% of patients with 
primary sclerosing cholangitis who have inflammatory bowel disease, the 
majority will have ulcerative colitis and, less commonly, Crohn's disease. In a 
large study from Sweden16 primary sclerosing cholangitis was diagnosed in 
4% of the patients with ulcerative colitis and the prevalence of the disease was 
5.5% in patients with substantial pan-colitis but only 0.5% in patients with 



distal colitis. Additional studies of large populations of patients with ulcerative 
colitis15,19-21 have identified significant liver function tests abnormalities in 
3-14%. Subsequent evaluation of these patients, in part, by cholangiography 
has established a prevalence of primary sclerosing cholangitis in chronic 
ulcerative colitis to be between 2.4 and 4%. Other causes of abnormal liver 
tests and inflammatory bowel disease are included in Table 1. 

Table I 

liver Manifestations of Inflammatory Bowel Disease 

Hepatic 

Fatty liver 
Autoimmune hepatitis 
Granulomatous hepatitis 
Drug-induced hepatic toxicity 
Cirrhosis 
Amyloidosis 
Hepatic vein thrombosis 
Polygenic liver abscess 

Biliary 

Choledocholithiasis 
Cholangiocarcinoma 
Pericholangitis (small duct PSC) 
Primary Sclerosing Cholangitis 

The true frequency of primary sclerosing cholangitis in patients with 
ulcerative colitis is likely higher. Some patients who may have primary 
sclerosing cholangitis may not undergo cholangiography because they are 
asymptomatic. In addition, primary sclerosing cholangitis has been reported 
in patients with normal or low serum alkaline phosphatase activity.22 In most 
patients with primary sclerosing cholangitis the associated inflammatory 
bowel disease occurs prior to the diagnosis of primary sclerosing cholangitis, 
however, it can be seen concurrently or delayed onset of colitis may be seen 
up to 7 years after the diagnosis of primary sclerosing cholangitis. 4-7 • 9 The 
prevalence of ulcerative colitis in the United States is estimated to range from 
40-225 in 100,000.21,23 Therefore, on the basis of this figure the prevalence of 
primary sclerosing cholangitis would be approximately 1-6 cases per 100,000. 
Although the prevalence of primary sclerosing cholangitis in Crohn's disease 
has not been as thoroughly examined as it has with ulcerative colitis, it was 
noted to be 1.2% in the large Cape Town series of patients.21 

PATHOGENESIS AND ETIOLOGY 

The cause of primary sclerosing cholangitis is unknown. Any proposed 
etiological factors should explain the close association with ulcerative colitis. 
A variety of etiologic mechanisms have been proposed. Evidence of an 
autoimmune pathogenesis has gained considerable support. 

Non-immune Factors 
The close association between primary sclerosing cholangitis and ulcerative 
colitis has lead to a number of hypotheses that chronic portal bacteremia with 
subsequent inflammation, and fibrosis as a cause for primary sclerosing 
cholangitis24,25 Subsequent research, however, did not confirm this 

2 



observation. This evidence included an inability to find a significant 
incidence of portal vein bacteremia in patients undergoing colectomy for 
uncontrolled colitis.24 Hepatic histologic analysis revealed that portal 
phlebitis, which is the hallmark of portal vein bacteremia, was mild or absent 
in most patients with primary sclerosing cholangitis.26-28 Others have 
suggested that primary sclerosing cholangitis is the result of bacterial 
products or toxic bile acids generated by the gut flora entering the portal 
system across the inflamed colonic mucosa could inflict damage to the biliary 
tree such as seen in primary sclerosing cholangitis.29 Evidence for this has 
been suggested mainly by research on animals. lithocholic acid formed from 
chenodeoxycholic acid by bacterial hydroxylation in the colon is hepatotoxic 
in animals.30 However, no major abnormalities in the composition and 
concentration of bile acids have been found in the bile and portal blood of 
patients with either primary sclerosing cholangitis or chronic inflammatory 
bowel disease.30 In addition, lithocholic acid is rapidly rendered nontoxic in 
human tissue.31 

Research on animals also suggested potential bacterial products acting as toxic 
pro-inflammatory agents. A pro-inflammatory bacterial peptide synthesized 
by colonic bacteria in a rat model caused portal inflammation and neutrophilic 
cholangitis similar to the histopathologic lesions noted in the early stages of 
primary sclerosing cholangitis.32 This study also showed that in the 
experimentally-induced colitis, there was an 8 fold increase in biliary 
excretion of these pro-inflammatory bacterial peptides. Another study in with 
experimentally induced bacterial overgrowth in rats showed an association 
with hepatic inflammation similar to that observed in primary sclerosing 
cholangitis33 The injection of killed non-pathogenic E. coli into the portal 
veins of rabbits produced portal vein fibrosis and histologic changes 
resembling idiopathic portal hypertension and pericholangitis.34 
None of the animal studies showed evidence of large bile duct changes. 

There are a number of factors that argue against the enterohepatic toxins 
hypothesis as an etiology of primary sclerosing cholangitis. The severity of 
ulcerative colitis seems not to be related to the risk of primary sclerosing 
cholangitis developing because most patients with primary sclerosing 
cholangitis have mild or quiescent colitis.2,35-37 Primary sclerosing 
cholangitis may manifest before the onset of colitis and proctocolectomy has 
been shown to have no discernible effect on the progression and natural 
history of the liver disease in primary sclerosing cholangitis3 8 In addition, 
primary sclerosing cholangitis has been noted to develop after the colon has 
been surgically removed. 2, 19 Lastly, primary sclerosing cholangitis is 
diagnosed in a substantial number of patients, in up to 30%, who have no past 
or present clinical or histologic evidence of ulcerative colitis. These findings 
suggest that colonic disease associated with increased absorption of bacterial 
products or toxins may not be a major factor in the etiology of primary 
sclerosing cholangitis. The more appropriate view of the association between 
inflammatory bowel disease and primary sclerosing cholangitis is that they 
represent two variable organ responses to a common cause. 

Another toxin that has been postulated as a possible pathogen in primary 
sclerosing cholangitis is copper. Excess hepatic copper has been shown to 
accumulate in primary sclerosing cholangitis which has been postulated to be 
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toxic to hepatocytes.39 However, increased hepatic copper levels are found in 
all patients with chronic cholestasis regardless of cause. In one study 
prospective hepatic copper content was measured in primary sclerosing 
cholangitis patients. They found that hepatic copper content increased with 
increasing stage of disease and alkaline phosphatase activity.40 Hepatic 
copper content is known to be normal in early disease and accumulation in the 
liver is thought to be secondary to cholestasis rather than a primary 
phenomenon. Furthermore, in a controlled clinical trial, D-penicillamine 
therapy, which is known to be associated with decreasing hepatic copper 
levels, was not shown to have a beneficial effect on primary sclerosing 
cholangitis.41 Therefore, there is little evidence to support hepatic copper 
toxicity as a major factor in the pathogenesis of primary sclerosing 
cholangitis. 

Chronic infection of the biliary epithelial cells by viral agents has been 
postulated by some authors to possibly be involved in the pathogenesis of 
primary sclerosing cholangitis. Hepatitis A, B, C, and D have been essentially 
excluded as etiology factors in primary sclerosing cholangitis. 42 Certain 
viruses, most notably cytomegalovirus and reovirus type 3 have a predilection 
for biliary epithelium have been implicated in the production of biliary 
choledochitis in mice43 and biliary atresia in neonates. 44 Cytomegalovirus 
infection can cause interlobular bile duct damage and has been implicated in 
decreasing the number of interlobular bile ducts.45 Cholangitis caused by 
cytomegalovirus in patients with acquired immuno deficiency has a 
cholangiographic similarity to primary sclerosing cholangitis. 46 There are 
no data that suggest any relation of CMV cholangiopathy in immuno 
competent patients. Titers of antibodies to reovirus type 3 did not show an 
increased prevalence compared to normal adult controls in patients with 
primary sclerosing cholangitis47 and a sensitive polymerase chain reaction
assay analysis of liver tissue from patients with primary sclerosing 
cholangitis detected human cytomegalovirus DNA in only 1 of 37 patients.48 
Therefore, currently no conclusive evidence supports the hypothesis of 
primary sclerosing cholangitis being related to either of these viral 
infections. 

Ischemic arteriolar injuries has been postulated as a possible mechanism in 
primary sclerosing cholangitis. Direct injury to biliary arteriolar plexus can 
result in injury and necrosis of bile ducts. This has been most clearly 
demonstrated in patients who have received intra-arteriolar infusions of 
floxuridine which can produce diffuse thromboendarteritis of feeder vessels 
and lead to focal strictures in the extrahepatic and intrahepatic bile ducts that 
are indistinguishable from primary sclerosing cholangitis.49 In addition, 
similar features can be noted in patients with polyarteritis nodosa vasculitis 
and in those with known hepatic artery thrombosis associated with liver 
transplantation. However, thorough histologic analysis of these recipient bile 
duct's peribiliary arterioles and arteries in patients with primary sclerosing 
cholangitis undergoing liver transplantation has failed to reveal evidence of 
vascular injury. SO In addition, no pathologic data suggests that ischemic 
damage to bile ducts is a cause of primary sclerosing cholangitis. 
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Genetic Family Studies 
A few reports of familial occurrence of primary sclerosing cholangitis have 
occurred. Three families with two siblings in each family presented with 
primary sclerosing cholangitis, and five of these six patients had ulcerative 
colitis.51 In an Argentinean family, 4 siblings among 15 had primary 
sclerosing cholangitis.52 Primary sclerosing cholangitis was described in a 
mother and child. 53 In all of these case reports no information of the HLA 
types was given. 

Association of PSC wjth Human Leukocyte Anti2ens (HLA) 
Human leukocyte antigens (HLA) are antigens encoded by major 
histocompatibility complex (MHC) Class I and Class II genes. They are also 
known as histocompatibility or transplantation antigens. HLA Class I antigens 
are cell surface glycoproteins found on the surface of nearly all nucleated 
cells that are required for T cell cytotoxicity against virus infected cells. Class 
I are highly polymorphic. HLA Class II molecules are expressed on the 
surface in a restricted number of cell types, including cells involved in 
antigen presentation (including monocytes, macrophages, and Kupfer cells), B 
lymphocytes, and activated CD4+ T helper cells, and weakly on endothelial and 
epithelial cells. Class II molecules present peptides mainly derived from 
extracellular proteins from CD4+ T cells. 54 

T cells can only recognize antigen through the interaction of the antigen 
receptor on their cell surface (TCR) with the MHC-peptide complex. Therefore, 
Class I and Class II molecules play a role in restricting the repertoire of 
activated T cells in an individual. 55 In general, Class I molecules present 
antigens derived from intracellular proteins (self and nonself) to CD8+ T cells, 
which are mainly involved in cell-mediated cytotoxicity in virus-infected 
cells. Class II molecules present antigens derived from endocytosed 
extracellular proteins to CD4+ T cells, which may stimulate both B and T cell 
mediated immune responses. The specificity of a given T cell for an antigen 
resides with its TCR, which is derived from germ-line genes during 
intrathymic maturation. 56 The HLA molecule has the important function of 
selecting the T cells that are beneficial to the host by activation of only those T 
cells required for the generation of immune responses against foreign 
antigens. T cells that are reactive against self antigens presented by MHC 
molecules are potentially dangerous and are most likely deleted by a process of 
clonal deletion. 57-59 The HLA is one of the elements that determines the T cell 
repertoire. Clonal deletion is largely responsible for inserting tolerance to 
self antigens. Self-tolerance in the periphery to antigens not presented in the 
thymus may be maintained by way of clonal anergy. A co-signal is required 
for the interaction of the T cell receptor with peptide-MHC complex. An 
absence of a co-signal can render T cell unresponsiveness to subsequent 
challenge with the same complex resulting in clonal anergy.54 Therefore, an 
essential role of the MHC (HLA) peptide interaction in these processes may 
explain the apparent relationship between HLA and disease susceptibility. 

Normally, MHC Class II (HLA-DR, ~ DP) is exclusively expressed by antigen 
presenting cells such as B lymphocytes and macrophages. Normal biliary 
epithelial cells show MHC Class I (HLA-A, B, C) expression and not HLA Class II 
(HLA-DR) expression.60-61 Aberrant MHC Class II antigen expression on 
biliary epithelium has been found in both primary sclerosing cholangitis and 
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primary biliary cirrhosis patients, specifically, HIA-DR 60-64 This raises the 
possibility of HIA-DR expression in biliary epithelium as pathogenic in 
primary sclerosing cholangitis. However, it is unknown if HIA-DR expression 
is functional or not. It may enable these cells to present putative self or 
foreign antigens to CD4 T helper lymphocytes which may undergo activation 
acquiring immune response resulting in tissue damage. It should be noted 
that HIA-DR expression was also seen in biliary obstruction patients and 
therefore may be a secondary phenomenon. 61 

Interaction ofT lymphocytes and antigen presenting cells (APC) are mediated 
by a number of different molecules. 65 CD4 cells bind to constant regions of 
MHC Class II and CD8 cells to Class I products of APC. At least two other 
pathways are required for adhesion that are antigen independent. One 
involves binding of adhesive molecule lymphocyte function-associated 
antigens (LFA-1) on the T cell ligand intracellular adhesion molecule (ICAM-1) 
on the APC. The other involves binding of adhesive molecule CD2 on the T cell 
to its ligand LFA-3 on the APC. 65 The adhesion ofT cell to antigen presenting 
cell is depicted in Figure 1. 

ICAM-1. 2 

antigen
presenting 

cell 

T lymphocyte 

ICAM-1 expression on bile duct epithelium can only be demonstrated in 
cirrhotic primary sclerosing patients and its not found in early disease 
indicating it is unlikely involved in disease initiation. 62,66-68 However, LFA-1 
is expressed on large numbers of intrahepatic lymphocytes even in early 
disease and therefore may interact with some other adhesion molecule other 
than ICAM-1 in primary sclerosing cholangitis. 62 In addition, HIA-DR and 
ICAM-1 are not concomitantly expressed on biliary epithelial cells so possibly 
a different regulatory mechanism for each may be involved.62 Therefore, it is 
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unclear whether the increased expression of ICAM-1, LFA-1, or HLA-DR 
molecules in patients with primary sclerosing cholangitis is of primary 
significance or more likely a secondary phenomenon of ongoing 
inflammation. 

Initial studies on HLA type in primary sclerosis were based on serologic 
techniques comparing the frequencies of serologically defined HLA molecules 
in primary sclerosing cholangitis patients with those of controlled 
populations. However, a unique property of the HLA gene region is the 
presence of linkage dysequilibrium. That is, the genes for each particular 

· HLA molecule are not inherited independently, but a combination of genes 
are conserved and are called haplotypes.69 Therefore, the HLA molecule 
detected by serologic typing can be considered markers of haplotypes. HLA 
molecules A1, DB and DR3 are markers of a very conserved extended haplotype. 
Their presence in a group of patients cannot allow any conclusions as to 
which HLA gene or allele confers the primary disease susceptibility. However, 
more recently the use of genomic typing methods has allowed the mapping of 
specific HLA alleles encoding HLA molecules and this has been applied in 
studies of the HLA association in primary sclerosing cholangitis patients. By 
comparing the haplotypes, a common denominator can be looked for and the 
allele conferring the primary disease association may possibly be defined. 

A review of the serologic HLA studies done initially are as follows: Schrumpf, 
et al., 70 in 1982 reported HLA B8 was present in 800.16 of PSC with ulcerative 
colitis compared with 25% of controls. HLA-DR3 was found in 70% of patients 
with chronic PSC and ulcerative colitis vs. 19% controls. In 1983 Chapman et 
al.,71 in an English study found a 60% HLA B8 prevalence in PSC vs. 25% 
controls. In 1991, Donaldson, et al., 72 confirmed the above study in a large 
series of 81 patients with primary sclerosing cholangitis. The HLA-A1, B8, and 
DR3 haplotype was present in 40% vs. 12% controls. In addition, in DR3 
negative patients there was a significant secondary association with DR2 in 
69% of patents compared with 39% controls. In 1990, Prochezka, 73 showed a 
100% rate of HLA DR52a in 29 North American primary sclerosing cholangitis 
patients by serologic technique. However, subsequent genomic typing of PSC 
patients by other investigators did show an increased frequency of HLA DR52a, 
but not 100%. 

In genomic studies, Farrant,75 showed that the allele DRB3 *0101, which 
encodes DR52a, was the most strongly associated allele in 71 patients with PSC 
with the finding of 55% compared with 22% controls. Allele BRB1 *0301 was 
the second most common association. Haplotypes were assigned and a common 
denominator was the DRB1 allele. Therefore, the allele DRB1, which encodes 
haplotype DR52a, is a candidate for disease susceptibility. Poor prognostic 
clinical indices were noted in DRB3 allele and thus, DR52a haplotypes, 
suggesting possibly prognostic significance with this HLA gene. However, in 
another study, HLA typing on archival tissue from PSC patients found that 
HLA-DR4 and not HLA-DR52a was associated with a poor survival in 83 English 
patients.76 However, this finding cannot be confirmed in a more recent study 
in Swedish patients.77 The HIA association with primary sclerosing 
cholangitis is summarized in Table 2. 
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Table 2 

HLA Associations with Primary Sclerosim~ Cholan2itjs 

HlAB8 
HlADR3 
HlADR2 
HlADRS2a 

Allelic 

DRB3 (DRS2a) 
DRBl (DR3,DR6) 
DRBS (DR2) 

Therefore, all the above supports the contention of a genetic susceptibility to 
development of primary sclerosing cholangitis confirmed by HlA genes. In 
addition, the association with primary sclerosing cholangitis and HlA types 
strongly supports an immunopathologic etiology. Further studies of larger 
patient groups which genomic typing will be required to show conclusively 
which allele is the primary PSC susceptibility gene. Disease progression and 
prognostic indices may be linked to specific HlA alleles. 

Leukocytes in Circulation and liver Tissue 
A number of cellular immune abnormalities have been described in primary 
sclerosing cholangitis patients. Impaired in vitro migration of leukocytes was 
described from a protein fraction in gallbladder bile from patients with rsc.78 
A component of this protein fraction appeared to be associated with biliary 
epithelial cells, but has not been further identified. The observation of 
inhibited leukocyte migration has also been shown in PSC and chronic active 
hepatitis; therefore, it is not specific for primary sclerosing cholangitis. 

Infiltration of I lymphocytes from liver biopsy specimens in PSC have been 
documented consistent with findings of infiltration of I lymphocytes in other 
autoimmune diseases. Analysis of portal tract cell infiltrates in PSC patients 
undergoing liver transplantation show the majority ( 80%) of these cells be I 
lymphocytes. 79 CD4+ lymphocytes predominated whereas CD8+ lymphocytes 
tended to ac~umulate in areas of proliferating bile ducts. In addition, 
circulating I lymphocytes were decreased due to a decrease in CD8+ cells with 
a resultant increase in the CD4/CD8 cell ratio. Subsequently, several other 
studies have characterized I lymphocytes in liver tissue as well as in 
circulation in PSC patients. Three other studies confrrm the decrease in the 
total number of circulating I cells with a disproportionate decrease in the CD8+ 
cells. 79-81 In contrast, two other studies failed to show a difference in the 
total number of circulating I lymphocytes or the CD4/CD8 ratio when 
compared to controls.70,84 These studies also included immunohistochemical 
analysis of the periportal mononuclear cell infiltrates and confirmed an 
increased number of I lymphocytes compared with controls.62,79,81 The CD4 
subpopulation predominated with CD8 cells again found mainly in conjunction 
with biliary ductules.62,79 However, Snook, et al.,81 found no consistent 
pattern in the distribution of I cells. Although inconclusive, it appears that I 
cell abnormalities are present both on histology and in the circulation of 
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primary sclerosing cholangitis patients. However, they may be due to 
secondary phenomenon initiated during progression of disease. 

LYmphocyte Function 
As noted earlier (Figure 1), interaction between T lymphocytes and APC are 
mediated by a number of different molecules. In addition to CD4-CD8 and MHC 
Class IT-I molecules, other potential markers reflecting T cell activation would 
include: ICAM-1,2,IFA-3 and CD2 molecules (Figure 1). As previously stated, 
ICAM-1 expression on bile duct epithelial cells in PSC appears to reflect late 
stage disease. T cell reactivity in PSC has been measured in vitro. Peripheral 
blood of PSC patients contained an increased fraction of CDS T lymphocytes 
which were activated upon exposure to autologous MHC antigens. S2 Others, 
however, found defects in CDS T cell activity.S3 The reported changes in 
circulating T cell function appears to be of uncertain importance. 

Humoral Immune Abnormalities 
An increased number and proportion of B lymphocytes in circulation which 
correlated with histologic stage and serum concentrations of gammaglobulins 
has been noted. SO Hypergammaglobulinemia is common with increased levels 
of lgM in up to 50% of patients.2 However, others have noted an increase in 
lgG),2,S4 Low titers of antineutrophilic antibodies (ANA) or anti-smooth 
muscle antibodies (ASMA) have been shown in varying prevalence in a 
number of studies.2,S4,SS Low titers of ANA were seen in 32% of PSC patients 
and ASMA were seen in 16% of patients2 However, a higher prevalence with 
higher titers was found in a later study with ANA positive in 71% and anti-
smooth muscle antibody positive in 7 4%. SS They did not correlate with 
clinical parameters. 

Increased levels of circulating immune complexes have been detected in up to 
SO% of PSC patients. S6,S7 An impaired clearance of circulating immune 
complexes by the reticulo-endothelial system have been demonstrated in PSC 
patients. SS Immune complexes and elevated immunoglobulins also were noted 
to be increased in the bile of a small number of PSC patients. S9 Fractional 
catabolic rate of complement factor C3 was increased with normal serum C3 
levels90 and elevated plasma levels of split products of complement factor C3 
and C4 have been described. S7 These studies indicate complement system 
activation by the classical pathway. They also support a role of circulating 
immune complexes and complement activation in the pathogenesis of PSC. 
However, the immunohistopathology of PSC is not consistent with immune 
complex-mediated disease. 

A cytoplasmic antineutrophil antibody (ANCA) with a perinuclear staining 
pattern (pANCA) was detected in the serum from a majority of patients with 
ulcerative colitis and subsequently in PSC patients.91 This is not specific for 
PSC as pANCA has been found in type I autoimmune hepatitis. 97 pANCA was 
present in 65% of patients with PSC. It was independent of histologic grade or 
clinical parameters. 91 The finding of pANCA in a substantial proportion of 
patients with PSC has been reported in several other studies.92-94 IgG3 
subtype has been found primarily in PSC whereas lgG 1 was predominant in 
ulcerative colitis. 95 Again, no correlation with clinical parameters of disease 
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was noted. The antigen recognized by pANCA and its pathogenic role are not 
yet known, but it appears to be unique to neutrophils.98 Antigen candidates 
found in low prevalence include cathepsinG, lactoferrin, and lysozyme. A 
more promising antigen with higher prevalence is bactericidal permeability 
increasing protein (BPI) and has been found in association with 
inflammatory bowel disease in 34% and primary sclerosing cholangitis in 44% 
of patients compared with less than 10% in controls.96 The generally high 
titers of pANCA in these disorders support the contention of underlying 
immune disease. Identification of the target antigen could contribute to the 
understanding of a suspected common pathogenic mechanism of PSC and UC. 

Other studies to fmd autoantibodies that cross-react with biliary and colonic 
epithelial cells have been done in the search for a common immuno
pathogenic mechanism between PSC and UC. Levels of circulating antibodies 
towards a colonic antigen which is not further defined was increased in about 
60% of patients with PSC and concomitant UC, compared with 17% of patients 
with isolated UC. 99 The anti-colon antibodies did not cross react with portal 
tract tissue. A later study presented evidence that the portal tract antigen is 
located within the nuclei of tissue neutrophils. 92 Tissue-bound lgG isolated 
from colon specimens from patients with UC react with a specific 40kD colonic 
protein.lOO Biliary epithelial cells cross reacted with a monoclonal antibody 
developed against this specific colon epithelia! cell protein.1 01 In a more 
recent study, circulating lgG antibodies against this 40kD peptide were 
detected in about two thirds of PSC patients.1 02 Its structure and function is 
unknown and further studies are needed to clarify its role in the pathogenesis 
ofPSC. 

In summary, a number of potential pathologic factors and etiologic hypotheses 
exist in primary sclerosing cholangitis. Evidence is mounting for an 
immunologic and genetic mechanism. These potential pathologic factors are 
summarized in Table 3. 

Table 3 

Potential Pathologic Factors in PSC 

Portal bacteremia 
Absorbed colonic toxins 
Toxic bile acids 
Copper toxicity 
Viral infection 
Ischemic injury 
Genetic predisposition 
Immunologic mechanisms 
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PATHOLOGY 

The diagnosis of primary sclerosing cholangitis since the advent of 
cholangiography, is primarily based on the characteristic cholangiographic 
manifestations. Uver histology has been staged but are not diagnostic. The 
histologic findings have been well characterized by Ludwig after reviewing 
the surgical pathology of PSC based on approximately 500 tissue samples which 
included 29 native livers removed in the course of orthotopic liver 
transplantation.l03 Prior to cholangiography, the term pericholangitis was 
used to described PSC histologic findings without known extahepatic bile duct 
anatomy. However, since the advent of cholangiography, PSC is only now 
distinguished between large duct and small duct PSC depending upon the 
anatomic level of involvement. Small duct PSC is felt to be a continuum in the 
disease process. 

Extrabepatjc Bile Ducts 
Typical findings of biopsies show a thickened duct wall that is infiltrated by 
mixed inflammatory cells, which are found primarily subepithelially and in 
the vicinity of peri biliary glands.l 03 These changes are nondiagnostic. In 
addition, the duct wall normally consists largely of connective tissue, 
therefore, the diagnosis of sclerosis must be based on the thickening of this 
tissue. 

Gallbladder and Pancreas 
Gallbladder and pancreatic abnormalities have been described in primary 
sclerosing cholangitis.l04,105 Diagnostic morphologic abnormalities of the 
pancreas histologically have not yet been described in detail and involvement 
has been based primarily on pancreatograms and x-ray findings. Gallbladders 
from patients with PSC also do not show diagnostic features. The findings are 
similar to chronic calculus or acalculus cholecystitis. Although evidence of 
intramural vasculitis as well as carcinoma of the gallbladder is likely more 
common in patients who have PSC, the diagnosis of the disease cannot be based 
on gallbladder abnormalities.l03 

Large Intrahepatic Bile Ducts 
Classically in PSC, large intrahepatic bile ducts are dilated and subdivided by 
annular or semi-annular strictures. A pruned tree appearance of 
cholangiograms corresponds to cholangiectases which often are occluded 
proximally by obliterated ducts.106 According to Ludwig, the combination of 
these features is diagnostic for PSc.103 However, these findings usually 
cannot be seen in biopsy material but only in native livers after 
transplantation or autopsy. 

Small Intrahepatic Bile Ducts and liver Histolo2y 
Small-duct PSC regardless of the degree of large duct involvement begins with 
portal edema, portal inflammation and ductal proliferation (stage 1 
disease).l03 These are nonspecific changes. The presence of non-suppurative 
fibrous or pleomorphic cholangitis in combination with focal ductopenia will 
make the diagnosis more likely.l07 The disease progresses by periportal 
fibrosis with or without ductular proliferation (stage 2 disease). Lymphocytic 
piecemeal necrosis and other inflammatory changes usually are mild. 
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Occasionally, noncaseating granuloma are found on biopsy tissue from PSC 
patients. Stage 3 disease is characterized by the formation of portal-to-portal 
septa. Ductopenia becomes more prominent at this stage. Ductopenia 
probably is the most important feature of PSC and in adult patients only occurs 
with any frequency in the syndrome of primary biliary cirrhosis.l03 Other 
conditions with ductopenia are rare and include allograft rejection from 
previous liver transplantation, bone marrow transplantation with ductopenia 
of graft vs. host disease, drug exposure, and sarcoidosis.! 06 Rarely, tissue 
samples show the features of fibrous-obliterative cholangitis (onion skin 
lesion). This is the only near-diagnostic lesion of PSC at the microscopic 
levei.103 In Stage 3 disease, the periportal or paraseptal hepatic parenchyma 
may show hepatocanalicular cholestasis, with or without Mallory bodies, and 
deposition of copper. Stage 4 disease is cirrhosis characterized by the 
presence of regenerative nodules, often with ductular and biliary piecemeal 
necrosis and almost complete loss of intralobular bile ducts. 

Staging 
Four stages of liver disease have been distinguished with primary sclerosing 
cholangitis and include portal, periportal, septal, and cirrhotic. These are 
outlined in Table 4.103 

Stage 

Stage 1 (Portal) 

Stage 2 (Periportal) 

Stage 3 (Septal) 

Stage 4 (Cirrhotic) 

Table 4 
Staging Criteria Associated with PSC 

Criteria 

Inflammation and duct abnormalities 
confined to portal tracts 

Periportal inflammation, fibrosis, or ductular 
proliferation, portal enlargement 

Septal fibrosis or bridging necrosis 

Biliary cirrhosis 

CRITERIA FOR DIAGNOSIS OF PSC 

The current criteria used to diagnose PSC are based on characteristic changes 
of the biliary tree seen with cholangiography primarily.4 The criteria for 
diagnosis of PSC are outlined in Table 5. 
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Table 5 
Criteria for Dja~mosis of PSC 

1. Presence of typical cholangiographic abnormalities of PSC 
2. Compatible clinical, biochemical, and histologic findings 
3. Exclusion of secondary causes of sclerosing cholangitis 

Secondary causes of sclerosing cholangitis are disease processes that 
cholangiographically or histologically can resemble primary sclerosing 
cholangitis. These conditions are outlined in Table 6.4,108 

Table 6 
Secondazy Causes of Sclerosing Cholangitis 

1. Choledocholithiasis complications 
2. Previous biliary surgery (except simple cholecystectomy) 
3. Congenital biliary tree abnormalities (Caroli's disease) 
4. Immunodeficiency cholangiopathy (AIDS) 
5. Ischemic and toxic injury (FUDR49, hydatid cyst injection with 

formaldehyde or hypertonic saline) 
6. Neoplasms (primary or metastatic) 
7. Infiltrative diseases (histiocytosis x109, sarcoidosisllO) 
8. Alloimmune (hepatic allograft rejection, graft-vs.-host disease) 

Both choledocholithiasis and cholangiocarcinoma are associated with primary 
sclerosing cholangitis and their presence does not necessarily exclude the 
diagnosis.112, 113 

laboratory tests in primary sclerosing cholangitis usually show a cholestatic 
pattern, but biochemical abnormalities alone are never diagnostic.4 Serum 
alkaline phosphatase levels is usually elevated, although there are reports in 
patients with normallevels.22 Most patients have slight increase in serum 
amino transferase level. Serum albumin is normal early in disease, however, 
in late disease and in patients with active inflammatory bowel disease, a 
decreased albumin may be seen. Bilirubin levels are usually normal early in 
disease, but they gradually increase as the disease progresses and may have 
striking fluctuations even in early stages.4 Hypergammaglobulinemia is 
found in about 30% of patients. Hepatic and urinary copper levels are 
increased as disease progresses. 

Cholangiographic findings are essential for making the diagnosis of primary 
sclerosing cholangitis. Endoscopic retrograde cholangiopancreatography 
(ERCP) is the method of choice. The characteristic radiologic findings of PSC 
include multifocal strictures and dilatations usually involving both the 
intrahepatic and extrahepatic biliary tree. Diffuse strictures and short 
intervening segments of normal or dilated bile duct produce the classic beaded 
appearance. The gallbladder and cystic duct may be involved in as many as 
15% of patients.104 There is, however, one variance called small-duct primary 
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sclerosing cholangitis in which the affected bile ducts are too small to be seen 
by cholangiography. Therefore, at least initially, cholangiograms appear 
normal. The prevalence of small-duct primary sclerosing cholangitis is 
unknown. 

Uver biopsy findings may support the diagnosis of primary sclerosing 
cholangitis, but it is rarely definitive. Primarily it is useful in staging and in 
determination of prognosis. Details of liver histology fmdings are included in 
the Pathology Section. 

CLINICAL FEATURES 

Symptom on Presentation 
The usual symptoms are jaundice, pruritus, and pain. Nonspecific fatigue and 
weight loss are also common findings, and the fatigue may be present early in 
the disease course. The clinical presentation of PSC collected from number of 
large patient studies is detailed in Table 7),2,12,13,16,21 

Symptom 

jaundice 
Pruritus 
Pain 
Weight loss 
Fatigue 
Cholangitis 
Asymptomatic 

Table 7 
Clinical Presentation of PSC 

Percenta2e of Patients 

51-72 
28-69 
24-72 
29-79 
65-66 
13-45 
7-32 

The onset and progression of symptoms are gradual. Loss of weight may be 
alarming and can often be attributed to malabsorption and anorexia. New 
onset of rapid weight loss should raise the concern for cholangiocarcinoma. 
Febrile episodes may occur which can vary from insignificant to bacterial 
cholangitis and sepsis. The pain is rarely severe and usually localizes to the 
right upper quadrant. An important feature of PSC is the variability in its 
clinical course. Symptoms may remit spontaneously and for long periods of 
time.20,21 This may be attributable to biliary sludge producing self-limiting 
obstruction.l14 Patients with PSC uncommonly present with complications of 
cirrhosis and portal hypertension. When they do, however, variceal bleeding 
is the most frequent presentation. I ,2 

An increasing number of individuals with asymptomatic PSC are being 
reported with a range of 7-33%),2,12,13,16,21 This likely reflects the practice 
of screening patients with ulcerative colitis for liver test abnormalities and 
performing ERCP, particularly in the setting of an abnormal alkaline 
phosphatase. The majority of these patients will have PSC. In one study, 
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asymptomatic patients with PSC were thought to have an improved prognosis, 
however, a number of other studies showed similar progression seen with 
symptomatic PSC patients),2,12,13,16,21 

Physical Findin2s 
jaundice, hepatomegaly, and splenomegaly are the most common abnormal 
physical fmdings. In a large multi-center study, jaundice was present in 46%, 
hepatomegaly in 50%, and splenomegaly in 30% of patients with PSc.12 The 
stigmata of chronic liver disease may be found in patients presenting late in 
the course of disease. 

NATURAL HISTORY 

On the basis of several studies, evidence shows that PSC, including 
asymptomatic patients, is frequently a progressive disease. The largest single 
series of these studies is from the Mayo Clinic involving 17 4 patients with a 
mean follow-up of 6 years. 6 The median survival from the time of diagnosis of 
PSC was 11.9 years and both symptomatic and asymptomatic patients had a 
shorter survival period than did a US population matched control. A Kaplan
Meier estimated survival curves are depicted in Figure 2. 

FIGUEE2 
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These studies have been confirmed by several other centers and a median 
survival time of diagnosis of PSC ranges between 9 and 12 
years)2,14,16,115,116 There is no relation between the course of primacy 
sclerosing cholangitis and that of accompanying inflammatory bowel disease. 
Often, primacy sclerosing cholangitis worsens even after colectomy for 
inflammatory bowel disease. 
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Primary sclerosing cholangitis evolves into a ductopenic syndrome in which 
progressive stricture of the large and small bile ducts occurs. The overall 
result is that interlobular and septal bile ducts become obliterated and 
functionally lost. In a histopathologic evolution of PSC, when a critical 
number of intralobular and septal bile ducts are lost, cholestasis occurs and 
leads to early portal fibrosis and eventually to irreversible biliary cirrhosis. 
Therapeutic intervention is most successful when it is instituted early during 
the course of the disease before irreversible damage occurs. This is depicted 
in Figure 3. 
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Two major purposes for establishing the natural history of PSC are to 
determine the accurate rate of disease progression and to estimate survival for 
an individual patient at any specific time during the course of PSC. Predicting 
survival is important for the timing of liver transplantation and for 
monitoring therapeutic intervention. The use of sophisticated statistical 
approaches, most notably the Cox multi-variant regression analysis, has 
facilitated the development of prognostic models based on independent 
variables for which a survival risk score can be calculated and translated into 
a survival function for estimati.D.g survival for an individual patient with 
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rsc.13 Three major studies in a large number of PSC patients, including one 
multi-center study with long-term follow-up, has developed important clinical 
predictors of prognosis based on this technique.l3,14,71 The independent 
prognostic variables in these studies are outlined in Table 8. Because of the 
large number of patients included in the multi-center study, this model seems 
to be most reliable.71 However, these models have not been evaluated 
prospectively and have not been cross-validated; thus, their appicability to the 
complete spectrum of patients with PSC remains unproved at this time. Of 
particular interest is their use in the application for timing of liver 
transplantation. 

Table 8 
Independent Critical Variables Predjctjve of Survival jn PSC 

Age 
Bilirubin 
Histologic stage 
Hemoglobin 
Inflammatory disease 

Hepatomegaly 
Splenomegaly 
Histologic stage 
Age 
Alkaline phosphatase 

ASSOCIATED DISEASES WITH PSC 

Multi-Center 

Bilirubin 
Histologic stage 
Age 
Splenomegaly 

A number of unusual diseases have been noted in association with primary 
sclerosing cholangitis in a small number of patients.l 08 These include 
retroperintoneal fibrosis, and mesenteritis, thyroiditis, mediastinal fibrosis, 
pseudotumor of the orbit, celiac sprue, autoimmune hemolytic anemia, diabetes 
mellitus, sicca syndrome, systemic lupus erythematosis, systemic scoliosis, 
glomerulonephritis, rhematoid arthritis, pancreatitis, and Hodgkin's disease. 
These associations are of unknown significance. 

COMPliCATIONS IN PRIMARY SCLEROSING CHOLANGITIS 

Nutritional 
The chronic cholestasis of late PSC can lead to malabsorption of fat and fat
soluble vitamins. This may result in steatorrhea, malabsorption of calcium, 
weight loss, and fat-soluble vitamin deficiencies. In evaluation of 
steatorrhea, the association of primary sclerosing cholangitis with celiac 
sprue and chronic pancreatitis needs to be considered. Vitamin A, D, and E 
deficiencies were detected in PSC patients with the highest percentage 
occurring in pre-transplant groups of PSC patients noting an 82% deficiency 
in Vitamin A, a 57% deficiency in Vitamin D, and a 43% deficiency in Vitamin 
E.118 Night blindness and osteoporosis are the most common clinical 
consequences of fat-soluble vitamin deficiencies. However, the clinical 
correlation between Vitamin D and osteoporosis is unproven and the bone 
disease in PSC is due to osteoporosis rather osteomalacia.119 In addition, 
Vitamin D and calcium supplementation has not been found to be effective in 
prevention of the osteopenic bone disease in cholestatic liver disease. A 
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clinically important Vitamin K deficiency rarely occurs unless the patient has 
chronic jaundice and takes cholestyramine regularly. Fat soluble vitamin 
levels should be monitored and deficiencies treated with supplements. 

Pruritus 
Pruritus is one of the most bothersome symptoms in chronic cholestatic liver 
diseases including primary sclerosing cholangitis. It tends to be worse at 
nighttime and in warm weather, and may be exacerbated by eating fatty meals. 
It can be severely debilitating and cause excessive excoriation and 
interference with sleep. The cause of pruritus is unknown. Several theories 
have been proposed. The retention of bile acids in skin are not the cause 
despite effectiveness of bile add binding resins in treatment.120 More recent 
theories include hepatocyte release of an unidentified substance that cause 
pruritus, hypermetabolism of bile acids in the gut and production of an 
unidentified pruritic compound, and accumulation of endogenous opioids in 
cholestatic liver disease causing pruritus.121,122 

The pruritus can be effectively treated in most patients. Cholestyramine has 
been shown to be effective particularly in patients who have adequate bile 
flow.l20 It is given in a low dose of 4-8 grams taken 2-3 times a day and may 
take 2-4 days to be effective. Colestipol resin can be an alternative therapy for 
those who cannot tolerate Cholestyramine. Other therapies for patients not 
responsive to Cholestyramine found to be effective for the relief of pruritus 
include: Naloxone, Methyltestosterone, Phenobarbital, Rifampin, 
plasmaphoresis, Ondansetron, Ursodiol, antihistamines, S-adenosylnethionine, 
and ultraviolet light.123-131 

Cholan2itis and Dominant Strictures 
Bacterial cholangitis is typically associated with biliary surgery, bile duct 
stones or sludge, or obstructing strictures.4 Antibiotics have no role in 
slowing the progression of primary sclerosing cholangitis but have been used 
to treat recurrent episodes of cholangitis. The most common antibiotics used 
in this setting include Ciprofloxacin, Trimethoprin-sulfamethoxazole, and 
Amoxidllin. A few anecdotal reports suggest that these drugs reduce the 
frequency and severity of bacterial cholangitis, however, larger numbers of 
controlled trials are needed to test this hypothesis. Gallstones are detected by 
sonography in approximately 25% of patients with PSC, but symptomatic 
biliary colic or cholecystitis is uncommon.16 Gallstones in the gallbladder are 
usually calcium bilirubinate. Biliary sludge and pigment stones may form in 
the extra- and intrahepatic ducts, and are thought to be related to stasis with 
stricture disease.13 2 

Dominant strictures of the extrahepatic bile ducts or main intrahepatic ducts, 
which may cause or exacerbate symptoms, occur in 15-20% of patients with 
primary sclerosing cholangitis.135 It is unclear whether the presence of 
these strictures affects long-term prognosis. Both percutaneous and 
endoscopic dilation of dominant strictures with or without placement of stents 
have been shown to relieve symptoms of jaundice, pruritus, and fever, and 
reduced laboratory values of alkaline phosphatase, bilirubin, and amino 
transferases in several studies have been shown to decrease frequency of 
attacks of cholangitis requiring hospitalization.l32-135 These have all been 
retrospective studies and thre are no controlled trials evaluating endoscopic 
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therapy. Initially, cholangitis was noted in high frequency, particularly 
with stent placement, however, subsequent studies with adjuvant use of 
antibiotics before and after the procedure have limited this complication. 
Endoscopic balloon dilation is preferred to percutaneous procedures. Brush 
cytology should be obtained in all dominant strictures or new strictures to 
look for cholangiocarcinoma, however, the yield of these evaluations have 
been low. In addition, removal of common bile duct stones and/ or debris can 
be successfully done by ERCP. In select patients with precirrhotic recurring 
bouts of cholangitis with dominant extrahepatic or main intrahepatic duct 
strictures, there appears to be little risk and some potential benefit from this 

· approach. 

Dominant strictures have also been managed by surgical dilation and bypass 
that is now rarely used. Surgical procedures in PSC carries an increased risk 
of postoperative infection, an increase of scarring in the portahepatis 
potentially complicating future liver transplantation. Initially surgical 
management of extrahepatic bile duct strictures was limited to bile duct 
decompression with long-term T tube drainage with or without 
cholecystectomy. However, more recently, a more aggressive approach has 
been taken. Bilio-enteric bypass surgery, both with and without stenting, 
have reported favorable long-term outcome in precirrhotic patients.136,137 
liver transplantation in the setting of previous surgery, with the exception of 
cholecystectomy, is associated with increased operative time and blood 
transfusion requirements.138 In addition, the overall effect of surgical 
procedures on survival has not been studied. Therefore, the role of 
nontransplant surgical procedures in the management of PSC is largely 
confined to extrahepatic strictures where endoscopic or percutaneous dilation 
is unsuccessful and should be avoided if possible for potential deleterious 
effects in future liver transplantation. 

Peristomal Varices 
A troublesome complication of portal hypertension in end-stage PSC is 
bleeding from peristomal varices in patients who have undergone a 
protocolectomy for underlying inflammatory bowel disease and have an ileal 
stoma. Bleeding from peristomal varices can be severe and local measures at 
ileostomy revision, venous ligation, and injection of sclerosants are usually 
unsuccessful and generally provide only temporary relief.139 Peristomal 
bleeding can be controlled by relieving the portal hypertension. TIPS 
procedure is preferred in this setting vs. surgical shunting to avoid future 
complications of possible liver transplantation. ileal pouch - anal anastomosis 
for ulcerative colitis associated with primary sclerosing cholangitis does not 
carry any risk of bleeding postoperatively.l40 

Cholangiocarcinoma 
There is an increased incidence of cholangiocarcinoma in patients with 
primary sclerosing cholangitis. In both retrospective and prospective studies 
the incidence has been estimated to be 4-15%)3,14,16,141 This probably 
represents the underestimate of the true risk of cholangiocarcinoma 
developing in patients with PSC. The prevalence is much higher in patients 
on autopsy series and patients undergoing liver transplantation with PSC and 
incidental cholangiocarcinoma. In addition, the tumor is often not suspected 
preoperatively confirming the difficulty in the diagnosis of 
cholangiocarcinoma in PSC. 
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Cholangiocarcinoma is often heralded by a rapid clinical and biochemical 
deterioration in PSC patients. In the past, cholangiocarcinoma was felt to be 
an exclusion criteria for the diagnosis of PSC. However, in a review of autopsy 
material in patients with ulcerative colitis who died with cholangiocarcinoma, 
carcinoma-in-situ and multicentric tumor was found in ducts affected by PSC, 
as well as the presence of tumor-free large duct or small duct PSC changes 
distant from the cancerous lesion.144 It is now widely accepted that 
cholangiocarcinoma can develop in PSC disease progression. 

The diagnosis of cholangiocarcinoma in patients with PSC is a difficult 
challenge. The prognosis following the diagnosis of cholangiocarcinoma is 
poor with a median survival of 5 months.141 Incidental cholangiocarcinomas 
found after liver transplantation have a similar poor prognosis. 
Cholangiographic appearances that tend to suggest the development of 
cholangiocarcinoma include the presence of marked ductal dilation, 
progressive ductal dilation and stricture formation on serial cholangiograms, 
and a polypoid mass lesion greater than 1 em in diameter.l45 Conventional CT 
scan and sonography are poor in making the diagnosis of 
cholangiocarcinoma. Cytology specimens obtained by brush cytology of the 
bile duct, either endoscopically or percutaneously, should be attempted. The 
finding of malignant cells is specific for the diagnosis of cholangiocarcinoma, 
however, the sensitivity is low.l46 Serum markers of both CEA and CA19-9 
carry a sensitivity of only 50-60% with a somewhat better specificity. In one 
study, an index combining CEA and CA19-9 values resulted in improved 
sensitivity to 66% in 100% sensitivity.147 An interesting recent study showed 
that bile levels of CEA were significantly elevated in patients with 
cholangiocarcinoma compared with primary sclerosing cholangitis patients 
without cholangiocarcinoma and patients with benign strictures. At present a 
combination of serum markers, serologic evaluation of strictures with 
improved endoscopic technique which may include fine needle aspiration of 
bile duct strictures endoscopically in the future, and possibly measuring bile 
CEA levels may improve the ability to diagnose cholangiocarcinoma early in 
primary sclerosing cholangitis. 

Colon Cancer in Patients with PSC and UC 
Primary sclerosing cholangitis is now felt to be a risk factor in the 
development of colon cancer and dysplasia in those patients who have 
concomitant ulcerative colitis.l49 A recent prospective controlled study 
showed that 45% of patients with ulcerative colitis and PSC compared with only 
16% of UC alone developed dysplasia.l SO In addition, reports of early colorectal 
neoplasms in patients transplanted for PSC with known ulcerative colitis have 
raised the concerns for further augmentation of the risk of developing colon 
cancer in the post-transplant patient population with ulcerative colitis.151,152 
These studies indicate the need for colonoscopic surveillance in ulcerative 
colitis with PSC including in the post-transplant period. 

MEDICAL THERAPY FOR PSC 

A variety of immunosuppressive anti-inflammatory and antifibrotic agents 
have been used in attempts to treat PSC. However, to date no drug has been 
shown to improve the natural history and progression of the disease. 
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Evaluation and treatment is limited by the variability in clinical course in PSC 
patients. Therefore, it may take years before any treatment can be shown to 
alter the natural history of the disease. Of the various drugs used to treat PSC, 
only a few have been evaluated in randomized controlled large number of 
patient trials. These are outlined in Table 9. 

Corticosteroids 

Table 9 
Medical Therapy for PSC 

Corticosteroids 
Azathioprine 
Colchicine 
D-Penicillamine 
Cyclosporin 
Ursodeox:ycholic acid 
Methotrexate 
Tacrolimus 

There is little enthusiasm for the use of corticosteroids in primary sclerosing 
cholangitis. Since a large percent of patients with PSC have chronic 
inflammatory bowel disease and are intermittently being treated with 
corticosteroids while PSC develops and progresses, its therapeutic benefits 
seems doubtful. Combined treatment with both corticosteroids and Colchicine 
neither improved biochemical tests or slowed the progression of the 
disease) 53 Most studies have been unable to confirm a long-term beneficial 
effect with corticosteroid therapy. In addition, corticosteroids may hasten the 
onset and progression of osteoporosis. Therefore, use is not advocated at this 
time. 

Azathioprine 
Azathioprine has been used sporadically to treat PSC. No good controlled 
clinical studies have been done. Two patients seemed to have clinical 
improvement whereas one experienced clinical deterioration154,155 

Colchicine 
The combination of Colchicine and Prednisone were evaluated in one study 
which initially showed success over a one year period. However, long-term 
follow-up over two years showed no significant improvement in biochemical 
or liver histology) 53 

D-Penicillamine 
The rationale for the use of D-Penicillamine was early findings of increased 
hepatic copper levels in PSC patients, and also because of D-Penicillarnine's 
anti-fibrinolytic properties. In a controlled clinical trial of 70 patients, over a 
36 month follow-up, D-Penicillamine showed no beneficial effect on disease 
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progression based on biochemical, histological, and survival data. In addition, 
major side effects occurred in up to 21% of the patients who received this 
agent.41 Therefore, the toxicity and lack of efficacy are discouraging for the 
use of D-Penidllamine. 

Cyclosporin 
Cyclosporin was evaluated in a randomized controlled clinical trial involving 
34 patients with mild cirrhotic PSC. No beneficial effect on symptoms or 
biochemical tests were seen and no significant liver histologic improvement 
was noted) 56 Therefore, Cyclosporin therapy has been disappointing. 

Ursodeox,ycholic Acid 
Ursodiol has been associated with clear improvement in the results of 
biochemical tests of liver function in PSC. The rationale for using Ursodiol is 
to replace the bile acid pool with a bile acid that has less toxic potential harm 
such as lithocholic acid. It may also have an immunologic effect in that it has 
been shown to decrease the expression Class I antigens. It may have a 
membrane stabilizing cyto-protective effect at the level of the hepatocyte in 
biliary epithelial cells.4,157-159 An initial controlled trial suggested that a 
few patients with PSC experienced clinical, biochemical, and histologic 
improvement.160 However, the results of two other controlled clinical trials 
subsequently showed that, although Ursodiol was associated with significant 
biochemical improvement, it had no effect on clinical symptoms or histologic 
progression of disease.l61,162 Ursodiol has been associated with minimal 
toxicity. There are no data on the long-term efficacy of Ursodiol at present. 

Methotrexate 
An initial open label trial of oral Methotrexate in 10 patients with precirrhotic 
PSC showed improvement in biochemical tests and also some improvement in 
cholangiography in 2 patients, and in 6 patients there was histologic 
improvement.l63 This prompted a double blind control study of the use of 
Methotrexate for PSC. Twenty-four patients were randomized and followed 
over a 24 month period. Biochemical improvement was noted, particularly 
alkaline phosphatase; however, no significant changes were seen in other 
biochemical tests, histologic scores, or cholangiographic appearances or 
outcome. However, it was noted that 7 out of 12 patients in the Methotrexate 
group had cirrhosis at baseline and, because of small sample size, the use of 
Methotrexate, particularly in precirrhotic PSC patients, should be further 
evaluated with a larger controlled study)64 A recent pilot study of the use of 
Ursodiol and Methotrexate for PSC patients over a 2 year period was done.l65 
The findings showed that the use of Methotrexate in combin·ation with Ursodiol 
was associated with toxicity without any further improvement in liver 
biochemistries compared with the use of Ursodiol alone. Therefore, no 
evidence to support the use of Methotrexate in combination with Ursodiol for 
patients with PSC was recommended. 

Tacrolimus (FKS06) 
Tacrolimus has been used to treat 10 patients with primary sclerosing 
cholangitis in an open uncontrolled pilot study over a one year perioct.166 At 
one year there was noted a significant biochemical improvement, but no 
significant liver histologic changes was noted. In addition, there were no 
adverse side effects, particularly in renal function. Therefore, it was 
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advocated to enroll patients with PSC in controlled trials with the use of 
Tacrolimus. 

UVER TRANSPlANTATION 

liver transplantation is the treatment of choice for PSC patients with · 
advanced liver disease. Indications for liver transplantation include variceal 
bleeding, intractable ascites, recurrent cholangitis, progressive wasting, and 
hepatic encephalopathy.l67 The 3 year survival rate is 75-85% in most 
centDDers. One year survival rates are as high as 95%. With the use of 
prognostic models, liver transplantation has been shown to prolong survival 
significantly in patients with end stage PSC in comparison with estimated 
survival without liver transplantation (Figure 4)169 
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Patients with PSC who undergo liver transplantation have been found to have 
an increased incidence of chronic ductopenic rejection that results in Braft 
loss, and an increased incidence of non-anastomotic strictures.168-17 The 
incidence and severity of recurrent PSC remain undetermined. 

CONCLUSIONS 

The etiology of primary sclerosing cholangitis remains undefined and no 
effective medical therapy exists to prolong survival or prevent disease 
progression. Unfortunately, progress in treating or preventing this disease is 
likely to be slow until its cause is better understood. In addition, the variable 
nature in its initial indolent beginnings and often slow rate of progression 
undermines the true severity of the disease. More clinical trials of therapy 
need to be instituted early in disease and continued for long periods of time to 
truly assess efficacy in treatment of this disease. Further studies on the 
etiology of PSC may help direct therapeutic strategies in the future. liver 
transplantation is now the treatment of choice; however, the prevalence of 
recurrence of PSC needs to be better defmed. 
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