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v

  Primary Sclerosing Cholangitis: Current Understanding, Management, and 
Future Developments  grew out of a need I perceived within the fi elds of hepa-
tology and liver transplantation. Primary sclerosing cholangitis (PSC) is a 
rare disease, with an incidence ranging from 0.04 to 1.30 per 1000,000 per-
son years. Patients with PSC have variable presentations and there is signifi -
cant variability in progression and prognosis. As a clinician, it has been 
frustrating that up until recently there has been little we could offer patients 
with PSC, other than liver transplantation, and little that we knew about its 
pathogenesis. In the liver community, much effort has been made into fi nding 
a cure for hepatitis C, a much more common chronic liver disease. With the 
development of successful antiviral therapies for hepatitis C, there has been a 
renewed interest into potential treatments of cholestatic diseases. 

 Indeed, it is an exciting time for PSC. Great work has been done to further 
clarify the role of genetics, immunology, and the microbiome with regard to 
the development and progression of PSC. Although liver transplantation 
remains the defi nitive treatment for advanced PSC, there are multiple new 
agents that are in clinical trials which will hopefully halt and even improve 
the fi brosis and subsequent complications associated with PSC. Endoscopic 
techniques have vastly improved over the past decade, and cholangiocarci-
noma, a once universally fatal disease, can now be cured with liver 
transplantation. 

 In this book, recognized international experts in cholestatic diseases 
review the epidemiology, pathophysiology, current and future management 
of PSC, its variants, and associated complications. Up-to-date data regarding 
genetics, cholangiocyte biology, and immunology of PSC are presented. I 
hope that this publication will be of interest and utility to the medical and 
scientifi c community at large, with the ultimate goal of improving our under-
standing and treatment of this orphan disease.  

 Aurora, CO, USA      Lisa     M.     Forman    
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      Epidemiology and Natural History 
of Primary Sclerosing Cholangitis                     

     Christopher     L.     Bowlus     

          Introduction 

 Primary sclerosing cholangitis (PSC) is a rare, 
heterogeneous, idiopathic, infl ammatory disorder 
of the bile ducts resulting in strictures of the intra-
hepatic and/or extrahepatic bile ducts. The classic 
form of PSC, which accounts for the majority of 
PSC cases, as originally described has several 
characteristic features in addition to the classic 
cholangiographic features of strictures in the large 
and medium-sized bile ducts. The so- called large 
duct PSC occurs predominantly in men (male-to-
female ratio, 3:2), is coexistent with IBD in 
60–80 % of cases, and typically presents with 
cholestasis. The IBD typically is a pancolitis with 
frequent ileitis and rectal sparing. A small group 
of PSC patients present with clinical and histo-
logic features compatible with PSC, except for 
the lack of typical cholangiographic fi ndings and 
have been defi ned as small duct PSC [ 1 ]. IgG4-
related sclerosing cholangitis, often found in 
association with autoimmune pancreatitis as one 
of many diseases associated with elevated IgG4 
serum levels and tissue infi ltration of IgG4 plasma 
cell, represents a separate disease entity and 
should be distinguished from PSC. 

 Although the great majority of PSC patients 
have infl ammatory bowel disease (IBD), only 
~5 % of IBD patients will develop PSC, the 
underlying causes of this association remaining 
poorly understood. PSC affects all age groups 
and has been described in a variety of ethnic and 
racial groups but is best characterized in popula-
tions of Northern European descent. The natural 
history of PSC is variable in terms of liver dis-
ease progression with numerous possible clinical 
outcomes. In addition to progression to portal 
hypertension, cirrhosis, and its complications, 
PSC patients may also suffer from bacterial chol-
angitis, cholangiocarcinoma, gallbladder cancer, 
and colorectal adenocarcinoma. Increasing col-
laboration has led to an improved understanding 
of the epidemiology of PSC, the heterogeneity of 
its presentation, and its natural history.  

    Diagnosis 

 According to the American Association for the 
Study of Liver Disease (AASLD) practice guide-
lines, the diagnosis PSC can be made in “patients 
with a cholestatic biochemical profi le, when 
cholangiography (e.g., magnetic resonance chol-
angiography [MRC], endoscopic retrograde 
cholangiography [ERC], percutaneous transhe-
patic cholangiography) shows characteristic bile 
duct changes with multifocal strictures and 
 segmental dilatations, and secondary causes of 
sclerosing cholangitis have been excluded” [ 2 ]. 

        C.  L.   Bowlus ,  MD      
  Division of Gastroenterology and Hepatology , 
 University of California Davis ,   4150 V Street, 
PSSB 3500 ,  Sacramento ,  CA   95817 ,  USA   
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The AASLD guidelines also consider patients 
with clinical, biochemical, and histological fea-
tures compatible with PSC but have a normal 
cholangiogram, to be classifi ed as small duct 
PSC. However, these criteria are problematic for 
number of reasons. 

 First, not all patients with PSC demonstrate 
cholestatic liver test yet otherwise fulfi ll these 
criteria. Second, interpretation of cholangio-
grams can be diffi cult to quantify and limited by 
technical and interobserver variability. Although 
MRCP remains the initial diagnostic imaging 
tool of choice with a sensitivity 86 % and speci-
fi city 94 % of for the diagnosis of PSC [ 3 ,  4 ], a 
negative MRCP does not obviate the need for 
ERCP as MRCP lacks sensitivity in early PSC 
and can lack specifi city in cirrhosis [ 5 ]. Third, the 
classic “onion-skinning” of concentric fi brosis is 
found in only a minority of PSC cases and is not 
specifi c to PSC. Finally, excluding secondary 
causes of sclerosing cholangitis can be diffi cult, 
particularly in patients without IBD who may 
have undergone cholecystectomy during an eval-
uation of cholestasis. In light of these limitations, 
there has yet to be a set of objective criteria upon 
which a case defi nition can be established. In 
fact, the defi ning features of the PSC cholangio-
gram may represent numerous different pathways 
leading to the same clinical disease. As we better 
understand the various clinical phenotypes, 
immunologic abnormalities, and genetic basis of 
PSC, the development of a more rigorous diag-
nostic framework may arise. 

    Signs and Symptoms 

 The typical symptoms of PSC include right upper 
quadrant abdominal discomfort and fatigue. 
Pruritus can occur but is typically episodic, coin-
ciding with biliary obstruction. Signs and symp-
toms of bacterial cholangitis, including fever and 
right upper quadrant pain with or without jaun-
dice, may also occur sporadically. Weight loss 
may also be reported at presentation. Although 
the majority patients have a concomitant IBD, it 
is frequently quiescent. Therefore, a colonoscopy 
is mandatory at PSC diagnosis in all patients. 

This should also include intubation of the termi-
nal ileum to rule out ileitis.  

    Diagnostic Evaluation 

 As noted above, the diagnosis of PSC is typically 
entertained in the setting of cholestatic biochemi-
cal abnormalities. However, the diagnosis should 
also be considered in the setting of advanced liver 
disease of unknown etiology, particularly in indi-
viduals with IBD. Although no serologic markers 
have suffi cient accuracy in diagnosing PSC, they 
are helpful in establishing the certainty in diffi cult 
cases. Serum IgG levels are elevated 1.5 times the 
upper limit of normal in approximately 60 % of 
PSC patients, and IgG4 levels can be found to be 
elevated in approximately 10 % of patients. The 
latter is of particular importance along with imag-
ing and histology in order to exclude the diagno-
sis of IgG4-sclerosing cholangitis. In addition, a 
number of autoantibodies can be found with high 
prevalence. Notably, the atypical perinuclear anti-
neutrophil cytoplasmic antibody (pANCA) is 
present in up to 80 % PSC patients but is also 
commonly found in patient with autoimmune 
hepatitis. Antinuclear antibody and anti-smooth 
muscle antibody are also frequently present, but 
alone should not be considered diagnostic of 
overlap with autoimmune hepatitis. The impor-
tance of liver biopsy and the diagnostic evaluation 
of PSC have decreased over time. Given that this 
is a disease of the medium and large-sized bile 
ducts that may be regionally affected, liver biopsy 
frequently does not refl ect the disease or its sever-
ity. Nevertheless, liver biopsy remains an impor-
tant diagnostic tool when there is a disproportionate 
elevation of serum aminotransferase levels to rule 
out overlap with autoimmune hepatitis or when 
the cholangiogram is normal and small duct PSC 
is suspected.   

    Epidemiology 

 The incidence and prevalence of PSC appears to 
be highest in North America and Northern Europe 
where it has been most extensively studied, and 

C.L. Bowlus



3

estimates of approximately incidence and preva-
lence rates of 1–1.5 cases per 100,000 person- 
years and 6–16 cases per 100,000 inhabitants, 
respectively, have been reported [ 6 – 8 ]. However, 
there are several limitations to our understanding 
of PSC epidemiology, and current data may 
underestimate the true prevalence of 
PSC. Notably, prior to the widespread use of MR 
cholangiography, diagnosis relied upon liver 
biopsy or invasive cholangiographic methods 
such as endoscopic retrograde cholangiography 
(ERC) to diagnose PSC. For a disease with no 
proven therapy, many clinicians may have 
decided not to pursue the diagnosis of PSC in 
patients with IBD and abnormal liver tests. In 
addition, liver biochemistries may not be particu-
larly sensitive to identify PSC among IBD 
patients. Without routine imaging of the biliary 
tree, the true prevalence of PSC cannot be known. 
Lack of awareness of PSC may lead to underdi-
agnosis as well. PSC is a rare disease and not 
well appreciated by general practitioners who 
may not entertain the diagnosis. 

 In addition to underdiagnosis, other structural 
limitations have prevented an accurate estimate 
of PSC prevalence and incidence. Specifi cally, 
most studies derive data from limited populations 
from specialized centers in specifi c geographic 
areas and are not truly population based. In addi-

tion, the lack of an International Classifi cation of 
Diseases, 9th Revision, Clinical Modifi cation 
(ICD-9) code defi ning PSC has hampered true 
population-based estimates of PSC from admin-
istrative data. ICD-10 does little to rectify this 
issue but there is movement to change this for 
ICD-11. 

    Prevalence and Incidence Rates 

 Early studies of cohorts estimated that the inci-
dence of PSC in North America and Northern 
Europe was approximately 0.9–1.3 cases per 
100,000 person-years (Table  1.1 ) [ 6 ,  9 ,  10 ]. 
Subsequent population-based studies have esti-
mated similar incidence rates [ 8 ,  11 ], while sev-
eral other studies have placed the estimates at 
approximately 0.4–0.5 cases per 100,000 [ 12 – 14 ]. 
Importantly, two of these studies have demon-
strated increasing incidence over time suggesting 
either an increasing incidence of disease or 
increasing rate of detection [ 8 ,  12 ].

   Data on the prevalence of PSC in other parts 
of the world are limited. From questionnaire data 
from Spain and Japan, the estimated prevalence 
rates were 0.22 and 0.95 cases per 1000,000 
inhabitants, respectively [ 15 ,  16 ]. PSC appears to 
be rare in native Alaskans [ 17 ], but PSC dispro-

   Table 1.1    Estimates of incidence and prevalence of primary sclerosing cholangitis   

 Region  Study period 
 Number of 
cases  Incidence a   Prevalence b   Reference 

  Northern Europe  

 Norway  1986–1995  17  1.3  8.5  [ 9 ] 

 Sweden  1992–2005  199  1.22  16.2  [ 8 ] 

 Netherlands  2000–2007  519  0.5  6.0  [ 12 ] 

 UK  1984–2003  46  0.91  12.7  [ 10 ] 

 UK  1987–2002  149  0.41  3.85  [ 13 ] 

  North America  

 Rochester, MN  1976–2000  22  0.9  13.6  [ 6 ] 

 California  2000–2006  169  0.41  4.15  [ 14 ] 

 Calgary, Canada  2000–2005  49  0.92  NA  [ 11 ] 

  Spain   1984–1988  43  0.07  0.22  [ 15 ] 

  Japan   2007  415  NA  0.95  [ 16 ] 

   NA  not available 
  a Per 100,000 person-years 

  b Per 100,000 inhabitants  

1 Epidemiology and Natural History of Primary Sclerosing Cholangitis
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portionately accounts for African-Americans 
listed for liver transplantation suggesting that 
they have a prevalence similar to whites [ 18 ].  

    Demographics 

 The demographic characteristics of patients 
with PSC have been similar regardless of the 
cohort being described. PSC disproportionately 
affects men with approximately two-thirds of 
patients with PSC being male. The age of diag-
nosis of PSC ranges from children to the 
elderly, but the median age of diagnosis is typi-
cally in the fourth decade [ 6 – 8 ,  12 ]. Notably, 
the peak incidence in men is younger than 
women. Approximately 10 % of cases are in 
children. The association between PSC and 
IBD has been consistently reported; however, 
earlier data suggested that approximately 80 % 
of patients with PSC had concomitant IBD. In 
contrast, more recent data estimate this value to 
be in the range of 65–70 %, with women having 
a lower prevalence of IBD compared to men 
with PSC [ 6 – 8 ,  12 ]. Across all series, nearly 

80 % of PSC patients with IBD have ulcerative 
colitis, while fewer than 20 % have Crohn’s 
 disease [ 6 – 8 ,  12 ].   

    Natural History 

 Understanding the natural history of PSC is com-
plicated by a multitude of challenges, most nota-
bly an unknowable onset of disease (Fig.  1.1 ). 
There is likely to be a preclinical period between 
the onset of disease and the abnormal cholangio-
graphic fi ndings, which represent established 
fi brosis. In addition, delay in diagnosis is 
 common resulting in an artifi cially shortened 
time from diagnosis to clinical outcome. Further, 
there are several clinically important outcomes, 
such as cholangiocarcinoma and colorectal can-
cer, which are unrelated to liver disease severity. 
Finally, as with the epidemiology of PSC, 
changes in technology and increased awareness 
of the disease have likely lead to the diagnosis of 
less severe cases. Overall, this might lead to the 
erroneous conclusion that PSC is becoming more 
common but less severe.

Colitis

Biliary
Inflammation

• Elevated ALP

• Abnormal Cholangiogram

• Cirrhosis

• Cholangiocarcinoma
• Gallbladder cancer
• Colon cancer
• Hepatocellular carcinoma
• Bacterial cholangitis
• Colitis flare/Pouchitis
• Diabetes/CVD

Pre-Clinical PSC

Biliary
Fibrosis

Fatigue
Pruritus
Abdominal Pain

IMPAIRED
Quality of Life

Competing Outcomes

Portal
Hypertension

Variceal
Bleeding

Liver-related
Death/Liver

Transplantation

  Fig. 1.1    The natural history of primary sclerosing chol-
angitis (PSC). Prior to the diagnosis of PSC, there is a 
preclinical stage, which likely involves colitis leading to 
biliary infl ammation. Not until biliary fi brosis is present 
can the diagnosis of PSC be made by an abnormal 

 cholangiogram. Subsequently, there is a progression of 
biliary fi brosis leading to portal hypertension, cirrhosis, 
and its complications. In addition, there are competing 
risk unrelated to the progression of the liver fi brosis       
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   Most commonly, PSC progresses similar to 
other chronic liver diseases with liver fi brosis 
leading to portal hypertension and its associated 
complications. In early studies, liver-related 
deaths accounted for approximately 70–80 % of 
mortality (Fig.  1.2 ). More recent studies suggest 
little change with clinical end points of liver 
transplantation and liver-related deaths still 
accounting for similar proportion of outcomes. 
Cancers related to PSC, including cholangiocar-
cinoma, gallbladder cancer, and colorectal can-
cer, make up 10–20 % of death in PSC. Like other 
biliary forms of liver disease, portal hypertension 
tends to be presinusoidal with esophageal varices 
developing early in the course of disease. In addi-
tion to cirrhosis, biliary strictures can lead to bac-
terial cholangitis and jaundice. Risks of 
malignancy are also increased. This includes not 
only a risk of cholangiocarcinoma and gallblad-
der cancer but also an increased risk of colorectal 
cancer in those patients with concomitant IBD.

   The estimated median time from diagnosis of 
PSC to either death or liver transplantation based 
upon early studies ranged from 9 to 18 years 
(Fig.  1.3 ) [ 19 – 21 ]. However, these studies were 
from tertiary care and liver transplant centers 
with the potential for signifi cant referral bias. 
This was illustrated by a study of all PSC patients 
treated at 44 hospitals in a large geographically 
defi ned area in the Netherlands comprising over 
8 million people. In this population-based study, 
the estimated median survival from diagnosis of 
PSC until liver transplantation or PSC-related 
death was 21.3 years in the entire cohort 
 compared to only 13.2 years for patients receiv-
ing care at a transplant center [ 12 ].

      Risk Prediction in PSC 

 Predicting outcomes from PSC is important not 
only for individual patients but also for clinical 
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  Fig. 1.2    Distribution of outcomes of death and liver 
transplantation among patients with PSC. In early studies, 
the majority of deaths were related to liver failure. 
Increasingly, the primary outcome has become liver trans-

plantation with a smaller percentage dying from liver fail-
ure. A variable, but minor, percentage developed 
PSC-related cancers or die from unrelated causes [ 12 ,  19 , 
 48 – 55 ]       
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trial design and decisions on liver transplanta-
tion. Although the model of end-stage liver dis-
ease (MELD) score is used universally for 
predicting outcomes in patients with cirrhosis 
regardless of etiology, it is worth noting that the 
MELD score has not been studied in PSC patients 
with cirrhosis. Because cholestasis occurs rela-
tively early in PSC compared to hepatocellular- 
based causes of cirrhosis, commonly used models 
for cirrhosis such as the Child-Turcotte-Pugh 
(CTP) classifi cation and the MELD score may 
not adequately predict outcomes in PSC. In con-
trast, several risk models have been developed 
over time to prognosticate and predict outcomes 
in patients with PSC regardless of cirrhosis sta-
tus. These models have incorporated different 
combinations of clinical, histological, and/or 
laboratory parameters (Table  1.2 ). As expected, 
bilirubin and markers of portal hypertension are 
common to all of the PSC models described. 
However, it is quite informative that only one 

model carried alkaline phosphatase into the fi nal 
predictive model given recent fi ndings that sug-
gest normalization of alkaline phosphatase por-
tends good long-term transplant-free survival.

   The Mayo risk score, which unlike some other 
models, does not include histological criteria 
requiring a liver biopsy, is the only validated 
model, and remains the most commonly used 
[ 22 ]. It was developed and validated to prognos-
ticate outcomes in patients with all stages of dis-
ease and is based purely on objective clinical and 
laboratory criteria. The revised Mayo risk score 
includes serum bilirubin, albumin, aspartate 
 aminotransferase, age, and history of variceal 
bleeding. In derivation and validation cohorts, 
this score estimated survival up to 4 years after 
calculation [ 23 ]. 

 Limitation of the Mayo risk score and other 
models include the lack of long-term predictions 
of outcome and lack of responsiveness to inter-
vention making them less attractive as end points 
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in clinical trials. Noninvasive fi brosis markers, 
including measures of liver stiffness by transient 
elastography and serum markers of fi brosis, are 
currently being evaluated. In a prospective study 
of patients with PSC, liver stiffness measurement 
(LSM) using vibration-controlled transient elas-
tography (VCTE) was accurate at differentiating 
PSC patients into those with minimal to no fi bro-
sis versus those with severe fi brosis and cirrhosis 
[ 24 ]. VCTE was superior to other noninvasive 
markers of fi brosis in patients with PSC, notably 
the FIB-4 score and the Mayo risk score. 
Furthermore, among 142 patients monitored with 
VCTE for an average of 3.9 ± 2.1 years, LSM 
demonstrated a slow progression in those patients 
with minimal fi brosis (F0 or F1) but an exponen-
tial increase in stiffness over time once patients 
reached a fi brosis stage of F2 or greater. Once 
patients reached an F4 stage of fi brosis (cirrho-
sis), the median time from compensated to 
decompensated cirrhosis was 3.6 years, with a 
signifi cantly increased risk of liver-related com-
plications in patients with either a greater amount 
of baseline fi brosis or a more rapid increase in 
their LSM [ 24 ]. 

 The Enhanced Liver Fibrosis (ELF) score 
combines three serum markers: tissue inhibitor of 
metalloproteinases-1 (TIMP-1), hyaluronic acid 

(HA), and intact N-terminal propeptide of type 
III procollagen (PIIINP) and has also been stud-
ied in PSC patients [ 25 ]. Importantly, the ELF 
score was signifi cantly great in PSC compared to 
ulcerative colitis patients without PSC, and ulcer-
ative colitis disease activity did not appear to 
affect the ELF score. However, the ELF score did 
distinguish between mild and severe PSC disease 
defi ned by clinical outcome of transplantation or 
death with an area under the receiver-operator 
curve (AUROC) of 0.81. Additionally, in multi-
variable survival models, the ELF score was sig-
nifi cantly associated with transplant-free survival, 
independent from the Mayo risk score. The ELF 
risk score correlated with VCTE in separate 
assessments, which highlights the applicability 
of either of these noninvasive measures of fi bro-
sis as a means to prognosticate outcomes of 
patients with PSC [ 25 ].  

    Clinical Phenotypes 

 In addition to risk models and noninvasive mark-
ers, a variety of clinical features have been asso-
ciated with differences in natural history and 
clinical outcomes. The classic form of PSC, 
which accounts for the majority of PSC cases, as 

   Table 1.2    Prognostic models of survival in primary sclerosing cholangitis [ 19 ,  23 ,  52 ,  53 ,  56 ]   

 King’s 
( n  = 126) 

 Hannover 
( n  = 273) 

 Sweden a  
( n  = 305) 

 Europe b  
( n  = 330) 

 Revised Mayo 
( n  = 405;124) 

  Demographics  

 Age  ⊗  ⊗  ⊗  ⊗  ⊗ 
  Laboratory / pathology  

 Alkaline phosphatase  ⊗ 

 Aspartate aminotransferase (AST)  ⊗ 

 Total bilirubin  ⊗ c   ⊗  ⊗  ⊗ 

 Albumin  ⊗  ⊗  ⊗ 

 Biopsy stage  ⊗  ⊗ 

  Clinical fi ndings  

 Hepatomegaly  ⊗  ⊗ 
 Splenomegaly  ⊗  ⊗ 

  Clinical events  

 Variceal bleeding  ⊗ 

   a Cases with variceal bleeding (4 % of total) excluded 
  b Time-dependent model 
  c Persistently elevated bilirubin  
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originally described has several characteristic 
features in addition to the classic cholangio-
graphic features of strictures in the large and 
medium-sized bile ducts. Namely, large duct 
PSC occurs predominantly in men (male-to- 
female ratio, 3:2), is coexistent with IBD in 
60–80 % of cases, and typically presents with 
cholestasis. The IBD typically is a pancolitis with 
frequent ileitis and rectal sparing. In addition, the 
IBD is commonly mild and asymptomatic. The 
association between PSC and IBD appears to be 
greater in Northern latitudes, although, even 
there, the frequency of non-IBD PSC is 
increasing. 

 Dominant bile duct strictures, defi ned as stric-
tures with a diameter of less than 1.5 mm of the 
common bile duct or less than 1.0 mm of a 
hepatic duct within 2 cm of the bifurcation, 
develop in approximately half of PSC patients 
and are associated with poor outcomes even with 
endoscopic management [ 26 ,  27 ]. This decreased 
survival has been suggested to be due to the 
increased prevalence of cholangiocarcinoma. In 
contrast, small duct PSC, which comprises 
approximately 10 % of PSC cases, rarely pro-
gresses to large duct PSC and has a favorable out-
come [ 1 ]. 

 The impact of IBD, both in terms of its 
absence or type, on the natural history of PSC has 
increasingly been recognized. PSC in the absence 
of IBD tends to be equally distributed among 
men and women, is diagnosed at an older age 
[ 28 ], and may have a better prognosis [ 29 ]. The 
presence of Crohn’s disease has also been associ-
ated with a better prognosis in recent studies [ 30 , 
 31 ]. However, differentiating between ulcerative 
colitis and Crohn’s disease is often diffi cult given 
that fi stulizing or fi brostenotic Crohn’s disease is 
rare in PSC. Studies of PSC in non-Caucasians 
are limited, but African-Americans listed for liver 
transplantation with PSC are younger and with 
greater MELD scores compared to whites with 
PSC [ 18 ]. 

 Overlap between PSC and autoimmune hepa-
titis remains a controversial issue, especially 
regarding diagnostic criteria. The prevalence of 
this overlap has been reported to be between 1 
and 53.8 % refl ecting the lack of agreed-upon 

 criteria. Case reports and clinical experience 
 suggest two types of presentation. One in which 
there is coexisting features of both diseases; the 
other in which a typical case of autoimmune hep-
atitis transforms into a cholestatic variant. 
Interestingly, 10 % or more of patients with auto-
immune hepatitis will have cholangiographic 
features consistent with PSC [ 32 ,  33 ]. Overlap 
with autoimmune hepatitis also appears to be 
more frequent in pediatric cases of PSC as dis-
cussed in Chaps.   4     and   6    . 

 Recently, the rate of infl ammatory bowel dis-
ease among African-Americans has been increas-
ing with distinct clinical and genetic features. 
Not surprisingly, PSC has also been demonstrated 
to be prevalent in African-Americans. Genetically, 
there is still a strong HLA association with HLA- 
B8. In addition, among African-Americans listed 
for liver transplantation with the diagnosis of 
PSC, the male predominance is less pronounced, 
the frequency of the infl ammatory valve disease 
is less, but the patients are listed at a younger age 
and with a greater MELD score suggesting a 
more aggressive disease [ 14 ,  18 ]. 

 In addition to demographic and clinical fea-
tures, laboratory markers may have prognostic 
value in distinguishing patients with PSC into 
groups with elevated IgG4 and normal serum alka-
line phosphatase. Contrasting results on the impact 
of elevated serum IgG4 and disease course have 
been reported with the fi rst study suggesting that an 
elevated IgG4 levels was associated with a shorter 
time from disease presentation to liver transplanta-
tion, while a second report was unable to replicate 
this fi nding[ 34 ,  35 ]. More consistent has been the 
fi nding that reduction and/or normalization in 
serum alkaline phosphatase levels is associated 
with longer survival times, irrespective of treat-
ment leading to this normalization [ 36 – 39 ].   

    Complications 

    Malignancy in PSC 

 Patients with PSC are not only at risk for progres-
sive liver fi brosis and liver failure but also are at 
signifi cantly increased risks of three cancers: 
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cholangiocarcinoma, colorectal adenocarcinoma, 
and gallbladder carcinoma. Importantly, unlike 
the risk of hepatocellular carcinoma in chronic 
viral hepatitis, the risks of these cancers in PSC 
are not related to disease stage. In fact, aside 
from a greater incidence of cholangiocarcinoma 
in the fi rst year following diagnosis, the annual 
incidence rates of these cancers appear to be con-
stant. Details regarding hepatobiliary and 
colorectal malignancies are addressed in Chaps. 
  2     and   3    , respectively.  

    Nonmalignant Outcomes of PSC 

 In addition to the progression to end-stage liver 
disease and malignant complications, there are 
several important nonmalignant outcomes related 
to PSC. These include the development of the 
dominant stricture, which as noted above is asso-
ciated with a lower rate of survival, bacterial 
cholangitis, and hepatic osteodystrophy. 

    Dominant Stricture 
 Dominant strictures occur with a cumulative fre-
quency of 36 to 57 % of patients with PSC. The 
presence of a dominant stricture is of particular 
concern for cholangiocarcinoma and should be 
evaluated by brush cytology and/or biopsy [ 45 ]. 
In the short term, management of dominant struc-
tures involves endoscopic evaluation and treat-
ment. However, whether there is benefi t to regular 
dilation in the absence of symptoms or worsening 
cholestasis has not been adequately studied.  

    Bacterial Cholangitis 
 The prevalence, incidence, and natural history a 
bacterial cholangitis and PSC have been rarely 
studied, primarily because the diagnosis is a clin-
ical one. Patients with PSC frequently have 
abdominal pain and often report transient epi-
sodes of fever, which may resolve spontaneously. 
Among patients with PSC listed for liver trans-
plantation, 48 % were reported to have developed 
bacterial cholangitis while awaiting transplanta-
tion [ 46 ]. Interestingly, there was no increase in 
wait-list removal for death or deterioration 
 associated with bacterial cholangitis.  

    Hepatic Osteodystrophy 
 Osteopenic bone disease is frequent in patients 
with cirrhosis from any cause and has been well 
studied in patients with primary biliary cholangi-
tis (PBC). Although PSC affects primarily 
younger men who are at very low risk of low 
bone mineral density, approximately 15 % of 
PSC patients have osteoporosis defi ned by a 
T-score less than −2.5 [ 47 ]. The presence of age 
≥54 years or older, body mass index ≤24 kg/m 2 , 
and infl ammatory bowel disease for ≥19 years all 
correlated with osteoporosis. 

   Conclusion 

 PSC is a rare infl ammatory disease of the bile 
ducts that is often associated with infl amma-
tory bowel. It is unique among autoinfl amma-
tory diseases in its strong male predominance. 
The disease frequently progresses over 
decades to biliary cirrhosis and liver failure 
but may also result in malignancies of the bile 
ducts, gallbladder, and colon. These latter out-
comes that are unrelated to disease stage make 
the development of prognostic models and 
surrogate markers problematic. In addition, 
the rarity of PSC and its heterogeneity requires 
international collaboration and cooperation to 
fully understand and classify the subpheno-
types, which may lead to a better understand-
ing of the underlying pathophysiology as well 
as more accurate predictive models.        
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      Technical Terms and Abbreviations 

   AASLD    American Association for the Study 
of Liver Diseases   

  AFP    Alpha-fetoprotein   
  AJCC    American Joint Committee on Cancer   
  BCLC    Barcelona Clinic Liver Cancer   
  CCA    Cholangiocarcinoma   
  CLIP    Cancer of the Liver Italian Program   
  CT    Computerized tomography   
  CTP    Child-Turcotte-Pugh   
  DDLT    Deceased donor liver transplantation   
  ERCP    Endoscopic retrograde 

cholangio pancreatography   
  EUS    Endoscopic ultrasound   
  FISH    Fluorescence in situ hybridization   
  FNA    Fine needle aspiration   
  GBC    Gallbladder carcinoma   
  HCC    Hepatocellular carcinoma   
  LDLT    Living donor liver transplantation   
  MELD    Model for end-stage liver disease   
  MRCP    Magnetic resonance cholangiopan- 

creatography   
  MRI    Magnetic resonance imaging   

  NCCN    National Comprehensive Cancer 
Network   

  OLT    Orthotopic liver transplantation   
  PDT    Photodynamic therapy   
  PIVKA II    Prothrombin induced by vitamin K 

absence II   
  PSC    Primary sclerosing cholangitis   
  RFA    Radiofrequency ablation   
  TACE    Transarterial chemoembolization   
  TNM    Tumor, node, metastasis   
  UCSF    University of California, San 

Francisco   
  UNOS    United Network for Organ Sharing   
  US    Ultrasound   
  Y-90    Yttrium-90   

        Cholangiocarcinoma 

    Introduction 

 Cholangiocarcinoma (CCA) is a common and 
devastating malignancy associated with primary 
sclerosing cholangitis (PSC). Cholangiocarcinoma 
is classifi ed into intrahepatic CCA and extrahe-
patic CCA. Intrahepatic cholangiocarcinomas are 
located within the hepatic parenchyma. The ana-
tomic boundary between intrahepatic CCAs and 
extrahepatic CCAs are the second-order bile 
ducts. Extrahepatic CCA is further differentiated 
into perihilar tumors, also known as Klatskin 
tumors, and distal tumors. The cystic ducts serve 
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as the anatomic boundary between perihilar and 
distal tumors. The location of CCA affects both 
the management and prognosis. The majority of 
CCAs associated with PSC are perihilar. Overall 
CCA has a poor prognosis in PSC.  

    Epidemiology 

 Individuals with PSC are at signifi cantly higher 
risk for developing CCA. Bergquist et al. found 
that in a Swedish cohort, the incidence of hepato-
biliary malignancy was 161 times higher in indi-
viduals with PSC compared to the general 
population [ 5 ]. The incidence of CCA in PSC 
reported in the literature varies widely but is most 
frequently reported to be in the range 7–14 % in 
population-based studies [ 5 ,  12 ,  38 ]. A higher 
incidence is reported in transplant studies with 
10–36 % of incidental diagnoses of CCA at the 
time of transplant for PSC [ 1 ,  27 ,  34 ,  49 ,  52 ]. Up 
to 50 % of cases of cholangiocarcinoma are diag-
nosed within the fi rst year of PSC diagnosis [ 10 ]. 
The exact reason is not known; however, we sus-
pect that this may be due in part that the symp-
toms associated with malignancy prompt the 
diagnosis of PSC. After the fi rst year, the annual 
incidence is 0.5–1.5 % [ 5 ,  15 ,  19 ,  29 ].  

    Pathogenesis 

 CCA arises from the bile duct epithelial cells 
(cholangiocytes) (Fig.  2.1 ) [ 16 ]. Chronic infl am-
mation in the biliary tract, as is found in PSC, pre-
disposes individuals to the development of 
CCA. Conversion from normal to malignant bile 
epithelium likely involves an accumulation of 
successive genetic mutations, similar to colorectal 
carcinoma. The oncogenesis in PSC, however, is 
not as well understood. The mechanism of chronic 
infl ammation leading to somatic mutations is 
thought to be in part facilitated by inducible nitric 
oxide synthase (iNOS). Studies have found iNOS 
expression in PSC cholangiocytes, and formation 
of iNOS is thought to cause oxidative DNA dam-
age and inactivation of the DNA repair process 
[ 35 ]. Mutations in several genes involved in cell 

growth and tumor suppression have been 
 identifi ed in the oncogenesis of PSC- associated 
CCA. Overexpression of the  p53  tumor suppres-
sor gene has been identifi ed in up to 93 % of PSC-
associated CCA; other genes include  p16 ,  EGFR , 
 and Her2 / neu  [ 64 ]. In addition polymorphisms in 
 NKG2D , an activating receptor on the surface of T 
lymphocytes and natural killer cells, have been 
found to be associated with increased risk of chol-
angiocarcinoma in PSC [ 64 ]. Identifying addi-
tional molecular targets is an area of avid research 
in PSC-associated CCA with the ultimate goal of 
developing new targeted therapies.

        Risk Factors 

 There are several risk factors associated with an 
increased risk of CCA (both intrahepatic and 
extrahepatic) in the general population including 
parasitic infections [ 62 ] and biliary tract disor-
ders. In PSC, specifi cally, several risk factors 
have also been linked to an increased risk of 
developing PSC. High alcohol consumption has 
been found to be associated with a higher risk of 
CCA. Chalasani et al. found alcohol consump-
tion had an odds ratio of 2.95 (95 % CI 1.04–8.3) 
for developing CCA [ 17 ]. A case control study of 
20 patients found smoking to be higher in PSC 
patients with CCA ( p  < 0.0004) [ 6 ]. However, 

  Fig. 2.1    Cholangiocarcinoma is represented by infi l-
trative glands with morphologic atypia with nuclear 
hyperchromasia and distinct nucleoli with surround-
ing desmoplastic tissue (200×; Courtesy of Dr. Jeffery 
Kaplan)       
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subsequent studies have failed to replicate this 
correlation [ 15 ,  17 ]. Predictors of developing 
CCA in individuals with PSC include degree of 
serum bilirubin elevation, variceal bleeding, 
Mayo score >4, the presence of chronic ulcer-
ative colitis with colorectal cancer or dysplasia, 
and the duration of infl ammatory bowel disease 
[ 10 ]. Interestingly, the duration of PSC has not 
been found to be associated with a higher risk of 
CCA in contrast to the higher risk of colonic dys-
plasia associated with duration of ulcerative coli-
tis. None of these risk factors or predictors have 
proven to be clinically useful in targeting a popu-
lation to screen for CCA, however.  

    Screening 

 Currently the American Association for the Study 
of Liver Disease does not have published 
 guidelines for routine screening for CCA in 
patients with PSC due to lack of highly sensitive 
and cost- effective diagnostic testing. The 
American College of Gastroenterology recom-
mends considering screening with ultrasound or 
MRI and serial CA 19-9 every 6–12 months [ 43 ]. 
While consensus guidelines have not yet been 
established, most providers do screen for CCA in 
patients with PSC with routine liver chemistries 
every 3–6 months and annual MRI/MRCP and 
CA 19-9. Based on the results of these studies as 
well as clinical information, those with suspicion 
for CCA often undergo ERCP to assess for a 
dominant stricture where biliary tract brushings 
for cytology and fl uorescent in situ hybridization 
(FISH) are typically performed [ 63 ].  

    Diagnosis 

    Overview 
 Diagnosis of CCA can be challenging. A domi-
nant stricture in a patient with PSC is a stenosis 
with a diameter of ≤1.5 mm in the common bile 
duct or ≤1 mm in the hepatic ducts [ 9 ]. It is often 
diffi cult to distinguish a benign dominant stric-
ture from PSC from a malignant stricture; thus, 
one should have a high index of suspicion for 

CCA when a patient develops evidence of biliary 
obstruction (jaundice, cholestasis, pruritus, chol-
angitis), unexplained weight loss, or abdominal 
pain. A multidisciplinary approach is often 
needed to diagnose CCA including laboratory 
studies, cross-sectional imaging, cholangioscopy, 
and pathology.  

    Imaging 
 A variety of imaging modalities are used in the 
diagnosis of CCA including ultrasound (US), 
computerized tomography (CT), and magnetic 
resonance imaging (MRI) with concurrent mag-
netic resonance cholangiopancreatography 
(MRCP) (see Chap.   13    ). The positive predictive 
value is nearly 100 % if a characteristic lesion is 
found on US, CT, or MRI (Table  2.1 ). 
Characteristic lesions, however, are not com-
monly seen, especially in early-stage CCA. The 
overall positive predictive value for US, CT, and 
MRI are 48 %, 38 %, and 40 %, respectively [ 19 ].

       CA 19-9 
 The most commonly used laboratory test besides 
routine liver enzymes to detect CCA is CA 19-9. 
CA 19-9 is an antibody that binds to the tumor 
surface marker Sialyl-Lewis A. CA 19-9 is found 
to be elevated (normal typically up to 35 U/ml) in 
multiple other diseases and bile duct conditions 
including ascending cholangitis, hepatocellular 
carcinoma, alcoholic liver disease, primary bili-
ary cirrhosis, chronic viral hepatitis, autoimmune 
hepatitis, and pancreatitis. Levy et al. found that 
in PSC, a CA 19-9 of ≥129 U/mL had a sensitiv-

   Table 2.1    Characteristic appearance of cholangiocarci-
noma on various imaging modalities   

 Imaging 
modality  Appearance of characteristic lesion 

 Ultrasound  Well-defi ned mass with echogenicity 
different from that of the liver 

 CT  Well-defi ned mass with 
hypoattenuating enhancement relative 
to the liver on portovenous phase and 
hyperattenuating on delayed phase 
imaging 

 MRI  Well-defi ned mass hypointese on 
T1-weighted imaging and 
hyperintense on T2-weighted imaging 
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ity of 79 %, a specifi city of 98 %, and a positive 
predictive value of 79 % for CCA [ 40 ]. A change 
in CA 19-9 of ≥63.2 U/mL had a sensitivity of 
90 %, specifi city of 98 %, and a positive predic-
tive value of 42 %.   

    Biliary Brushing 
 Endoscopic retrograde cholangiopancreatogra-
phy (ERCP) is often used in patients with PSC to 
further investigate and characterize biliary stric-
tures and to manage biliary obstruction with bal-
loon dilation and stenting. Tissue sampling of 
dominant strictures is often achieved through bile 
duct brushings for cytology. Routine biliary 
cytology alone has been found to be highly spe-
cifi c (95–100 %) but to have lower sensitivity 
(36–83 %) [ 42 ]. The broad range in sensitivity 
cited in literature is due to the defi nition of a posi-
tive cytology results. Studies that defi ned a posi-
tive fi nding as both high-grade and low-grade 
dysplasia had a higher sensitivity than those that 
only defi ned high-grade dysplasia as a positive 
result.  

    Fluorescence In Situ Hybridization 
 Fluorescence in situ hybridization (FISH) can be 
used in addition to cytology to increase sensitivity 
for malignancy. Fluorescence in situ hybridization 
uses fl uorescently labeled DNA probes to detect 
chromosomal aneuploidy (losses or gains of chro-
mosomes). Abnormalities are characterized as tri-
somy, tetrasomy, and polysomy of chromosomes 3 
and/or 7. Trisomy refers to ≥10 cells with three 
copies of chromosome 3 and 7, tetrasomy refers to 
≥10 cells with four copies of all probes, and poly-
somy refers to ≥5 cells with ≥3 signals in two or 
more of the four probes [ 3 ]. Trisomy and tetra-
somy of chromosomes 3 and 7 have low specifi c-
ity for PSC as these fi ndings are frequently found 
in biliary tree infl ammation without malignancy. 
In contrast, polysomy has a specifi city of 88 % for 
CCA [ 3 ]. It is diffi cult to interpret positive FISH 
polysomy in the setting of negative cytology. 
Patients with positive polysomy on serial brush-
ings are signifi cantly more likely to be diagnosed 
with cholangiocarcinoma than those with subse-
quent nonpolysomy results [ 4 ]. The presence of 
both polysomy and CA 19-9 ≥ 129 U/mL was a 

signifi cant predictor for developing CCA (hazard 
ratio of 20.4 (95 % CI 7.94–52.63)) for polysomy 
and CA 19-9 ≥ 129 U/mL versus nonpolysomy 
and CA 19-9 < 129 U/mL [ 4 ]. If a patient with PSC 
is found to have negative cytology and polysomy, 
they should be followed up closely with repeat 
ERCP and biliary brushings for cytology and 
FISH especially if there is a non-resolving domi-
nant stricture and/or elevated CA 19-9. Compared 
with other prognostic features, multifocal (multi-
ple areas of the biliary tree) polysomy carries the 
highest risk for cholangiocarcinoma compared to 
unifocal polysomy HR 82.4 (95 % CI 24.5–277.3) 
vs. 13.27 (95 % CI 3.32–53.1), respectively, on 
univariate analysis [ 24 ]. Multifocality remains a 
stronger predictor of CCA even when adjusting for 
CA 19-9, cytology, and prior abnormal 
FISH. Patients with unifocal polysomy with suspi-
cious cytology remain at increased risk. If serial 
polysomy is detected in a malignant appearing 
stricture, even in the setting of negative cytology, 
liver transplantation should be considered. 
Figure  2.2  summarizes the approach to managing 
a dominant stricture in patients with PSC.  

    Cholangioscopy with Biopsy 
 Cholangioscopy allows for direct visualization of 
the biliary tree and theoretically improves sam-
pling as it allows for directed bile duct biopsies. 
Visual characteristics suspicious for malignancy 
are exophytic lesions, ulcerations, papillary 
mucosal projections, dilated tortuous vessels, and 
raised lesions [ 20 ,  60 ]. A meta-analysis showed 
that cholangioscopy with targeted biopsies of 
dominant strictures was able to detect CCA with 
a sensitivity and specifi city of 66.2 % and 97 %, 
respectively [ 37 ].  

    Endoscopic Ultrasound 
 Endoscopic ultrasound (EUS) with fi ne needle 
aspiration (FNA) of a biliary stricture has also 
been used for additional tissue sampling in the set-
ting of indeterminate biliary brushings and 
FISH. However, this method carries a risk of tract 
seeding and peritoneal metastasis and should be 
avoided, especially in patients potentially eligible 
for liver transplantation. In one study, 83 % of indi-
viduals who underwent a transperitoneal or trans-
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luminal biopsy of biliary strictures had peritoneal 
metastasis compared to 8 % peritoneal metastasis 
in those who did not undergo biopsy [ 32 ]. EUS 
with FNA may be useful to sample lymph nodes to 
evaluate for metastatic disease in those being con-
sidered for liver transplantation and is often done 
prior to exploratory laparotomy.   

    Management 

 The mainstay of treatment for CCA is surgery. 
The only potential curative therapies include 
either liver resection or liver transplant. Patients 
with PSC are often not candidates for surgical 
resection due to the presence of diffuse bile duct 
disease and/or the presence of advanced hepatic 
fi brosis or cirrhosis. Patients with distal common 
bile duct tumors may be amenable to surgical 
resection if advanced liver disease is not present. 

    Surgical Resection 
 Surgical resection is an option for localized 
lesions with otherwise normal hepatic paren-
chyma. Contraindications to surgical resection of 
hilar CCA include bilateral tumor extension 
involving the left and right secondary biliary rad-
icles, unilobar involvement with encasement of 

contralateral portal vein or hepatic artery, bilat-
eral vascular involvement, distant metastases, 
underlying liver disease (advanced fi brosis or cir-
rhosis), future liver remnant <25–30 % with no or 
poor response to portal vein occlusion, and severe 
comorbidities [ 33 ,  55 ]. Due to the diffuse nature 
of PSC and risk for advanced hepatic fi brosis, 
PSC patients with CCA are often not candidates 
for resection.  

    Liver Transplantation 
 Most patients with PSC and the diagnosis of hilar 
CCA will need to be considered for liver trans-
plantation (LT) as means for a defi nitive cure. 
Liver transplantation is not generally considered a 
treatment for intrahepatic or distal bile duct 
tumors. The management of the latter is a Whipple 
procedure which in a patient with severe end-
stage liver disease may require concurrent liver 
transplantation. Historically, LT for CCA has been 
associated with very poor outcomes. In 2000, The 
Mayo Clinic developed a protocol for both patient 
selection and treatment of patients with CCA 
undergoing LT [ 23 ]. Patients fulfi lling the so-
called Mayo criteria showed superior outcomes 
with LT compared to historical controls. One 
study found a median survival of 3.3 years after 
LT prior to the publication of the Mayo results in 

Consider for liver
transplantation

Cytology/biopsy(+)
or FISH(+)

Cytology(-),FISH(-)
and stricture improved Yes

No

Resume screening

No

Yes

Suspicion for malignancy?

No

Dominant stricture?

Perform ERCP
Yes

Repeat ERCP

Repeat ERCP with
brushings & FISH;

consider
cholangioscopy
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Perform bile duct brushings & FISH
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  Fig. 2.2    Evaluation of the primary sclerosing cholangitis 
patient with clinical suspicion for cholangiocarcinoma. A 
dominant stricture in a patient with PSC is a stenosis with 
a diameter of ≤1.5 mm in the common bile duct or ≤1 mm 
in the hepatic ducts. Positive cytology and biopsy refers to 

that which is diagnostic for cholangiocarcinoma, and pos-
itive fl uorescence in situ hybridization (FISH) refers to the 
presence of polysomy ( ERCP  endoscopic retrograde 
cholangiopancreatography)       
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May 2000 compared to a median survival of 
7.8 years for LTs done after May 2000 [ 58 ]. 

 The Mayo protocol employs neoadjuvant 
therapy followed by LT as a defi nitive therapy for 
patients with hilar CCA. The criteria include 
patients with biliary duct obstruction and cyto-
logically proven CCA or a mass lesion seen on 
cross-sectional imaging with biliary obstruction 
(Table  2.2 ). The protocol utilizes external and 
intraductal radiation therapy followed by chemo-
therapy (capecitabine) until the patient undergoes 
LT. All patients undergo exploratory surgery 
prior to LT to exclude extrahepatic disease, either 
after completing radiation or just prior to trans-
plant. Using this protocol, Rea et al. found that 
LT with neoadjuvant chemoradiation had signifi -

cantly improved 5-year survival when compared 
to conventional resection (82 % vs. 21 %) and had 
fewer recurrences (12 % versus 27 %) [ 56 ]. 
Overall survival of patients with PSC is approxi-
mately 70 % at 5 years. This approach has been 
externally validated at centers outside Mayo hav-
ing nearly identical outcomes (65 % 5-year sur-
vival) [ 21 ]. Currently the United Network for 
Organ Sharing allows model for end-stage liver 
disease (MELD) exception points for patients 
meeting the criteria outlined in the Mayo 
protocol.

   Contributing to the excellent outcomes of this 
protocol are the strict selection criteria. Predictors 
of pre-LT dropout include CA 19-9 ≥ 500 U/mL, 
mass lesion ≥3 cm, malignant brushing or biopsy, 
and biological lab MELD score ≥20. Predictors 
of post-LT recurrence include elevated CA 19-9, 
portal vein encasement, and residual tumor on 
explant [ 22 ]. Finally, it is important to note that 
this protocol does not require the diagnosis of 
CCA but includes the presence of polysomy 
alone or elevation in CA 19-9 > 100 with a con-
current malignant appearing dominant stricture. 
It is possible that excellent outcomes with this 
protocol are further explained by the fact that 
patients simply did not have cancer. This is sup-
ported by the external validation of this protocol 
at 12 large volume transplant centers which 
found that patients without residual CCA on 
explant did better and had a signifi cantly lower 
chance of recurrence than those with residual 
tumor tissue on explant [ 22 ]. It is impossible to 
determine whether these individuals never had 
CCA to begin with or that their CCA was effec-
tively treated with neoadjuvant chemoradiation.  

    Palliative Therapies 
 For patients with unresectable cancers and those 
who are ineligible for LT, there are a variety of 
palliative therapies. Multiple locoregional thera-
pies, including transarterial chemoembolization 
(TACE), radiofrequency ablation (RFA), and 
transarterial hepatic yttrium-90 (Y-90) can be uti-
lized for debulking and biliary decompression. 
Systemic chemotherapy with gemcitabine and 
cisplatin are used in those with unresectable or 
metastatic disease. Biliary stenting (endoscopic 

   Table 2.2    Criteria for managing cholangiocarcinoma 
with liver transplantation   

  Eligible candidates for evaluation : 

 1. Unresectable hilar cholangiocarcinoma or 
cholangiocarcinoma in setting of primary sclerosing 
cholangitis 

 2. No clinical evidence of metastases 

  Diagnosis : 

 1. Intraluminal brush cytology or biopsy positive for 
cholangiocarcinoma 

 2. In case of negative cytology, malignant appearing 
stricture with at least one of the following: 

   (a) CA 19-9 > 100 ng/ml 

   (b) Biliary polysomy by FISH 

  Exclusion criteria : 

 Medical and psychosocial conditions that preclude 
transplantation 

 Prior abdominal radiation preventing further radiation 
or other malignancy within 5 years 

 Prior attempted resection with violation of tumor 
plane or attempt at transperitoneal biopsy of tumor 

 The presence of mass lesion >3 cm radial margin 
(longitudinal margin not a contraindication). Vascular 
encasement, the presence of poorly defi ned hilar 
enhancement, and length of hilar stricture not 
considered exclusion criteria 

 Intrahepatic metastases 

 Evidence of extrahepatic disease – includes regional 
lymph node involvement 

 Intrahepatic cholangiocarcinoma (tumor originating 
from second branch (segmental branch) or the 
proximal branch of bile duct – further classifi ed into 
hilar type and peripheral type) or gallbladder 
involvement 
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and percutaneous) is utilized for palliation of 
obstructive jaundice. Photodynamic therapy 
(PDT) has recently emerged as an endoscopic 
palliative treatment modality. Kahaleh et al. 
found that ERCP with PDT decreased mortality 
in patients with unresectable cholangiocarcinoma 
compared to ERCP alone (56 % vs. 82 % at 12 
months, respectively) [ 36 ].    

    Hepatocellular Carcinoma 

    Introduction 

 Hepatocellular carcinoma (HCC) is a primary 
malignancy of hepatocytes. It most commonly 
develops in the setting of cirrhosis, though can 
occur without cirrhosis in patients with chronic 
hepatitis B virus infection and hemochromatosis. 
In the setting of PSC, HCC is almost always seen 
in the setting of cirrhosis. Hepatocellular carci-
noma is a leading cause of cancer in the world, 
largely contributed to chronic hepatitis B virus 
infection. Each year HCC is diagnosed in more 
than half a million people worldwide and 20,000 
people in the United States [ 28 ].  

    Epidemiology 

 There is limited data on the incidence of HCC in 
PSC, but studies suggest that the cumulative inci-
dence is lower than what is described for other eti-
ologies of cirrhosis. One review of 134 patients 
with PSC undergoing LT found a prevalence of 2 % 
[ 31 ]. In another study with 119 patients with cir-
rhosis secondary to PSC, none were diagnosed 
with HCC over a median follow-up of 7 years [ 69 ].  

    Pathogenesis 

 Not a lot is known about the specifi c mechanism 
of HCC development in PSC, but the pathogene-
sis is likely similar to other etiologies of cirrho-
sis. Chronic infl ammation in PSC leads to 
hepatocyte necrosis and regeneration. The repeti-
tive necrosis and regeneration leads to the devel-

opment of benign hyperplastic nodules. Genomic 
instability and mutations in key oncogenes and 
tumor suppression genes then lead to the devel-
opment of dysplastic polyps and ultimately HCC 
(Fig.  2.3 ). The exact oncogenesis of HCC is not 
as well understood as that of other malignant pro-
cesses; however, several key events have been 
identifi ed. Important genetic events include inac-
tivation of tumor suppressor  p53 , mutations in 
β-catenin, overexpression of ErbB receptor fam-
ily members, and overexpression of the MET 
receptor [ 26 ].  p53 , in particular, plays a critical 
role in destabilizing the HCC genome [ 30 ]. 
Specifi c genomic alterations that have been 
shown to frequently be present in HCC include 
chromosomal gains in 1q, 6p, 8q, 11q, and 17q 
and chromosomal loses in 1p, 4q, 8p, 13q, and 
17p [ 26 ]. Future studies in this area include uti-
lizing genomic characteristics to help stage and 
predict recurrence as well as developing targeted 
therapies.

       Risk Factors 

 The most signifi cant risk factor for PSC- 
associated HCC is cirrhosis. The stage of cirrho-

  Fig. 2.3    Hepatocellular carcinoma resembles normal 
hepatocytes with more than 2–3 cell-thick hepatocellular 
plates or cords, nuclear atypia as evident by enlarged nuclei 
(high N/C ratio) with prominent nucleoli, and the absence 
of portal tracks. Bile production is pathognomonic for 
hepatocyte differentiation and aids in differentiating meta-
static neoplasms and intrahepatic cholangiocarcinomas 
(400×; Courtesy of Dr. Jeffery Kaplan)       
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sis and activity of liver disease infl uences the risk 
of HCC. Child-Pugh class B/C cirrhosis carries at 
three- to eightfold increased risk of HCC com-
pared to Child-Pugh class A [ 28 ]. One should 
have a high suspicion for HCC in patients with 
previously compensated cirrhosis who develop 
decompensated disease with ascites, jaundice, 
variceal bleeding, or encephalopathy. Ongoing 
infl ammation in the liver also increases the risk of 
HCC as evidenced by an increased risk of HCC 
observed in patients with persistently elevated 
ALT levels compared to those with normal levels 
[ 28 ]. Additional independent risk factors associ-
ated with HCC in cirrhotic patients are age >55 
and male sex, which each carry a two- to fourfold 
increased risk [ 25 ,  28 ].  

    Screening 

 Despite the lower risk of HCC in PSC compared 
to other etiologies of cirrhosis, screening for 
HCC is important to perform in all patients who 
have cirrhosis or advanced fi brosis regardless of 
the etiology of liver disease. Screening tests fall 
into two categories, serological and radiologi-
cal. Alpha-fetoprotein (AFP) has been the most 
extensively studied. Alpha-fetoprotein can be 
elevated in both chronic liver disease and HCC; 
however, an AFP >500 ng/mL (normal is 
10–20 ng/mL) is considered diagnostic for HCC 
[ 8 ]. While previously recommended as a screen-
ing test for HCC, given its low sensitivity of 
only about 60 %, AASLD no longer recom-
mends utilizing AFP to screen patients for 
HCC. Other serological tests such as prothrom-
bin induced by vitamin K absence II (PIVKA 
II), descarboxyprothrombin, and AFP-L3 have 
not performed signifi cantly better. Guidelines 
by AASLD currently recommend screening 
with ultrasonography (US) every 6 months [ 13 ]. 
Nodules detected on US that are >1 cm in diam-
eter should be further evaluated with contrasted 
computed tomography (CT) or magnetic reso-
nance imaging (MRI). Nodules < 1 cm should be 
followed with US every 3 months. If no growth 
is detected over 2 years, regular surveillance can 
be resumed. As a screening test, US has been 

reported to have sensitivity between 65 and 
80 % and specifi city >90 % [ 11 ]. While US is 
the recommended imaging modality for HCC 
screening in cirrhosis, CT and MRI should be 
considered in patients with PSC given concur-
rent need for CCA screening for which US is 
not adequate.  

    Diagnosis 

    Imaging 
 Diagnosis of HCC is primarily radiographic. The 
diagnosis of HCC on cross-sectional imaging 
requires CT or MRI with three phases: arterial, 
venous, and delayed. Hepatocellular carcinomas 
are typically supplied by the hepatic arterial sys-
tem and not the portal venous system; therefore, 
characteristic lesions are hyperintense compared 
to the background liver parenchyma in the arte-
rial phase and hypointense in the venous phase. 
Another diagnostic feature of HCC is pseudoen-
capsulation. The presence of these characteristic 
fi ndings is considered diagnostic of HCC and 
does not require liver biopsy. Rarely, HCCs can 
be hypovascular, and such characteristic fi ndings 
are not present. In such cases biopsy may need to 
be pursed.  

    Biopsy 
 Percutaneous biopsy of liver nodules suspicious 
for HCC should only be performed in lesions 
that were nondiagnostic with cross-sectional 
imaging. Biopsy carries the risk of bleeding and 
malignant seeding of the biopsy tract. A meta- 
analysis found the incidence of needle tract 
tumor seeding to be 2.7 % [ 62 ]. When biopsy is 
performed, per AALSD guidelines, lesions 
should be evaluated by expert pathologists. 
Staining for tumor markers including CD34, 
CK7, glypican 3, Hsp60, and glutamine synthe-
tase can help characterize lesions that are not 
clearly HCC on biopsy. If biopsy is negative, 
lesions should be followed every 3–6 months 
until they disappear, enlarge, or display diag-
nostic characteristics of HCC. If the lesions 
enlarge but imaging remains atypical, repeat 
biopsy should be pursued.   
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    Staging 

 There is no universal staging system for HCC. The 
four most commonly used are the Barcelona Clinic 
Liver Cancer (BCLC) staging system; the tumor, 
node, metastasis (TNM) staging system; the 
Okuda system; and the Cancer of the Liver Italian 
Program (CLIP) score. The BCLC staging system 
has four stages based on the extent of primary 
lesion, degree of invasion, symptoms, and perfor-
mance status [ 46 ]. The American Joint Committee 
on Cancer (AJCC) TNM staging system is based 
on the number and size of primary tumors, the 
presence of regional lymph node metastasis, the 
distance metastasis, and the fi brosis score [ 2 ]. The 
Okuda staging system classifi es individuals into 
three stages based on the presence of four criteria: 
tumor size >50 % of the area of the liver, the pres-
ence of ascites, albumin <3 mg/dL, and bilirubin 
>3 mg/dL [ 52 ]. The CLIP is a prognostic scoring 
system based on tumor morphology, AFP levels, 
the presence or absence of portal vein thrombosis, 
and the severity of cirrhosis. A score from 0 to 6 is 
calculated based on subscores from variables. For 
scores 0, 1, 2, 3, and 4–6, median survival was 36, 
22, 9, 7, and 3 months, respectively [ 47 ]. 
Regardless of which stage of disease is utilized, in 
clinical practice the main determinate of manage-
ment is whether a patient is a candidate for surgi-
cal resection or OLT.  

    Management 

 The management of HCC depends largely on the 
size and number of tumors, the presence of mac-
rovascular invasion, and the presence of cirrhosis 
and portal hypertension. 

    Surgical Resection 
 Resection is the treatment of choice for solitary 
HCCs in individuals without cirrhosis or those 
with compensated cirrhosis (Child-Pugh class 
A). Patient with multifocal HCC and/or Child- 
Pugh class B/C, evidence of portal hypertension 
(transhepatic pressure gradient >10 mmHg or 
platelets <100,000/μL and splenomegaly), or 
elevated bilirubin are at high risk for surgical 

resection and require consideration for 
LT. Patients with PSC who develop HCC are not 
likely to be surgical candidates due to chronic 
biliary disease, and therefore management is 
focused on LT and locoregional therapy.  

    Liver Transplantation and the Milan 
Criteria 
 Liver transplantation is the mainstay of treatment 
for HCC in PSC as it is the only potentially cura-
tive therapy. Mazzaferro et al. demonstrated that 
LT in patients with a single tumor ≤5 cm or 2–3 
separate lesions, all ≤3 cm with no evidence of 
macrovascular invasion or extrahepatic disease 
resulted in a 5-year survival of 75 %, similar to 
the survival rate of non-HCC patients undergoing 
OLT [ 50 ]. This so-called Milan criteria are the 
most widely used criteria for determining eligi-
bility for LT. Patients fulfi lling these criteria are 
eligible for automatic MELD exception points as 
long as the tumor remains within Milan criteria. 
Depending on when a patient may be transplanted 
which currently depends on regional donor avail-
ability and whether living donor liver transplan-
tation is considered, locoregional therapy with 
TACE or RFA is often performed to keep patients 
within the Milan criteria while awaiting LT. 
Table  2.3  summarizes the diagnostic criteria of 
HCC eligible for standard MELD exceptions on 
the transplant list. Currently patients fulfi lling the 
Milan criteria are granted a MELD exception of 
28 points 6 months after the initial upgrade 
request. Once to 28 points, a MELD score equiv-
alent to a 10 % mortality risk is added every 3 
months to a maximum of 34 points (i.e., initially 
28, then 29, then 31, then 33, and fi nally 34). The 
6-month delay in receiving MELD exception 
points was recently included in the allocation of 
livers for HCC to allow time to assess tumor biol-
ogy at transplant centers that do transplants at 
low MELD scores (<25). The cap of 34 points 
was so patients with HCC do not participate in 
regional sharing of donor livers which is the case 
for MELD scores ≥35 (see Chap.   15    ).

       Expanded Criteria 
 There have been several studies that have looked 
at expanding the criteria for transplanting HCC 
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beyond the Milan criteria. The University of 
California, San Francisco (UCSF), has demon-
strated equivalent outcome compared to Milan 
criteria by expanding criteria to a single tumor 
≤6.5 cm, maximum of three total tumors with 
none >4.5 cm, and cumulative tumor size <8 cm 
[ 66 ]. The 5-year survival of these so-called UCSF 
criteria was 72.4 % similar to that of the Milan 
criteria, suggesting the Milan criteria may be too 
strict [ 67 ]. AASLD guidelines, however, state 
there is inadequate evidence to support LT out-
side of the Milan criteria [ 13 ]. UCSF has also 
shown good outcomes with transplant for patients 
outside Milan criteria who are downstaged to 
within the Milan criteria with locoregional ther-
apy and remain within Milan criteria for a mini-

mum of 3 months. Results of this protocol 
showed similar outcomes to the Milan criteria 
with 5-year posttransplant survival of 77.8 % in 
the downstaging group versus 81 % in the Milan 
group ( p  = 0.69) [ 67 ]. Patients fulfi lling either of 
these expanded criteria do not receive automatic 
MELD exception points as is the case with those 
fulfi lling Milan criteria, but rather must appeal to 
the regional review board on a case-by-case 
basis.  

    Living Donor Transplantation 
 Given the long wait times for deceased donor liver 
transplantation (DDLT) in many areas of the 
United States and the associated risk of HCC pro-
gression to point of exceeding criteria for LT, 
many transplant centers offer the option of living 
donor liver transplantation (LDLT). In one retro-
spective study of LDLT versus DDLT, overall 
5-year survival was similar in the two cohorts: 
73 % in the LDLT cohort and 71 % in the DDLT 
cohort [ 7 ]. Dropout rates were signifi cantly lower 
in the LDLT cohort (0 % versus 18 %), and waiting 
time to LT was signifi cantly shorter (2.6 versus 
7.9 months) [ 7 ]. Given the potential risk to a living 
donor, LDLTs in general should only be performed 
in candidates who meet standard criteria for LT.   

    Non-curative Treatment 

 The goals of therapy for patients who are not can-
didates for surgical resection or LT are aimed at 
both extending life expectancy and symptomatic 
management. 

    Locoregional Therapy 
 The main goal of locoregional therapy is to 
reduce tumor burden and extend survival. Overall 
there are no consensus guidelines, and choice of 
modality is often based on institutional prefer-
ences. Transarterial chemoembolization is the 
most commonly employed locoregional therapy. 
This therapy utilizes HCC’s dependence on the 
arterial blood supply by inducing acute arterial 
obstruction leading to ischemic tumor necrosis in 
addition to the local effects of chemotherapy 
administration. It is contraindicated in patients 

   Table 2.3    Organ procurement and transplantation net-
work diagnosis, classifi cation and reporting of hepatocel-
lular carcinoma, and eligibility for MELD exceptions   

  OPTN Class 5B nodules  

 T2 lesion(s) 

   1 lesion ≥2 cm and ≤5 cm 

   2–3 lesions ≥1 cm and ≤3 cm 

 And 

 Increased contrast enhancement on late arterial 
imaging 

 And 

 One of the following: 

 1. Washout on portal venous/delayed phases 

 2. Late capsule or pseudocapsule enhancement 

 3. Growth by >50 % on CT or MRI <6 months apart 

 4. Biopsy 

  OPTN Class 5A nodules  

 Single nodule, ≥1 cm and <2 cm (T1 lesion) with 
increased contrast enhancement on late arterial images 

 And 

 Both of the following: 

 1. Washout during portal venous/delayed phases 

 2. Peripheral rim enhancement on delayed phase 

 Or 

 Biopsy 

  Eligible for automatic MELD exception  

 Two 5A lesions 

 One 5A and one 5B 

 One 5B (≤5 cm) 

 Two 5B (both <3 cm) 

  Not eligible for automatic MELD exception  

 One 5A lesion 
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with portal vein tumor thrombus as well as those 
with Child-Pugh class C cirrhosis due to increased 
risk of liver failure and death. Survival is 
improved compared to conservative manage-
ment. In a randomized control trial, TACE was 
found to have a 2-year survival of 63 % compared 
to 27 % in the conservative management group 
[ 46 ]. An issue specifi c to patients with PSC is 
TACE cannot be done after in the setting of bili-
ary obstruction or after sphincterotomy due to 
biliary infectious complications and liver abscess. 

 Radiofrequency ablation utilizes a needle 
electrode to deliver high-frequency alternating 
current from the tip of the electrode to the sur-
rounding tissues which results in increased tem-
perature and subsequent necrosis [ 51 ]. It is most 
often selected for tumors ≤5 cm in diameter as 
the rate for complete necrosis decreases with 
larger lesions [ 45 ]. 

 Radioembolization using intra-arterial injec-
tion of yttrium-90 is another regional therapy uti-
lized to induce tumor necrosis as well as provide 
local radiotherapy. However, similar to TACE, 
radioembolization also cannot be used in the set-
ting of prior sphincterotomy and biliary obstruc-
tion. Percutaneous ethanol injection is also 
utilized: 95 % ethanol is injected directly into 
tumor to induce necrosis and tissue ischemia.  

    Systemic Chemotherapy 
 Overall systemic chemotherapy is of limited 
utility in HCC as it is a relatively chemotherapy- 
refractory tumor, and patients often do not toler-
ate chemotherapy due to underlying liver 
dysfunction associated with HCC. Newer molec-
ularly targeted agents have shown some promise 
for unresectable, metastatic HCC. The agent 
with the most data is sorafenib which is a multi-
kinase inhibitor which inhibits tumor angiogen-
esis through the vascular endothelial growth 
factor receptor and platelet-derived growth fac-
tor receptor as well as directly inhibiting tumor 
cell proliferation and survival [ 44 ]. The SHARP 
trial, which compared sorafenib to placebo, 
showed a signifi cant difference in overall sur-
vival (10.7 versus 7.9 months;  p  < 0.05) in 
patients who were CTP-A and not candidates for 
surgical resection [ 48 ].    

    Gallbladder Carcinoma 

    Introduction 

 Gallbladder carcinoma (GBC) is an adenocarci-
noma arising from the epithelial lining of the gall-
bladder. Just as chronic infl ammation in the biliary 
tract leads to an increased risk of CCA, patients 
with PSC are also at an increased risk for gallblad-
der dysplasia and carcinoma due to chronic infl am-
mation and stasis within the gallbladder.  

    Epidemiology 

 In the general population, GBC is a relatively 
rare disease. Patients with PSC, however, have 
greater than a tenfold increased risk of GBC 
compared to the general population. The preva-
lence of gallbladder carcinoma in patients with 
PSC is reported to be 3.5–7 % compared to 
0.35 % in the general population [ 14 ,  57 ].  

    Risk Factors 

 Risk factors for GBC in general are chronic 
infection with salmonella and gallbladder stones. 
While there is an increased risk of gallbladder 
stones in PSC alone, PSC appears to be an inde-
pendent risk factor for GBC.  

    Pathogenesis 

 Not much is known about the pathogenesis of 
PSC-associated GBC, but the underlying mecha-
nism is likely related to chronic infl ammation. The 
gallbladder epithelium is continuous with the 
extrahepatic bile duct system, and 25 % of indi-
viduals with PSC have been found to have chole-
cystitis, the majority of which is not associated 
with gallbladder stones [ 57 ]. It has been proposed 
that there is a metaplasia-dysplasia-carcinoma 
sequence in PSC-associated GBC [ 41 ]. Gallbladder 
dysplasia, carcinoma in situ, and invasive carci-
noma have been shown to have high rates of  p53  
mutation; in contrast gallbladder adenomas tend to 
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lack  p53  mutations and have K- ras  mutations, 
which are less likely to be found in GBC [ 41 ].  

    Screening 

 The AASLD recommends annual screening for 
gallbladder polyps with ultrasound [ 18 ]. Whether 
CT and MRI/MRCP typically used to screen for 
CCA is adequate to screen for GBC is unclear. In 
the general population, gallbladder polyps <1 cm 
are often nonmalignant and can be followed with 
serial imaging. In PSC, however, even small pol-
yps detected on US are often malignant, and 
therefore all PSC patients with gallbladder polyps 
should be considered for cholecystectomy [ 39 ].  

    Diagnosis 

 The diagnosis of GBC is a histologic one. Most 
diagnoses of GBC in the general population are 
detected incidentally during cholecystectomy. 
Laboratory analysis is of limited utility espe-
cially in PSC where patients will have aberra-
tions in serum bilirubin, alkaline phosphatase, 
and CA 19-9 due to their chronic biliary disease. 
Suspicious US fi ndings include a mass occupy-
ing or replacing the gallbladder lumen, focal or 
diffuse asymmetric wall thickening, and gall-
bladder polyps [ 65 ]. MRI/MRCP is utilized to 
further differentiate between benign gallbladder 
lesions and malignant ones and is also useful in 
the preoperative staging of GBC [ 59 ,  68 ].  

    Treatment 

    Surgical Management 
 As with CCA and HCC, surgical management is 
the only potentially curative treatment. Therapy 
for GBC is largely based on TNM staging. 
Cholecystectomy alone is suffi cient for early 
tumors which are confi ned to the mucosa (Tis) or 
lamina propria (T1a). A radical cholecystectomy 
with resection of the liver bed is recommended 
for T1b and T2 lesions [ 70 ]. T3 and T4 lesions 
often involve signifi cant invasion of adjacent 

organs and surgical resection carries substantial 
morbidity and mortality. This is especially true in 
PSC given preexisting hepatic disease. Due to the 
relative rarity of GBC, there are no large random-
ized trials to evaluate the role of adjuvant radia-
tion and chemotherapy. 5-Fluorouracil 
(5-FU)-based chemotherapy regimens are often 
combined with radiation as adjuvant therapy in 
≥T2 disease.  

    Advanced Stage 
 For unresectable T3 and T4 lesions, debulking 
and palliative therapies are similar to those uti-
lized in CCA. For locoregionally advanced and 
unresectable lesions, external beam radiation 
with concurrent 5-FU-based chemotherapy is 
used to attempt to decrease tumor size. For distal 
metastases, the National Comprehensive Cancer 
Network (NCCN) recommends gemcitabine 
and/or a platinum or fl uoropyrimidine-based 
regimen [ 54 ]. Percutaneous or endoscopic stent-
ing is also utilized to relieve obstructive 
jaundice.   

    Prognosis 

 The overall prognosis of GBC is poor and 
declines rapidly with more advanced stages. The 
5-year survival of stages I, II, III, and IV in the 
general population was 54 %, 32 %, 9–10 %, and 
2–3 %, respectively [ 53 ]. 

   Conclusion 

 Individuals with PSC are at increased risk for 
hepatobiliary malignancies which is a signifi cant 
cause of morbidity and mortality. Surgical resec-
tion or liver transplantation in highly selected 
cases is usually the only curative therapy. 
Resection is amenable typically in early-stage 
carcinomas, necessitating early diagnosis in a sur-
veillance program for cholangiocarcinoma, hepa-
tocellular carcinoma, and gallbladder carcinoma. 
Cholangiocarcinoma is the most common hepato-
biliary malignancy associated with PSC and is a 
common reason for liver transplantation in such 
patients. Diagnosis of CCA in PSC is challenging 
due to the diffi culty distinguishing benign from 
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malignant biliary strictures. PSC- associated HCC 
is rare and only arises in cirrhosis. Diagnosis and 
management is similar to HCC associated with 
other etiologies of cirrhosis. Gallbladder carci-
noma is the less common and less researched 
hepatobiliary carcinoma associated with PSC; 
however, it is associated with signifi cant mortality 
as it is often detected in later stages. More research 
in the diagnosis and  targeted therapies could sig-
nifi cantly improve the  mortality of PSC-associated 
hepatobiliary malignancies.       
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         Epidemiology of PSC-Associated 
IBD (PSC-IBD) 

 Approximately 60–80 % of PSC cases in North 
American and Western European populations are 
associated with IBD; generally, over two-thirds 
of the IBD cases are diagnosed as ulcerative coli-
tis (UC) [ 1 ,  2 ]. It has been suggested that the 
prevalence of IBD among PSC patients of non- 
Caucasian background may be lower. For 
instance, IBD prevalence rates of 20–34 % have 
been reported in studies of Asian PSC patients; 
however, these studies were either very small or 
relied on provider surveys without rigorous 
methods of IBD case ascertainment [ 3 – 6 ]. 

 The diagnosis of IBD precedes that of PSC in 
the majority of patients with concomitant PSC 
and IBD. Indeed, the diagnosis of PSC may be 
made many years after the diagnosis of IBD and 
can even occur after proctocolectomy [ 7 – 15 ]. The 
prevalence of PSC in population-based studies of 
UC patients ranges from 2 to 8 %. Among patients 
with Crohn’s disease (CD), the prevalence of PSC 
approaches 1 %, and it appears to occur much less 
frequently among patients with CD that is isolated 

to the small bowel [ 1 ,  15 – 17 ]. It has been reported 
that no statistically signifi cant differences were 
seen in the prevalence of PSC among African-
American, Hispanic, and non-Hispanic white 
patients with IBD enrolled in the National Institute 
of Diabetes and Digestive and Kidney Diseases 
(NIDDK) Infl ammatory Bowel Disease Genetics 
Consortium (IBDGC) repository; however, only 
20 patients with PSC were in this study [ 18 ].  

    Pathophysiology of PSC-IBD 

 Although a variety of hypothesis-generating asso-
ciations have been identifi ed between PSC and 
IBD, the specifi c underlying pathophysiology has 
yet to be elucidated. The strong heritability of dis-
ease coupled with identifi cation of multiple shared 
genetic risk loci between PSC and IBD suggests a 
signifi cant genetic contribution. Familial occur-
rence of PSC has been well documented [ 19 ]. PSC 
also confers greater than a threefold increased risk 
of UC among fi rst-degree relatives [ 20 ]. This risk 
exists even in the absence of concomitant IBD in 
the proband, strongly suggesting a shared genetic 
susceptibility between the diseases [ 20 ]. 

 Interestingly, although a variety of HLA- and 
non-HLA-associated risk loci have been 
described for both PSC and UC [ 21 – 23 ], specifi c 
HLA haplotypes [ 24 ] and major IBD-associated 
genes such as CARD15 and MDR1 [ 25 ] do not 
appear to be shared between the two. While over-
lap involving various non-HLA-associated risk 
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loci does support a shared genetic susceptibility, 
the discrepancy between HLA haplotypes 
 supports the assertion that PSC-IBD is a distinct 
clinical and genetic phenotype [ 26 – 28 ]. 

 Beyond the signifi cant role of genetics in 
PSC-IBD, there have been multiple other theo-
ries attempting to explain the pathophysiologic 
connection between PSC and IBD. One such 
theory involves specifi c anti-neutrophil autoanti-
bodies termed atypical perinuclear-staining anti- 
neutrophil cytoplasmic antibodies (pANCA) 
which can be detected in ~80 % of patients with 
both PSC and UC [ 29 ]. The fi nding that atypical 
pANCA react with the autoantigen β-tubulin iso-
type 5 (TBB5) as well as its highly conserved 
evolutionary bacterial precursor, protein FtsZ 
[ 30 ], supports a possible role for molecular mim-
icry in which an abnormal immune response to 
intestinal microorganisms results in loss of toler-
ance to self-antigens and autoimmunity in geneti-
cally susceptible individuals [ 31 ]. 

 Translocation of bacterial antigens into the 
portal circulation as a result of intestinal infl am-
mation and barrier disruption has also been 
implicated in the pathogenesis of PSC-IBD [ 32 ]. 
Prior endoscopic retrograde cholangiopancrea-
tography (ERCP) appears to be an important con-
founding factor, however, since the majority of 
ERCP-naïve PSC patients have been found to 
have negative bile cultures [ 33 ]. This theory also 
fails to explain the development of PSC either 
preceding or in the absence of IBD and its associ-
ated intestinal barrier dysfunction. 

 The most promising theory linking hepatic and 
intestinal infl ammation involves aberrant lympho-
cyte traffi cking of gut-specifi c T cells to the liver. 
PSC is characterized by a massive infi ltration of 
mononuclear cells with a predominance of CD8+ 
T cells in the periportal regions [ 34 ]. Uniquely, up 
to 20 % of the lymphocytic liver infi ltrate in PSC is 
comprised of gut-specifi c T cells that have both 
α4β7 integrin and chemokine receptor 9 (CCR9) 
on their cell surface [ 35 ]. The α4β7 integrin and 
CCR9 on circulating T cells bind the intestine-
specifi c adhesion molecule mucosal vascular 
addressin cell adhesion molecule 1 (MAdCAM-1) 
and chemokine ligand CCL25, respectively. 
MAdCAM-1 and CCL25 are responsible for facil-

itating recruitment of α4β7+/CCR9+ gut-homing 
lymphocytes to sites of mucosal injury, are signifi -
cantly upregulated within the intestine in active 
IBD, and are typically expressed exclusively in the 
intestinal endothelium [ 36 ,  37 ]. Aberrant hepatic 
endothelial expression of MAdCAM-1 and 
CCL25 in PSC- IBD results in recruitment of gut-
specifi c α4β7+/CCR9+ lymphocytes to the liver, 
indicating a direct interplay between intestinal and 
hepatic infl ammation [ 35 ,  38 ].  

    IBD Phenotype in PSC-IBD Patients 

 The clinical features of PSC-IBD appear to be dis-
tinct from those of IBD in the absence of 
PSC. Nearly all studies of PSC-IBD phenotype 
have reported a higher prevalence of extensive 
colitis in PSC-IBD patients than IBD controls [ 39 ]. 
Notably, although the colitis in PSC-IBD tends to 
be extensive, it is often mild and may be present 
only histologically [ 40 ]. Right-sided predominant 
colitis with relative rectal sparing and backwash 
ileitis are commonly described features of 
 PSC-IBD [ 12 ,  41 – 43 ]. Rectal sparing and/or the 
presence of backwash ileitis may prompt a diagno-
sis of Crohn’s disease or indeterminate colitis in 
patients with PSC-associated IBD; however, other 
more defi nitive characteristics of Crohn’s disease 
such as perianal involvement, transmural infl am-
mation, skip lesions, strictures, or isolated small 
bowel disease are generally lacking [ 12 ,  42 ,  44 , 
 45 ]. Patients with PSC-IBD appear to have a more 
quiescent clinical course in terms of their IBD, 
with less frequent need for immunosuppression or 
hospitalization [ 46 – 48 ].  

    Colorectal Cancer Risk, Prevention, 
and Management in PSC-IBD 
Patients 

 Multiple studies have shown an increased risk of 
colorectal cancer (CRC) in patients with UC and 
Crohn’s colitis, although the risk appears to be 
declining over time [ 49 – 51 ]. The magnitude of 
relative risk depends upon a variety of factors 
including anatomical disease extent, duration, 
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severity, and family history of CRC [ 52 ]. More 
extensive colonic disease confers the greatest 
risk; pancolitis is associated with a 15-fold 
increased risk of CRC as compared to a threefold 
or twofold increased risk with left-sided colitis 
and proctitis, respectively [ 53 ]. Likewise, CRC 
risk rises with increasing disease duration with 
an estimated incidence rate of 0.91, 4.07, and 
4.55 per 1000 patient-years after 10, 20, and 30 
years of disease, respectively [ 51 ]. 

 The risk of CRC in PSC patients without con-
comitant IBD is low, with an estimated 2 % risk 
after 20 years of disease [ 39 ,  54 ]. Conversely, 
PSC is an independent risk factor for CRC in 
patients with a coexisting diagnosis of UC 
(PSC-UC), conferring a four- to fi vefold 
increased risk above the already elevated CRC 
risk in isolated UC [ 55 ] (Fig.  3.1 ). Data regarding 
the risk of CRC among PSC patients with a coex-
isting diagnosis of CD (PSC-CD) is confl icting 
and limited by the low prevalence of CD diagno-
ses among PSC patients [ 39 ,  44 ,  56 ]. Ultimately, 
the risk for CRC in PSC-CD is likely comparable 
to PSC-UC after accounting for disease distribu-
tion and extent. Among patients with PSC-IBD, 
the diagnosis of CRC appears to occur at a 
younger age and closer to the time of IBD diag-
nosis than among patients with isolated IBD [ 39 ]. 
The mechanisms underlying the increased risk of 
CRC in PSC-IBD remain unknown. Altered 
colonic bile salt exposure has been postulated as 
a cause as has the delay in IBD diagnosis among 
PSC patients with subclinical colitis [ 57 ]. While 

colonic neoplasia among patients with UC alone 
typically presents in the rectosigmoid colon, neo-
plasia in PSC-IBD presents more commonly in 
the proximal colon [ 12 ,  39 ,  58 ].

   Given the apparent increased incidence of 
colorectal neoplasia in PSC-IBD patients, a vari-
ety of medications have been evaluated as chemo-
prevention agents. Two recent meta-analyses with 
similar study inclusions have suggested a possible 
decrease in CRC risk associated with low- to 
medium-dose ursodeoxycholic acid (UDCA) [ 59 , 
 60 ]. Hansen et al. reported a nonsignifi cant trend 
toward benefi t with an RR of 0.64 (95 % CI 0.38–
1.07,  p  = 0.09) for CRC with UDCA dosed less 
than 25 mg/kg/day [ 59 ]. Conversely, Singh et al. 
found a statistically signifi cant benefi t with an OR 
of 0.18 (95 % CI 0.06–0.52) for CRC with UDCA 
dosed between 8 and 15 mg/kg/day [ 60 ]. Neither 
analysis demonstrated any benefi t with higher-
dose UDCA; however, defi nitions of high-dose 
UDCA differed. While low-dose UDCA may be 
associated with reduced CRC risk among PSC-
IBD patients, there remains a lack of certainty that 
is refl ected in the discordant recommendations 
from the American Gastroenterology Association 
(AGA) and American Association for the Study of 
Liver Diseases (AASLD) for and against the use 
of UDCA as CRC chemoprevention, respectively 
[ 2 ,  61 ]. 

 Despite discrepant results among available 
observational studies, a 2010 AGA technical 
review favored the use of aminosalicylates 
(5-ASA) for chemoprevention in  colitis- associated 
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CRC [ 62 ]. Thiopurines have been variably 
 associated with a protective effect in reducing 
colitis-associated CRC; however, their risk pro-
fi le limits their appeal as chemoprevention agents 
when not necessary for the treatment of colitis 
[ 63 – 67 ]. Results to date regarding the chemopre-
ventative benefi t of anti-TNF agents are limited 
and confl icting [ 68 ,  69 ]. Folate supplementation 
does not appear to protect against CRC in patients 
with IBD. 

 Patients with PSC-IBD are recommended to 
undergo rigorous surveillance colonoscopy to 
identify and manage colonic neoplasia as early as 
possible. Given the higher incidence of subclini-
cal or mildly symptomatic colitis among PSC 
patients, current guidelines recommend a full 
colonoscopy with random segmental biopsies at 
the time of PSC diagnosis to assess for coexistent 
IBD. Patients with PSC-IBD should undergo 
serial colonoscopy for dysplasia surveillance 
every 1–2 years starting at the time of IBD diag-
nosis according to the AASLD; several other 
society guidelines recommend annual colono-
scopic surveillance [ 2 ,  61 ,  70 ,  71 ]. There are no 
current guidelines regarding additional colono-
scopic surveillance in PSC patients without con-
comitant IBD at initial colonoscopy. 

 Current surveillance colonoscopy guidelines 
for IBD patients recommend both targeted biop-
sies of visible lesions and extensive segmental 
biopsies with four-quadrant biopsies every 10 cm 
[ 70 ,  72 ,  73 ]. It should be noted, however, that 
guidelines for dysplasia surveillance and manage-
ment differ among societies and are evolving as 
endoscopic imaging techniques improve the 
detection of dysplasia [ 70 ,  74 ]. Although the mer-
its of continued surveillance versus colectomy for 
low-grade dysplasia (LGD) remain debatable, the 
substantial risk of progression of LGD to CRC in 
PSC-IBD should prompt a discussion with 
patients regarding more intensive surveillance or 
colectomy [ 75 ]. A variety of techniques have been 
evaluated to improve dysplasia detection given 
the low yield of random biopsies for the detection 
of dysplasia [ 76 ]. There is consensus that high-
defi nition colonoscopy signifi cantly improves 
dysplasia detection over standard white-light 
colonoscopy and should be utilized if available 

[ 74 ]. Additionally, chromoendoscopy using 
 intracolonic application of indigo carmine or 
methylene blue signifi cantly improves dysplasia 
detection over standard white-light colonoscopy 
and, to a lesser degree, over high-defi nition colo-
noscopy [ 74 ] (Fig.  3.2 ). Because of improved 
dysplasia detection, chromoendoscopy is fre-
quently utilized for surveillance of high-risk pop-
ulations, including patients with PSC-IBD, and 
has been recommended in some society guide-
lines [ 71 ]. Additional image enhancement modal-
ities such as narrow band imaging (NBI) and 
autofl uorescence technology are yet to show sig-
nifi cant benefi t in dysplasia detection in IBD [ 74 ].

       Colectomy and Pouch Function 
in PSC-IBD Patients 

 Up to one-third of PSC-IBD patients will ulti-
mately undergo colectomy [ 77 – 79 ]; however, 
colectomy rates may be decreasing [ 80 ]. Although 
it has not been studied directly, comparison of 
colectomy rates among study cohorts from simi-
lar time periods suggests that PSC-IBD patients 
may have a two- to threefold increase in  colectomy 
rates over patients with isolated UC [ 81 – 84 ]. 
While extensive colitis and associated refractory 
disease is the most signifi cant risk factor for col-
ectomy among non-PSC-UC patients [ 85 ], PSC-
IBD patients are much more likely to undergo 

  Fig. 3.2    Dysplastic colonic tissue identifi ed with the aid 
of chromoendoscopy with methylene blue       

 

B. Fennimore et al.



33

colectomy for colorectal dysplasia/neoplasia [ 42 , 
 82 ,  83 ]. Hepatic dysfunction is an important risk 
factor for adverse outcomes from colectomy [ 84 ]. 
In patients with portal hypertension who undergo 
ileostomies, peristomal varices can occur, and 
variceal bleeding may be very diffi cult to control, 
sometimes necessitating TIPS or liver transplan-
tation (Fig.  3.3 ) [ 86 – 88 ]. As a consequence, proc-
tocolectomy with formation of an ileal pouch anal 
anastomosis (IPAA), often called a “J pouch,” is 
the favored procedure for patients requiring col-
ectomy (Fig.  3.4 ). For patients with poor hepatic 
reserve, however, concomitant liver transplanta-
tion with total colectomy followed subsequently 
by IPAA may be a preferable approach [ 89 ].

    Patients undergoing proctocolectomy with 
IPAA can experience a variety of pouch compli-
cations. The most common complication is pou-
chitis, which occurs in approximately 20–45 % of 
patients, and presents as increased stool fre-
quency and urgency [ 90 ]. Pouchitis is thought to 
be a consequence of microbial dysbiosis and 
typically responds to a short course of antibiotic 
therapy, most often with ciprofl oxacin and/or 
metronidazole [ 91 ]. A subset of patients will 
develop chronic antibiotic-refractory pouchitis 
(CARP) that requires more aggressive immuno-
suppressive therapy. PSC-IBD patients who 
undergo IPAA are more likely to develop pouchi-
tis and have higher rates of CARP [ 92 ,  93 ]. This 
risk does not appear to be affected by liver dis-
ease severity [ 92 ] or worsen after liver transplan-
tation [ 94 ]. De novo CARP appears to occur less 
frequently if IPAA is performed after liver trans-
plantation (58.3 %) than if IPAA precedes trans-
plantation (100 %;  p  = 0.047) [ 95 ]. 

 Neoplasia of the pouch or anal transition zone 
(ATZ) following IPAA has been described [ 96 , 
 97 ] and occurs more often in patients undergoing 
colectomy for dysplasia/CRC [ 96 ]. Some studies 
suggest that PSC-IBD patients are at increased 
risk for pouch or ATZ neoplasia [ 98 ,  99 ]. The 
overall rate of pouch/ATZ neoplasia remains low, 
however, and there is no consensus on the need, 
or optimal protocol, for surveillance for pouch/
ATZ neoplasia following IPAA [ 98 ,  100 ]. PSC 

  Fig. 3.3    Peristomal varices in a patient with PSC-IBD 
who underwent colectomy with end ileostomy and subse-
quently developed cirrhosis (Image courtesy of Hugo 
R. Rosen, MD)       

a b

  Fig. 3.4    ( a ) Normal pouch with healthy-appearing mucosa and an owl’s eye confi guration demonstrating a patent 
pouch inlet leading to the pre-pouch ileum; ( b ) diffuse pouchitis in a patient with PSC-IBD       
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and/or liver transplant does not appear to be a 
signifi cant risk factor for other pouch-related 
complications including infections ( Clostridium 
diffi cile  and CMV) [ 101 ,  102 ], irritable pouch 
syndrome [ 103 ], or pouch failure [ 104 ].  

    Effect of IBD on Transplant 
Outcomes Among PSC-IBD Patients 

 Concomitant IBD does not appear to signifi cantly 
affect overall patient survival following liver 
transplant for PSC; however, it may adversely 
impact graft function [ 105 ,  106 ]. The presence of 
IBD and an intact colon appears to be a signifi -
cant risk factor for recurrence of PSC posttrans-
plant. Pre- or peri-transplant colectomy is 
associated with much lower rates of recurrent 
PSC (2–3 %) than those seen among transplanted 
PSC patients who retain their colon or undergo 
colectomy following transplant (40–44 %) [ 107 , 
 108 ]. PSC-IBD has also been associated with 
increased rates of acute cellular rejection [ 109 ] 
and chronic ductopenic rejection [ 106 ], while 
active IBD at the time of transplant has been 
associated with decreased graft survival and 
hepatic artery thrombosis [ 110 ].  

    Effect of Liver Transplantation 
on IBD Activity Among PSC-IBD 
Patients 

 PSC-IBD activity in patients requiring liver trans-
plantation tends to be mild [ 83 ]. IBD activity fol-
lowing transplant follows a more variable course 
[ 111 ]. Some studies describe generally quiescent 
disease posttransplant [ 112 ,  113 ], while others 
document predominantly poor disease control and 
even the development of de novo IBD in approxi-
mately one-fi fth of PSC patients despite trans-
plant immunosuppression [ 13 ,  105 ,  114 – 116 ]. 
Although it is a well-described clinical phenome-
non, the pathogenesis of de novo IBD posttrans-
plant remains unclear. Theories include the 
unmasking of autoimmunity through suppression 
of regulatory T cells by transplant immunosup-
pressive agents, the loss of tolerance to microbial 

antigens, and the initiation of a chronic infl amma-
tory response by damage-associated molecular 
pattern molecules and pathogen- associated 
molecular pattern molecules [ 117 ,  118 ]. Risk fac-
tors for poor IBD outcomes posttransplant also 
remain unclear. Clinically active IBD at the time 
of transplant may be a risk factor for worse dis-
ease after transplant [ 13 ], and inactive IBD at 
transplant has been associated with good disease 
control afterward [ 112 ]; however, as with many 
other reported predictors of posttransplant disease 
course, these associations have not been found in 
all studies. Another relatively common, but not 
universal, fi nding is that tacrolimus- based trans-
plant immunosuppressive regimens are associ-
ated with higher rates of IBD fl ares [ 13 ,  119 ,  120 ] 
than regimens using azathioprine and cyclospo-
rine [ 13 ,  116 ,  120 ,  121 ].  

    Management of PSC-IBD 
Following Liver Transplantation 

 The management of active IBD in the posttrans-
plant setting is complicated by the competing 
need for antirejection immunosuppressive agents 
that are not always effective as IBD treatments 
and may actually promote disease activity. The 
successive use of calcineurin inhibitors and anti- 
TNF agents has been associated with a signifi -
cant risk of infectious complications among 
patients with severe UC and raises concerns 
about the use of anti-TNF agents in the posttrans-
plant PSC-IBD population [ 122 ]. Although data 
is very limited, in three small case series, the use 
of anti-TNF therapies in combination with calci-
neurin inhibitors and/or mycophenolate mofetil 
(MMF) in the posttransplant setting appeared to 
be safe and similarly effective at managing IBD 
as in the non-transplant population [ 123 – 125 ]. 
There is a single case report regarding the use of 
vedolizumab in the posttransplant setting with no 
adverse reactions observed after 11 months of 
treatment, during which the frequency of admin-
istration was increased to every 4 weeks [ 126 ]. 
There have been only three case reports in adults 
and a single case series in children assessing the 
use of mTOR inhibitors for the management of 
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refractory IBD. While there appears to be some 
effi cacy in a very selective population, their use 
in treating IBD in the posttransplant setting has 
not been evaluated [ 127 – 129 ]. 

 The relative risk of colorectal cancer follow-
ing liver transplant for non-PSC indications is 
approximately twofold that of the general popu-
lation [ 130 ]. PSC-IBD patients with an intact 
colon posttransplant have a tenfold increased risk 
of CRC as compared to non-PSC transplant indi-
cations and 20-fold increased risk over the gen-
eral population [ 110 ]. Similar to IBD in general, 
the colorectal cancer risk among PSC-IBD 
patients following transplant is related to the 
extent and duration of colitis [ 131 ]. Notably, 
transplant-related factors such as type of immu-
nosuppression, rates of rejection, and CMV 
infection have not been shown to affect posttrans-
plant CRC risk [ 132 ,  133 ]. Patients undergoing 
regular colonoscopic surveillance posttransplant 
are more likely to be diagnosed with early stage 
cancer, and therefore PSC-IBD patients should 
continue to undergo surveillance colonoscopy 
every 1–2 years following transplant [ 133 ].  

    Summary 

 IBD is present in approximately two-thirds of 
patients with PSC. The pathogenesis of this close 
association remains unclear. Although there is a 
clear genetic link between the two diseases, PSC- 
associated IBD likely represents a distinct clini-
cal entity. PSC-IBD is often characterized by 
pancolitis with right colon predominant infl am-
mation and relative rectal sparing. Importantly, 
these patients harbor a dramatically increased 
risk of colorectal cancer and thus require rigor-
ous colonoscopic surveillance to minimize unfa-
vorable outcomes related to colonic dysplasia. 
Liver disease progression and liver transplanta-
tion present additional challenges related to coli-
tis management, which can have important 
effects on graft outcomes. Understanding the 
unique diagnostic, prognostic, and management 
considerations of this patient population provides 
the opportunity for optimization of patient care 
and improved outcomes.     
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      Overlap Syndromes of Primary 
Sclerosing Cholangitis                     

     Albert     J.     Czaja     

         Primary sclerosing cholangitis (PSC) has 
 characteristic histological fi ndings (concentric 
periductal fi brosis, portal edema and fi brosis, bile 
duct loss, and focal bile ductular proliferation) 
[ 1 – 4 ] and cholangiographic features (focal biliary 
strictures and dilations) [ 5 – 10 ] that compel its 
consideration regardless of other clinical fi ndings. 
The high disease specifi city of these features has 
facilitated the identifi cation of syndromes in 
which the fi ndings of PSC are intermixed with 
those reminiscent of other diseases [ 11 – 17 ]. 
These hybrid syndromes are bound to the diagno-
sis of PSC by their histological and/or cholangio-
graphic features, but they warrant separate 
designations as overlap syndromes because of 
their strong resemblance to autoimmune hepatitis 
(AIH) [ 18 – 31 ] or primary biliary cholangitis 
(PBC) [ 32 – 37 ]. Patients with histological features 
of bile duct injury or loss suggestive of PSC may 
also have a cholestatic syndrome characterized by 
normal cholangiography, the absence of antimito-
chrondrial antibodies (AMA), and infl ammatory 
and serological fi ndings suggestive of AIH [ 15 , 
 17 ]. These patients have been  variously desig-
nated as having AMA-negative PBC, small duct 
PSC, or autoimmune cholangitis [ 29 ,  38 – 42 ]. 
They are probably more accurately regarded as 

variants of the classical syndromes of PSC and 
PBC rather than an overlap syndrome [ 43 – 46 ]. 

 The overlap syndromes of PSC are mainly 
clinical descriptions rather than valid pathological 
entities [ 15 ,  16 ,  47 ]. Their diagnostic criteria have 
not been codifi ed, and their management has not 
been established by rigorous clinical trial. They 
have emerged mainly from large cohorts of 
patients with predominately PSC [ 18 ,  22 ,  23 ,  26 ] 
or AIH [ 12 ,  20 ,  24 ,  28 ,  30 ,  48 ] and from single- 
center experiences that have applied diverse diag-
nostic criteria and empiric management strategies 
[ 21 ,  25 ]. The overlap syndromes of PSC can con-
found the diagnosis, behave differently than clas-
sical PSC, respond variably to pharmacological 
interventions, and warrant individualized man-
agement strategies adjusted to the predominant 
disease component [ 14 – 17 ]. They should be con-
sidered in all patients with classical features of 
AIH who have ulcerative colitis, prominent cho-
lestatic features, or recalcitrance to conventional 
corticosteroid therapy [ 12 ,  49 ]. They should also 
be considered in patients with histological and/or 
cholangiographic features of PSC who have 
prominent liver infl ammation and serological 
markers of immune reactivity [ 12 ,  18 ] and in 
patients with predominant cholestatic features, 
AMA, and destructive cholangitis (fl orid duct 
lesions) on histological examination [ 32 – 37 ]. 

 The goals of this review are to describe the 
clinical features and frequency of the overlap 
syndromes of PSC, review the syndrome of 
 autoimmune cholangitis, speculate on the 
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 pathogenesis of the overlap syndromes of PSC, 
and provide management guidelines based on the 
composite experience of limited clinical studies 
and the recommendations of the major liver 
societies. 

    Diagnostic Criteria 

 Overlap syndromes can have features of PSC and 
AIH or PBC at the time of disease discovery [ 28 , 
 36 ], or the overlapping features may develop 
later [ 20 ,  24 ,  33 – 35 ,  37 ,  50 ]. The emergence of 
the overlapping features may refl ect an unaware-
ness of the concurrent disease manifestations at 
the time of presentation (incomplete diagnosis), 
or they may indicate a transition of the original 
classical disease to an overlap syndrome during 
follow-up (evolving diagnosis) [ 15 ]. Patients 
with classical features of AIH [ 20 ,  24 ,  41 ,  50 ] or 
PBC [ 34 ,  35 ,  37 ] may have unsuspected cholan-
giographic changes of PSC at presentation, or 
they may develop PSC later in the course of their 
disease. Similar apparent or actual transitions of 
PSC to features of AIH or PBC have been 
described [ 23 ,  33 ,  37 ]. The presence of features 
commonly associated with disparate diseases in 
the same patient is suffi cient for the designation 
of an overlap syndrome whether these features 
have been discovered together or sequentially. 

 Classical PSC can have autoantibodies 
(smooth muscle antibodies [SMA], antinuclear 
antibodies [ANA], and atypical perinuclear anti- 
neutrophil cytoplasmic antibodies [pANCA]) 
[ 18 ,  51 – 56 ], hypergammaglobulinemia [ 18 ,  57 ], 
and interface hepatitis that may include lympho-
plasmacytic infi ltration [ 4 ,  18 ,  51 ,  57 ,  58 ]. These 
features also typify patients with classical AIH 
[ 59 – 63 ]. The designation of an overlap syndrome 
between PSC and AIH implies that the features of 
AIH are so strong in PSC that they extend beyond 
the boundary acceptable for classical disease. 
Similarly, the designation of an overlap syn-
drome between PSC and PBC implies that the 
clinical, laboratory, and histological fi ndings of 
PSC and PBC are so disease specifi c that their 
occurrence together cannot be accommodated 
within a conventional diagnostic category. 

    Diagnostic Scoring System 

 The revised original diagnostic scoring system of 
the International Autoimmune Hepatitis Group 
(IAIHG) [ 60 ] has been used to quantify the 
strength of autoimmune features in patients with 
PSC, but it has not been validated for this pur-
pose [ 12 ,  13 ,  18 ,  48 ] (Table  4.1 ). It was devel-
oped to ensure the inclusion of homogeneous 
patient populations in clinical trials, and it cannot 
serve as a discriminative diagnostic index or 
supersede clinical judgment [ 60 ,  64 ,  65 ]. The 
sensitivity of the scoring system for the overlap 
syndromes has varied from 50 to 62 % using clin-
ical judgment as the gold standard [ 66 ,  67 ], and 
its application in diagnosing these syndromes has 
been discouraged by the IAIHG [ 47 ].

   Patients with the overlap syndromes typically 
score less than patients with classical AIH. Scores 
are based on laboratory and histological fi ndings 
at presentation which may change during the 
course of the disease, and scores in retrospective 
studies of the overlap syndromes have varied 
widely [ 48 ]. Cutoff values for the diagnosis of an 
autoimmune component have not been estab-
lished, and the scores have not correlated with 
outcomes. The ratio of the serum alkaline phos-
phatase (ALP) level to the serum aspartate ami-
notransferase (AST) level may be the single most 
valuable component of the scoring system for 
assessing an overlap syndrome. The ALP/AST 
ratio can suggest an unusual cholestatic feature in 
patients with AIH, especially if it exceeds 1.5 
[ 20 ,  24 ]. Furthermore, an increased ratio has also 
been associated with reduced survival [ 48 ]. A 
similar diagnostic scoring system for PBC has 
been promulgated for assessing the strength of 
the PBC component in the overlap syndromes, 
but it has not been validated or widely used [ 68 ].  

    Diagnostic Requisites 

 Clinical judgment is the principal basis for diag-
nosing the overlap syndromes of PSC (Table  4.1 ). 
The diagnosis of an overlap syndrome between 
PSC and AIH requires histological and/or cholan-
giographic features typical of PSC and prominent 
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features of AIH as refl ected in characteristic labo-
ratory tests of infl ammatory activity, serological 
tests of immune reactivity (ANA, SMA, and/or 
antibodies to liver kidney microsome type 1 [anti-
LKM1]), hypergammaglobulinemia (especially, 
increased serum immunoglobulin G [IgG] level), 
and dense lymphoplasmacytic infi ltration of liver 
tissue with interface hepatitis. Twenty-seven per-
cent of patients with histological overlap between 
AIH and PSC have small duct PSC, and normal 
cholangiography does not exclude this overlap 
syndrome [ 29 ]. 

 The diagnosis of the overlap syndrome between 
PSC and PBC requires histological and/or cholan-
giographic features typical of PSC, AMA, and 
characteristic biliary changes of PBC (destructive 
or granulomatous cholangitis) [ 15 ,  17 ,  33 ,  34 ,  37 ] 

(Table  4.1 ). The serum immunoglobulin M (IgM) 
concentration is increased in 45 % of patients with 
PSC [ 57 ], but AMA are rarely detected (0–8 %) 
[ 55 ,  57 ,  69 ]. Antimitochondrial antibodies in 
patients with histological and/or cholangiographic 
features of PSC justify histological review and 
consideration of an overlap syndrome with PBC. 

 Patients with the overlap syndrome of PSC 
and PBC may have absent AMA at presentation 
but compelling histological features of PBC [ 33 , 
 35 ] (Table  4.1 ). These patients may be seronega-
tive for AMA by the indirect immunofl uores-
cence assay (IIF) and seropositive for AMA by 
the immunoblotting assay [ 33 ]. They may also 
develop AMA later in the course of their disease 
and express reactivities to gp210 and sp100 [ 37 ]. 
Characteristic cholangiographic changes of PSC 

       Table 4.1    Diagnostic criteria of overlap syndromes associated with PSC   

 Diagnostic templates  PSC and AIH  PSC and PBC 

 Clinical criteria  Histological or cholangiographic PSC [ 15 ]: 
  Portal tract edema and fi brosis 
  Bile duct loss or periductal fi brosis 
  Focal biliary strictures and dilations 
 Characteristic features of AIH [ 15 ,  17 ]: 
  Markedly increased serum AST level 
  Hypergammaglobulinemia 
  Increased serum IgG level 
  Autoantibodies (ANA, SMA, or LKM1) 
  Interface hepatitis, plasma cells 
 Normal cholangiography in 27 % [ 29 ] 

 Histological or cholangiographic 
PSC [ 36 ]: 
  Small duct PSC possible 
 Characteristic features of PBC [ 15 ]: 
  AMA 
  Destructive cholangitis 
 Nonstandard features of PBC 
[ 33 ,  35 ,  37 ]: 
  No AMA 
  AMA develop later 
  AMA detected by immunoblotting 
  Antibodies to gp210 and sp100 
 Diagnostic standard, clinical 
judgment [ 15 ] 

 Diagnostic scoring systems  Not validated for AIH or overlaps [ 48 ,  60 ] 
 Poor sensitivity (50–62 %) [ 66 ,  67 ] 
 Use discouraged by IAIHG [ 47 ] 
 ALP/AST ratio ≥1.5 useful index [ 48 ] 

 Not validated for PBC [ 68 ] 

 Key cholestatic indices  Serum ALP ≥ 4-fold ULN in AIH [ 71 ] 
 Serum GGT ≥ 4-fold ULN in AIH [ 72 ] 
 Serum ALP/AST ratio ≥1.5-fold ULN [ 48 ] 

 None applicable [ 15 ] 

 Key histological fi ndings  Histological clues of AIH in PSC [ 74 ]: 
  Dense lymphoplasmacytic infi ltration 
  Moderate interface hepatitis 
  Hepatocyte rosettes 
 Histological clues of PSC in AIH [ 74 ]: 
  Portal edema, fi brosis, ductopenia 
  Periductal fi brosis 

 Histological clues of PBC in PSC 
[ 35 ]: 
  Destructive cholangitis 
  Portal granulomatous changes 
 Histological clues of PSC in PBC 
[ 36 ]: 
  Periductal fi brosis 

  Numbers in brackets are references 
  AIH  autoimmune hepatitis,  ALP  alkaline phosphatase,  AMA  antimitochondrial antibodies,  ANA  antinuclear antibodies, 
 AST  aspartate aminotransferase,  GGT  gamma glutamyl transferase,  IAIHG  International Autoimmune Hepatitis Group, 
 IgG  immunoglobulin G,  LKM1  antibodies to liver kidney microsome type 1,  PBC  primary biliary cholangitis, 
 PSC  primary sclerosing cholangitis,  SMA  smooth muscle antibodies,  ULN  upper limit of normal range  
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may be absent but not invalidate the diagnosis 
[ 36 ,  70 ]. Histological fi ndings of concentric peri-
ductal fi brous (fi brous obliterative cholangitis) 
may indicate small duct PSC and an overlap syn-
drome with PBC that is characterized by AMA 
and antibodies to gp210 and sp100 [ 36 ]. The 
diagnosis of the overlap syndromes by clinical 
judgment is characterized by the absence of rigid 
clinical phenotypes.  

    Key Cholestatic Indices 

 The serum ALP level can be the sole indication of 
an overlap syndrome in adults with otherwise 
classical AIH. The serum ALP level is abnor-
mally increased in 81 % of patients with severe 
AIH, but it is more than twofold the upper limit 
of the normal range (ULN) in only 33 % and 
more than fourfold ULN in only 10 % [ 71 ]. A 
serum ALP level more than twofold ULN in a 
patient with classical AIH should generate suspi-
cion about the possibility of an overlap syndrome, 
and the diagnosis should be pursued if the serum 
ALP level exceeds fourfold ULN. 

 The serum gamma glutamyl transferase 
(GGT) level can also be useful in suggesting an 
unusual cholestatic component in a patient with 
otherwise classical AIH. Serum GGT levels are 
commonly increased in adults with AIH, and the 
mean serum level has ranged from 1.1- to 3.4- 
fold ULN [ 72 ,  73 ]. Men have signifi cantly higher 
serum levels of GGT than women [ 72 ], and an 
upper limit of abnormality still compatible with 
the diagnosis of classical AIH has not been 
defi ned. Nevertheless, a serum GGT level exceed-
ing fourfold ULN should suggest the possibility 
of an overlapping cholestatic process and justify 
pursuit of this diagnosis.  

    Histological Examination 

 Liver tissue examination has been the strongest 
independent predictor of the overlap syndromes 
[ 66 ,  67 ,  74 ] (Table  4.1 ). Whereas liver tissue 
examination is seldom necessary in the diagnosis 
of classical PSC [ 75 ,  76 ], it can direct the diagno-

sis of an overlap syndrome between PSC and 
AIH or PBC [ 20 ,  28 ,  33 ,  35 ,  66 ,  67 ,  74 ]. Dense 
lymphoplasmacytic infi ltration of the portal tract, 
moderate-severe interface hepatitis, rosetting of 
hepatocytes, and lobular hepatitis are atypical of 
classical PSC, but they are hallmarks of AIH [ 63 , 
 74 ,  77 ]. Similarly, destructive cholangitis (fl orid 
duct lesions) compels the consideration of PBC 
in patients with otherwise classical features of 
PSC, even in the absence of AMA [ 35 ,  76 ,  78 ,  79 ]. 
Fibrous obliterative cholangitis is the hallmark of 
PSC, and its presence supports this diagnosis, 
even in the absence of characteristic cholangio-
graphic abnormalities [ 36 ,  70 ].   

    Salient Clinical Features 
of the Overlap Syndrome 
of PSC and AIH 

 One hundred thirteen patients with the overlap syn-
drome of PSC and AIH or PBC have been reported 
in ten clinical studies, and the publications vary 
widely in the amount of detail provided [ 12 ,  20 , 
 22 – 26 ,  28 ,  30 ,  48 ] (Table  4.2 ). Patients with the 
overlap syndrome of PSC and AIH are mainly 
young men with active liver infl ammation. Serum 
AST and alanine aminotransferase (ALT) levels 
are markedly abnormal, and hypergammaglobu-
linemia and elevated serum IgG levels attest to the 
severity of the infl ammatory and immunological 
activity [ 20 ,  22 ,  23 ,  26 ,  28 ,  30 ,  48 ] (Table  4.2 ). 
Autoantibodies (ANA, SMA, and/or pANCA) are 
commonly present, and an atypical cholestatic 
component is commonly suggested by an abnor-
mally increased serum ALP and/or GGT level. 
Chronic ulcerative colitis is present in 24–89 % 
[ 20 ,  23 ,  24 ,  26 ,  28 ,  30 ], and histological examina-
tion typically discloses features of AIH (interface 
hepatitis, lymphoplasmacytic infi ltration, or roset-
ting of hepatocytes) [ 20 ,  22 ,  23 ] and bile duct 
changes associated with PSC [ 20 ,  22 ]. This charac-
teristic clinical phenotype is similar between 
patients discovered in large cohorts of individuals 
originally diagnosed as having AIH (AIH-
predominant overlap syndrome) or in large cohorts 
of individuals originally diagnosed as having PSC 
(PSC- predominant overlap syndrome) (Table  4.2 ).
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   The typical clinical phenotype in children with 
the overlap syndrome of AIH and PSC is different 
than that in adults [ 80 ,  81 ]. A distinction has been 
made between the classical PSC common in adults, 
which may have multiple etiologies and few or no 
autoantibodies, and “autoimmune  sclerosing chol-
angitis” (ASC) in children. Children with ASC 
have typical features of AIH and cholangiographic 
changes of PSC in association with autoantibodies 
that suggest an immune-mediated process [ 24 ,  82 ]. 
There is little gender difference in children with the 
overlap syndrome of AIH and ASC (45 % male 
versus 55 % female); the serum AST level is lower 
than in children with classical AIH; and cholestatic 
features frequently are absent or mild [ 24 ]. The 
serum ALP level is normal in 59 % of these chil-
dren, and the GGT level is normal in 30 %. An 
increased serum ALP/AST ratio (3.96 in ASC ver-
sus 1.1 in AIH) is the most compelling clinical 

fi nding that suggests the presence of ASC [ 24 ]. 
Small duct PSC has been described in a 7-year-old 
girl with anti-LKM1, and this overlap should be 
considered in children with normal cholangiogra-
phy and periductal fi brosis on histological exami-
nation [ 70 ]. 

 Jaundice is present in as many as 69 % of 
adults at presentation, but at least 18 % are asymp-
tomatic [ 48 ]. The presence of ulcerative colitis in 
a patient with AIH justifi es the performance of 
endoscopic resonance cholangiography (ERC) or 
magnetic resonance cholangiography (MRC) 
regardless of other clinical features. Chronic 
ulcerative colitis is present in 16 % of adults with 
AIH, and 42 % of those undergoing cholangiogra-
phy have PSC [ 49 ]. MRC has been preferred in 
the evaluation of patients with PSC because of its 
comparability to ERC, lower cost, and relative 
safety (mainly by avoiding the complication of 

     Table 4.2    Clinical features of overlap syndrome of PSC and autoimmune hepatitis   

 Clinical features  AIH predominant  PSC predominant 

 Age (years)  Median, 20–34 (range,14–74) 
[ 20 ,  28 ,  48 ] 

 Median, 21–22 (range, 7–54) [ 23 ,  26 ] 

 Male gender  55–81 % [ 12 ,  20 ,  28 ,  48 ] 
 45 % (children) [ 24 ] 

 43–67 % [ 22 ,  23 ,  26 ] 

 AST  1.6–35-fold ULN [ 12 ,  48 ] 
 >5-fold ULN [ 20 ] 
 Lower than in children with 
normal cholangiography [ 24 ] 

 ≥10-fold ULN (median, 18-fold ULN) [ 23 ] 
 Same as in PSC [ 22 ] 
 Higher than PSC [ 26 ] 

 ALP  >4-fold ULN, 80 % [ 20 ] 
 1.2–9.6-fold ULN [ 12 ,  48 ] 

 1.2–6-fold ULN (median, 1.8-fold ULN) [ 23 ] 
 Similar to PSC [ 26 ] 

 γ-Globulin  >1.5 ULN, 100 % [ 20 ] 
 >ULN, 24 % [ 28 ] 

 >ULN, 100 % [ 23 ] 

 IgG  >ULN, 100 % [ 20 ] 
 Similar to AIH [ 48 ] 

 >ULN, 61–100 % [ 23 ] 
 Higher than in PSC [ 22 ,  26 ] 

 GGT  >ULN, 100 % [ 28 ] 
 Similar to AIH [ 48 ] 

 Similar to PSC [ 26 ] 

 ANA and/or SMA  50–100 % [ 12 ,  20 ,  28 ,  30 ,  48 ]  73–100 % [ 22 ,  23 ,  26 ] 

 pANCA  74–81 % [ 24 ,  28 ]  60 % [ 23 ] 

 CUC  24–44 % [ 20 ,  24 ,  28 ,  30 ,  48 ]  28–89 % [ 23 ,  26 ] 

 Interface hepatitis  100 % [ 12 ,  20 ]  46–100 % [ 22 ,  23 ] 
 Lymphoplasmacytic infi ltrate, 75 % [ 22 ] 
 Rosetting, 25 % [ 22 ] 

 Bile duct changes  60 % [ 20 ]  75 % [ 22 ] 

  Composite of fi ndings reported in ten clinical studies involving 113 patients 
 Numbers in brackets are references 
  AIH  autoimmune hepatitis,  ALP  alkaline phosphatase,  ALT  alanine aminotransferase,  ANA  antinuclear antibodies, 
 AST  aspartate aminotransferase,  CUC  chronic ulcerative colitis,  GGT  gamma glutamyl transferase,  IgG  immunoglobu-
lin G,  pANCA  perinuclear anti-neutrophil cytoplasmic antibodies,  PSC  primary sclerosing cholangitis,  SMA  smooth 
muscle antibodies,  ULN  upper limit of the normal range  
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pancreatitis) [ 8 – 10 ]. The major caveat in ERC 
and MRC is the misinterpretation of bile duct dis-
tortions by fi brosis as indicative of PSC. Hepatic 
fi brosis has been a strong independent factor asso-
ciated with bile duct distortions in AIH [ 83 ], and 
it may account for the high (10 %) frequency of 
presumed PSC in patients with otherwise classi-
cal AIH [ 84 ]. Routine cholangiography in adults 
with AIH and no evidence of infl ammatory bowel 
disease has not been recommended [ 83 ].  

    Salient Clinical Features 
of the Overlap Syndrome 
of PSC and PBC 

 Eight patients with the overlap syndrome of PSC 
and PBC have been reported in six clinical stud-
ies [ 32 – 37 ]. The publications vary widely in the 

amount of detail provided, but the composite 
fi ndings allow a clinical phenotype to emerge 
(Table  4.3 ). The median age has been 52 years 
(range, 40–72 years), and all but one have been 
women. Markedly abnormal elevations of the 
serum ALP and GGT levels are commonly pres-
ent [ 32 ,  33 ,  35 ], and serum levels of IgG and IgM 
have been abnormally increased when measured 
[ 32 ]. ANA have been detected in 62 % (median 
titer, 1:40; range, 0–1:1280); SMA have been 
uniformly absent in those patients who were 
tested; and AMA have been detected by IIF or 
immunoblotting in 88 % at presentation or during 
the course of the disease [ 32 – 34 ].

   Patients with the overlap syndrome of PSC 
and PBC commonly have had a past history of 
gallstones or biliary surgery (50 % occurrence) 
[ 33 ,  34 ,  37 ], and biliary pain has been a present-
ing symptom in 38 % [ 33 ,  34 ]. Chronic ulcerative 

   Table 4.3    Clinical features of overlap syndrome of PSC and PBC   

 Clinical features  Findings ( N  = 8) 

 Age (years)  Median, 52 (range, 40–72) [ 32 – 37 ] 

 Gender  Women, 7 (88 %) [ 32 – 36 ] 

 Past history gallstones, biliary surgery  4 (50 %) [ 33 ,  34 ,  37 ] 

 Biliary pain as presenting symptom  3 (38 %) [ 33 ,  34 ] 

 Aspartate aminotransferase (AST)  0–4-fold ULN [ 32 ,  33 ,  37 ] 

 Alkaline phosphatase (ALP)  2–20-fold ULN [ 32 ,  33 ,  35 ] 

 Gamma glutamyl transferase (GGT)  Fivefold ULN [ 33 ] 

 Antinuclear antibodies (ANA)  5 (62 %) (including patient negative at entry 
and 1:80 later) [ 34 ] 
 Median titer, 1:40 (range, 0–1:1280 [ 32 – 37 ] 

 Smooth muscle antibodies (SMA)  0 % [ 33 – 35 ,  37 ] 

 Antimitochondrial antibodies (AMA)  7 (88 %) (titer range, 0–1:1280) [ 32 – 37 ] 
 Negative at presentation, 3 (38 %) [ 33 ,  35 ] 
 Positive later or by immunoblotting, 2 (25 %) [ 33 ,  37 ] 
 Antibodies to gp210 and sp100 [ 36 ,  37 ] 

 Chronic ulcerative colitis (CUC)  None [ 33 ] 

 pANCA  Negative [ 35 ] 

 Endoscopic or magnetic resonance cholangiography  Diagnostic, 88 % [ 32 – 35 ,  37 ] 
 Normal, 12 % [ 36 ] 

 Histological features 
 (7 of 8 patients biopsied) 

 Destructive (granulomatous) cholangitis, 4 (57 %) 
[ 33 ,  35 ,  37 ] 
 Fibrous obliterative cholangitis, 1 (14 %) [ 36 ] 
 Nondestructive cholangitis, 1 (14 %) [ 34 ] 
 Ductopenia, portal fi brosis, ductular proliferation, 
1 (14 %) [ 32 ] 

  Composite of fi ndings reported in six clinical studies involving eight patients 
 Numbers in brackets are references 
  pANCA  perinuclear anti-neutrophil cytoplasmic antibodies  
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colitis has been absent in all patients, and atypi-
cal pANCA have not been detected in the one 
patient in whom it was sought [ 35 ]. Histological 
fi ndings have been commonly those of PBC with 
destructive (granulomatous) cholangitis in four 
of the seven patients who underwent liver tissue 
examination (57 %) [ 33 ,  35 ,  37 ]. Nondestructive 
cholangitis has been present in one patient (14 %) 
[ 34 ]; one patient (14 %) has had portal fi brosis, 
ductopenia, nondestructive cholangitis, and mild 
ductular proliferation [ 32 ]; and one patient (14 %) 
has had fi brous obliterative cholangitis [ 36 ]. 
Cholangiography has been diagnostic of PSC in 
88 %. The one patient with normal MRC has had 
compelling histological features of PSC (fi brous 
obliterative cholangitis) and small duct PSC [ 36 ]. 

 PSC and PBC have been recognized together 
in one patient [ 36 ]; PSC has preceded the diagno-
sis of PBC in two patients [ 33 ,  37 ], and PBC has 
preceded the diagnosis of PSC in fi ve patients 
[ 32 ,  34 ,  35 ,  37 ]. The diagnosis should be consid-
ered in patients with PSC who have or develop 
AMA and histological features of PBC, and it 
should be considered in patients with classical 
PBC who have or develop biliary pain, fever, or 
worsening cholestatic features [ 32 ,  34 ,  35 ,  37 ].  

    Frequency 

 The frequency of the overlap syndrome of PSC 
and AIH ranges from 0 to 54 %. This variability 
probably refl ects the size and age of the cohort 
under study, the predominant disease within that 
cohort, and the diagnostic criteria that are applied. 
Studies based mainly on the presence of choles-
tatic features (laboratory or radiographic fi nd-
ings) in patients with AIH have a frequency of 
PSC that ranges from 0 to 10 % [ 12 ,  30 ,  84 ,  85 ]. 
Studies based mainly on the presence of autoim-
mune features in patients with PSC determined 
by the diagnostic scoring systems of the IAIHG 
have a frequency of AIH that ranges from 4 to 
54 % [ 12 ,  22 ,  23 ,  26 ,  28 ,  48 ]. 

 The high frequency of the overlap syndrome 
in some studies of PSC attests mainly to the 
occurrence of infl ammatory features shared by 
AIH in 35–54 % of patients with severe PSC. The 

nondiscriminative nature of the diagnostic scor-
ing system of the IAIHG between AIH and PSC 
also contributes to this variability [ 12 ,  18 ,  86 ]. 
The 27 individual clinical manifestations that are 
graded in the scoring system of the IAIHG 
include nondiscriminative fi ndings such as gen-
der, the absence of drug and alcohol exposure, 
negative studies for viral infection, the absence 
of AMA, and concurrent immune diseases includ-
ing chronic ulcerative colitis [ 60 ]. Many patients 
with classical PSC may have a score close to that 
required for probable AIH based simply on these 
fi ndings. Studies assessing cholangiographic 
changes of PSC in children with AIH estimate the 
frequency of overlapping features as 49 % [ 24 ], 
and studies in adults suggest that the frequency of 
the overlap syndrome is best estimated at 4–17 % 
[ 22 ,  23 ,  28 ,  37 ,  48 ]. 

 The overlap syndrome of PSC and PBC has 
been reported in only eight patients [ 32 – 37 ], and 
one of these patients had overlapping features of 
AIH, PBC, and PSC [ 34 ]. The frequency of this 
rare overlap syndrome between PSC and PBC 
has been estimated as 0.7 % (two patients) of 261 
patients with autoimmune liver disease [ 34 ].  

    Autoimmune Cholangitis 

 Patients with AIH may have a cholestatic syn-
drome in the absence of classical clinical features 
of PSC or PBC [ 15 ,  17 ]. They lack AMA, have 
normal cholangiograms, and manifest bile duct 
injury or loss on histological examination. These 
patients have been classifi ed as having autoim-
mune cholangitis [ 39 ,  43 ,  87 – 90 ], but they prob-
ably constitute a heterogeneous population that 
includes patients with AMA-negative PBC [ 38 , 
 44 ,  91 ] and small duct PSC [ 41 ,  42 ]. The status of 
these patients as an overlap syndrome is unsettled 
since the features of AIH that accompany the 
cholestatic laboratory and histological changes 
are not disease specifi c, and autoimmune cholan-
gitis may simply be a variant of PBC or PSC. 

 Patients with autoimmune cholangitis should 
be assessed for small duct PSC. Patients with fea-
tures of AIH and small duct PSC have been 
described as an overlap syndrome of PSC, and the 
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diagnosis is most secure in the presence of dis-
ease-specifi c histological features of PSC (con-
centric periductal fi brosis) and otherwise typical 
features of AIH [ 29 ,  36 ,  70 ]. The characteristic 
histological fi nding of concentric periductal fi bro-
sis is absent in most patients with PSC [ 79 ,  92 ], 
and candidates for the designation of an overlap 
syndrome may have histological changes that are 
graded as indefi nite or indicative rather than diag-
nostic of PSC [ 29 ]. Confi dence in the diagnosis 
can be strengthened by the close resemblance of 
these patients to those with large duct PSC (male 
predominance, young age at onset, frequent con-
currence of ulcerative colitis) and by a poor 
response to immunosuppressive therapy [ 29 ]. The 
frequency of autoimmune cholangitis (presumed 
AMA-negative PBC or small duct PSC) in 
patients with AIH is 11 % [ 12 ,  39 ], and the fre-
quency of small duct PSC in patients with the 
overlap syndrome of AIH and PSC is 27 % [ 29 ]. 

 Patients with autoimmune cholangitis should 
also be assessed for PBC by testing for AMA with 
assays other than IIF and by careful reassessment 
of the liver tissue for features of destructive chol-
angitis, nondestructive cholangitis, bile duct loss, 
and granulomatous change. Immunoblotting 
assays will detect AMA in 15–28 % of patients 
with PBC who are seronegative by IIF [ 44 ,  45 ], 
and new laboratory methods based on recombi-
nant antigens for AMA (pMIT3) and PBC-specifi c 
antinuclear antigens (gp210 and sp100) promise 
to further improve the diagnostic yield [ 93 ,  94 ]. 

 The liver tissue from patients with AIH stain 
positive for IgG4 in 3–35 % of instances [ 95 – 97 ], 
and PSC has developed 5 years after the diagno-
sis of IgG4-associated AIH in one patient [ 15 , 
 97 ]. Patients with IgG4-associated AIH have had 
increased serum levels of IgG4 [ 97 ], and the 
number of T lymphocytes, B lymphocytes, and 
plasma cells has been greater in liver specimens 
from these patients than from patients without 
IgG4-associated AIH [ 96 ]. These fi ndings sug-
gest that an overlap syndrome could exist between 
AIH and IgG4-associated PSC or that the liver 
disease associated with IgG4 cholangitis could 
be mistaken for AIH and an overlap syndrome. 
The histological fi ndings in the liver tissue of 
patients with IgG4-associated cholangitis include 

dense lymphoplasmacytic infi ltrates of the portal 
tract, sparing of bile ducts, and occasional exten-
sion of the infl ammatory infi ltrate into the peri-
venular (zone 3) region [ 98 ]. These features are 
suffi ciently nonspecifi c to be compatible with 
other infl ammatory and cholestatic liver diseases, 
including AIH. 

 The frequency of IgG4 staining in the liver tis-
sue of patients with AIH and PSC is uncertain, 
and cholangiopancreatography in patients with 
IgG4-associated AIH is necessary to establish its 
association with IgG4 cholangitis. Patients with 
IgG4-associated AIH respond well to corticoste-
roid therapy [ 96 ] as do patients with IgG4- 
associated cholangitis and pancreatitis [ 99 – 101 ]. 
The wide range of responses to immunosuppres-
sive therapy reported in patients with the overlap 
syndrome of PSC and AIH suggests that a 
corticosteroid- responsive, IgG4-associated sub-
group could exist [ 12 ,  20 ,  26 ,  29 ,  48 ,  49 ,  102 ].  

    Pathogenic Considerations 

 The pathogenic mechanisms responsible for the 
occurrence of the overlap syndromes of PSC are 
uncertain. Since the clinical features of AIH are 
not disease specifi c, their presence in patients 
with PSC could simply represent a vigorous 
infl ammatory form of PSC [ 12 ,  15 ,  18 ]. This pos-
sibility is supported by the rarity that PSC and 
PBC, which each have highly disease-specifi c 
features (cholangiographic changes, AMA, and 
destructive cholangitis or fi brous obliterative 
cholangitis on histological examination), have 
overlapping phenotypes [ 32 ,  33 ,  37 ]. Indeed, the 
clinical manifestations of AIH are the most com-
mon components of the overlap syndromes [ 15 ], 
and their occurrence in a patient with overlapping 
features of PSC and PBC [ 34 ] underscores the 
commonality of these fi ndings in diverse infl am-
matory liver diseases, including virus-related 
[ 11 ,  103 ], drug-induced [ 104 ], and metabolic dis-
orders [ 105 ,  106 ]. 

 Another hypothesis is that AIH, PBC, and 
PSC have genetic predispositions that favor the 
occurrence of overlapping clinical manifestations 
[ 107 ]. Autoimmune hepatitis has been associated 
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mainly with HLA DRB1*03, DRB1*04, and the 
A1-B8-DRB1*03 phenotype [ 108 – 110 ]. Patients 
with PBC have a similar frequency of HLA 
DRB1*04 (41 % versus 44 %) as patients with 
AIH, but a lower occurrence of HLA DRB1*03 
(20 % versus 50 %) [ 107 ]. In contrast, patients 
with PSC have a similar frequency of HLA 
DRB1*03 as patients with AIH (60 % versus 
50 %) but signifi cantly lower frequency of HLA 
DRB1*04 than patients with AIH (10 % versus 
44 %) or PBC (10 % versus 41 %) [ 107 ]. Classical 
AIH has also been associated with the allele, 
 DRB3 * 0101 , which encodes for DR52a, and this 
may be another genetic similarity between AIH 
and PSC [ 111 – 113 ]. 

 Genetic polymorphisms outside the major his-
tocompatibility complex, such as the  cytotoxic T 
lymphocyte antigen - 4  polymorphism, may also 
be shared between these diseases and contribute 
to overlapping similarities in their clinical mani-
festations [ 114 – 117 ]. Shared genetic predisposi-
tions imply that patients with AIH, PBC, and 
PSC can present the same or similar antigens to 
naïve CD4 +  lymphocytes and generate an immune 
reactivity that is expressed clinically as a mixed 
phenotype [ 118 – 120 ]. The association of PSC 
with infl ammatory bowel disease may expose the 
genetically predisposed individual to diverse for-
eign antigens that mimic self-antigens and trigger 
a promiscuous immune response that targets dif-
ferent cell populations within the liver [ 23 ,  112 , 
 121 ,  122 ]. The apparent low frequency of infl am-
matory bowel disease in patients with the overlap 
syndromes of PSC challenges this speculation 
[ 20 ,  26 ]. 

 Other possible explanations for the overlap 
syndromes are that they are actually transition 
stages in the emergence of the classical disease 
[ 15 ]. Patients with early stages of PSC and PBC 
can have histological features compatible with 
AIH, including interface hepatitis, lymphoplas-
macytic infi ltration, and nondestructive cholangi-
tis [ 30 ,  74 ], and the transitions that have been 
described between these diseases may include 
such patients [ 20 ,  23 ,  28 ,  50 ]. Patients may actu-
ally have two diseases, and the sequential occur-
rence of PBC after PSC [ 33 ,  37 ] or PSC after 
PBC [ 34 ,  35 ,  37 ] supports this possibility. 

 A fi nal consideration is that the overlap syn-
dromes are distinct pathological entities with sepa-
rate genetic predispositions, triggering antigens, 
and pathogenic pathways that await validation 
[ 15 ]. This possibility is supported by the lower 
prevalence of CUC in the overlap syndrome of 
PSC and AIH than in PSC or AIH and the apparent 
lack of risk for cholangiocarcinoma or colorectal 
cancer in this population [ 26 ,  28 ]. Furthermore, 
PSC and AIH have distinctly different mononu-
clear cell infi ltrations within the liver that might 
make their coexistence as separate entities diffi -
cult. Children with AIH have defi ciencies in the 
immune regulatory activity of peripheral T lym-
phocytes that are normal in children with PSC 
[ 121 ], and patients with classical AIH have abun-
dant natural killer cells in the portal tracts, whereas 
patients with PSC have abundant cytotoxic T lym-
phocytes in the portal tracts [ 122 ].  

    Treatment Regimens 

 There have been no randomized clinical trials 
evaluating treatment regimens for the overlap 
syndromes of PSC, and the principal manage-
ment strategies have been based on the regimens 
currently used for classical PSC, AIH, and PBC 
[ 63 ,  76 ,  78 ,  79 ,  123 ]. Conventional pharmaco-
logical agents (corticosteroids, azathioprine, and 
ursodeoxycholic acid) have been administered 
alone and in combination, and these regimens 
have had variable success in small single-center 
experiences [ 12 ,  20 ,  23 – 25 ,  28 ,  29 ,  37 ,  48 ]. These 
experiences have in turn generated therapeutic 
recommendations by the major liver societies 
based on weak clinical evidence [ 47 ,  79 ,  124 ]. 
The uncertainties about natural history and the 
variable success of pharmacological regimens 
have justifi ed recommendations that the predom-
inant disease component of the overlap syndrome 
direct the management strategy [ 47 ]. 

 Patients with predominant manifestations of 
AIH and secondary or subsequent features of 
PSC have been treated mainly with prednisolone, 
0.5 mg/kg daily, in conjunction with azathio-
prine, 1–2 mg/kg daily [ 26 ,  48 ] (Table  4.4 ). 
Regimens that have not used weight-based 
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 dosing schedules have administered predniso-
lone, 15–80 mg daily, and azathioprine, 
75–100 mg daily [ 20 ]. Children with AIH and 
ASC have been treated with prednisolone, 2 mg/kg 
daily (maximum dose, 60 mg daily), and the dose 
has been tapered by 5–10 mg every 2 weeks 
depending on symptoms and serum AST level 
[ 24 ,  125 ]. Azathioprine, 1–2 mg/kg daily, has 
been added if the serum AST level has increased 
during the steroid taper or steroid intolerance has 
developed. Ursodeoxycholic acid, 15–20 mg/kg 
daily, has been administered to all patients in 
addition to prednisolone and azathioprine in only 
one study [ 26 ]. Its use in other studies has been 

limited, and the dosing schedules have not been 
reported [ 20 ,  28 ,  48 ]. In most children, ursode-
oxycholic acid has been used in addition to pred-
nisolone with or without azathioprine [ 24 ].

   Prednisone or prednisolone has been the 
principal drug administered to patients with 
predominant features of PSC and secondary or 
subse  quent features of AIH [ 23 ,  29 ] (Table  4.4 ). 
Ursodeoxycholic acid has been added to the 
regimen in 50–67 % of patients, and azathioprine 
has been included in 58–100 % of patients, rec-
ognizing that these experiences have been small 
[ 23 ,  29 ]. The major difference between the regi-
mens used for  AIH- predominant disease and those 

       Table 4.4    Treatment regimens and outcomes in the overlap syndrome of PSC and AIH   

 PSC/AIH overlap  Induction regimen  Maintenance regimen  Outcomes 

  AIH predominant  

 Floreani et al. 
  N  = 7 

 Prednisolone, 0.5 mg/kg daily [ 26 ] 
 Azathioprine, 2 mg/kg daily [ 26 ] 
 UDCA, 15–20 mg/kg daily [ 26 ] 

 Tailored to response [ 26 ]: 
 Prednisolone, 10–15 mg 
daily 
 Azathioprine, 50–75 mg 
daily 
 UDCA, 15–20 mg/kg daily 

 ALT better, 100 % [ 26 ] 
 GGT unimproved [ 26 ] 
 ALP unimproved [ 26 ] 
 Survival, 100 % [ 26 ] 

 Al-Chalabi et al. 
  N  = 16 

 Prednisolone, 0.5 mg/kg daily [ 48 ] 
 Azathioprine, 1 mg/kg daily [ 48 ] 
 UDCA, limited use [ 48 ] 

 Tailored to response [ 48 ]: 
 Azathioprine, 2 mg/kg daily 
 Prednisolone decreased 

 Tests improved, 85 % [ 48 ] 
 Tissue better, 77 % [ 48 ] 
 Malignancy, 12 % [ 48 ] 
 Death or LT, 44 % [ 48 ] 

 McNair et al. 
  N  = 5 

 Prednisolone, 15–80 mg daily [ 20 ] 
 Azathioprine, 75–100 mg daily [ 20 ] 
 UDCA, limited use [ 20 ] 

 Tailored to response [ 20 ]: 
 Azathioprine continued 
 Prednisolone, 7.5 mg daily 

 Tests better, 100 % [ 20 ] 
 UDCA ineffective [ 20 ] 

 Luth et al. 
  N  = 16 

 Prednisolone, unreported dose [ 28 ] 
 Azathioprine, unreported dose [ 28 ] 
 UDCA, limited use [ 28 ] 

 Schedule unreported [ 28 ]  Tests better, 100 % [ 28 ] 
 Cirrhosis, 56 % [ 28 ] 
 LT, 19 % [ 28 ] 
 No malignancy [ 28 ] 

 Gregorio et al. 
  N  = 27 (children) 

 Prednisolone, 2 mg/kg daily [ 125 ] 
 UDCA in most children [ 24 ] 

 Tailored to response [ 125 ]: 
 Prednisolone, 2.5–5 mg 
daily 
 Azathioprine, 1–2 mg/kg 
daily 

 Tests normal, 56 % [ 24 ] 
 Transplant-free, 65 % [ 24 ] 
 ERC worse, 30 % [ 24 ] 
 No malignancy [ 24 ] 

  PSC predominant  

 van Buuren et al. 
  N  = 9 

 Prednisone, unreported dose [ 23 ] 
 Azathioprine, unreported dose [ 23 ] 
 UDCA in 67 % [ 23 ] 

 Schedule unreported [ 23 ]  Tests better, 100 % [ 23 ] 
 LT, 11 % [ 23 ] 
 UDCA weak effect [ 23 ] 

 Olsson et al. 
  N  = 26 

 Prednisolone, unreported dose [ 29 ] 
 Azathioprine in 58 % [ 29 ] 
 UDCA in 50 % [ 29 ] 

 Schedule unreported [ 29 ]  Small duct PSC good [ 29 ] 
 Large duct PSC poor [ 29 ] 
 Tests better, 67 % [ 29 ] 

  Numbers in brackets are references 
  AIH  autoimmune hepatitis,  ALP  serum alkaline phosphatase level,  ALT  serum alanine aminotransferase level, 
 ERC  endoscopic retrograde cholangiography,  GGT  serum gamma glutamyl transferase level,  LT  liver transplantation, 
 PBC  primary biliary cholangitis,  PSC  primary sclerosing cholangitis,  UDCA  ursodeoxycholic acid  
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for  PSC- predominant disease has been the greater 
tendency to include ursodeoxycholic acid in the 
regimens with PSC predominance (Table  4.4 ). 
Isolated cases of the overlap syndrome of PSC 
and AIH have been treated with cyclosporine 
[ 126 ] and tacrolimus [ 29 ]. 

 The European Association for the Study of the 
Liver (EASL) has recommended treatment of the 
overlap syndrome of PSC and AIH with ursode-
oxycholic acid and immunosuppressive medica-
tions [ 124 ], and the American Association for the 
Study of Liver Diseases (AASLD) has recom-
mended treatment with corticosteroids or other 
immunosuppressive agents [ 79 ]. Importantly, the 
presence of PSC in the overlap syndrome war-
rants compliance with all the guidelines for man-
aging classical PSC, especially the same 
preventive measures for metabolic bone disease 
and the same screening procedures for the detec-
tion of biliary, liver, and non-liver malignancies 
[ 76 ,  79 ,  124 ]. 

 Ursodeoxycholic acid has been the principal 
agent used in the management of the overlap syn-
drome of PSC and PBC [ 33 – 37 ] (Table  4.5 ). It 
has been administered as a fi xed dose (750 mg 
daily) [ 33 ,  34 ] and as a weight-based dose 
(10 mg/kg daily increased to 15 mg/kg daily if 
there has been histological progression) [ 37 ]. 
Prednisolone, 40 mg daily tapered to 5 mg daily, 
and azathioprine, 150 mg daily tapered to 100 mg 
daily, have been used in one patient who had 
 features of AIH, PBC, and PSC [ 34 ]. Prednisolone 
and azathioprine (doses unreported) have also 
been used in conjunction with ursodeoxycholic 
acid (unreported dose) in a patient with concur-
rent rheumatoid arthritis [ 35 ]. One patient with 
concurrent rheumatoid arthritis has been treated 
with ursodeoxycholic acid and monoclonal anti-
bodies to tumor necrosis factor-alpha (adalim-
umab) [ 37 ]. The major liver societies have not 
promulgated a preferred management strategy 
for the overlap syndrome of PSC and PBC. High- 
dose ursodeoxycholic acid (28–30 mg/kg daily) 
has been associated with adverse clinical events, 
including disease progression, requirement for 
liver transplantation, and death, and it should be 
avoided in all patients with PSC [ 127 ,  128 ].

       Outcomes 

 The overlap syndromes of PSC have been insuf-
fi ciently studied to establish their outcomes with 
or without therapy and their risk of biliary, liver, 
and non-liver malignancy. Most studies have 
emphasized the low frequency of cholangiocarci-
noma and colorectal carcinoma in these patients 
[ 24 ,  26 ,  28 ], whereas other studies have indicated 
that malignancies, including hepatocellular 
 carcinoma, may occur [ 29 ,  48 ] (Table  4.4 ). 
Furthermore, laboratory tests of liver infl amma-
tion may commonly improve and even normalize 
during immunosuppressive therapy, whereas the 
histological disease may still progress to cirrho-
sis in 56 % and warrant liver transplantation in 
19 % [ 28 ]. In children, immunosuppressive ther-
apy can normalize the tests of liver infl ammation 
in 56 % but still be associated with worsening 
cholangiographic changes and reduced 
transplant- free survival at 10 years compared to 
children with classical AIH (65 % versus 100 %) 
[ 24 ]. The laboratory indices of cholestasis do not 
respond as readily or as completely to those of 
liver infl ammation, and this dissociation may 
indicate or contribute to disease progression dur-
ing therapy [ 24 ,  26 ,  29 ]. 

 The prognosis of the overlap syndrome 
between PSC and AIH is also infl uenced by the 
distribution of the disease within the biliary sys-
tem (Table  4.4 ). Patients with large duct PSC and 
AIH progress to hepatic failure or cholangiocar-
cinoma more commonly than patients with small 
duct PSC and AIH (11 % versus 0 %) [ 29 ]. They 
also require liver transplantation more commonly 
(26 % versus 0 %) during comparable periods of 
observation (120 ± 56 versus 71 ± 56 months) 
[ 29 ]. In contrast, patients with large duct PSC 
and AIH have greater improvement in their serum 
aminotransferase levels during immunosuppres-
sive therapy than patients with small duct PSC 
and AIH while maintaining similar serum alka-
line phosphatase levels and a more aggressive 
potential [ 29 ]. The prognosis of the overlap syn-
drome between PSC and AIH appears to be better 
than classical PSC [ 26 ] and worse than classical 
AIH [ 48 ]. 
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 The experiences with the overlap syndrome 
between PSC and PBC have been too limited to 
project its outcome (Table  4.5 ). Recurrent epi-
sodes of cholangitis have required intravenous 
antibiotic therapy and prompted consideration of 
liver transplantation [ 33 ,  35 ]. Concurrent features 
of rheumatoid arthritis have contributed to mor-
bidity and justifi ed adjunctive therapies, including 
monoclonal antibodies to tumor necrosis factor-
alpha (adalimumab) [ 37 ] and prednisolone in 
combination with azathioprine [ 35 ]. Laboratory 
tests of liver infl ammation and cholestasis have 
improved [ 37 ], normalized [ 36 ], or remained 
abnormal during treatment [ 33 ,  35 ], and progres-
sion to cirrhosis has occurred [ 33 ]. Transplant-
free survival has been possible in all reported 
cases, and one patient has had stable cholestatic 
enzyme abnormalities for 17 years [ 35 ].  

    Overview 

 Patients with histological and/or cholangio-
graphic changes typical of PSC may also have 
infl ammatory and immunological features asso-
ciated with AIH or PBC [ 15 ]. These patients have 
been designated as having the overlap syndromes 
of PSC and AIH and PSC and PBC. Patients with 
AIH may have a cholestatic syndrome in the 
absence of AMA and cholangiographic changes 
of PSC, and they have been designated as having 
autoimmune cholangitis [ 12 ,  15 ,  39 ]. These 
patients probably include individuals with small 
duct PSC and AMA-negative PBC, and they are 
more likely to be variants of classical PSC and 
PBC than overlap syndromes. 

 The diagnosis of the overlap syndromes of PSC 
is based mainly on clinical judgment [ 15 ,  47 ]. 

    Table 4.5    Treatment regimens and outcomes in the overlap syndrome of PSC and PBC   

 Agent (s) a   Dose (s) a   Outcomes a  

 UDCA (fi xed dose)  UDCA, 750 mg daily [ 33 ,  34 ] 
 UDCA, unreported dose [ 36 ] 

 Normal tests within 4 months (small duct 
PSC) [ 36 ] 
 Survival for 5 years (small duct PSC) [ 36 ] 
 Recurrent cholangitis (large duct PSC) 
[ 33 ,  34 ] 
 Progression to cirrhosis (large duct PSC) 
[ 33 ] 
 Persistent test abnormalities (large duct 
PSC) [ 33 ] 
 Considered for LT (large duct PSC) [ 33 ] 
 Improved tests (large duct PSC) [ 34 ] 

 UDCA (weight-based dose) with 
adalimumab for concurrent 
arthritis 

 UDCA, 10 mg/kg daily, increased 
to 15 mg/kg daily if progression 
[ 37 ] 
 Adalimumab, unreported dose [ 37 ] 

 Normal serum AST and IgG (large duct 
PSC) [ 37 ] 
 Improved GGT and ALP (large duct 
PSC) [ 37 ] 
 Improved arthritis (large duct PSC) [ 37 ] 

 UDCA and corticosteroids with 
azathioprine for concurrent 
arthritis 

 UDCA, unreported dose [ 35 ] 
 Prednisolone, unreported dose [ 35 ] 
 Azathioprine, unreported dose [ 35 ] 

 Cholangitis (large duct PSC) [ 35 ] 
 Persistent cholestatic test abnormalities 
[ 35 ] 
 Stable tests for 17 years [ 35 ] 

 UDCA and corticosteroids with 
azathioprine for features of AIH 

 UDCA, unreported dose [ 34 ] 
 Prednisolone, 40 mg daily [ 34 ] 
 Azathioprine, 100 mg daily [ 34 ] 

 Tests improved after 4 weeks (large duct 
PSC) [ 34 ] 
 Recurrent hepatic encephalopathy [ 34 ] 
 Stable improved tests after 3 years [ 34 ] 
 Chronic maintenance therapy 
(prednisolone, 5 mg daily, and 
azathioprine, 100 mg daily) [ 34 ] 

  Numbers in brackets are references 
  AIH  autoimmune hepatitis,  ALP  serum alkaline phosphatase level,  AST  serum aspartate aminotransferase level, 
 GGT  serum gamma glutamyl transferase level,  IgG  serum immunoglobulin G level,  LT  liver transplantation,  PBC  pri-
mary biliary cholangitis,  PSC  primary sclerosing cholangitis,  UDCA  ursodeoxycholic acid 
  a Isolated cases  
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Marked laboratory (serum AST and ALT 
 abnormalities, hypergammaglobulinemia, and 
increased serum IgG levels) and serological 
(ANA, SMA, or anti-LKM1) manifestations of 
infl ammatory and immune-mediated activity in 
patients with PSC suggest the overlap syndrome 
between PSC and AIH [ 15 ]. Marked cholestatic 
laboratory (serum ALP and GGT abnormalities, 
ALP/AST ratio >1) and histological (cholangitis, 
ductopenia, periductal fi brosis) features in patients 
with AIH suggest the overlap syndrome of AIH 
and PSC [ 15 ]. The presence of AMA and histo-
logical features of destructive cholangitis in 
patients with PSC constitute the overlap syndrome 
of PSC and PBC [ 15 ]. 

 The histological assessment is a key deter-
minant of the overlap syndromes of PSC, 
whereas the use of scoring systems that have 
been developed by the IAIHG for the diagnosis 
of AIH has been discouraged [ 47 ]. The fre-
quency of the overlap syndrome of PSC and 
AIH is widely variable, but it is best estimated 
to be 4–17 % in adults with immune-mediated 
liver disease [ 22 ,  23 ,  28 ,  37 ,  48 ]. The frequency 
of PSC and PBC is 0.7 % among a similar 
cohort [ 34 ]. 

 Management strategies have not been estab-
lished by rigorous comparative clinical trials. 
Corticosteroids in combination with azathioprine 
have been the principal regimen in adults with 
predominant features of AIH and secondary fea-
tures of PSC, whereas ursodeoxycholic acid in 
conjunction with prednisolone and azathioprine 
has been used more commonly in patients with 
predominant features of PSC and secondary fea-
tures of AIH [ 15 ]. The EASL has endorsed com-
bination treatment with ursodeoxycholic acid and 
immunosuppressive drugs (presumably cortico-
steroids and azathioprine) [ 124 ], and the AASLD 
has recommended treatment with corticosteroids 
or other unspecifi ed immunosuppressive agents 
[ 79 ]. Management strategies of the overlap syn-
drome of PSC and PBC have been based mainly 
on ursodeoxycholic acid administered in low 
dose.     

  This review did not receive fi nancial support from a fund-
ing agency or institution, and Albert J. Czaja, MD has no 
confl ict of interests to declare.  
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      IgG4-Related Sclerosing 
Cholangitis                     

     Tamsin     Cargill     ,     Emma     L.     Culver     , 
and     Roger     W.     Chapman     

          Introduction 

 IgG4-related sclerosing cholangitis (IgG4-SC) is 
the biliary manifestation of IgG4-related disease 
(IgG4-RD), a systemic fi bro-infl ammatory con-
dition that manifests as organ dysfunction or 
mass lesions. 

 IgG4-SC often occurs alongside the pancre-
atic manifestation of IgG4-RD, autoimmune pan-
creatitis type 1 (AIP). It commonly presents with 
obstructive jaundice; however it may be found 
incidentally when liver function tests or imaging 
suggest biliary involvement in a patient with 
IgG4-RD in other organs. Once diagnosed, the 
disease has a good response to steroid therapy in 
the infl ammatory phase, but patients often 
relapse. Progressive fi brosis and cirrhosis can 
develop if the disease is not well controlled. 

 Clinicians face several challenges in the 
 diagnosis of IgG4-SC. Firstly, clinical, biochemi-
cal, and radiological fi ndings can mimic biliary 
and pancreatic malignancy (cholangiocarcinoma 
(CCA) and pancreatic adenocarcinoma) or pri-
mary sclerosing cholangitis (PSC). Furthermore, 
although the majority of IgG4-SC patients will 
have an increased serum IgG4, this is not specifi c 
to the disease and there is no available noninva-
sive diagnostic test. Finally, if a biopsy specimen 
is obtained, there is often insuffi cient material to 
identify all of the characteristic histological fea-
tures seen in IgG4-RD lesions. As a result, many 
patients are not treated appropriately or undergo 
unnecessary surgical resection for presumed 
malignancy. 

 This chapter outlines the clinical, biochemi-
cal, radiological, and histological characteristics 
of IgG4-SC, as well as its treatment, natural his-
tory, and pathogenesis.  

    The Discovery of IgG4-Related 
Sclerosing Cholangitis 

 Cases of sclerosing cholangitis associated with 
fi brosis outside the bile duct in the retroperito-
neum or thyroid gland were fi rst reported in 1963 
[ 6 ]. Subsequently, pancreatitis and sclerosing 
cholangitis were observed together [ 96 ]. Although 
associations were made between sclerosing chol-
angitis, chronic pancreatitis, and infl ammation in a 
variety of other organs, they were not considered 
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to be a single disease entity and their pathophysi-
ology remained elusive. In 1995 it was proposed 
that chronic pancreatitis was autoimmune in etiol-
ogy, based on the observation that the disease was 
steroid responsive and associated with a serum 
hypergammaglobulinemia [ 97 ]. It was later dem-
onstrated that serum IgG4 in particular was raised 
in the disease [ 29 ]. 

 The concept that AIP was part of a systemic 
disease was not suggested until 2003. 
Histopathological data showed the infi ltration of 
T-Cells, and IgG4-positive plasma cells seen in the 
pancreatic lesions of AIP were also present in the 
bile ducts of the same patients [ 37 ]. Evidence that 
sclerosing cholangitis and AIP shared a distinct 
histological phenotype supported the idea that 
sclerosing cholangitis was the biliary manifesta-
tion of IgG4-RD [ 99 ]. In 2007, it was proposed 
that this form of cholangitis should be termed 
IgG4-associated cholangitis (IAC), and this 
nomenclature is still recommended in the European 
Association for Study of the Liver (EASL) clinical 
practice guidelines [ 7 ,  21 ]. Currently, the term 
IgG4-related sclerosing cholangitis (IgG4-SC) is 
used, after a consensus agreement at the 
International Symposium on IgG4-RD in 2014.  

    Epidemiology 

 There is a paucity of good epidemiological data 
to estimate the true incidence and prevalence of 
IgG4-SC. Data collected on AIP captures some 
patients with coexistent IgG4-SC. It suggests that 
patients with IgG4-SC are likely to have 

 concurrent AIP. In Japan, the most recent popula-
tion survey of AIP in 2011 estimated the annual 
incidence rate to be 1.4 per 100,000 population 
and prevalence to be 4.6 per 100,000 population, 
an increase on previous estimates from the 2007 
survey [ 42 ,  43 ]. In the 2011 cohort of 918 patients 
with both new and existing diagnoses of AIP, 95 
(10.3 %) had IgG4-SC at the porta hepatis, and 
216 (23.5 %) had intrahepatic IgG4-SC [ 43 ]. In 
Western Countries data suggests a stronger co-
occurrence of AIP and IgG4-SC. One report from 
the United States found that in a group of 53 patients 
with IgG4-SC, 49 (92 %) of them had coexistent 
AIP and only 4 (8 %) had IgG4-SC alone [ 26 ]. 
Recent analysis of a cohort of 115 patients with 
AIP and/or IgG4-SC in the United Kingdom 
found that of the 106 patients with AIP, 60 (56 %) 
had concurrent IgG4-SC and 9 patients (8 %) had 
isolated IgG4-SC [ 32 ]. 

 Previous data suggested that IgG4-SC is sec-
ond only to AIP as the most common site of 
IgG4-RD. This is being challenged by more 
recent data from several IgG4-RD cohorts, 
depending on the referral practices and special-
ists involved (Table  5.1 ). As IgG4-RD is diag-
nosed more frequently, differences in patterns of 
organ involvement between geographical loca-
tions may become more apparent.

       Disease Pathogenesis 

 The pathological mechanisms underlying 
IgG4-SC are not yet fully understood. The raised 
serum IgG4, lymphoplasmacytic infi ltration seen 

   Table 5.1    Reported frequency of IgG4-SC and AIP   

 Study  Country  Cohort  N. of patients  IgG4-SC N (%)  AIP N (%) 

 Kanno et al. [ 43 ]  Japan  AIP  91 
 8 

 311 (33.8)  918 (100) 

 Ghazale et al. [ 26 ]  USA  IgG4-SC and 
AIP 

 53  53 (100)  49 (92) 

 Huggett et al. [ 32 ]  UK  AIP and 
IgG4-SC 

 115  69 (60)  106 (92) 

 Lin et al. [ 53 ]  China  IgG4-RD  118  21 (17.9)  45 (38.1) 

 Inoue et al. [ 34 ]  Japan  IgG4-RD  235  (13)  142 (60) 

 Fernandez-Codina et al. [ 22 ]  Spain  IgG4-RD  55  30 (4)  142 (60) 

 Campochiaro et al. [ 10 ]  Italy  IgG4-RD  41  4 (10)  17 (41) 

  Key:  N  number,  AIP  autoimmune pancreatitis,  IgG4 - SC  IgG4-sclerosing cholangitis  
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in disease lesions, and the response to steroids and 
immunosuppressive agents indicate that aberra-
tion of the immune response is central. What trig-
gers and sustains the infl ammatory process is not 
clear, but several mechanisms have been proposed 
including autoimmunity against a self-antigen, 
molecular mimicry, or chronic antigen exposure 
triggering immune dysregulation. Advances in our 
understanding of the genetic background and 
the immunological environment of patients, are 
beginning to unravel disease pathogenesis.  

    Genetic Susceptibility 

 No studies to date have focused on the genetics of 
IgG4-SC patients specifi cally. Evidence is growing 
that AIP patients have a genetic background that 
makes them susceptible to disease development. 
Single nucleotide polymorphisms in  genes encoding 
immune factors including cytotoxic T lymphocyte-
associated antigen 4 (CTLA-4) and Fc receptor-
like 3 (FcR-3) have been reported to be associated 
with AIP development or recurrence [ 14 ,  88 ,  90 ]. 
Class II human leukocyte antigen (HLA) alleles 
HLA DRB1_0405 and DQB1_0401 were identi-
fi ed to be associated with AIP [ 44 ]. A Korean 
study found that substitution on position 57 on 
HLA DQB1 was associated with disease relapse 
in AIP [ 71 ]. It is likely that variation in class II 
alleles involved in antigen presentation can infl u-
ence predisposition to disease and its course.  

    Autoantigens 

 A role for autoimmunity is supported by the pres-
ence of a T-Cell, B cell, and antibody-rich infi l-
trate in disease lesions. Multiple candidate 
autoantibodies and autoantigens have been inves-
tigated in AIP, although none have been found to 
be specifi c for the disease. Antibodies against 
carbonic anhydrase II and lactoferrin, which are 
expressed widely in exocrine organs, have been 
reported in 73 % and 54 % of AIP patients, 
respectively [ 4 ,  69 ]. Anti-carbonic anhydrase II 
antibodies were found to correlate with serum 
IgG4 levels [ 4 ]. Another purported mechanism of 
disease pathogenesis is molecular mimicry between 

sequences found in alpha-carbonic anhydrase of 
the bacterium  Heliobacter pylori  and carbonic 
anhydrase II [ 28 ]. Other candidate antibodies 
detected at lower levels in AIP include anti- 
carbonic anhydrase IV, pancreatic secretory trypsin 
inhibitor, amylase IV, heat-shock protein 10 and 
plasminogen binding protein [ 5 ,  19 ,  23 ,  52 ,  82 ].  

    The Role of B Cells and the IgG4 
Molecule 

 The presence of IgG4-positive plasma cells in dis-
ease lesions and raised serum IgG4 levels seen in 
the majority of patients are indications that B cells 
and antibody production are important in IgG4-SC 
pathogenesis. The B lymphocyte- depleting agent 
rituximab has been used with success to treat 
IgG4-SC patients refractory to steroids and con-
ventional immunosuppressants [ 11 ,  12 ,  45 ,  46 , 
 55 ]. Recent work has identifi ed circulating oligo-
clonal IgG4-positive plasmablasts in patients with 
active IgG4-RD, which remit after treatment with 
rituximab and re- expand during relapse [ 56 ,  57 , 
 94 ,  95 ]. Relapse of IgG4-RD after B-cell depletion 
with rituximab infers that the reemergence of 
IgG4-positive plasmablasts are derived from either 
a subset of memory B cells that survive rituximab 
therapy or newly generated naïve B cells that inter-
act with a yet unidentifi ed antigen or pathogenic 
T-Cell repertoire, unaffected by rituximab. 

 An important question in understanding 
IgG4-RD pathogenesis is why IgG4 immuno-
globulin and IgG4-positive plasma cells are 
expanded in a great majority of patients. Although 
it has been postulated that autoantibodies might 
induce an inappropriate immune response, candi-
dates thus far are of the IgG1 rather than IgG4 
subclass. Oligoclonal IgG4-positive clones have 
been identifi ed in sequencing of whole blood in 
IgG4-SC patients, suggesting that only specifi c B 
cells are expanded [ 54 ]. However a generalized 
polyclonal IgG4 response to multiple common 
antigens has been demonstrated in IgG4-RD 
patients. This supports the alternative theory that 
increased IgG4 is an epiphenomenon, occurring 
as a result of the expansion of preexisting IgG4- 
switched B cells rather than being driven by a 
specifi c autoantigen [ 13 ]. 
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 It is unknown as to whether the IgG4 immuno-
globulin is directly involved in driving the infl am-
mation seen in disease lesions. IgG4 has 
anti-infl ammatory properties due to its unique 
structure that allows exchange of its Fab arm, pro-
ducing functional monomers that are unable to 
form large immune complexes [ 91 ]. Unlike the 
other gamma immunoglobulin subclasses, IgG4 is 
unable to activate complement [ 92 ]. Under physi-
ological conditions, specifi c IgG4 responses occur 
to generate humoral tolerance after repetitive anti-
gen stimulation, for example, in beekeepers that are 
repeatedly exposed to bee venom [ 1 ]. These tolero-
genic properties argue that IgG4 molecules them-
selves are unlikely to be intrinsically harmful. 

 However, in other immune conditions including 
pemphigus vulgaris and myasthenia gravis, IgG4 
antibodies are thought to be directly pathogenic 
[ 24 ,  33 ]. In a small study, IgG4 in sera from AIP 
patients bound with normal pancreatic and biliary 
epithelial tissue, indicating an interaction between 
IgG4 antibodies with a yet unidentifi ed antigen [ 3 ].  

    T-Cell Immunological Response 

 CD4-positive T-Cells are necessary to support 
and coordinate IgG4-switched B-cell responses, 
but their role in IgG4-SC pathogenesis has not 
been fully elucidated. T-Cells are a component of 
the lymphoplasmacytic infi ltrate in disease 
lesions and are likely to interact with the B cells 
when in close proximity. 

 T-helper type 2 (Th2) cells have been impli-
cated in IgG4-RD pathogenesis. The Th2 cyto-
kines IL-4, IL-5, and IL-13 have been detected at 
the messenger RNA level in IgG4-RD disease 
lesions, blood CD4-positive T-Cells in IgG4-RD 
patients, and in the bile of IgG4-SC patients [ 41 , 
 60 ,  83 ,  100 ,  101 ]. A skew of circulating CD4- 
positive T-Cells towards a Th2 phenotype has 
also been reported [ 73 ]. It has been suggested 
that Th2 cells in IgG4-RD promote peripheral 
eosinophilia, raised serum immunoglobulin E 
(IgE), and IgG4 predominance, as Th2-associated 
cytokines IL-4 and IL-13 have been shown to 
promote immunoglobulin class switch toward the 
IgG4 subtype [ 72 ,  87 ]. However a recent report 

that blood Th2 cell expansion is restricted to 
IgG4-RD patients with atopy challenges the 
hypothesis of a Th2-driven response in IgG4-RD 
[ 56 ,  57 ]. Mast cells have been suggested as an 
alternative source of Th2 cytokines, based on 
their colocalization with IL-4 and IL-13 in 
IgG4-RD lesions from salivary glands [ 79 ,  80 ]. 

 T follicular helper cells, which support B-cell 
differentiation into antigen-secreting cells in ger-
minal centers, have also been implicated in 
IgG4-RD pathogenesis. Next-generation sequenc-
ing of the B-cell receptor immunoglobulin heavy 
chain repertoire of circulating plasmablasts in 
IgG4-RD patients has shown they have under-
gone extensive somatic hypermutation, a process 
for which T follicular helper cells are integral [ 56 , 
 57 ]. A recent study has shown that circulating 
type 2 T follicular helper (Tfh2) cells are expanded 
in patients with IgG4-RD [ 2 ]. Tfh2 cells preferen-
tially secrete Th2 cytokines [ 59 ] and could be the 
driver of the B-cell differentiation to IgG4-
positive plasmablasts and plasma cells. 

 The T regulatory (Treg) cell-associated cyto-
kine IL-10 and tumor growth factor beta (TGF-β) 
have been found in IgG4-RD lesions [ 87 ,  100 , 
 101 ]. There is also evidence that Tregs are 
expanded in the circulation and tissue lesions in 
IgG4-SC and AIP [ 49 ,  51 ,  61 ]. IL-10 has been 
shown to preferentially switch immunoglobulin 
toward IgG4 rather than IgE, and TGF-β has been 
purported to contribute to the fi brosis seen in late 
stage disease [ 36 ,  78 ].  

    Regional Factors Promoting 
Lymphocyte Recruitment 

 It has been suggested that factors local to the pan-
creatobiliary system may be at play in IgG4-SC, 
as it often occurs alongside AIP. Pathological 
specimens of IgG4-SC show severe infl ammation 
in the peribiliary glands, which contain pancre-
atic acini [ 27 ]. In tissue specimens from AIP and 
IgG4-SC, the chemokine CCL1 was expressed 
highly at the messenger RNA level and was local-
ized to the peribiliary glands and pancreatic duct 
epithelium. The expression of CCR8, the  receptor 
for CCL1 found on Th2 and Treg lymphocytes, 
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was also upregulated in IgG4-SC disease lesions 
[ 102 ]. Another study found that CXCR5, 
expressed on Tfh cells, and its ligand CXCL13 
were upregulated in AIP tissue [ 20 ]. A variety of 
other chemokines have been found to be overex-
pressed in AIP and IgG4-SC tissue including 
CCL1, CXCL13, CCL17, CCL19, and CCL21, 
but their role in the disease is not yet clear [ 74 ].  

    Clinical Features and Natural 
History 

    Clinical Presentation 

 Patients with IgG4-SC are predominantly males 
in their seventh decade and most commonly pres-
ent with obstructive jaundice, weight loss, and 
abdominal pain. Patients with concomitant pan-
creatic involvement can present with steatorrhea, 
indicative of exocrine insuffi ciency and/or diabe-
tes [ 26 ,  32 ]. In others, biliary involvement might 
be found incidentally on cross-sectional imaging 
performed for another reason. 

 Patients should be asked about previous occu-
pational exposure, especially “blue-collar work” 
and history of allergy and/or atopy. Both have 
been observed at increased rates in IgG4-RD, 
although their signifi cance in disease pathogene-
sis remains unclear [ 16 ,  17 ,  38 ,  39 ].  

    Laboratory Findings 

 There is no single laboratory test that can accu-
rately diagnose IgG4-SC. Liver function tests are 
often deranged. An obstructive pattern of raised 
alkaline phosphatase, gamma- glutamyltransferase, 
and bilirubin is most commonly observed. In 
addition, patients can also have a polyclonal 
hypergammaglobulinemia and raised serum IgG. 

 Serum IgG4 is raised in 70–74 % of patients at 
time of diagnosis [ 26 ,  32 ]. However, an elevated 
serum IgG4 is not specifi c to IgG4-RD and can 
also be raised in PSC and pancreatobiliary malig-
nancy, which mimic IgG4-SC both clinically and 
radiologically [ 11 ,  12 ,  58 ,  70 ,  94 ,  95 ]. Several 
studies have investigated whether using a higher 

cutoff value for serum IgG4 increases its ability 
to distinguish IgG4-SC from PSC or CCA. Using 
a higher IgG4 value over four times the upper 
limit of normal increases the specifi city or posi-
tive predictive value (PPV) to almost 100 % for 
IgG4-SC. Alternatively when serum IgG4 is 
raised between one and two times the upper limit 
of normal, using an IgG4 to IgG1 ratio rather 
than IgG4 in isolation has been shown to increase 
PPV and sensitivity for IgG4-SC in Dutch and 
UK cohorts [ 8 ,  70 ]. However these methods do 
not detect the group of IgG4-SC patients with a 
normal serum IgG4. 

 Serum IgE levels are raised in between 35 and 
95 % of IgG4-RD patients. Furthermore, 25–30 % 
of patients have a peripheral blood eosinophilia. 
There is confl icting evidence as to whether 
patients with a history of allergy are more likely 
to have a raised IgE and/or eosinophilia, com-
pared to nonallergic patients [ 17 ,  38 ,  39 ,  98 ]. 

 No autoantibody has been found to be specifi c 
to IgG4-SC [ 76 ]. The tumor marker CA19-9 can 
be raised in both pancreatobiliary malignancy 
and IgG4-SC, making it a poor differentiator 
between the conditions [ 26 ]. Although bile IgG4 
levels can be elevated in patients with IgG4-SC 
compared to other biliary disorders including 
PSC and CCA, it is not specifi c [ 93 ].  

    Imaging Features 

 Imaging alone is unable to make a fi rm diagnosis 
of IgG4-SC as features can mimic PSC, CCA, 
and pancreatic carcinoma. Imaging of the biliary 
tree via magnetic resonance cholangiopancrea-
tography (MRCP) or endoscopic retrograde chol-
angiopancreatography (ERCP) can reveal 
IgG4-SC biliary strictures. 

 Four patterns of strictures have been recog-
nized [ 66 ]. Type 1 describes a single distal com-
mon bile duct (CBD) stricture which can mimic 
pancreatic carcinoma or CCA. This appearance 
commonly occurs in IgG4-SC, particularly in 
association with AIP where the stricture may be 
caused by infl ammation of both the pancreas and 
biliary wall [ 31 ]. Type 2 lesions can be divided 
into type 2a intrahepatic strictures with 

5 IgG4-Related Sclerosing Cholangitis



64

 prestenotic dilatation and type 2b intrahepatic 
strictures without prestenotic dilatation and 
reduced bile duct branching. Both type 2 patterns 
can exhibit additional extrahepatic strictures, and 
appearances can be similar to PSC (Fig.  5.1 ). 
Unlike PSC, IgG4-SC strictures often show bili-
ary dilation of over 10 mm proximal to a confl u-
ent narrowing in the distal CBD. Characteristic 
PSC features such as a beaded and pruned-tree 
appearance of the bile ducts are often absent in 
IgG4-SC [ 65 ]. A recent study of biliary appear-
ance using MRI found continuous rather than 
skip lesions, and a single wall CBD thickness of 
over 2.5 mm favored IgG4-SC over PSC [ 85 ].

   Type 3 IgG4-SC describes a distal CBD stric-
ture and hilar hepatic stricture. Type 4 strictures 
involve the hilum only (Fig.  5.2 ). In a Japanese 
survey of IgG4-SC patients without pancreatic 
lesions, this was the commonest subtype [ 84 ]. 
Both type 3 and type 4 can mimic hilar CCA.

   Other characteristic features of IgG4-SC 
lesions include symmetrical biliary wall thicken-
ing, smooth inner and outer margins, and a 
homogenous echo appearance of the internal bile 
duct wall. These can be characterized using con-
ventional abdominal ultrasound, computed 
tomography (CT), endoscopic ultrasound (EUS), 
and intraductal ultrasonography (IDUS). Lesions 
can occur in regions where there is no identifi able 
biliary stricture on cholangiography [ 35 ,  50 ,  62 ]. 
Cross-sectional imaging can identify mass 
lesions in other organs caused by systemic 
IgG4-RD. CT pancreas can show a characteristic 
sausage-shaped appearance or mass lesions 

within the pancreatic parenchyma representative 
of AIP [ 35 ]. In one series, pancreatic abnormali-
ties were the strongest predictor of correctly 
 distinguishing IgG4-SC from PSC and malig-
nancy [ 25 ].  

    Histopathological Features 

 Infl ammatory lesions in IgG4-SC are usually dis-
tributed in the extrahepatic, hilar, and perihilar 
bile ducts but can also affect the small intrahe-
patic ducts and gallbladder. 

 Macroscopically the affected areas of the bile 
duct are diffusely thickened, with stenotic lumens, 
and in some cases appear as tumorous lesions [ 64 , 
 100 ,  101 ]. In contrast to PSC, the biliary epithe-
lium is relatively well preserved but infl ammation 
can extend into local veins, glands, and nerves [ 99 ]. 

 Microscopically, classical IgG4-SC lesions 
share the lymphoplasmacytic infi ltrate, oblitera-
tive phlebitis, and storiform pattern of fi brosis 
seen in other IgG4-RD conditions [ 26 ,  99 ]. The 
lymphoplasmacytic infi ltrate is T-Cell predomi-
nant with scattered B-cell aggregates (Fig.  5.3  
left). Germinal centers are sometimes seen and 
many specimens have an eosinophilia. The pres-
ence of IgG4-positive plasma cells, however, is 
not suffi cient for diagnosis, as they can be seen in 
other conditions. A biopsy specimen with a mean 
of >10 IgG4 plasma cells per high-power fi eld 
(HPF) (Fig.  5.3  right) or an IgG4/IgG plasma cell 
ration of >40 % is suggestive and incorporated 
into diagnostic guidelines for IgG4-RD and 
IgG4-SC [ 15 ,  68 ,  75 ]. It should also be noted that 
some classical histopathological features might 
not be present on biopsy if insuffi cient amounts 
of tissue are obtained. In one series of transpapil-
lary biopsy specimens collected from IgG4-SC 
strictures using IDUS, obliterative phlebitis was 
absent and >10 IgG4-positive cells per HPF was 
only observed in a minority [ 62 ]. 

 Liver biopsy can demonstrate small duct 
involvement in IgG4-SC in up to 26 % of cases. 
Specimens typically show portal infl ammation 
and IgG4-positive plasma cell infi ltration [ 63 , 
 89 ]. Some specimens also have portal-based 
micro-infl ammatory nodules of lymphocytes, 

  Fig. 5.1    MRCP of a patient with type 2 IgG4-SC with 
intra- and extrahepatic biliary dilatation       
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plasma cells, eosinophils, and a myxoid stroma, a 
feature not present in PSC [ 18 ].   

    Diagnosis 

 There is no single diagnostic test to confi rm 
IgG4-SC. Therefore, diagnosis should be based on 
a combination of clinical, radiological, laboratory, 
and histological fi ndings. Several guidelines have 
been developed. These include the HISORt crite-
ria (histology, imaging, serology, other organ 
involvement and response to therapy), originally 
developed for AIP and adapted for IgG4-SC 
(Table  5.2 ; [ 15 ,  26 ]). In Japan, clinical diagnostic 
criteria for IgG4-SC classify the diagnosis as 
being defi nite, probable, or possible depending on 
the features of the case [ 68 ]. For defi nitive diagno-
sis both guidelines include typical imaging fi nd-
ings of a thickened bile duct wall with segmental 
or diffuse biliary strictures, raised serum IgG4 titers, 
coexistence of other organ involvement, and the 
typical histological features (lymphoplasmacytic 

infi ltrate, >10/HPF IgG4- positive plasma cells, sto-
riform fi brosis, and obliterative phlebitis). If steroid 
therapy has been effective in improving clinical, 
radiological, or histological features, this is sup-
portive for diagnosis, although improvement with 
steroids can also occur in other malignant and 
infl ammatory conditions. It is imperative to exclude 
malignancy.

       Treatment 

 The aims of treatment in IgG4-SC are to alleviate 
symptoms and prevent disease complications and 
irreversible fi brosis. Spontaneous resolution of 
IgG4-SC lesions without treatment has been 
described. However, oral steroids have been 
shown consistently to hasten the resolution of clin-
ical jaundice, itch and abdominal discomfort, 
radiological strictures, serum IgG4, and micro-
scopic infl ammation ([ 26 ,  32 ,  48 ,  67 ,  81 ]; Fig.  5.4 ). 
Japanese guidelines recommend biliary drainage 
in patients with obstructive jaundice prior to the 
commencement of steroid therapy [ 40 ]. A recent 
international consensus of experts on the 

  Fig. 5.2    MRCP of a patient with type 4 IgG4-SC with a 
hilar stricture, which is diffi cult to differentiate from hilar 
CCA       

   Table 5.2    HISORt diagnostic criteria for IgG4-SC   

 Histology  (i) Lymphoplasmacytic infi ltrate 

 (ii) >10 IgG4-positive cells per 
high-power fi eld 

 (iii) Obliterative phlebitis 

 (iv) Storiform fi brosis 

 Imaging  Strictures of the biliary tree 
including 

 (i) Intrahepatic ducts 

 (ii) Extrahepatic ducts 

 (iii) Intrapancreatic ducts 

 Serology  Serum IgG4 levels above the 
upper limit of normal 

 Other organ 
involvement 

 Including 

 (i) Pancreas 

 (ii) Retroperitoneal fi brosis 

 (iii) Kidney 

 (iv) Salivary or lacrimal gland 

 Response to steroid 
treatment 

 Defi ned as 

 (i) Normalization of liver 
enzymes 
 (ii) Stricture resolution) 

  Adapted from Ghazale et al. [ 26 ]  
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 management of IgG4-RD concluded that urgent 
treatment is appropriate in biliary disease even 
when asymptomatic, to prevent infectious cholan-
gitis and permanent fi brosis that may complicate 
untreated disease [ 47 ].

    No randomized clinical trial has been con-
ducted to determine the dose or duration of ste-
roid treatment, and regimes are based on published 
clinical experience. Starting doses range from 30 
to 40 mg of prednisolone or 0.6 mg/kg once a day 
for 2–4 weeks; after which the dose is tapered. 
Tapering regimes vary, but a dose reduction by 
5 mg every 1–2 weeks depending on clinical 

response with a total treatment period of between 
3 and 6 months is typical. In Japan guidelines rec-
ommend tapering to a maintenance dose between 
5 and 10 mg per day to continue for up to 3 years. 

 Remission, defi ned as normalization of liver 
enzymes or stricture resolution, is achieved in 
82–100 % of patients after steroid treatment. The 
diagnosis of IgG4-SC should be reconsidered in 
steroid nonresponders, but some long-standing 
strictures may be only partially responsive or 
unresponsive to treatment if fi brosis has devel-
oped, and in these patients, biliary stenting can be 
used to improve symptoms. 

  Fig. 5.3    Microscopic appearance of IgG4-SC showing a lymphoplasmacytic infi ltrate ( left panel ) and IgG4-positive 
plasma cells >50/HPF ( right panel )       

  Fig. 5.4    ERCP showing a distal CBD stricture before ( left image ) and after treatment with biliary stenting and cortico-
steroid therapy ( right image )       
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 After withdrawal of steroid therapy, relapse 
rates between 50 and 57 % have been reported; 
the majority of which occur within 6 months of 
discontinuation of steroid treatment. In Japan it is 
commonplace to maintain low-dose steroid for 
up to 3 years after remission induction. This is 
based on evidence that relapse rates are signifi -
cantly lower while on low-dose steroid compared 
to complete cessation of therapy [ 38 ,  39 ]. The 
presence of IgG4-SC as opposed to AIP in isola-
tion is a risk factor for relapse [ 32 ,  77 ]. Proximal 
strictures are more likely to reoccur than distal 
strictures [ 26 ]. 

 For the minority of patients who do not 
achieve remission on initial treatment induction 
and for those who relapse after withdrawal of 
therapy, further treatment is necessary. Steroids 
can be reintroduced or the dose increased, but 
long-term high-dose steroid therapy is associated 
with an adverse side-effect profi le. For this rea-
son, steroid-sparing agents including azathio-
prine, mycophenolate mofetil, 6-mercaptopurine, 
methotrexate, and tacrolimus have all been used 
to maintain remission in patients who relapse 
during steroid tapering or are at high risk of 
relapse [ 9 ,  26 ,  30 ,  32 ,  77 ]. There is no random-
ized evidence to support the use of these agents 
or the type or duration of treatment. 

 More recently the B-cell-depleting agent 
rituximab has been shown to be effective in 
inducing remission in patients with IgG4-RD 
relapse with promising results [ 86 ]. In an open- 
label trial where two doses of 1 g of intravenous 
rituximab were administered to IgG4-RD 
patients, 97 % achieved disease response by 6 
months, and 77 % saw an improvement in disease 
activity, did not need to use oral steroid and did 
not exhibit any evidence of disease relapse by the 
end of 6 months. Remission, defi ned as no use of 
steroid and no evidence of disease activity, was 
achieved by 47 % at 6 months and 46 % at 12 
months after rituximab therapy [ 11 ,  12 ]. 

 Side effects associated with treatment are 
largely unexplored in IgG4-SC. In a cohort of 56 
patients with IgG4-RD, over 50 % of patients 
receiving drug treatment reported adverse effects. 
Most were steroid related including weight gain, 
hyperglycemia, and cataracts, which are of 

 particular relevance in the older male demographic 
at risk of IgG4-RD (unpublished data). Side effects 
in IgG4-RD patients treated with azathioprine and 
6-merceptopurine have been reported and include 
nausea, vomiting, transaminitis, rash, and myelo-
suppression [ 30 ]. In the recent trial of rituximab 
therapy for IgG4-RD, two patients were hospital-
ized for bacterial infection [ 11 ,  12 ].  

    Prognosis 

 The long-term natural history of IgG4-SC is not 
yet well defi ned due to a paucity of cohorts with 
suffi cient follow-up. It is clear that relapse in the 
bile duct or in another organ is likely to occur 
despite treatment. In a series of 53 patients with 
IgG4-SC, three treatment-naïve patients and one 
nonresponder developed cirrhosis and portal 
hypertension between 9 and 62 months after 
IgG4-SC diagnosis [ 26 ]. In a UK cohort of 115 
patients with AIP and/or IgG4-SC, 5 % devel-
oped liver cirrhosis. There is also an increased 
incidence of all cancers, and all cause mortality 
compared to the general population [ 32 ].  

    Summary 

 IgG4-SC remains a diagnostic challenge with the 
key issue remaining differentiation from pancrea-
tobiliary malignancy and other forms of scleros-
ing cholangitis. Current therapy follows an 
international expert consensus but is not sup-
ported by randomized controlled trials. More 
recently, the B-cell-depleting agent rituximab has 
given clues into disease pathogenesis as well as 
providing an option in those experiencing adverse 
effects with, or becoming refractory to, conven-
tional therapy. The longer-term consequences of 
irreversible fi brosis, cirrhosis, and an increased 
risk of malignancy are now becoming apparent. 
Studies have implicated both dysregulation of the 
immune system and genetic susceptibility in 
IgG4-SC disease pathogenesis. Further work to 
establish risk factors and determinants of fi brotic 
disease and the mechanisms underlying this is 
essential.     
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      Abbreviations 

   AIH    Autoimmune hepatitis   
  ALP    Alkaline phosphatase   
  ALT    Alanine aminotransferase   
  ANA    Antinuclear antibody   
  ASC    Autoimmune sclerosing cholangitis   
  ASMA    Anti-smooth muscle antibody   
  AST    Aspartate aminotransferase   
  CCA    Cholangiocarcinoma   
  CD    Crohn’s disease   
  ERCP     Endoscopic retrograde cholangiopan-

creatography   
  GGTP    Gamma-glutamyl transpeptidase   
  IBD    Infl ammatory bowel disease   
  LCH    Langerhans cell histiocytosis   
  LKM    Liver-kidney microsomal antibody   
  MRCP     Magnetic resonance cholangiopan- 

creatography   
  OV    Oral vancomycin   
  PSC    Primary sclerosing cholangitis   
  SSC    Secondary sclerosing cholangitis   
  UC    Ulcerative colitis   
  UDCA    Ursodeoxycholic acid   

        Introduction 

 Primary sclerosing cholangitis (PSC) is a rare 
disorder of the hepatobiliary system character-
ized by chronic diffuse infl ammation and oblit-
erative fi brosis of the intrahepatic and/or 
extrahepatic bile ducts that subsequently pro-
gresses to liver cirrhosis and end-stage liver dis-
ease in the majority of patients [ 1 ]. This chapter 
will detail unique aspects of pediatric PSC, 
including the use of gamma-glutamyl transpepti-
dase as a biomarker of bile duct injury, the higher 
rate of autoimmune sclerosing cholangitis and 
small duct PSC, and the lower incidence of PSC 
and cholangiocarcinoma in children compared to 
adults.  

    Epidemiology 

 The incidence of PSC in children, similar to the 
overall incidence of PSC at large, is estimated 
based on a limited number of population-based 
studies. The incidence of PSC in children in 
Canada was reported as 0.23 cases per 100,000 
person-years compared with 1.11 per 100,000 in 
adults [ 2 ]. An epidemiology study in the United 
States estimated the incidence and prevalence of 
pediatric PSC at 0.2 and 1.5 cases per 100,000 
children [ 3 ]. Table  6.1  summarizes the largest 
retrospective studies on pediatric PSC in the 
United States, revealing that the median age at 
diagnosis was 11.7 ± 2.5 years old, with a 
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62 ± 11 % male predominance. Associated dis-
eases include infl ammatory bowel disease (IBD) 
in 60 ± 24 % and concurrent autoimmune hepati-
tis (AIH) (or autoimmune sclerosing cholangitis) 
in 38.4 ± 20.8 % of PSC patients [ 3 – 7 ]. The rising 
awareness for this disease alongside the growing 
use of magnetic resonance cholangiopancreatog-
raphy (MRCP) for biliary imaging will likely 
lead to an increased frequency of diagnosis.

       Diagnosis of PSC 

 The majority of cases of pediatric PSC are symp-
tomatic at presentation. Asymptomatic patients 
are often diagnosed after routine screening of 
liver biochemistries in the setting of preexisting 
IBD [ 4 ,  6 ,  7 ]. The most common symptoms of 
pediatric PSC are fatigue, abdominal pain, 
anorexia, and pruritus. Other signs include fever, 
jaundice, weight loss, delayed growth, and fat- 
soluble vitamin defi ciencies. Approximately 
20 % of pediatric PSC patients have pruritus at 
presentation, of whom ~4 % have extremely 
debilitating pruritus [ 4 ,  6 ]. Intractable pruritus 
and fatigue can lead to sleep disturbance, depres-
sion, and impairment of quality of life in adults 
[ 8 – 10 ]. There is only one published health- 
related quality of life assessment on children 
with autoimmune liver diseases which revealed 
that symptoms of abdominal pain, fatigue, and 
psychological distress were associated with 
impaired physical activity and school functioning 
[ 11 ]. Physical exam at presentation may reveal 
hepatomegaly and splenomegaly. 

 The diagnosis of PSC relies on the combined 
clinical fi ndings of a cholestatic liver biochemis-
try profi le, imaging (MRCP or endoscopic 
 retrograde cholangiopancreatography [ERCP]), 
and/or liver histological fi ndings consistent with 
PSC [ 12 ]. In the past decade, great advances in 
MRCP imaging for infants and children have 
occurred, and MRCP has an 84 % accuracy rate 
in the diagnosis of pediatric PSC [ 13 ]. Children 
with PSC have signifi cantly higher levels of 
serum gamma- glutamyl transpeptidase (GGTP), 
alanine aminotransferase (ALT), and aspartate 
aminotransferase (AST) compared to their adult 

counterparts [ 12 ] (see Table  6.1 ). Reports from 
large cohorts of adults with PSC have shown that 
serum alkaline phosphatase (ALP) is of prognos-
tic importance in PSC [ 14 – 16 ]. The incidence of 
cirrhosis and cholangiocarcinoma has been found 
to be higher in adult PSC patients with persis-
tently elevated serum ALP levels compared to 
those who achieve normalization of serum ALP 
[ 14 – 16 ]. In pediatric PSC, serum GGTP should 
be considered as a more accurate measure of bile 
duct injury compared to ALP for the following 
reasons: First, in four large retrospective reviews 
of pediatric PSC, only 53–81 % of patients had an 
elevated ALP at diagnosis compared to 94–100 % 
of patients with elevated GGTP [ 3 ,  4 ,  6 ,  17 ] 
Second, the range of normal ALP levels substan-
tially increases during times of rapid bone growth 
in children, making any single elevated ALP 
level diffi cult to interpret in children [ 18 ]. For 
example, the upper limit of normal for ALP in a 
13-year-old male is 587 U/L, a value that is fi ve-
fold higher than the upper limit of normal in 
adults (mayomedicallaboratories.com). Lastly, 
serum GGTP levels have been found to be of 
prognostic importance in pediatric patients with 
other cholestatic diseases including total paren-
teral nutrition-related liver disease [ 19 ], idio-
pathic neonatal hepatitis [ 20 ,  21 ], and pediatric 
sepsis-related cholestasis [ 22 ]. A small study on 
the use of ursodeoxycholic acid for pediatric PSC 
revealed that GGTP signifi cantly decreased in 
response to therapy; however changes in ALP 
were less impressive [ 23 ]. Further research into 
the use of GGTP as a biomarker of disease sever-
ity or treatment response in pediatric PSC is 
warranted.  

    Natural History and Outcomes 
in Pediatric PSC 

 PSC carries signifi cant morbidity in children. 
Approximately 30–40 % of pediatric PSC 
patients will suffer from consequences of chronic 
biliary disease, including signifi cant pruritus, 
recurrent bacterial cholangitis, and complications 
of portal hypertension. The largest pediatric PSC 
study encompassed 52 children who were seen 
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over a 20-year period and followed for up to 
16.7 years [ 4 ]. Pediatric PSC often progressed to 
end-stage liver disease, with approximately one- 
fi fth requiring liver transplantation in childhood. 
The median transplant-free survival in the popu-
lation studied was 12.7 years, and the mean time 
from diagnosis of PSC to liver transplantation 
was 6.6 years [ 4 ]. Miloh et al. analyzed the out-
come in 47 children with PSC and found that 
65 % had signifi cant fi brosis (>grade II) on liver 
histology at diagnosis. Patients were followed on 
average for 6.5 years (range 0.5–19), and 19 % 
required liver transplant [ 6 ]. In children, PSC- 
autoimmune hepatitis (AIH) overlap syndrome 
(or autoimmune sclerosing cholangitis) seems to 
have a more favorable outcome than PSC alone, 
with an estimated 5-year transplant-free survival 
of 90 % in children with overlap syndrome com-
pared to 78 % in children with PSC alone [ 3 ]. 
Lastly, cholangiocarcinoma (CCA) is a well- 
known complication of PSC in adults with inci-
dences ranging from 5 to 36 % [ 24 ]. Only three 
cases of CCA have been reported in the setting of 
pediatric PSC. The range of ages at presentation 
of the CCA was 14–18 years old, and the CCA 
was diagnosed 1.2–6 years after the onset of PSC 
[ 25 ]. Clues to the diagnosis of CCA in pediatric 
PSC include rapid onset of jaundice and abdomi-
nal pain, newly diagnosed dominant stricture, 
and CA19-9 levels consistently >100 U/mL [ 26 ].  

    Subtypes of Pediatric PSC 

    Autoimmune Sclerosing Cholangitis 
(PSC-AIH Overlap Syndrome) 

 Autoimmune sclerosing cholangitis (ASC) was 
fi rst described by Gregorio et al. in reference to 
pediatric patients with AIH and cholangiographic 
or histological features consistent with sclerosing 
cholangitis [ 5 ]. The combination of concurrent 
PSC with AIH is also known as “overlap syn-
drome” in children and adults [ 27 ]. ASC is much 
more common in children, with prevalence rates 
of ~38 % (range 25–75 %) in pediatric PSC 
patients compared to only 1–4 % of adult patients 
[ 3 ,  4 ,  6 ,  7 ,  28 ]. The fact that the incidence of ASC 

is substantially lower in adults may be due to the 
possibility that the autoimmune-mediated infl am-
mation of ASC subsides or “burns out” by adult-
hood. A summary of the incidence of ASC in 
children is provided in Table  6.1 . The study by 
Gregorio et al. was a prospective analysis of bili-
ary disease in all patients with AIH, which may 
explain why the majority of patients (75 %) had 
ASC (data on newly diagnosed PSC cases was 
also collected during the study time frame). Due 
to the high prevalence of ASC in children, it is 
recommended that all children with PSC be 
screened for concurrent AIH with serum autoan-
tibodies (antinuclear antibody (ANA), anti- 
smooth muscle antibody (ASMA), liver-kidney 
microsomal antibody (LKM), total IgG), fol-
lowed by a liver biopsy for histology if any of the 
autoantibodies are positive. Similarly, for all chil-
dren with AIH, screening MRCP or ERCP should 
be performed to determine if ASC is the accurate 
diagnosis. In addition, because the diagnosis of 
PSC and ASC can precede the diagnosis of IBD, 
it is recommended that all children diagnosed 
with PSC or ASC undergo surveillance upper 
endoscopy and colonoscopy. 

 Pediatric ASC patients tend to have higher levels 
of AST, ALT, and GGTP at presentation compared 
to PSC only patients [ 3 ,  6 ], and total IgG levels are 
often >2,000 mg/dL [ 4 ,  6 ]. The vast majority of 
pediatric ASC cases have positivity for ANA and/or 
ASMA; to date only two cases of LKM positivity in 
ASC have been reported [ 3 ,  5 ]. Interestingly, treat-
ment of the AIH component of ASC with immuno-
suppressive therapy is associated with normalization 
of AST, ALT, GGTP, and ALP in >70 % of cases. 
However, this most likely refl ects remission of the 
AIH component, as repeat cholangiographic studies 
or liver biopsies performed at a median of 5 years 
after diagnosis revealed that the majority of cases 
had static disease or progression of biliary disease 
and fi brosis [ 5 ].   

    Small Duct PSC 

 Small duct PSC is defi ned as biochemical 
 cholestasis and liver histology consistent with 
PSC in the absence of bile duct abnormalities on 
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standard biliary imaging (ERCP or MRCP) [ 1 ]. 
The occurrence of small duct PSC in children 
ranges from 34 to 42 % of all pediatric PSC cases, 
a rate that is fourfold higher than that found in 
adults [ 4 ,  6 ]. Advanced liver fi brosis is less prom-
inent in small duct PSC pediatric patients com-
pared to large duct PSC (44 % versus 65 %), and 
in general small duct PSC is associated with a 
more benign course [ 6 ]. Interestingly, pediatric 
small duct PSC patients have a higher prevalence 
of Crohn’s disease than ulcerative colitis [ 6 ].  

    PSC and Infl ammatory Bowel 
Disease 

 Infl ammatory bowel disease (IBD) is strongly 
associated with the diagnosis of PSC and was 
noted in 53–96 % of all pediatric PSC cases 
(Table  6.1 ). The more common IBD phenotype 
associated with pediatric PSC is ulcerative colitis 
(UC), found in 39 ± 14 % of all cases published, 
compared to 10.4 ± 6.6 % of pediatric PSC cases 
with Crohn’s disease (CD) [ 3 – 7 ,  17 ]. A large 
study on the incidence of liver disease in pediat-
ric IBD patients revealed that PSC occurred in 28 
of 607 IBD patients (4.6 % overall). The majority 
of the pediatric PSC cases were associated with 
UC – 26 of 262 UC patients had PSC (9.9 %), 
compared to only 2 of 317 CD patients with con-
current PSC (0.6 %) [ 3 ]. Adult studies show that 
the severity of PSC does not correlate to the 
severity of the associated IBD, and the treatment 
of IBD does not affect the course of PSC [ 29 ]. 
Similar to adults with IBD and PSC, the symp-
toms and diagnosis of liver disease in children 
may precede, coincide with, or follow the diag-
nosis of IBD. Data from all published studies on 
pediatric PSC estimate that PSC will be diag-
nosed before IBD in 16.8 ± 5.7 % of cases 
(Table  6.1 ).  

    Secondary Sclerosing Cholangitis 

 Many diseases can have biliary manifestations 
that mimic the histological and cholangiographic 
fi ndings of PSC, suggesting that widely different 

insults may cause similar patterns of biliary 
injury [ 30 ]. The presence of sclerosing cholangi-
tis as a result of another underlying disorder is 
collectively known as secondary sclerosing chol-
angitis (SSC). In pediatrics the spectrum of dis-
eases that can be associated with SSC is broad 
and includes diseases resulting in mechanical 
obstruction or injury of the biliary tree, infec-
tions, immunodefi ciencies, neoplastic disorders, 
and congenital diseases such as cystic fi brosis 
(see Table  6.2 ). Two of the more common causes 
of SSC in children include Langerhans cell his-
tiocytosis (LCH) and hyper-IgM syndrome-
 CD40 ligand defi ciency [ 31 ]. LCH is a rare, 
multisystem disorder characterized by clonal 
expansion of Langerhans cells predominantly 
within the skin and bone but can infi ltrate the 
liver in up to 35 % of cases. SSC develops in 
~30 % of pediatric patients with LCH, and the 
SSC can occur despite chemotherapy and persist 
after remission of the LCH. The estimated preva-
lence of SSC in children with congenital immu-
nodefi ciencies and elevated liver tests is ~15 %. 
Patients with hyper-IgM syndrome-CD40 ligand 
defi ciency and SSC usually have associated 
infection of the biliary tree with  Cryptosporidium 
parvum , which can exacerbate the biliary injury 
[ 32 ]. Other immunodefi ciencies are also associ-
ated with concurrent biliary infections as 
described in Table  6.2 .

       Therapies for PSC 

 There are presently no effective therapies that are 
known to delay the progression of pediatric 
PSC. Two therapies highlighted in the literature 
for possible use in pediatric PSC include ursode-
oxycholic acid (UDCA) and oral vancomycin 
(OV). UDCA is thought to exert its benefi cial 
effects on cholestatic diseases through many dif-
ferent mechanisms including: (1) inhibition of 
intestinal absorption of endogenous “hepato-
toxic” bile acids; (2) stimulation of biliary secre-
tion of bile acids, thus limiting cellular injury 
from excess hydrophobic bile acids; and (3) anti- 
infl ammatory and immunomodulatory effects, 
resulting in decreased infl ammatory-mediated 
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injury [ 33 ]. UDCA use in adults is detailed in a 
separate chapter and will not be reviewed in this 
section. UDCA has been extensively utilized as a 
therapeutic option for the treatment of many pedi-
atric cholestatic liver diseases, including Alagille 
syndrome, progressive familial intrahepatic cho-
lestasis, and biliary atresia [ 34 – 39 ]. Gilger et al. 
analyzed UDCA treatment in ten pediatric PSC 
patients and found that UDCA had signifi cant 
reductions of liver chemistries, including GGTP 
[ 23 ]. Data from pediatric PSC case series have 
shown that treatment with UDCA improves liver 
biochemistries and cholestatic parameters [ 4 ,  6 ]; 
however the impact of UDCA on long-term clini-

cal outcomes has not been studied. In order to 
determine the effectiveness of UDCA for the 
treatment of pediatric PSC, a  multicentered, ran-
domized comparative effectiveness or placebo-
controlled clinical trial would be necessary. 

 Vancomycin is a glycopeptide antibiotic 
commonly used for the treatment of infections 
caused by gram-positive bacteria [ 40 ]. Oral 
vancomycin is poorly absorbed from the intes-
tines [ 41 ], and so it remains active in the gastro-
intestinal tract and has minimal to no systemic 
side effects [ 42 – 49 ]. OV may eliminate the 
enteric pathogens that produce toxins which can 
be absorbed through the enteroportal circulation 
and cause periportal infl ammation, including 
activation of the innate immune system [ 50 ]. In 
addition, OV may have direct anti-infl ammatory 
effects through  inhibition of TNF-α production 
[ 51 ]. Cox et al. reported the response to OV in 
14 pediatric PSC patients with concurrent active 
IBD. The use of OV was associated with signifi -
cant improvement in GGTP, ALT, and erythro-
cyte sedimentation rate levels within 3 months 
of therapy, and 57 % of patients had normaliza-
tion of GGTP [ 52 ,  53 ]. Half of the patients were 
kept on long-term therapy, with a mean duration 
on OV use of 19 ± 24 months (range 4–56 
months). When OV was stopped, the liver bio-
chemistries worsened, suggesting that OV was 
directly responsible for decreased biliary injury 
[ 52 ,  53 ]. Potential immunoregulatory effects of 
prolonged use of OV in pediatric PSC include 
increased production of transforming growth 
factor-β, an anti- infl ammatory protein, and reg-
ulatory T cells, which are responsible for con-
trolling autoimmune responses [ 54 ]. This study 
also showed improvement in liver histology and 
MRCP fi ndings after 6–12 months of OV ther-
apy. Limitations of these studies include the 
small sample sizes (~10–14 patients) and the 
lack of a control group (i.e., other therapy or 
placebo). Furthermore, all of the pediatric 
reports on the use of OV are based on PSC 
patients who have concurrent evidence of active 
colitis. A recent randomized trial on the use of 
OV in adults with PSC resulted in a signifi cant 
reduction of serum ALP and a trend toward sig-
nifi cant reduction of total bilirubin [ 55 ]. Again, 

    Table 6.2    Causes of secondary sclerosing cholangitis   

 Mechanical  Choledocholithiasis 

   Idiopathic 

   Sickle-cell anemia 
   Parenteral nutrition-associated 

liver disease 

 Infection  Bacterial cholangitis 

  E. coli  O157:H7 enterocolitis 

  Cryptosporidium  

 Septic shock 

 Immunodefi ciency  X-linked hyper-IgM 
syndrome-CD40 ligand 
defi ciency and  Cryptosporidium  

 Wiskott-Aldrich syndrome 

 Natural killer cell defi ciency and 
 Trichosporon  

 Agammaglobulinemia and 
 Cryptosporidium  

 Combined variable 
immunodefi ciency and 
 Cryptosporidium  

 AIDS-associated cholangiopathy 
and  Cytomegalovirus  and 
 Cryptosporidium  

 Neoplastic  Langerhans cell histiocytosis 

 Hodgkin lymphoma 

 Ductal cancer, gallbladder cancer 

 Reticulum cell sarcoma 

 Congenital  Cystic fi brosis 

 Congenital hepatic fi brosis 

 Ductal plate abnormalities 

 Caroli disease 

 Injury  Postsurgical stenosis 

 Trauma 

 Caustic injury 
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this study analyzed a small number of patients 
per group. Collectively, these data suggest that 
long-term treatment with OV may be of thera-
peutic benefi t in PSC patients but requires fur-
ther investigation through a large multicentered 
study. 

 Liver transplantation is a viable option for 
end-stage liver disease secondary to pediatric 
PSC and accounts for ~2 % of all pediatric liver 
transplants in the United States (  https://www.
unos.org    ) [ 25 ]. Calculated 10-year transplant- 
free survival rates in pediatric PSC and ASC 
range from 65 to 90 %. On average, 17 % (range 
0–31 %) of PSC and ASC patients will have a 
liver transplant in childhood (Table  6.1 ) [ 3 – 5 ]. 
The largest published series characterizing pedi-
atric PSC patients who underwent liver trans-
plantation originates from the Studies of Pediatric 
Liver Transplantation registry. Seventy-nine 
pediatric PSC patients in the United States and 
Canada underwent liver transplantation between 
1995 and 2008 (2.6 % of all liver transplants) 
[ 56 ]. At the time of transplant, 46 % of patients 
had IBD, and an additional 9.8 % developed IBD 
post transplant. The pediatric PSC cohort had 
similar patient and graft survival rates compared 
to patients transplanted for indications other than 
PSC. Posttransplant recurrent PSC occurred in 
9.8 % of patients at a mean of 18.7 ± 13.8 months 
after transplant. Other studies report recurrent 
PSC in up to 30 % of pediatric liver transplant 
patients [ 57 ].  

    Summary 

 In summary, pediatric PSC is a rare disease that is 
associated with signifi cant morbidity and often 
leads to liver transplantation for survival. Unique 
aspects of pediatric PSC compared to adults 
include the high incidence of ASC and small duct 
PSC and the rarity of development of CCA in 
childhood. There is no medical therapy that is 
known to prevent progression of the disease. 
Research efforts should focus on deciphering the 
immunopathogenesis of PSC in order to identify 
potential therapeutic targets to halt progression 
of the disease.     
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  PSC    Primary sclerosing cholangitis   
  SASP    Senescence-associated secretory 

phenotype   
  SR    Secretin receptor   
  t-ASBT    Truncated ASBT   
  TGF-β    Transforming growth factor beta   
  TJ    Tight junction   
  TLR    Toll-like receptors   
  TRPV4    Transient receptor potential 4   

         Introduction 

 The biliary system consists of a network of tubu-
lar structures, or bile ducts, inside (intrahepatic 
bile ducts) and outside of the liver (extrahepatic 
bile ducts). This system facilitates the fl ow of bile 
from the liver to the gallbladder for storage before 
being secreted into the small intestine after meals 
to aid in the digestion of dietary fats [ 1 ]. Bile 
ducts are lined by epithelial cells, known as chol-
angiocytes, that vary in morphology and function. 
Cholangiocytes are best known for their role in 
bile modifi cation and secretion; however, over the 
past decades, other functions have been attributed 
to these cells. For instance, cholangiocytes are 
key contributors to the function of the innate and 
adaptive immune systems, as they are “the fi rst 
line of defense” in the biliary tract against harm-
ful, gut-derived molecules [ 2 ]. These cells express 
receptors on their apical surface that recognize 
endogenous and exogenous pathogens, chemi-
cals, microbial products, and xenobiotics present 
in bile. Upon recognition of potentially injurious 
agents, cholangiocytes may become activated, 
secreting pro-infl ammatory factors necessary for 
the recruitment of a variety of different cells, 
including immune cells, to the site of injury [ 3 ] 
(Table  7.1 ) (Fig.  7.1 ). Moreover, activated chol-
angiocytes secrete profi brotic molecules, such as 
transforming growth factor beta (TGF-β) [ 4 ] and 
platelet-derived growth factor- BB (PDGF-BB), 
that can activate myofi broblasts, the main media-
tors of the wound-healing response [ 5 ]. Another 
mechanism of defense for damaged cholangio-
cytes against stressors, particularly oncogenic 
agents, is the termination of cellular replication 

via the process of cellular senescence [ 6 ] 
(Fig.  7.1 ). Further, when cholangiocytes become 
senescent, they can transition to a senescence-
associated secretory phenotype (i.e., SASP) char-
acterized by the robust secretion of an array of 
soluble and intravesical factors that affect neigh-
boring cells. For example, the cholangiocyte 
SASP is characterized by high secretion levels of 
pro-infl ammatory cytokines, such as interleukins 
6 (IL-6) and 8 (IL-8) [ 6 ] (Table  7.1 ) (Fig.  7.1 ). 
Importantly, IL-6 may play a role in malignant 
transition of cholangiocytes [ 7 ].

    In this chapter we review selected aspects 
related to cholangiocyte biology with a particular 
emphasis on cholangiocyte adaptability to 
changes in their microenvironment as a mecha-
nistic response to injury. The pathways involved 
in this cholangiocyte plasticity are also reviewed.  

    Cholangiocyte Biology 

    Structural Features 

  Biliary Tree Anatomy     The biliary tree network 
consists of intrahepatic and extrahepatic ducts 
[ 8 ]. The intrahepatic ducts can be described from 
four perspectives according to luminal diameter, 
area, morphology, and physiology [ 8 ,  9 ]. The 
small ducts (<15 μm) originate from the Canals 
of Hering and, when combined, give rise to inter-
lobular ducts (10–100 μm) [ 8 ]. The merging of 
two or more septal ducts (100–300 μm) results in 
the development of large ducts (300–400 μm) 
[ 8 ]. The large ducts combine to form segmental 
ducts (400–800 μm) and left and right hepatic 
ducts (>800 μm) from which the extrahepatic 
ducts emerge. The gallbladder connected to the 
extrahepatic portion of the biliary tree functions 
as a storage of bile [ 8 ] (Fig.  7.2 ).

    Cholangiocytes along the biliary tree are morpho-
logically heterogeneous [ 8 ]. The small ducts are 
lined by 4–5 cholangiocytes, termed small chol-
angiocytes, which exhibit a cuboidal or fl attened 
shape and possess a basement membrane on their 
basolateral domain. On their apical domain, 
microvilli and primary cilia face the bile duct 
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lumen. Large bile ducts are lined by columnar- 
shaped cells known as large cholangiocytes that 
also express both microvilli and cilia on their api-
cal domain [ 8 ]. When compared to small cholan-
giocytes, large cholangiocytes have a smaller 
nuclear to cytoplasmic ratio with a higher content 
of rough endoplasmic reticulum [ 1 ]. This feature 

implies that large cholangiocytes are more 
 differentiated and have less plasticity relative to 
small cholangiocytes [ 8 ]. 

 Cholangiocytes are connected to each other 
via tight junctions that maintain cholangiocyte 
polarity through cell-to-cell adhesion [ 8 ]. The 
apical plasma membrane domain faces the ductal 

Normal

Main functions: bile
modification and secretion

Secrete proinflammatory cytolines such
as IL-6, IL-8 and profibrotic molecules
like TGF-β and PDGF-BB

Secrete IL-6, IL-8 and other SASP components

Progression

Progression IL 6

IL 8

Pro
gr

es
sio

n

Resolve

Resolve

Insult

Resolution

Cholangiocarcinoma SASP

Activated Senescent

  Fig. 7.1    Cholangiocyte plasticity model. Schematic 
 representation of the proposed model of the plasticity of 
cholangiocytes during biliary injury. The  solid arrow  lines 
indicate the transition of normal cholangiocytes through 
the various disease phenotypes. The  dashed arrows  

 suggest that activated or senescent cholangiocytes could 
resolve back to the normal phenotype. The major key mol-
ecules and pathways that participate in each stage are also 
shown [ 3 ,  89 ]       

Interlobular ducts
(10-100 μm)

Septal ducts
(100-300 μm)

Large ducts
(300-400 μm)

Left Hepatic ducts
(>800 μm)

Intrahepatic
E

xtrahepatic

Right Hepatic ducts
(>800 μm)

Small ducts
(>15 μm)

Canals of Hering

Gallbladder

  Fig. 7.2    Biliary tract 
anatomy. The biliary tree is 
depicted from the fi nest 
branches at the Canals of 
Hering to the small, 
interlobular, septal, and 
large ducts. Also shown, 
the right and left 
intrahepatic ducts that 
merge to form the 
extrahepatic ducts, from 
where the gallbladder 
emerges [ 8 ]       
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lumen, which functions as the secretory pole for 
ductal bile formation; the basolateral plasma 
membrane domain faces the extracellular matrix 
and underlying connective tissue [ 10 ], Fig.  7.3 .

    Cholangiocyte Cilia     Each small and large cholan-
giocyte possesses a primary cilium (~7 μm in 
length) extending from the apical cholangiocyte 
membrane into the ductal lumen. Primary cilia are 
nonmotile, microtubule-based organelles consisting 
of a membrane-bound axoneme composed of 
microtubules and a basal body (Fig.  7.4 ). The axo-
neme contains a 9 + 0 microtubule arrangement, i.e., 
nine peripheral microtubule doublets lacking a cen-
tral pair of microtubules [ 11 ,  12 ]; in contrast, motile 
cilia have a similar structure but contain two central 
microtubules (i.e., 9 + 2 structure). The existence of 
primary cilia was originally reported in various 
mitotically quiescent mammalian cells by Sergei 
Sorokin in 1968 [ 13 ]. In 2006, primary cilia were 
described in mouse and rat small and large cholan-
giocytes [ 11 ]. However, their physiological impor-
tance was not appreciated until recently when it was 
demonstrated that primary cilia are involved in 
mechano-, chemo-, and osmo- sensation [ 14 – 18 ].

        Functional Features 

 The main function of intrahepatic cholangiocytes 
is to modify bile via a series of secretory/absorp-
tive events. These are regulated by several gas-
trointestinal peptides/hormones including 
gastrin, endothelin-1, somatostatin, TGR-5, and 
secretin, which display inhibitory and stimula-
tory effects on water and bicarbonate (HCO 3  − ) 
secretion. These modifi cations ultimately infl u-
ence the bile volume, content, tonicity, and alka-
linity [ 8 ,  14 ]. While there is considerable species 
variation, intrahepatic cholangiocytes directly 
generate up to 40 % of daily bile secretion [ 2 ]. 
Secretory functions are performed mainly by 
large intrahepatic cholangiocytes via a mecha-
nism dependent on cAMP activation. Large chol-
angiocytes abundantly express the appropriate 
ion transport systems and hormone receptors for 
these functions. For example, cholangiocytes in 
the large ducts are the major functional anatomic 
sites for expression of secretin and somatostatin 
receptors necessary for bile modifi cation and 
secretion. In contrast, cholangiocytes lining small 
bile ducts, including the fi nest branches of the 

  Fig. 7.3    Cholangiocyte ultrastructure. Transmission 
electron micrograph of a small mouse cholangiocyte, 
showing the apical plasma membrane (APM) that faces 
the ductal lumen. The nucleus, a tight junction (TJ) 
between two cholangiocytes, and the basolateral plasma 
membrane (BPM) are also shown       

  Fig. 7.4    Cholangiocyte cilium. Transmission electron 
micrograph of a small mouse cholangiocyte showing a 
primary cilium facing the ductal lumen. The basal body of 
the primary cilium and the apical plasma membrane 
(APM) are also shown       
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biliary system, do not express the secretin and 
somatostatin receptors exerting secretory activi-
ties independent of cAMP activation [ 19 ,  20 ]. 
For instance, during injury of large bile ducts, 
small cholangiocytes, which lack the cystic fi bro-
sis transmembrane conductance regulator 
(CFTR), activate an alternative pathway for 
water and electrolyte secretion dependent of Ca +  
signaling [ 21 ]. 

 Small cholangiocytes, which are mitotically 
quiescent, proliferate via activation of Ca +2  sig-
naling in response to liver injury and toxins [ 19 , 
 20 ]. For instance, small cholangiocytes may rep-
licate upon stimulation with histamine or secretin 
or injury by α-naphthylisothiocyanate or acute 
carbon tetrachloride. Le Sage et al. demonstrated 
that acute administration of carbon tetrachloride 
to rats induces apoptosis of large cholangiocytes 
and proliferation of small cholangiocytes. 
Furthermore, small cholangiocytes acquired de 
novo expression of secretin receptors. Stimulation 
of small cholangiocytes with secretin-induced 
activation of cAMP suggests that upon injury 
small cholangiocyte may acquire secretory fea-
tures of large cholangiocytes. This suggested that 
small cholangiocytes compensated for the func-
tions of the injured large cholangiocytes [ 22 ]. 
Also, after partial hepatectomy, rat small cholan-
giocytes function as a niche for hepatobiliary 
progenitor cells. Studies performed in human 
cholestatic livers and in human-regenerating liver 
after alcohol-induced injury suggest that human 
cholangiocytes behave in a similar manner [ 23 ]. 
Thiese et al. reported that acetaminophen- 
induced hepatic massive necrosis stimulates a 
niche of stem cells containing small cells positive 
for the cholangiocyte marker cytokeratin 19 
(CK19) within the Canals of Hering [ 24 ]. Thus, 
the main biological properties of small cholan-
giocytes are their ability to proliferate, to acquire 
features of large cholangiocytes, to differentiate 
into hepatocytes, and to be a cell reservoir upon 
injury [ 1 ,  25 ]. 

  Bile Formation     Ninety-fi ve percent of bile is 
water with the remaining 5 % consisting of 
organic solutes such as bile salts, phospholipids, 
cholesterol, as well as inorganic salts such as 

Na + , K + , and HCO 3  −  [ 26 ,  27 ]. Bile is fi rst formed 
(i.e., primary bile) by hepatocytes and then 
secreted into the canaliculi via osmotic- dependent 
excretion of organic solutes across the canalicu-
lar membrane drawing water via aquaporin water 
channels [ 28 ]. The principal driver of hepatocyte 
bile secretion is bile acids (i.e., bile acid- 
dependent bile fl ow) [ 29 ]. Bile is then modifi ed 
via absorptive and secretory processes initially 
by large cholangiocytes via transport of chloride 
(Cl − ), HCO 3  − , bile acids (BAs), amino acids, and 
glucose to modify the water content and alkalin-
ity of bile through a series of hormone-regulated, 
Ca 2+  (calcium)- or cyclic adenosine 3′, 5′-mono-
phosphate (cAMP)-dependent intracellular pro-
cesses [ 8 ,  26 ].  

 Moreover, cAMP and/or Ca 2+ -sensitive baso-
lateral potassium (K + ) channels, expressed in 
cholangiocytes, mediate K +  release which leads 
to membrane hyperpolarization to maintain the 
electrical driving force for continued apical Cl −  
secretion [ 30 ]. Under basal conditions, the per-
meability of the apical membrane is low but can 
be increased several fold following cAMP stimu-
lation [ 31 ,  32 ]. Furthermore, Cl −  secretion and 
subsequent reuptake is required for HCO 3  −  secre-
tion by the Cl − /HCO 3  −  anion exchanger 2 (AE2). 
Cl −  uptake is mediated by the sodium (Na + )/K + /
Cl −  cotransporter NKCC1, which is localized in 
the basolateral membrane of rat cholangiocytes. 
In an electrically neutral manner with stoichiom-
etry of 1Na + :1 K + :2Cl − , a gradient is established, 
which maintains a high concentration of intracel-
lular Cl −  [ 33 ]. This is important as HCO 3  −  is 
secreted in exchange for luminal Cl − . The move-
ment of ions across the cholangiocyte apical and 
basolateral membranes promotes osmotic-driven 
bile secretion [ 34 ]. 

 The absorption of ions, BAs, amino acids, and 
glucose are additional processes that contribute 
to ductal bile modifi cation [ 8 ]. Glucose is 
removed from bile in a Na + -dependent manner by 
the Na + -glucose cotransporter, SGLT1, localized 
in the apical plasma membrane of the bile ducts. 
Conjugated BAs enter cholangiocytes through 
the apical Na +  -dependent bile salt uptake trans-
porter (ASBT) [ 35 ]. This is a 48 kDa integral 
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membrane protein, localized on the cholangio-
cyte apical membrane. A truncated form of this 
transporter (t-ASBT), responsible for the fi nal 
reabsorption of bile salts from the bile into the 
blood, is found on the basolateral membrane [ 36 , 
 37 ]. To prevent the cytotoxic effects of intracel-
lular BA accumulation, basolateral extrusion of 
bile salts is mediated by MRP3, a member of the 
multidrug resistance protein (MRP) subfamily of 
transporters. MRP3 substrates include the organic 
anions estradiol-17-glucuronide, bilirubin gluc-
uronide, monovalent bile salts taurocholate and 
glycocholate, as well as divalent sulfated bile 
salts [ 8 ,  38 ]. 

 Hepatocytes secrete glutathione into the bile. 
After glutathione in bile is hydrolyzed, the amino 
acids, glutamate, cysteine, and glycine are pro-
duced and then absorbed by cholangiocytes for 
the resynthesis of glutathione, which mediates 
bile salt-independent secretion of canalicular 
bile. Additionally, taurine and glycine play a key 
role in the formation of conjugated BAs, prevent-
ing the reabsorption of the conjugated BAs as 
they traffi ck through the biliary tract [ 28 ]. 

  Water Secretion     Water not only plays a major 
role as the main constituent in bile, but is also 
involved in the fl ow of bile and of cholangiocyte 
signaling pathways via ciliary transduction 
mechanisms [ 28 ]. Osmosis-dependent excretion 
of ions, organic solutes, and water into the cana-
liculi establishes osmotic gradients necessary to 
stimulate bile formation and secretion [ 8 ,  26 ]. 
Water transport, which is mediated by water 
channels known as aquaporins (AQPs), plays a 
key role in ductal bile formation [ 39 ]. AQPs are a 
family of ubiquitously expressed membrane pro-
teins fi rst discovered in the 1980s [ 35 ,  36 ] that 
form channels allowing the transport of water 
and small solutes such as glycerol to cross the 
plasma membrane. The permeability of water 
across the cell plasma membrane lipid bilayer is 
increased up to 50 times when AQPs are present 
relative to plasma membranes lacking AQPs 
[ 40 ]. At least 13 types of AQPs (AQP 0–12) have 
been described in mammalian cells and have 
been grouped into three categories according to 
their functions. Orthodox AQPs (i.e., AQPs 

0,1,2,4, and 5) selectively mediate water fl ow 
through plasma membranes. Aquaglyceroporins 
(i.e., AQPs 3,7,9, and 10) allow the passage of 
water in addition to glycerol and urea. Unorthodox 
AQPs (i.e., AQPs 6,8,11, and 12) were only 
recently identifi ed, and their functions remain 
uncertain [ 41 – 43 ]. AQPs 0, 1, 4, 5, 8, 9, and 11 
are all expressed in cholangiocytes [ 44 ]. In chol-
angiocytes, water movement likely occurs princi-
pally via a shuttle mechanism involving AQP1, 
which is localized to both the apical and basolat-
eral domains [ 39 ]. Secretin, a gastrointestinal 
hormone secreted by S cells of the duodenum 
[ 45 ], promotes the movement of intracellular 
vesicles containing AQP1 to the apical plasma 
membrane, enhancing osmotic water permeabil-
ity, a process essential to ductal bile secretion 
[ 39 ]. Furthermore, when vesicles are isolated 
from the apical and basolateral membranes of 
bile duct-ligated (BDL) rats treated with secretin, 
the apical vesicles became enriched in AQP1, 
while the basolateral vesicles express stable lev-
els of AQP4 [ 46 ]. Thus, these observations sug-
gest that AQP1 is regulated and mediates apical 
water fl ow, whereas AQP4 is constitutively 
expressed and mediates the basolateral move-
ment of water [ 46 ]. In cholangiocytes isolated 
from the PCK rat, an animal model of autosomal 
recessive polycystic kidney disease (ARPKD), 
AQP1 is overexpressed at the basolateral mem-
brane and may contribute to the expansion of 
cysts via infl ux of fl uid [ 47 ].  

  Bicarbonate Secretion     Another important func-
tion of cholangiocytes is biliary transport of 
HCO 3  − , which maintains bile alkalinity, prevent-
ing protonation of bile salts that would otherwise 
induce bile duct injury. In human and rat cholan-
giocytes, HCO 3  −  secretion occurs mainly through 
the Na + -independent Cl − /HCO 3  −  exchanger, AE2, 
and related apical Cl −  channels [ 48 ]. Biliary 
secretion of HCO 3  −  initially requires modulation 
of intracellular levels of HCO 3  −  in cholangio-
cytes. There are two mechanisms by which the 
intracellular level of HCO 3  −  is regulated: (i) via 
direct loading from the basolateral membrane 
mediated by the Na + /HCO 3  −  cotransporter or (ii) 
via carbonic anhydrase-mediated generation of 
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HCO 3  −  and H +  from hydration of CO 2  with water 
[ 34 ]. The basolateral infl ux of HCO 3  −  is mediated 
by the Na + /HCO 3  −  cotransporter in rats [ 1 ] and 
the Na + -dependent Cl − /HCO 3  −  anion exchanger 
in humans [ 49 ]. Biliary secretion of HCO 3  −  also 
involves the generation in the lumen of a nega-
tive potential, requiring activation of Cl −  chan-
nels and subsequent release of Cl −  ions [ 34 ]. It is 
well known that bile ducts express Ca 2+ -
dependent Cl −  channels [ 50 ]. HCO 3  −  biliary 
secretion is infl uenced by at least three hormones, 
namely, acetylcholine, somatostatin, and gastrin 
[ 51 ]. Acetylcholine and muscarinic M3 subtype 
receptor interaction induce an increase in intra-
cellular Ca 2+  and activation of the Cl − /HCO 3  −  ion 
exchanger AE2. Somatostatin inhibits secretin- 
stimulated intracellular cAMP synthesis through 
a somatostatin receptor interaction [ 52 ,  53 ]. In 
addition, gastrin synthesis, generated by gastric 
antral G cells, decreases secretin-stimulated 
cAMP levels through both the downregulation of 
cyclic adenylate cyclase and decreased expres-
sion of secretin receptors [ 54 ].  

  Intracellular Signaling     Cholangiocytes express 
a number of receptors through which autocrine 
and paracrine signaling pathways are modulated. 
Secretin receptors (SR)s are typical G protein- 
coupled receptors expressed on the basolateral 
domain of intrahepatic rodent and human large 
cholangiocytes [ 55 ]. In large intrahepatic cholan-
giocytes, cAMP levels increase upon secretin 
stimulation [ 56 ]. This activation induces phos-
phorylation of protein kinase A (PKA), which in 
turn promotes the opening of the apically located 
Cl −  channel (CFTR), resulting in Cl −  secretion 
into bile. This process further activates Cl − /HCO 3  −  
exchange via AE2 resulting in HCO 3  −  secretion 
into bile [ 21 ,  57 ]. BDL of rats induces hypercho-
leresis via secretin-mediated activation of SRs 
[ 58 ] in a mechanism that involves an increased 
number of secretin receptors per cell [ 59 ]. 
Importantly, studies by Glaser et al. [ 56 ] demon-
strated that in SR knockout mice, the proliferation 
of large cholangiocytes is reduced during BDL 
compared to wild-type BDL mice. In addition, 
decreased levels of both basal- and secretin-stim-
ulated cAMP as well as reduced phosphorylation 

of the extracellular signal- regulated protein 
kinases 1 and 2 (ERK1/2) were observed in large 
cholangiocytes from SR knockout BDL mice 
compared to large cholangiocytes from wild-type 
BDL mice. In vitro experiments showed that 
secretin increased the proliferation of cholangio-
cytes via cAMP/PKA/ERK1/2 signaling [ 56 ].  

 Cholangiocytes also express the G protein- 
coupled bile acid receptor, TGR5 (GPBAR-1, 
M-Bar, or GPR131). TGR5 is a transmembrane 
receptor linked to cAMP signaling expressed in a 
variety of human and rodent tissues that is 
encoded by a gene located on chromosome 1C3 in 
mouse and 2q35 in humans [ 60 ]. In cholangio-
cytes, TGR5 is found in multiple intracellular 
locations, including primary cilia on the apical 
domain, on the non-ciliary portion of the apical 
membrane, and on the inner and outer membrane 
of the cholangiocyte nucleus [ 61 ]. TGR5 is a 
major receptor for bile acid signaling in cholan-
giocytes, and its activation affects intracellular 
cAMP via coupling to Gα s  or Gα i  proteins subse-
quently triggering downstream signaling events 
[ 62 ]. A role for TGR5 in the development of gall-
stones was proposed by Keitel et al. In vitro 
experiments from the same study also showed 
that TGR5 stimulates the CFTR-dependent 
release of biliary Cl −  [ 63 ]. As mentioned above, 
primary cilia are key organelles involved in intra-
cellular signaling and, as such, infl uence the 
response to TGR5 cholangiocyte activation. For 
example, in cholangiocytes, experimentally 
devoid of primary cilia, stimulation by TGR5 
agonists enhanced cAMP activation via Gα i , par-
tially inhibiting ERK signaling, which results in 
reduced cholangiocyte proliferation [ 61 ]. 
Interestingly, the reverse outcomes were noted 
when ciliated cholangiocytes were challenged 
with the same TGR5 agonists [ 61 ]. Masyuk et al. 
demonstrated that primary cilia act as mechano-
sensors, responding to luminal fl uid fl ow by alter-
ations in intracellular Ca 2+  and cAMP. The ciliary 
proteins involved in this transduction of mechani-
cal stimuli include polycystin- 1, a cell surface 
receptor, and polycystin-2, a Ca 2+  channel [ 14 ]. 
Primary cilia also express the transient receptor 
potential 4 (TRPV4) protein, a Ca 2+  permeable, 

L. Loarca et al.



91

nonselective cation channel, through which they 
can detect changes in osmolarity [ 15 ]. Gradilone 
et al. demonstrated that hypotonicity induces a 
rise in intracellular Ca 2+  via TRPV4 activation in 
rat cholangiocytes. Furthermore, in vivo stimula-
tion of cholangiocyte TRPV4 by intrabiliary 
saline increased adenosine triphosphate (ATP) 
production, HCO 3  −  release, and thereby bile 
movement [ 15 ]. The role of cholangiocyte pri-
mary cilia as chemosensors has also been demon-
strated. Primary cilia on rat cholangiocytes 
express the purinergic receptors, P2Y 12  and P2Y 13 , 
that respond to changes in cAPM induced by ade-
nosine diphosphate (ADP) and ATP-γS (nonhy-
drolyzed analog of ATP), two known agonists of 
P2Y 12  receptors. Moreover, suramin, an inhibitor 
of P2Y receptors, can prevent the ADP-dependent 
decrease of cAMP [ 16 ]. 

 Cholangiocyte signaling also can occur in 
response to receptor-mediated recognition of 
microbial-derived molecules. Receptors involved 
include Toll-like receptors (TLRs), nucleotide 
oligomerization domain proteins [ 3 ], and purino-
ceptors [ 64 ]. TLRs, a family of conserved recep-
tor proteins critical for pathogen recognition, are 
present on the apical membranes of cholangio-
cytes where they are well positioned to detect 
pathogenic molecules in bile notably pathogen- 
associated molecular patterns (PAMPs), as well 
as adaptor proteins such as myeloid differentia-
tion protein 88 (MyD88) and intracellular kinases 
[ 65 ]. Human cholangiocytes express TLRs 1–10, 
MD-2, MyD88, and downstream effectors of the 
TLR pathway [ 66 ]. The responses triggered by 
activation of TLRs in cholangiocytes are 
described later in this chapter. 

  Communication Between Cells     Cholangiocytes 
can communicate with each other and with other 
cells via the release of soluble molecules as well 
as by secreted extracellular vesicles (ECVs). 
ECVs are nano-vesicles secreted by various types 
of benign and malignant cells. Exosomes, a subset 
of ECVs 30–150 nm in diameter, are membrane- 
enclosed vesicles present in biological fl uids 
in vivo that shuttle molecules from donor cells to 
proximal or distant target cells [ 18 ]. Exosomes 
are generated through the invagination of early 

endosomes, subsequently producing intraluminal 
vesicles (ILVs) that contain multiple molecules 
(e.g., proteins, RNA, etc.) that typically result in 
the formation of multivesicular bodies (MVBs). 
The dynamic MVB pathways can lead to either: 
(i) plasma membrane fusion followed by release 
of ILVs into the extracellular milieu (now termed 
exosomes) or (ii) lysosomal fusion resulting in 
degradation [ 18 ]. Liver epithelia, including hepa-
tocytes and cholangiocytes, can release exosomes 
in culture and in vivo, consistent with an impor-
tant role for exosomes in intercellular communi-
cation and signaling. The mechanisms by which 
exosomes may initiate signaling pathways in tar-
get cells remain poorly defi ned but include: (a) 
binding to specifi c membrane receptors to induce 
intracellular signaling processes; (b) fusion of the 
exosome with the target cell membrane followed 
by release of its encapsulated content; and (c) 
endocytosis of the entire exosome following con-
vex-like membrane bending of the target cell 
plasma membrane [ 67 ].  

 Cholangiocytes secrete exosomes into the bile 
duct lumen [ 18 ]. Studies using cultured cholan-
giocytes show that exosomes isolated from bile 
induce ERK1/2 activation that is dependent on 
the presence of primary cilia and that can infl u-
ence ERK1/2-mediated cholangiocyte prolifera-
tion and miRNA expression [ 18 ]. In addition, it 
has also been reported that cholangiocytes 
infected by the protozoan parasite, 
 Cryptosporidium parvum  ( C. parvum ), secrete 
increased numbers of apically derived exosomes 
that contain antimicrobial peptides, suggesting a 
role for cholangiocyte-derived exosomes in 
response to biliary infection [ 68 ]. 

 Basolaterally released exosomes derived from 
intestinal epithelia as well as from cholangio-
cytes have also been described; however, their 
physiological relevance remains unclear [ 18 ,  69 ].   

    Cholangiocyte Plasticity 

 Cholangiocytes have the ability to adapt and 
respond to changes in their microenvironment. 
For instance, upon injury cholangiocytes become 
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reactive, actively producing and secreting mole-
cules that stimulate immune and wound-healing 
responses. Furthermore, as a mechanism to pre-
vent malignancy, cholangiocytes undergo a state 
of senescence in which their proliferative capacity 
is shut down. Under certain circumstances, how-
ever, this mechanism can be bypassed, and chol-
angiocytes adopt a malignant phenotype 
characterized by hyperproliferation with a marked 
production of pro-infl ammatory cytokines. 

  Cholangiocyte Reactivity     Exposure of cholan-
giocytes to chemicals, microbes, and microbial 
products can induce cholangiocyte activation [ 3 ]. 
Activated cholangiocytes are characterized by: 
(i) increased resistance to apoptosis, allowing 
benign proliferative expansion of cholangiocytes; 
(ii) increased production and release of cytokines 
and chemokines that attract immune cells, ampli-
fying the pro-infl ammatory response already ini-
tiated; (iii) decreased expression of epithelial 
markers and acquisition of mesenchymal fea-
tures; and (iv) overproduction and secretion of 
profi brotic molecules (Table  7.1 ) (Fig.  7.1 ) [ 5 ]. 
Reactive cholangiocytes, for example, secrete 
PDFG-BB, which induces the production of 
hedgehog (Hh) ligands by myofi broblasts and 
cholangiocytes. Importantly, activation of the Hh 
pathway appears necessary for activated cholan-
giocytes to maintain the reactive phenotype [ 5 ].  

 In an in vitro model of  C. parvum  infection of 
cholangiocytes, Chen et al. demonstrated that chol-
angiocytes respond and defend against this parasite 
by inducing activation of the nuclear factor kappa 
B (NF-kB) pathway via TLR-2, TLR-4, and subse-
quent production of IL-8 and human beta defensin 
2 (HBD-2). Both TLRs and HBD-2 are key players 
of the innate immune system against pathogens 
[ 66 ]. Cholangiocytes can also be exposed to enteric 
bacterial-derived products via the enterohepatic 
circulation [ 70 ]. For instance, cholangiocytes in 
patients with primary sclerosing cholangitis (PSC) 
may be exposed to lipopolysaccharide (LPS), the 
bioactive part of gram-negative bacteria [ 71 ]. 
Recognition of LPS by cholangiocytes via TLR-4/
MyD88 stimulates the NF-kB and N-Ras/ERK 
pathways. TLR- induced N-Ras activation requires 

transactivation of the epidermal growth factor 
receptor (EGFR) and the ADAM metallopeptidase 
domain 17 (TACE). Stimulation of the N-Ras/ERK 
pathway and NF-kB activation promote IL-6 
expression, a known pro-infl ammatory cytokine 
and mitogen, activating cholangiocyte prolifera-
tion [ 70 ,  72 ]. Several other molecules such as hor-
mones, BAs, neuropeptides, and an increase in bile 
duct pressure are known to induce cholangiocyte 
proliferation [ 73 ]. 

 Bile duct proliferation is another mechanism 
of response/defense of cholangiocytes upon 
injury. Acute injury of the biliary tree induces 
proliferation of large cholangiocytes to maintain 
internal stability within the bile ducts [ 3 ], whereas 
chronic injury triggers replication of both small 
and large cholangiocytes [ 3 ]. Acute and chronic 
biliary damage promotes regeneration and repair 
which modulates bile duct morphogenesis. Fabris 
et al. demonstrated that in human livers with bile 
duct injury, reactive bile ducts display features 
similar to what occurs during the early phase of 
bile duct morphogenesis [ 74 ]. 

  Senescent Cholangiocytes     Cellular senescence 
is an irreversible state in which cells, arrested in 
the G1 phase of the cell cycle, can no longer rep-
licate. Cellular senescence is a characteristic of 
aging and is present in a variety of disorders, e.g., 
atherosclerosis, osteoarthritis, and chronic 
obstructive pulmonary disease [ 75 ]. It occurs as a 
result of genotoxic stimulation and constitutes a 
mechanism to prevent cancer growth as it halts 
proliferation of injured cells [ 6 ]. There are two 
major, but not mutually exclusive, tumor sup-
pressor pathways that tightly control cellular 
senescence: the p53 and the p16 INK4a /pRB path-
ways. As mentioned earlier in this chapter, senes-
cent cells may transition to a highly 
pro-infl ammatory phenotype known as the 
senescence- associated secretory phenotype 
(SASP) [ 6 ]. This term was fi rst proposed by 
Coppé et al. while studying an array of factors 
that human pre-senescent and senescent fi bro-
blasts secrete [ 6 ]. Fibroblasts undergoing SASP 
secrete abundant levels of pro-infl ammatory 
cytokines and immuno-attractant chemokines 
(IL-6, IL-7, IL-8, monocyte chemoattractant pro-
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tein- 2 [MCP-2], and macrophage infl ammatory 
protein-3 alpha), growth regulatory molecules 
(growth-regulated oncogene, hepatocyte growth 
factor, and insulin-like growth factor-binding 
proteins [IGFBPs]), membrane/transmembrane 
receptors (intracellular adhesion molecules, uro-
kinase receptor, and tumor necrosis factor [TNF] 
receptors), and survival mediators (osteoprote-
gerin and fi broblast growth factor) compared to 
pre-senescent fi broblasts [ 6 ].  

 Senescent cholangiocytes have been reported 
in different types of liver injury and have been 
implicated in the pathogenesis of various diseases. 
Indeed, a positive correlation between cholangio-
cyte senescence and the degree of rejection in 
acute liver allograft rejection has been reported 
[ 76 ]. Cholangiocyte senescence has been also 
associated with the progression of chronic liver 
diseases such as primary biliary cirrhosis, chronic 
viral hepatitis, and nonalcoholic steatohepatitis 
[ 77 ]. Further studies from the same group showed 
an association between fi brosis and infl ammation 
in nonalcoholic fatty liver disease. Furthermore, 
the number of senescent cholangiocytes increased 
as the fi brosis progressed. Interestingly, the expres-
sion of MCP-1, a SASP secretory factor and che-
moattractant of hepatic stellate cells (HSCs) and 
infl ammatory cells, was also upregulated in bile 
ducts in the late stages of the disease. Coculture 
experiments also showed increase migration of 
HSCs toward senescent cholangiocytes. The 
authors concluded that senescent cholangiocytes 
most likely produce MCP-1 for the recruitment of 
HSCs to the sites of injury [ 78 ]. 

 Recent studies have demonstrated that cellular 
senescence may play a key role in the pathogen-
esis of PSC [ 75 ]. Immunofl uorescence of human 
PSC liver sections showed that cholangiocytes 
are not proliferative and express the senescent 
markers p16 INK4A  and γH2A.x, suggesting that 
cholangiocytes in PSC exhibit increased senes-
cence [ 75 ]. Moreover, PSC cholangiocytes pro-
duce abundant levels of SASP factors, particularly 
IL-6, IL-8, plasminogen activator inhibitor-1, 
and MCP-1 compared to normal and disease 
 control cholangiocytes (Table  7.1 ) (Fig.  7.1 ) [ 75 ]. 
As mentioned, SASP components engage in 

intercellular communication to induce pro- 
infl ammatory and senescent phenotypes in target 
cells. Importantly, we recapitulated these fi nd-
ings in an in vitro model of stress-induced chol-
angiocyte senescence. In this same model, we 
found that cholangiocyte senescence is driven by 
the N-Ras pathway. Moreover, cholangiocytes 
isolated from livers of patients with PSC cholan-
giocytes secrete 23 and 46 times more IL-6 and 
IL-8, respectively, compared to normal cholan-
giocytes [ 79 ]. At the morphological level, PSC 
cholangiocytes display an enlarged shape with 
marked cytoskeletal fi lamentous proteins [ 79 ]. 
These cells also showed decreased tight junction 
integrity, evaluated by the low expression level of 
the tight junction marker ZO-1 [ 79 ]. 

  Transformed Cholangiocytes     Neoplastic trans-
formation of cholangiocytes results in the devel-
opment of cholangiocarcinoma (CCA) [ 80 ]. 
While the molecular mechanisms responsible for 
the malignant transformation of cholangiocytes 
and its progression to CCA are still unclear, CCA 
frequently occurs within bile ducts plagued by 
chronic infl ammation [ 7 ].  

 Aberrant expression of the tyrosine kinase 
receptor ErbB-2/Neu and prostaglandin endoper-
oxide synthase cyclooxygenase-2 (COX-2) in bili-
ary epithelia has been implicated in the development 
and progression of CCA (Table  7.1 ) (Fig.  7.1 ). 
Immunohistochemistry of human bile ducts has 
demonstrated that both COX-2 and ErbB-2 are 
several times fold upregulated in PSC and CCA 
patients compared to normal subjects. There was 
also a positive correlation between tumor differen-
tiation and the overexpression of COX-2 and 
ErbB-2 with peak expression of both proteins 
observed in well-differentiated tumors [ 81 ]. 

 In pathological conditions, chronic infl amma-
tion promotes oxidative stress via production of 
abnormal levels of reactive oxygen and nitrogen 
species. Reactive nitrogen species are generated 
from nitric oxide (NO). NO is a signaling mole-
cule that at physiological concentrations inhibits 
infl ammation and prevents platelet aggregation 
and integrin-dependent adhesion. NO is overpro-
duced in a variety of pathological conditions and 
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at high levels can promote carcinogenesis via 
inhibition of apoptosis, induction of DNA dam-
age, and angiogenesis [ 82 ]. Jaiswal et al. demon-
strated via immunohistochemistry cholangiocyte 
DNA damage and de novo production of the 
inducible nitric oxide synthase (iNOs) in cholan-
giocytes of patients with PSC [ 83 ]. Further stud-
ies revealed that iNOs induces malignant 
transformation of cholangiocytes and CCA pro-
gression [ 84 ]. The mechanism involves iNOs- 
dependent production of NO by PSC 
cholangiocytes. [ 84 ]. NO activates the Notch-1 
signaling pathway leading to resistance of 
TRAIL-mediated apoptosis [ 84 ]. 

 IL-6 is one of the pro-infl ammatory cytokines 
that is abundantly expressed during chronic bile 
duct infl ammation [ 7 ]. It is normally produced by 
various liver cell types and is particularly secreted 
at high levels by senescent cholangiocytes in 
patients with PSC [ 7 ,  79 ]. Several lines of evi-
dence have shown that IL-6 potently stimulates 
normal cholangiocyte proliferation via autocrine 
and paracrine mechanisms [ 72 ,  73 ,  85 ,  86 ]. The 
role of IL-6 signaling in liver tumorigenesis and 
liver cancer progression has also been docu-
mented both in vivo and in vitro [ 87 ,  88 ]. 
Abrogation of the IL-6 signaling pathway by an 
antihuman IL-6 neutralizing antibody inhibits 
proliferation of the CCA line KMCH-1 [ 85 ]. 
Furthermore, stimulation of KMCH-1 cells with 
the pro-infl ammatory cytokines IL1-β and TNF-α 
leads to an upregulation in IL-6 secretion [ 85 ]. In 
vitro and in vivo evidence suggests that IL-6 dys-
regulation is implicated in cholangiocyte malig-
nant transformation and aggravation of 
CCA. Meng et al. showed that IL-6 promotes sur-
vival of human cell lines from intrahepatic, extra-
hepatic, and gallbladder tumors via increased 
expression of the myeloid cell leukemia protein-
 1, which in turn inhibited apoptosis and decreased 
sensitivity to chemotherapy [ 7 ].  

    Summary 

 In this chapter we have selectively summarized 
the latest literature regarding the biology of nor-
mal cholangiocytes. In addition, we present a 

model of cholangiocyte plasticity that includes 
the normal functions of cholangiocytes as well as 
their responses upon injury, focusing on the 
induction of senescence, the subsequent develop-
ment of SASP, and ultimately cholangiocyte 
malignant transformation. The signaling path-
ways in which injured cholangiocytes communi-
cate are also reviewed. The mechanisms that 
regulate the responses of cholangiocytes in each 
stage are not fully understood, and whether chol-
angiocytes can revert from one stage to another 
still remains to be elucidated. Understanding 
what regulates the plasticity of cholangiocytes 
during disease may lead to fi nding novel thera-
peutic targets that could trigger the resolution of 
the activated, senescent, and SASP phases.     
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      Genetics of Primary Sclerosing 
Cholangitis                     

     Tom     Hemming     Karlsen      and     Gideon     M.     Hirschfi eld   

          Introduction 

 For a disease such as primary sclerosing 
 cholangitis (PSC) that presently lacks effective 
treatment, in part because of an absent overarch-
ing disease understanding, there is anticipated 
value in utilising genetic screening technologies 
to identify rare and common biologic pathways 
relevant to this chronic infl ammatory biliary dis-
ease and its associated complications. From a 
genetic perspective, the phenotypic presentation 
of PSC shows important overlap with other 

 diseases. The degree of co-morbidity with 
 infl ammatory bowel disease (IBD) is  considerable 
but shows an important geographic variation. In 
Northern Europe and the United States, up to 
60–70 % of the patients with PSC also have a 
clinical diagnosis of IBD; notably this may not be 
equal between sexes. In Southern Europe and 
Asia, this fraction is lower (in the range of 
30–50 %). A large number of patients (approxi-
mately 25 %) also have autoimmune co-morbidi-
ties outside of the gut- liver axis, e.g. in the form 
of autoimmune thyroid disease, type 1 disease 
and rheumatoid arthritis. Furthermore, the high 
lifetime risk of bile duct and gallbladder cancer 
(up to 15 %) poses additional challenges for clini-
cal management and currently comprises the 
cause of death in up to half of the patients. 

 The considerable complexity and phenotypic 
heterogeneity has led to a speculation that PSC 
might comprise a ‘mixed bag’ of hitherto unde-
fi ned conditions and hence existing challenges in 
delineating the aetiology and pathogenesis. 
Geographic variability of the clinical co- 
morbidities supports such concepts, yet for the 
major subgroup of patients who have PSC in the 
context of IBD, a common pathophysiological 
basis likely exists. Even in Japan [ 1 ], where IBD 
frequency for PSC patients overall is reported as 
around 30 %, young-onset adult patients (20–40 
years of age), who tend to progress towards liver 
transplantation, exhibit similar IBD frequencies 
as in Europe (almost 60 %) and thus likely repre-
sent a similar subset as observed in Western 
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countries [ 2 ]. The fraction of IBD patients 
 represented by this entity has been estimated in 
the range of 2.5–4.5 %. However, long-term chol-
angiographic follow-up of patients with IBD 
points towards a higher prevalence of sclerosing 
cholangitis at 7.5 % [ 3 ]. Notwithstanding indi-
vidual patient variation, PSC appears epidemio-
logically associated with particular clinical 
features of IBD (pancolitis, right-sided colitis, 
rectal sparing, ileitis and increased risk of 
colorectal cancer) as compared to ulcerative coli-
tis (UC) and Crohn’s disease. 

 In this chapter, we aim to review the genetic 
efforts in PSC in the perspective set by that of 
genetic studies in liver disease in general. An 
emphasis will be put on the relationship between 
the genetics of PSC and those of other infl amma-
tory conditions, in particular pertaining to the 
molecular demarcation of PSC-IBD from other 
forms of IBD. The genetic basis of these refl ec-
tions is given in Tables  8.1  and  8.2 .

        GWAS and Liver Disease Genetics 

 The fi rst successful GWAS was published in 
2005 [ 4 ], and the following decade saw a fl our-
ishing and widespread application of the success-
ful study design, leading to the identifi cation of 
more than 1,000 risk loci in a variety of human 
complex traits, in more than 2,000 original publi-
cations. A GWAS is in simple terms a case- 
control association analysis, comparing the 
frequencies of genetic variants spread throughout 
the genome between two groups, patients and 
healthy controls: a GWAS is a scientifi c experi-
ment, requiring a clear hypothesis and a well- 
defi ned phenotype and appropriate interpretation. 
The impact of any genetic association, wherein at 
multiple loci the allele frequency differs between 
cases and controls, must refl ect the study design, 
as well as the population studied. Hence disease 
risk and disease severity, for example, are distinct 
questions answered in different ways. Risk loci 
(susceptibility loci) are determined as chromo-
somal regions (sometimes within single genes, 
susceptibility genes) where there is a statistically 
signifi cant difference in the occurrence of 

 particular variants observed in the patients 
(Fig.  8.1 ). Notably it may not be possible to 
always confi dently assign a gene to an identifi ed 

      Table 8.1    Genome-wide signifi cant ( P  ≤ 5 × 10 −8 ) risk 
loci in primary sclerosing cholangitis   

 Chromosome  Plausible risk gene  Study 

 1   MMEL1 , 
 TNFRSF14  

 Folseraas et al. 
(2012) [ 56 ] 

 2   BCL2L11   Melum et al. 
(2011) [ 59 ] 

 2   CD28 ,  CTLA4   Liu et al. (2013) 
[ 27 ] 

 2   CCL20   Ellinghaus et al. 
(2016) [ 45 ] 

 2   GPR35   Ellinghaus et al. 
(2013) [ 60 ] 

 3   MST1   Melum et al. 
(2011) [ 59 ] 

 4   NFKB1   Ellinghaus et al. 
(2016) [ 45 ] 

 4   IL2 ,  IL21   Liu et al. (2013) 
[ 27 ] 

 6   BACH2   Liu et al. (2013) 
[ 27 ] 

 6  The HLA 
complex 

 Karlsen et al. 
(2010) [ 32 ] 

 10   IL2RA   Srivastava et al. 
(2012) [ 61 ] 

 11   SIK2   Liu et al. (2013) 
[ 27 ] 

 12   HDAC7   Liu et al. (2013) 
[ 27 ] 

 12   RFX4 ,  RIC8B   Ellinghaus et al. 
(2016) [ 45 ] 

 12   SH2B3 ,  ATXN2   Liu et al. (2013) 
[ 27 ] 

 16   CLEC16A , 
 SOCS1  

 Ellinghaus et al. 
(2016) [ 45 ] 

 18   TCF4   Ellinghaus et al. 
(2013) 

 18   CD226   Liu et al. (2013) 
[ 27 ] 

 19   PRKD2 ,  STRN4   Liu et al. (2013) 
[ 27 ] 

 21   PSMG1   Liu et al. (2013) 
[ 27 ] 

  The risk gene annotation at each locus is based on circum-
stantial evidence, and no conclusive reports exist linking a 
PSC-associated genetic variant to distinct disease mecha-
nisms. Such studies are urgently needed and often ham-
pered by limited genetic insight of the risk loci (i.e. often 
there are more than one gene at associated loci)  
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      Table 8.2    Primary sclerosing cholangitis susceptibility loci identifi ed by two independent analytical assessments but 
not reaching the formal genome-wide signifi cance threshold ( P  ≤ 5 × 10 −8 )   

 Liu et al. (2013) [ 27 ]  Ellinghaus et al. (2016) [ 45 ] 

 Chromosome  Lead SNP  Gene  Lead SNP  Gene 

 2  rs12479056   PUS10 ,  REL   rs7608910   PUS10  

 2  rs11676348   TGR5 ,  ARPC2 ,  CXCR1 / 2   rs11676348   CXCR2  

 8  rs10956390 
 rs13255292 
 rs2977035 

  PVT1 ,  MIRs 1204 - 1208   rs2042011   RN7SKP226  

 10  rs7923837   HHEX   rs2497318   EIF2S2P3  

 10  rs10883371   NKX2 - 3   rs10748781   NKX2 - 3  

 11  rs694739   PRDX5   rs559928   NA  

 16  rs7404095   PRKCB   rs7404095   PRKCB  

 18  rs2847297   PTPN2   rs12968719   PTPN2  

 19  rs601338   FUT2   rs679574   FUT2  

 21  rs11203203   UBASH3A   rs1893592   UBASH3A  

  SNP, single nucleotide polymorphism (a genetic marker used in genome-wide association studies). The risk gene anno-
tation at each susceptibility loci is done by circumstantial evidence and not causal or conclusive factors; hence, they 
differ on some instances between the two studies  
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  Fig. 8.1    The importance of HLA associations in PSC and 
other autoimmune diseases. The fi gure shows a selection 
of the so-called Manhattan plots in genome-wide associa-
tion studies. The  X  axis of the plots shows the chromosome 
and position and the  Y  axis the signifi cance level of asso-
ciation testing at each position. The purpose of showing 
the fi gure, with primary sclerosing cholangitis as the centre 

plot, is to highlight the immense predominance of the HLA 
associations at chromosome 6 (plotted in  red ). Similar 
HLA associations can be seen to a variable extent in a mul-
titude of other diseases, most strongly in prototypical auto-
immune diseases. The non-HLA associations are plotted in 
 black  (Further information on individual gene studies can 
be found at   https://www.ebi.ac.uk/gwas/    )       
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risk locus, and caution is therefore needed in 
making immediate biological interpretation of 
fi ndings, not least because of the complexity of 
genetic interactions now recognised across the 
genome. Equally readers should be very sceptical 
of any study in the current era that adopts out-
dated single gene/variant analyses, unless it is 
apparent that appropriate validation cohorts are 
included in such candidate gene studies.

   Given the high number of genetic variants tested 
(typically now around 1,000,000), statistical sig-
nifi cance thresholds are stringently set by conven-
tion at  P  ≤ 5 × 10 −8  (so-called genome- wide 
signifi cance) to avoid false-positive fi ndings (type 
1 errors), and generally external validation of fi nd-
ings is sought as well. Inherent to the study design 
(association analysis), variants detected at risk loci 
must have a relatively high frequency to be detect-
able (i.e. they are ‘common’, typically with a fre-
quency above 1–5 % in the general population), 
and being common they generally also  exert a rela-
tively low impact on disease risk (odds ratio typi-
cally below 1.5) [ 5 ]. The latter fact also implies that 
large collections of cases and controls have been 
required for the study design to be useful, prefera-
bly thousands, and the networks organised to 
recruit patients for DNA collection have promoted 
a collaborative, international working environment 
which should be considered a benefi cial ‘side 
effect’ of GWAS [ 6 ]. For rare diseases like PSC, 
the statistical stringency and the low effect size of 
implied variants inevitably lead to false negatives 
(type 2 statistical errors), and this has to be kept in 
mind as a limitation of the data herein reviewed. 

 During the 1990s, liver disease genetics was 
dedicated to Mendelian traits, starting with the 
identifi cation of genes for hyperbilirubinemias 
and Wilson’s disease [ 7 – 12 ] and a strong subse-
quent focus on cholestasis and hemochromatosis 
[ 13 – 23 ]. The interpretation of the gene fi ndings in 
these studies has greatly infl uenced the thinking 
of susceptibility genes also in non-Mendelian (i.e. 
complex) diseases like PSC. This is important to 
be aware of, since the genetics as determined by 
GWAS represent fundamentally different mecha-
nisms of causality. In Mendelian diseases, there is 
an approximately 1:1 relationship between 
genetic aberrations and disease traits (the genetic 

variants ‘cause disease’ frequently as mutations 
are structurally damaging to protein function). 
This being said, given the time taken to mechanis-
tically understand even Mendelian diseases, it is 
relevant to refl ect that disease penetrance and 
clinical phenotype are often not so easily 
explained by a single mutation- single effect 
model, even for diseases as classic monogenic as 
hemochromatosis and Wilson’s disease. 

 For GWAS fi ndings, contextual factors (envi-
ronment, gene-gene interactions, etc.) nevertheless 
play a considerably greater role than in Mendelian 
genetics (Fig.  8.2 ), making it inappropriate to 
assume susceptibility genes as causal (the disease-
associated genetic variants in GWAS ‘do not cause 
disease’). This distinction between Mendelian 
genetics and ‘GWAS genetics’ is underlined by the 
fact that the overall contribution of genetics to 
complex traits like PSC is limited [ 24 ]. GWAS out-
comes, even by mathematical extrapolations, are 
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  Fig. 8.2    Relative impact of genetic versus non-genetic 
factors in PSC. Genetic studies emphasise that the genetic 
contribution to overall primary sclerosing cholangitis 
(PSC) liability is low and that interacting and co- occurring 
environmental factors ( white ) are likely important. 
Outcomes of genome-wide association studies (GWAS; 
 light blue ) may aid in the identifi cation of such factors, 
since the common variants have been exposed to the his-
torical environment. Despite an increasing number of 
reported risk loci (at present 16), a fraction of the heritable 
contribution to PSC pathogenesis is not detectable by 
GWAS due to limitations of the study design ( dark blue ) 
(Reprinted with permission from Ref. [ 24 ])       
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likely to represent a minor fraction (probably less 
than one third) of the susceptibility to complex 
traits [ 25 ,  26 ], and PSC so far makes up less than 
10 % of the overall disease liability [ 27 ].

   The relative importance of genetic infl uences 
in PSC is also evident in studies of heritability. 
There are no formal twin studies as for many 
other diseases, but registry data from Sweden 
makes a hazard ratio estimate of 11.1 in siblings 
of PSC patients (complicated by the lack of an 
ICD10 code for precise case identifi cation) [ 28 ]. 
Such an estimate places PSC at the same degree 
of heritability as in most other complex autoim-
mune and immune-mediated conditions. In these 
diseases, heritability estimates mostly range near 
a relative sibling risk of ~10 on most instances. 
Notably, this number is very low compared to 
Mendelian conditions where relative sibling risk 
(depending on the penetrance of involved genetic 
variants) ranges from several hundreds to several 
thousands [ 29 ], further underlining how our 
thinking on the outcomes of genetic studies in 
complex diseases like PSC must be different 
from that of monogenic traits (Fig.  8.3 ).

       The HLA Association in PSC 

 As can be seen in Fig.  8.1 , the genetic fi ndings on 
chromosome 6 in PSC are several orders of mag-
nitude stronger than those found in any other 

region. Throughout the rest of the genome, a num-
ber of weaker and less signifi cant associations can 
be found. The important point about this overall 
genetic architecture in PSC is the fact that it 
resembles the genetic architecture of prototypical 
autoimmune diseases, e.g. type 1 diabetes, rheu-
matoid arthritis and multiple sclerosis. Prior to the 
genetic studies, it had been questioned whether 
PSC could be an autoimmune disease, particularly 
given the strong male predominance (two thirds of 
the patients are male) and lack of effi cacy of 
immunosuppressive therapy. However, autoim-
mune diseases with a male predominance do exist 
(e.g. ankylosing spondylitis), and alongside other 
features observed (autoantibodies [ 30 ] and clonal-
ity of T cell receptors [ 31 ]), genetics clearly posi-
tions PSC as an inherently autoimmune condition, 
albeit one perhaps because of its biliary localisa-
tion that does not respond to classical immunosup-
pression. In many aspects, this global observation 
is one of the major outcomes of the genetic stud-
ies. The model contrasts that of other models of 
PSC development (e.g. toxic bile acid injury, gut 
leakage of bacterial components due to IBD [ 32 ]) 
whilst is compatible with models involving the 
cross-homing or cross-reactivity of lymphocytes 
between the bowel and the liver [ 33 ,  34 ]. 

 The region involved in the chromosome 6 
associations in PSC is called the human leuco-
cyte antigen (HLA) complex or more generally 
the major histocompatibility complex (MHC). 
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  Fig. 8.3    Distinguishing Mendelian from complex liver 
affections. For complex phenotypes, the contribution 
from genetics to overall disease liability is limited (typi-
cally less than 50 %). In addition, only a fraction (for 
primary sclerosing cholangitis [PSC] less than 10 %) of 
the genetic susceptibility is known. In both Mendelian 

and complex disease manifestations, the gene fi ndings 
serve as clues to the underlying pathophysiology. 
However, only for the case of Mendelian manifestations 
of liver affections do genetic fi ndings have clinically 
useful predictive power (Reprinted with permission from 
Ref. [ 43 ])       
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This genetic region plays a critical role in immune 
function and spans approximately 250 protein 
coding genes over 7.6 million base pairs on the 
short arm of chromosome 6 [ 35 ]. Genetic vari-
ants in the region contribute almost without 
exception to risk of autoimmune and immune- 
mediated conditions, including infections [ 36 ]. 
For most conditions, the HLA class I and II genes 
appear to play primary roles, a point which sug-
gests that the adaptive immune system is involved 
in disease development. The HLA class I mole-
cules present endogenously (intracellular) anti-
gens to CD8+ T cells (HLA-peptide-T cell 
receptor [TCR] interaction), whereas the CD4+ 
TCR recognises exogenously (extracellular) anti-
gens presented by HLA class II molecules. A 
typical HLA class I variant binds between 2,000 
and 10,000 different peptides, and more than 
2,000 different peptides are estimated to bind an 
HLA class II variant. Within this spectrum of 
peptides, triggers of the adaptive immune 
response in HLA-associated diseases are likely to 
reside, as critically exemplifi ed by celiac disease 
(Fig.  8.1 ) [ 37 ,  38 ]. Non-HLA genes within the 
HLA complex also likely contribute to the overall 
impact of the region onto autoimmune disease 
development [ 39 – 41 ]. 

 The identities of peptide triggers in PSC and 
the majority of other autoimmune conditions 
remain unknown; intriguingly this is in contrast 
to primary biliary cholangitis, where greater 
insight exists as a result of a characteristic sero-
logic abnormality and anti-mitochondrial anti-
bodies. The relationship between gluten in celiac 
disease and the genetic HLA DQB1-association 
also serves as a model to illustrate how disease- 
related genetic variation in the HLA complex is 
likely to contain information of relevance to such 
triggers. In PSC, circumstantial evidence points 
in the direction of  HLA - DRB1  serving a similar 
role [ 42 ]. However, a complex association pic-
ture exists [ 40 ], with strong  HLA - B  associations 
also imminent. Interpretation of these fi ndings is 
confounded by the allele nomenclature of the 
HLA variants, which is very complex because of 
the various methodologies that have been 
employed in describing HLA variation over the 
last 30–40 years. For this reason, elaborate 

descriptions of allelic associations serve cur-
rently little practical purpose and can be assessed 
elsewhere by the interested reader [ 43 ]. 
Furthermore, the evolutionary history of the 
region has led to complex rearrangements and 
relationships between genetic variants in differ-
ent populations [ 36 ]. All these aspects jointly 
make the dissection and interpretation of the 
genetic fi ndings in the HLA in PSC exceedingly 
diffi cult. However, when overcome, insights 
obtained from PSC-related HLA variants are 
likely to point towards critical antigenic triggers, 
potentially even causal ones.  

    Non-HLA Associations in PSC 

 Almost without exception, non-HLA genetic 
variants enhancing the risk of autoimmune and 
immune-mediated conditions appear in more 
than one disease. PSC is no exception, and the 19 
non-HLA associations that have been identifi ed 
at the time of writing all appear in related condi-
tions. The phenomenon (genetically denominated 
‘pleiotropy’) follows an apparently random pat-
tern, meaning there is a collection of different 
risk genes that can predispose individuals to a 
variety of autoimmune conditions (Fig.  8.4 ) [ 44 ].

   More recently, we have been able to describe 
this poorly understood pattern of genetic over-
lap in greater detail, suggesting more generally 
the existence of a ‘hidden’ molecular taxonomy 
that differs from the traditional classifi cation of 
disease by organ or system [ 45 ]. A key outcome 
of these analyses is that despite the profound 
pleiotropy, clear demarcations of the genetic 
risk for the individual conditions exist. Most 
importantly, the analysis supports the clinical 
notions of PSC- IBD being a distinct condition, 
contrasting a model wherein biliary injury is a 
mere complication of classical ulcerative colitis 
and Crohn’s disease. This is important, since 
genetic outcomes thus contrast two existing the-
ories of PSC development: that of a primary 
alteration of biliary homeostasis (‘toxic bile 
hypothesis’) and that of a causal relationship 
between the bowel disease and biliary disease 
(‘leaky gut’ hypothesis). This does not mean 
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that such mechanisms are not of relevance to the 
chain of events leading to biliary injury but 
rather places autoimmune-like mechanisms pre-
sumably upstream. Clinically, this is compatible 
with the inconsistent timing of relationship 
between presentation of bowel disease and bili-
ary disease in PSC-IBD (bowel disease present-
ing after biliary disease in a substantial fraction 
of patients and on some instances even only 
after liver transplantation [ 46 ]). Genetically, 
there is no evidence for primary disturbances of 
biliary homeostasis as per the known functions 
of detected susceptibility genes; only modifi er 
effects have been so far reported in a single-cen-
tre patient series [ 47 ]. 

 In popular terms, there are several ways to 
describe this pattern of genetic overlap for the 
non-HLA risk loci in PSC. Most notably, there is 
a mixture of IBD susceptibility loci and suscepti-
bility loci involving in prototypical autoimmune 
conditions like type 1 diabetes, multiple sclerosis 
and rheumatoid arthritis [ 44 ]. Of note, out of the 
163 established risk loci in ulcerative colitis and 
Crohn’s disease [ 48 ], still only 11 demonstrate 
equally robust association in PSC, despite sub-
stantial statistical power in recent assessments 
[ 27 ,  45 ]. Some of the PSC risk loci do not show 
associations in IBD (e.g.  PRKD2  and  BCL2L11 ) 
and contribute, together with the difference in 
HLA associations [ 49 ], to the demarcation of 

  Fig. 8.4    Genetic relationship between PSC and other 
autoimmune conditions. The colour scale indicates corre-
lation between phenotypes ( red  = high,  blue  = low) accord-
ing to genetic fi ndings published at   https://www.ebi.ac.uk/

gwas/    . As shown, genetics of PSC cluster together with 
other autoimmune and immune-mediated diseases 
(Reprinted with permission from reference [ 44 ])       
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PSC and PSC-IBD versus ulcerative colitis and 
Crohn’s disease. From a clinical perspective, the 
overlap between risk loci in PSC and suggestive 
associations detected in autoimmune hepatitis 
(i.e.  SH2B3 ,  MMEL1 / TNFRSF14 ,  CTLA4 / CD28  
and  BACH2 ) [ 50 ] may help explain the clinical 
co-morbidity observed for the two conditions 
(slightly less than 10 % of the PSC patients show-
ing features of autoimmune hepatitis [ 51 ]). In 
line with the rarity of patients with overlap 
between PSC and primary biliary cholangitis in 
the clinic, there is remarkably little overlap 
between the genetics of the two conditions, 
exceptions occurring though at  SH2B3  and 
 MMEL1 / TNFRSF14 . 

 Another simplistic way of clustering the non- 
HLA risk genes is that of a demarcation between 
genes likely to involve in T cell development and 
function and those with other or less apparent 
biological functions. Belonging to the fi rst group 
of genes are likely  CTLA4 / CD28 ,  IL2 / IL21 , 
 IL2RA ,  MMEL1 / TNFRSF14 ,  CCL20 ,  SIK2 , 
 HCDAC7 ,  CD226  and potentially also  PRKD2 . 
Belonging to the second group of genes are likely 
 BCL2L11 ,  GPR35 ,  MST1 ,  BACH2 ,  TCF4 , 
 PSMG1  and  CLEC16A / SOSC1 . The demarcation 
holds some logic in substantiating the strong sug-
gestions from the HLA associations of PSC being 
a T cell-mediated autoimmune disease, however 
making the critical assumption that currently 
published literature is relevant. This is a funda-
mental issue in the interpretation of genetic fi nd-
ings in hypothesis-free genetic studies, since 
published literature from pre hoc experiments do 
not account either for the disease relationship of 
genes in question nor their potentially different 
roles in different tissues (e.g. immune cells ver-
sus biliary epithelial cells). To a large extent, this 
phenomenon (‘literature bias’) also makes patho-
physiological interpretations of gene fi ndings 
speculative. In the opinion of the authors, exces-
sive elaboration on the potential roles of single 
susceptibility genes in PSC pathogenesis in the 
absence of disease-specifi c data should be 
avoided and is herein not done. The interested 
reader can obtain further insight by published 
review articles that provide further details on the 
subject [ 52 ,  53 ].  

    Practical Implications of Novel Gene 
Associations 

 The fi eld of PSC genetics is coming to a plateau, 
and even application of whole genome sequenc-
ing may not greatly add to our knowledge (in 
contrast to studies that focus on highly clinically 
described cohorts and patient subgroups, which 
might prove powerful). At the time of writing, the 
International PSC Study Group (  www.ipscsg.
org    ) has collected DNA from almost 5,000 PSC 
patients and is wrapping up the fi nal studies 
based on this material. With 20 robust risk loci 
and an additional 10 for which suffi cient evi-
dence exists to conclude them relevant (Tables  8.1  
and  8.2 ), it is timely to pause and ask what are the 
practical implications of these discoveries. For 
patients there are many needs; they are devoid of 
therapies effectively infl uencing disease progres-
sion, there is no means for predicting disease 
behaviour or the risk of cholangiocarcinoma, and 
they experience symptoms related to liver (pruri-
tus, pain and fatigue) and colonic diseases sig-
nifi cantly affecting their quality of life. There 
have been great expectations to genetics for 
potentially providing developments to meet these 
needs; however, it is increasingly clear that out-
comes may need considerable further processing 
before clinical utility can be reached. 

 One tempting opportunity is considering 
whether risk genes represent novel drug targets. 
Particularly for targets where there are potential 
drugs already available, it is an intriguing 
 possibility that such drugs may show benefi cial 
effects in PSC (so-called drug repurposing), but 
careful use of such analogies is needed because 
risk of disease initiation is not equivalent to bio-
logical pathways to liver injury and repair. 
Although IL2RA-targeted therapy like basilix-
imab and daclizumab is perhaps unlikely to enter 
clinical practice in hepatology outside of current 
indications related to liver transplantation, they 
serve logical examples of therapeutics for which 
considerations in PSC could be made. Clinical 
trials for anti-CCL20 are underway in IBD 
(   h t t p s : / / c l i n i c a l t r i a l s . g o v / c t 2 / s h o w /
NCT01984047    ) and could also serve a candidate 
example. 
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 On a related note, there has also been the 
example of IL12/IL23 signalling in primary bili-
ary cholangitis versus potential applicability of 
ustekinumab [ 54 ]. Whereas for genetic reasons, 
drugs targeting these signalling pathways might 
be a rational approach in primary biliary cholan-
gitis, there was insuffi cient clinical effi cacy as 
evaluated by crude markers of cholestasis for 
ustekinumab, and a clinical trial have has not 
shown any effi cacy [ 55 ]. The reasons for this are 
unknown, but likely an individual risk gene 
 cannot be taken out of its overall host genetic 
make- up and disease setting for direct therapeu-
tic exploitation, as well as recognition that in 
evaluating new therapies patient heterogeneity at 
the time of recruitment can be relevant. This is 
furthermore particularly relevant to the choles-
tatic liver diseases wherein the response to 
immune- mediated injury, bile duct damage and 
cholestasis is inherently very powerful and has 
frequently deleterious biological effects, poten-
tially more impactful than the initiating liver 
injury. Hence, the susceptibility genes are clues 
to important biological affections that only upon 
careful work- up of disease-specifi c mechanisms 
could lead to insights of relevance to therapy. 
Furthermore, and importantly, the elephant in the 
susceptibility room, environmental co-variables 
(Fig.  8.2 ), is likely to interact with the genetic 
factors. As long as these are unknown, the appre-
ciation of risk gene biology will remain 
incomplete. 

 The fi eld of ‘personalised medicine’, ‘strati-
fi ed medicine’ or ‘precision medicine’ is under 
rapid development. Various defi nitions are found 
in the literature, but in essence personalised 
medicine means preventive, diagnostic, thera-
peutic or follow-up means adapted to an indi-
vidual biological setting. There have been 
important accomplishments in the fi elds of 
oncology (druggable and prognostic mutations), 
Mendelian disease (where whole-genome 
sequencing has reduced the fraction of undeter-
minable aetiology), pharmacogenomics and to 
some extent also microbiology (resistance track-
ing). For complex diseases like PSC, a clinical 
role of high- throughput technologies remains 
undefi ned. Although enthusiasm is considerable, 

proof of concept for how to transform the 
increasing wealth of genetic insights from 
GWAS into tailored management for the indi-
vidual patient is not yet clear. The large and 
poorly understood overlap in genetic susceptibil-
ity between different autoimmune diseases leads 
to low specifi city. As shown in Fig.  8.2 , the low 
contribution of currently identifi ed risk genes to 
overall PSC liability (about 5–10 %) [ 45 ] and 
hence pathophysiology also means diagnostic, 
and stratifying utility of risk variants is low. 
Further delineation of the underlying biological 
abnormities represented by gene fi ndings may 
lead to marker phenomena better suited for the 
purpose, but unless family history suggests a 
Mendelian PSC variant (familial clustering), 
gene testing and gene profi ling in patients with 
PSC should so far be avoided. 

 Overall, the greatest practical utility of current 
insights in PSC genetics comes for the research 
laboratory. The gene fi ndings shown in Tables  8.1  
and  8.2  serve as a basis for pathophysiological 
research that is likely more relevant to the human 
disease setting than model systems so far 
employed. In pursuing the individual risk genes, 
researchers use a variety of tools, including 
mouse models, cell cultures and other laboratory 
methods. Notably, in a complex disease setting 
where multiple genetic and environmental factors 
are required for disease development, none of 
these modelling experiments is likely to provide 
comprehensive insights. Rather, they are biologi-
cal studies, providing biological pieces to a 
 puzzle, where biology revealed most likely holds 
relevance for PSC given a basis in human data. 
This is important to acknowledge and as elabo-
rated previously contrasts the paradigm of 
Mendelian diseases in which murine model sys-
tems are more likely to closer refl ect the full fea-
tures of human disease. 

 How to incorporate environmental factors in 
the follow-up experiments of the genetic studies 
remains to be clarifi ed. Some of the risk genes, 
like  FUT2  [ 56 ], show distinct relationships with 
environmental co-variables (on this instance gut 
microbial community composition [ 57 ]). The 
HLA associations in this regard also serve a pro-
totypical example. For other risk genes, there is 
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less apparent a role for gene-environment inter-
actions. What is clear from this perspective is that 
studies on these co-variables are now needed. As 
for the gut microbiota and dietary exposures, 
there are obvious therapeutic prospects. In case 
series and clinical trials with antibiotic treatment 
in PSC [ 58 ], some improvement in alkaline phos-
phatase has been seen. This should not be inter-
preted as clinical effi cacy without further 
substantiation. Rather the fi ndings add to the 
genetics pointing in the direction of gut-derived 
antigenic and other infl uences and serve as proof 
of concept that alterations in this domain might 
become of benefi t for patients. 

   Conclusions 

 Genetic studies have positioned PSC as a com-
plex autoimmune disease in which environ-
mental factors play a signifi cant role in driving 
disease development. The 30 susceptibility 
genes discussed in the present article all show 
associations in other autoimmune and immune-
mediated conditions. Importantly, however, 
they clearly demarcate PSC and PSC-IBD 
from classical ulcerative colitis and Crohn’s 
disease. The clinical utility of this pool of risk 
genes is so far not established and needs exten-
sion in ethnically diverse populations, and fur-
ther work is needed to establish the underlying 
pathophysiological implications as well as the 
environmental cofactors. Larger-scale efforts 
identifying, if present, genetic markers of clin-
ical course, response to treatment and clinical 
outcomes are now as worthy as initial genetic 
risk studies, and it is likely that as important as 
evolving genetic technologies is the curation 
of highly phenotyped cohorts for study. With 
the expectation that genomic data can be 
aligned to other ‘omics’, it is reasonable to be 
optimistic that the outcomes are providing 
increasingly clear directions for further PSC 
research. Ultimate patient benefi t is therefore a 
strong expectation.      
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  PSC    Primary sclerosing cholangitis   
  TCRs    T cell receptors for peptide antigens   
  TGFβ    Transforming growth factor-beta   
  Th    T helper   
  TLRs    Toll-like receptors   
  TNFα    Tumor necrosis factor-alpha   
  Treg    Regulatory CD4 T cell   
  UC    Ulcerative colitis   
  VAP-1    Vascular adhesion protein-1   
  VCAM-1    Vascular cell adhesion molecule-1   
  Vβ    Variable region of β-chain of TCR   

        Introduction 

 Primary sclerosing cholangitis (PSC) is a rare, 
chronic, progressive hepatobiliary disease of 
undefi ned etiology that affects macroscopic 
intrahepatic and/or extrahepatic bile ducts in the 
majority and microscopic proximal bile ducts in 
a minority (<10 %) [ 1 ,  2 ]. PSC is associated with 
infl ammatory bowel disease (IBD) of the colon in 
>75 % of cases; ulcerative colitis (UC) of a dis-
tinctive phenotype affl icts the majority and 
Crohn’s disease (CD) the minority [ 3 ]. In PSC, 

peribiliary infl ammation results in progressive 
circumferential fi brosis causing biliary strictures. 
Currently, PSC is classifi ed as an “atypical” auto-
immune disease (AID) because several features 
of PSC differ from those of a classical AID 
(Table  9.1 ) [ 4 ].

   A form of secondary sclerosing cholangitis 
associated with elevations of serum IgG4 and/or 
IgG4-secreting B and plasma cells may mimic 
PSC [ 5 ]. Retrospective studies indicate that 
approximately 10 % of patients diagnosed with 
PSC instead may have IgG4 cholangiopathy [ 6 ]. 
IgG4 cholangiopathy can be distinguished by a 
prior history of pancreatitis, stricturing of both 
intrahepatic and extrahepatic bile ducts, propen-
sity for jaundice, and the use of recently devel-
oped techniques [ 7 ]. 

 Multiple immunological features suggest 
involvement of innate and adaptive immune 
responses in immunopathogenesis, including sus-
ceptibility and resistance associations with HLA 
haplotypes and autoantibodies (autoAbs), and 
evidence that gut-primed T effector T cells medi-
ate peribiliary, fi brosing infl ammation [ 4 ,  8 ]. The 
homing and retention of these gut-primed T cells 
are facilitated by the activated cholangiocytes that 

   Table 9.1    Comparison of characteristic features of classical autoimmune diseases and primary sclerosing cholangitis   

 Features  Classical AID  PSC 

 Autoantigen(s)  Yes  Possibly 

 Autoantibody  Yes, pathogenetic  Yes, biomarker 

 Age  Children and adults  Children and adults 

 Gender predilection  Female > male  Male > female 

 Genetic factors  HLA, non-HLA  HLA, non-HLA 

 Tissue- or organ-specifi c disease  Yes  Yes 

 Infl ammatory cells  Autoreactive T cells  Gut-primed T cells, NK, NKT, 
macrophages, γδ T cells 

 Environmental factors  Yes  Yes 

 Associated AIDs  Yes  Yes 

 Response to immunosuppression  Yes  No 

 Examples  SLE 
 Myasthenia gravis 
 Graves’ disease 
 Pernicious anemia 
 Type 1 diabetes 
 AIH 
 PBC 

   Abbreviations :  AID  autoimmune disease,  HLA  human major histocompatibility complex,  NK  natural killer cells,  NKT  
natural killer T cells,  SLE  systemic lupus erythematosus,  AIH  autoimmune hepatitis,  PBC  primary biliary cholangitis  
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express ligands and receptors and secretion of 
infl ammatory cytokines and chemokines [ 9 ]. 
Thus, the cholangiocytes are not passive targets of 
the immune response but participate in the immu-
nopathogenesis of PSC [ 4 ]. 

 The goal of this chapter is to provide a prog-
ress report on the immunology of PSC. Emphasis 
is placed on immunological fi ndings advancing 
our understanding of the immunopathogenesis of 
PSC.  

    Biliary Anatomic Features and PSC 

 The branching network of bile ducts is lined by 
cholangiocytes with tight junctions that retain 
bile within the duct lumens (Fig.  9.1 ) [ 10 ,  11 ]. 
Each bile duct is accompanied by a branch of the 
hepatic artery of equal caliber that gives rise to a 
peribiliary capillary plexus surrounding each 
duct. Lymphatic channels adjacent to the peribili-
ary capillaries drain lymph formed in the space of 
Disse that contains cytokines and other constitu-
ents produced in the hepatic lobules. The portal 
venous blood from the small bowel and colon 

contains pathogen-associated molecular patterns 
(PAMPs) from the cell walls and unmethylated 
DNA of gut bacteria and fungi, metabolites pro-
duced by the gut microbiota, and viable micro-
bial pathogens when the gut mucosal barrier is 
breached. PSC markedly alters these homeostatic 
anatomic relationships.

       Pathology of PSC 

 The histopathology of PSC is unique among pri-
mary biliary tract diseases (Fig.  9.2 ) [ 12 ]. 
Lymphoplasmacytic infi ltrates of the portal tracts 
localize to the peribiliary space, where they pro-
mote peribiliary fi brosis without apoptotic 
destruction of the cholangiocytes. The density of 
portal infl ammation is scant, especially when 
compared to either autoimmune hepatitis (AIH) 
or primary biliary cholangitis (PBC). A key fea-
ture distinguishing PSC from PBC is the absence 
of effector cell-mediated apoptosis of cholangio-
cytes in PSC [ 13 ].

   Progressive fi brosis leads to concentric, cir-
cumferential laminations around intact intrahe-

Bile
duct

Portal
vein Cholangioles

Artery

  Fig. 9.1    Biliary anatomic features involved in primary 
sclerosing cholangitis. An intralobular bile duct receives 
the bile secreted by hepatocytes through cholangioles at 
the periphery of the portal tract. Each intrahepatic bile 
duct is accompanied by a branch of the hepatic artery of 
equal caliber. The arteries supply a peribiliary capillary 
plexus surrounding each duct, while lymphatic channels 
lie adjacent to the peribiliary capillaries and drain lymph 

formed in the space of Disse that contains cytokines and 
other constituents produced in the hepatic lobules. The 
portal venous blood from the small bowel and colon con-
tains pathogen-associated molecular patterns (PAMPs) 
from the cell walls and unmethylated DNA of gut bacteria 
and fungi, metabolites produced by the gut microbiota, 
and viable microbial pathogens when the gut mucosal bar-
rier is breached       
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patic bile ducts, referred to as “onion skin” 
fi brosis, that displace the peribiliary capillary 
plexi, creating a physical and spatial barrier to 
oxygenation and maintenance of the cholehepatic 
countercurrent circulation between the bile duct 
and artery [ 14 ]. Thus, the pathogenesis of strictur-
ing, circumferential peribiliary fi brosis also 
involves relative arterial or capillary ischemia. 
Stimuli of periductal fi brosis include secretion of 
chemokines and cytokines by innate immune 
cells and activated cholangiocytes and the infl am-
matory and fi brotic response to toxic bile leaking 
between injured cholangiocytes [ 4 ,  15 ]. 
Proinfl ammatory cytokines and/or microbial mol-
ecules in lymph or blood induce cholangiocyte 
expression of chemokine receptors and secretion 
of chemokines and cytokines involved in the che-
moattraction of effector cells to the peribiliary 
space and promotion of fi brogenesis [ 4 ,  16 ].  

    Innate and Adaptive Immunity 

    Innate Immunity 

 Innate immunity provides immediate reactions 
against microbial pathogens and cells altered by 
stress, infection, or neoplasia [ 17 ,  18 ]. Innate 

immune responses are mediated by macrophages 
(including Kupffer cells), dendritic cells (DCs), 
natural killer (NK), and NKT cells. Macrophages 
and DCs constitutively express pattern recogni-
tion receptors (PRRs) for invariant microbial 
molecules, collectively called PAMPs, and for 
CD14 and activated complement (C’) molecules. 
Toll-like receptors (TLRs) are the most promi-
nent PRRs, expressed on innate immune cells 
and epithelial cells, including cholangiocytes and 
hepatocytes. Since PAMPs are molecular frag-
ments of microbes, innate immune responses do 
not require viable microbes. PAMPs relevant to 
the immunopathogenesis of PSC [ 11 ,  19 ] include 
(1) lipopolysaccharide (LPS, aka endotoxin), the 
signature cell wall component of all Gram- 
negative bacteria; (2) lipoteichoic acid, the signa-
ture cell wall component of Gram-positive 
bacteria; (3) peptidoglycans, essential cell wall 
components of all bacteria; and (4)  unmethylated, 
bacterial CpG dinucleotide motifs. Class I chain-
related MICA and MICB genes encode ligands 
expressed by cells damaged by stress, infection, 
or neoplasia that bind to NKG2D receptors on 
NK cells, NKT cells, macrophages, and γδT cells 
causing target cell lysis. In addition, MICA 
ligands also costimulate CD8 CTLs through their 
NKG2D receptors. 

Small
ducts

Medium
ducts

Pancreatic
duct

  Fig. 9.2    Histopathology 
of small duct and medium 
duct primary sclerosing 
cholangitis. The 
histopathology of PSC 
includes the small duct 
variant and the fi brous 
infl ammatory lesions of 
medium-caliber 
intrahepatic ducts. 
Compared to either AIH or 
PBC, the infl ammatory 
infi ltrates in PBC are 
sparse. Periductal, 
concentric fi brosis of the 
medium-caliber 
intralobular bile ducts 
pushes the peribiliary 
capillary plexi away from 
the basement membranes 
of the bile ducts       
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    Innate Immunity in PSC 
 Intense, unregulated innate immune responses are 
involved in PSC immunopathogenesis [ 4 ,  20 ]. The 
cholangiocytes of PSC patients express normal 
amounts of TLR4 and nucleotide-binding oligo-
merization domain-containing protein (NOD)-like 
receptor family pyrin domain- containing 3 
(NLRP3) but excessive TLR9 [ 21 ]. TLR9 

 expression correlated with fi brosis stages and 
greater risk for orthotopic liver transplantation 
(OLT). Cholangiocytes activated by TLRs, proin-
fl ammatory cytokines, and interferon-γ (IFNγ) 
produce cytokines and chemokines involved in the 
peribiliary localization of specifi c infl ammatory 
cells and peribiliary fi brogenesis (Fig.  9.3 , dis-
cussed below) [ 4 ,  9 ,  22 ].
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  Fig. 9.3    Activated cholangiocytes and gut-primed T cells 
in the immunopathogenesis of primary sclerosing 
 cholangitis. Cholangiocytes are activated by PAMPs and by 
proinfl ammatory cytokines TNFα, IL-1β, IL-6, and IFNγ. 
Activated gene expression leads to cholangiocyte produc-
tion of multiple immunological ligands and receptors, che-
mokines, cytokines, MMPs, PDGF, NO, and aberrant class 
II HLA. In PSC, cholangiocytes secrete the chemokine 
CCL25, the ligand for CCR9 on gut-primed T cells. Portal 
endothelial cells in PSC livers express VAP-1, whose amine 
oxidase function in the presence of proinfl ammatory 
 cytokines, especially TNFα, results in aberrant expression 
of MADCAM-1 and display of CCL25. This permits adhe-
sion and diapedesis of gut-primed memory T cells bearing 

the α1β7 integrin receptor for MADCAM-1 and the 
 chemokine receptor CCR9 for the CCL25. After transendo-
thelial migration, gut-primed memory T cells migrate along 
the gradients of chemokines secreted by activated cholan-
giocytes to congregate in the peribiliary space. The chemo-
kine CCL28 facilitates peribiliary recruitment of T cells 
bearing its chemokine receptor, CCR10, while VCAM-1 on 
the cell surface of cholangiocytes acts as ligand for the T 
cell integrin receptor α1β4. This postulated scheme does 
not require the presence of gut Ag(s) that originally primed 
the T cells in the GALT. The absence of cholangiocyte 
expression of the priming gut Ag(s) may explain the obser-
vation that peribiliary T cells do not cause apoptosis of 
cholangiocytes in PSC       
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        Adaptive Immunity 

 Adaptive immunity involves delayed immune 
responses of T cell receptors (TCRs) to processed 
peptide antigens (Ags, potentially including 
autoAgs) presented within Ag-binding grooves 
of class I and II major histocompatibility com-
plex molecules (MHC, designated HLA in 
humans) expressed by professional antigen- 
presenting cells (APCs) [ 23 ,  24 ]. Professional 
APCs include DCs of the innate immune system 
and activated B cells. CD4 T cell TCRs react with 
processed exogenous Ags presented by class II 
MHC molecules and stimulate Ag-specifi c CD4 
T cell TCRs, while CD8 TCRs are stimulated by 
endogenous (including viral) Ags presented by 
class I MHC molecules. MHC binding of specifi c 
peptide Ags is genetically determined [ 25 ,  26 ]. 
The non-polymorphic MHC class I-like mole-
cule, CD-1, presents lipid Ags to TCRs expressed 
by γδT cells. γδT cells are involved in mucosal 
immunity, surveillance of neoplastic changes, 
and protection from autoimmune diseases and 
microbial infections [ 27 ]. Class III MHC genes 
encode TNFα/β; C’ factors C4, C2, and Bf; as 
well as heat shock proteins [ 25 ,  26 ]. 

    HLA 
 HLA genes are inherited from each parent to 
form haplotype pairs [ 25 ,  26 ]. Class I HLA, 
expressed by HLA-A, HLA-B, and HLA-Cw 
loci, presents peptide Ags to TCRs of cytotoxic 
CD8 T cells. Class II HLA, expressed by 
HLA-DR, HLA-DQ, and HLA-DP loci, presents 
processed peptide Ags to TCRs of CD4 T cells. 
Polymorphic HLA class I and II Ag-binding 
grooves determine whether binding and presenta-
tion of specifi c peptide Ags occur, thus confer-
ring susceptibility or resistance to development 
of a disease like PSC. The class III locus encodes 
polymorphic immune response proteins, includ-
ing TNFα/β, complement (C’) factors, and heat 
shock proteins.  

    Effector T Cells and Cytokines 
 Ag activation of CD4 T helper (Th) cells triggers 
exclusive pathways of differentiation that 
 generate Ag-specifi c Th1, Th2, Th17, Th9, and T 

 follicular helper (Tfh) cells and T regulatory 
(Treg) subsets [ 28 ]. A milieu containing IL-12, 
IL-18, and INFγ favors CD4 differentiation into 
Th1 cells that secrete the signature cytokines of 
Th1 cells: IL-2, INFγ, and TNFα/β. Th1 cyto-
kines provide help for proliferation and differen-
tiation of CD8 T cells, also called cytotoxic T 
lymphocytes (CTLs), and activate macrophages. 
Th1 cytokines also induce B cell secretion of 
C’-fi xing IgG2a. In contrast, a milieu containing 
IL-4 favors CD4 differentiation into Th2 that 
secretes the signature cytokine profi le of Th2 
cells, IL, and activates eosinophils and mast cells. 
The signature cytokines of CD4 Th1 inhibit the 
proliferation of Th2 cells and vice versa, creating 
a dynamic balance between Th1 and Th2 subsets 
within infl ammatory infi ltrates. Transforming 
growth factor-beta (TGFβ), IL-6, IL-21, IL-23, 
and retinoic acid receptor-related orphan recep-
tors γ and α (RORγ, RORα) promote generation 
of Th17 cells that can become either protective or 
pathogenic. Both Th1 IFNγ and Th2 IL-4 inhibit 
Th17 differentiation. Pathogenic Th17 cells are 
induced by IL-23 and IL-1β to secrete IL-17A, 
IL-17F, IL-21, and IL-22. In autoimmunity, Th17 
effector cells intensify and perpetuate tissue 
infl ammation. Th9 cells have not been evaluated 
in PSC; however, several functions indicate that 
they may be relevant to immunopathogenesis 
[ 29 ]. For example, secretion of IL-9 increases gut 
permeability, activates mast cells, and increases 
leukocyte recruitment. Th9 cells also secrete 
IL-21, which promotes IFNγ production by NK 
cells and CD8 T cells, and IL-3, which enhances 
DC survival. Tfh cells localize within B cell fol-
licles in lymph nodes and Peyer’s patches, where 
they promote selection and survival of B cell 
clones by expression of CD40 ligand and secre-
tion of IL-4 and IL-21 [ 30 ]. 

 CD4 Treg cells mediate Ag-specifi c suppres-
sion of T cell responses by local secretion of 
IL-10 and transforming growth factor-beta 
(TGFβ) [ 28 ]. The protective Th17 subset of 
Treg17 cells is induced by IL-6 and TGFβ.  

    Adaptive Immunity in PSC 
 Recent studies have focused on the role and func-
tions of Tregs in PSC. Genome-wide association 
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studies (GWAS) identifi ed single nucleotide poly-
morphisms (SNPs) that could affect Treg cells, 
which led to studies of circulating and hepatic 
quantities of CD4 + -CD25 high -FOXP3 + -CD127 low  
Tregs [ 31 ]. Tregs were signifi cantly decreased in 
the blood and liver, and their suppressor function 
was reduced. Reduced Tregs in the blood signifi -
cantly correlated with homozygosity for the major 
allele of the SNP rs10905718 in the IL-2RA gene. 
These fi ndings provide a genetic basis for immune 
dysregulation caused by reduced Treg numbers in 
PSC. Another study of Tregs in peripheral blood 
mononuclear cells (PBMC) of patients with con-
current PSC and UC showed higher frequencies 
of Tregs compared to those in patients with UC 
alone [ 32 ]. 

 Among the autoAbs associated with PSC is an 
IgA anti-cholangiocyte Ab, which occurs at high 
frequency and is correlated with more rapid pro-
gression to death or OLT compared to PSC 
patients without this autoAb [ 33 ]. The signature 
cytokine of Th17 cells, IL-17A, promotes hepatic 
infl ammation and fi brosis [ 34 ]. To investigate 
Th17 immune responses to pathogens in PSC, 
hepatic bile obtained using endoscopic retro-
grade cholangiopancreatography (ERCP) was 
cultured, and liver biopsies were stained using 
16sRNA fl uorescence in situ hybridization 
(FISH) [ 34 ]. The bile grew multiple bacterial and 
fungal species and FISH detected microbes in 12 
of 13 (92 %) of portal tracts. Stimulation PBMC 
with microbes cultured from the bile generated 
high frequencies of Th17 cells, especially in 
response to  Candida albicans . Th17 cells 
expressing IL-17A were detected in the peribili-
ary space, indicating a pathogenic role in the gen-
eration of fi brosing infl ammation.  

    Transendothelial Leukocyte Traffi cking 
into Tissues 
 Activated, circulating leukocytes enter tissues by 
a multistep process of transendothelial migration 
[ 8 ,  9 ,  16 ]. Cellular injury or stress causes secre-
tion of chemokines that are taken up by endothe-
lial cells and displayed on their luminal surfaces 
along with adhesion molecules. As circulating, 
activated leukocytes expressing chemokine 
receptors and counter-receptors for adhesion 

molecules encounter activated endothelial cells, 
their leukocyte selectin receptors cause them to 
roll along the endothelium. Rolling ceases when 
fi rm leukocyte adhesion occurs due to binding of 
leukocyte chemokine receptors to chemokines 
displayed by endothelial cells and leukocyte inte-
grin adhesion molecules to endothelial cellular 
adhesion molecules. This initiates diapedesis of 
leukocytes through endothelial tight junctions 
and basement membranes into the tissue, where 
they are chemoattracted along the chemokine 
gradient toward the source of chemokine secre-
tion. Thus, both chemokines and adhesion mole-
cules expressed on the endothelium determine 
the composition of infl ammatory infi ltrates enter-
ing the tissue from the blood. As discussed below, 
this process appears to play a key role in the 
immunopathogenesis of PSC [ 8 ,  9 ,  16 ].    

    Progress Toward an Understanding 
of Immunopathogenesis 

    Genetics 

    Genome-Wide Association Studies 
(GWAS) 
 Genetic susceptibility to PSC was assessed in a 
GWAS of 443,816 single nucleotide polymor-
phisms (SNPs) in 285 Norwegian PSC patients 
and 298 healthy controls [ 35 ]. Detected associa-
tions were reassessed in independent case- control 
panels in 766 PSC patients and 2,935 controls 
from Scandinavia, Belgium, the Netherlands, and 
Germany. The strongest associations were near 
the HLA-B locus (rs3099844, OR −4.8, 95 % CI 
3.6–6.5,  p  = 2.6 × 10 −26 , and rs2844559, OR 4.7, 
95 % CI 3.5–6.4,  p  = 4.2 × 10 −26 ). Non-HLA 
rs9524260 on chromosome 13q31 was signifi -
cantly associated with three of four groups. This 
locus encodes glycan 6, and inhibition of glycan 
6 in a cholangiocyte cell line resulted in upregu-
lation of proinfl ammatory markers. 

 Subsequent dense genotyping of 130,422 SNPs 
in immune-related disease regions was performed 
in 3,789 PSC patients of European ancestry and 
compared with 2,079 controls [ 36 ]. In addition to 
confi rming three signifi cant non-HLA associa-
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tions, nine new non-HLA associations were 
detected. Six of the nine were more strongly asso-
ciated with PSC than with comorbid IBD. These 
studies have expanded the genetic risk map of PSC, 
providing a better understanding of the relationship 
of PSC and other immune- mediated diseases.  

    Fucosyltransferase 2 (FUT2) 
 FUT2 introduces fucose into glycoproteins and 
glycolipids. FUT2 activity infl uences interac-
tions between the host and microbes [ 37 ]. The 
nonsense mutation G428A and missense muta-
tion A385T are the principal variants that cause 
20 % of people to be FUT2 “nonsecretors,” 
incapable of secreting fucose-containing Ags 
and lacking epithelial cell fucosylation. GWAS 
indicated that inactivating FUT2 variants were 
associated with PSC, Crohn’s disease, and 
 biochemical markers of biliary injury [ 37 ]. 
The microbiome of nonsecretors was character-
ized by reduced bifi dobacteria, increased 
 Firmicutes , and decreased  Proteobacteria  and 
 Actinobacteria . The bacterial content of the bile 
also differed from that of secretors. Lack of 
fucosylated glycans on the surface of cholangio-
cytes is potentially deleterious because it would 
interrupt the glycocalyx required for the protec-
tive biliary bicarbonate umbrella that shields 
cholangiocytes from hydrophobic bile salt 
toxicity.  

    HLA and Susceptibility to PSC 
 PSC susceptibility is most strongly associated 
with four distinct HLA haplotypes (Table  9.2 ) 
[ 35 ,  38 – 41 ]. The highest susceptibility is con-
ferred by homozygosity for MICA*008 (OR 
5.01), suggesting that this allele is closely linked 
to a true susceptibility allele [ 42 ]. The MICA*008 
allele contains the MICA5.1 microsatellite allele, 
which explains the microsatellite’s signifi cant 
association with PSC. It is possible that the 
NKG2D ligand produced by the MICA*008 
allele might explain the increased numbers of NK 
and γδT cells in PSC livers [ 43 ,  44 ]. The MICB 
microsatellite allele MICB24 is also signifi cantly 
associated with PSC. Of note, PSC associations 
with both MICA5.1 and MICB24 microsatellites 
are observed exclusively with the HLA-B8-DR3 
haplotype [ 45 ].

   The fact that the HLA-DR3 haplotype is 
absent from the other two HLA haplotypes asso-
ciated with the second greatest susceptibility risk 
(OR 3.80) has been interpreted as evidence of 
linkage disequilibrium among HLA-B8, 
MICA*008, TNFα promoter (TNFA*2), and a 
yet unidentifi ed susceptibility allele. Since DRB1 
alleles are present in all three extended suscepti-
bility HLA haplotypes, V or G at position 86 of 
the DRβ chain was analyzed. V86 was associated 
with susceptibility alleles DRB1*0301, 
DRB1*1301, and DRB1*1501 (OR 3.01), while 
G86 was associated with resistance alleles 
DRB1*0401 and DRB1*04 (OR 0.17). Modeling 
of susceptibility and resistance indicated that 
K87 and P55 in the DQB also could explain sus-
ceptibility (OR 2.78) or resistance (OR 0.28). 

 Of interest, one of the HLA susceptibility hap-
lotypes contains the TNFA*2 allele (Table  9.2 ). 
Autoimmunity is associated with TNF-2 allele 
-308A [ 46 ], but a G-308A substitution in the 
TNFα promoter is linked with susceptibility only 
with the DRB3*0101 haplotype [ 47 ]. PSC sus-
ceptibility was not associated with the A to G 
polymorphism of Fas (encoded by the TNFSF6 
gene) [ 48 ]. 

     Table 9.2    Immunogenetic associations of PSC with 
HLA and non-HLA alleles   

  Susceptibility haplotypes    Odds 
ratio  

 B8-MICA*008-TNFA*2-DRB3*0101- 
DRB1*0301-DQA1*0501 DQB1*0201 

 2.69 

 DRB3*0101-DRB1*1301-DQA1*0103- 
DQB1*0603 

 3.80 

 MICA*008-DRB5*0101-DRB1*1501- 
DQA1*0102-DQB1*0602 

 1.52 

 (MICA*008 homozygosity)  5.01 

  Resistance haplotypes  

 DRB4*-DRB1*0401-DQA1*0301- 
DQB1*0302 

 0.26 

 DRB4*-DRB1*0701-DQA1*0201- 
DQB1*0303 

 0.15 

 MICA*002  0.12 

  Non - MHC associations  

 ICAM-1  NA 

 MMP-1, MMP-3  NA 

 CTLA4  NA 

 CCR5Δ32 deletion  NA 

 CFTR  NA 
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 A single HLA susceptibility allele may exist in 
PSC, but it is more likely that PSC susceptibility 
is genetically complex, involving multiple HLA 
and non-HLA SNPs. Currently, PSC susceptibil-
ity can be explained for only 50 % of PSC cases 
on the basis of any allele, amino acid substitu-
tions in the DRβ peptide, or homozygosity for 
MICA*008 [ 38 ]. This is independent of IBD, 
since UC is unassociated with these HLA haplo-
types or MICA*008. Further investigations will 
require studies of SNPs identifi ed in GWAS. 

 Susceptibility associations of HLA-DR3 and 
class III TNFA*2 and the G-308A substitution in 
the TNFα promoter may explain the association 
of PSC with AIDs [ 49 ]. HLA-DR3 +  leukocytes 
secrete signifi cantly greater amounts of IL-2, 
IL-5, IL-12, and IFNγ than do HLA-DR3 −  leuko-
cytes, before and after mitogen stimulation 
in vitro [ 50 ]. In contrast, HLA-DR3 haplotype 
does not infl uence secretion of anti-infl ammatory 
Th2 cytokines IL-4 or IL-10. Susceptibility for 
PSC may refl ect overproduction of TNFα and 
IFNγ. If high levels of these cytokines are 
 obligatory for immunopathogenesis, it would be 
plausible that patients capable of generating sim-
ilar levels of cytokines might develop PSC in the 
absence of HLA-DR3.  

    Non-MHC Genes and Susceptibility 
to PSC 
 Polymorphic non-HLA gene products involved in 
infl ammation and immunoregulation may be bio-
markers of progression and severity of PSC. No 
susceptibility associations have been identifi ed for 
Nod2, IL-1, IL-1B, and IL-RN [ 19 ,  48 ]. CTLA4, a 
T cell receptor for costimulatory B7 ligands that 
downregulates T cell activation, is of great inter-
est, since CTLA4 polymorphisms increase the risk 
of multiple organ-specifi c AIDs [ 51 ]. Susceptibility 
for PSC remains controversial, being present in 
one study and not in another [ 48 ]. The mutant che-
mokine receptor 5 with a deletion of 32 base pairs 
(CCR5Δ32) has reduced expression and function. 
Although initial results were controversial, a 
recent study showed that PSC susceptibility was 
signifi cantly associated with CCR5Δ32 [ 52 ]. 
Fibrosis results from a dynamic imbalance 
between matrix metalloproteinases (MMPs) and 
inhibitors of metalloproteinases. The MMP-3 

gene, encoding stromelysin, exhibits a promoter 
sequence polymorphism (5A or 6A repeat). A 5A 
allelic association was observed in one study but 
was not confi rmed in another [ 53 ,  54 ]. The 5A 
allele was found more frequently in PSC patients 
with UC (60 %) than in PSC alone (45 %) [ 54 ]. 
The MMP-9 polymorphism R279Q was signifi -
cantly associated with susceptibility [ 55 ]. No asso-
ciation was noted with MMP-1 promoter 
polymorphisms [ 54 ]. The TGFB1 gene encoding 
the profi brotic and immunosuppressive cytokine 
TGFβ was not associated with PSC [ 48 ]. The 
absence of the murine bile transporter, Mdr2 
(Abcb4), caused regurgitation of toxic bile through 
leaky cholangiocyte tight junctions, resulting in 
PSC-like lesions. In contrast, PSC is characterized 
by normal bile acid transporter haplotypes for 
MDR3 (human homolog of murine Mdr2), 
ABCB4, and bile salt export protein (BSEP) 
ABCB11; thus, there is no evidence of a suscepti-
bility association [ 56 ]. Of note, claudin-1 gene 
mutations compromise tight  junctions and are 
associated with neonatal ichthyosis and sclerosing 
cholangitis [ 57 ]. PSC-like lesions in cystic fi brosis 
prompted testing for mutations in the cystic fi bro-
sis transmembrane conductance regulator (CFTR). 
One report indicated an increased prevalence of 
CFTR mutations and defective nasal CFTR Cl −  
channel function [ 58 ], but others failed to confi rm 
these fi ndings [ 59 ]. Induction of experimental 
colitis in cftr−/− knockout mice did cause PSC-
like lesions, suggesting that CFTR mutations 
might contribute to pathogenesis of PSC in the 
presence of active IBD [ 60 ].  

    MHC Genes and Resistance to PSC 
 Three HLA haplotypes reduce the risk of PSC 
(Table  9.2 ). HLA-DR4 is the most protective; 
however, when PSC occurs in HLA-DR4-
positive patients, they paradoxically have poorer 
prognosis and an increased risk of cholangiocar-
cinoma [ 61 ]. One copy of either the MICA*002 
allele or its satellite allele MICA9 also confers 
signifi cant resistance [ 42 ,  45 ]. Given the strong 
susceptibility risk of PSC bestowed by 
MICA*008, the resistance association with 
MICA*002 strongly suggests that MICA-
encoded ligands for the NKG2D receptors of 
innate immune-responsive cells and CD8 CTLs 
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are determinants of the immunopathogenesis of 
PSC. MICA allelic associations also imply 
involvement of innate immune effector cells and 
microbial PAMPs in immunopathogenesis.  

    Non-MHC Genes and Resistance to PSC 
 PSC patients have signifi cantly lower frequencies 
for both ICAM-1 (CD54)-E469E homozygosity 
and its extended G241-E469/G241-E469 haplotype 
[ 62 ]. E469E homozygosity may protect against 
PSC by altering the adhesion required for transen-
dothelial migration and target cell engagement. 
Resistance occurs with or without coexistent IBD.   

    Immunogenetics of Disease 
Progression and Complications 
of PSC 

 HLA and non-HLA alleles appear to be involved 
in PSC progression, severity, and complications. 
A study of HLA class II alleles in 265 PSC 
patients from fi ve European countries reported 
that heterozygosity for the DRB1*03- 
DQA1*0501-DQB1*02 (HLA-DR3, HLA-DR2 
extended haplotype) signifi cantly increased the 
risk of death or liver transplantation (HR 1.63, 
95 % CI 1.06–2.52) [ 63 ]. In the absence of 
HLA-DR3 and HLA-DR2, a HLA-DQ6 allele 
encoding DQB1*0603 or DQB1*0602 signifi -
cantly reduced both risks (HR 0.57, 95 % CI 
0.36–0.88). HLA-DR4 and HLA-DQ8 showed a 
nonsignifi cant trend for an increased risk of chol-
angiocarcinoma. The CCR5Δ32 genotype was 
more prevalent in advanced PSC (45 %) than in 
mild disease (21 %), suggesting that it promotes 
progression [ 52 ]. In MMP-3 gene encoding 
stromelysin, homozygosity for the 5A polymor-
phism was a signifi cant risk for portal hyperten-
sion, indicative of a role in fi brogenesis [ 53 ].  

    Autoantibodies in PSC 

    Nuclear Envelope Autoantigens 
and Bacterial Mimicry 
 PSC is associated with a wide variety of autoAbs, 
many of which may be immunologic 
 epiphenomena [ 64 ]. The most studied of the 

autoAbs in PSC are the atypical perinuclear anti-
neutrophil cytoplasmic antibodies (pANCAs), 
which occur in ≤88 % of PSC patients, with or 
without UC [ 55 ,  65 ,  66 ]. In PSC, IBD, and AIH, 
pANCA autoAbs rarely react with the classical 
pANCA Ags: cytoplasmic actin, catalase, or eno-
lase [ 67 ]. Instead, the atypical pANCAs in PSC 
react with nuclear envelope Ags in neutrophils 
rather than cytoplasmic Ags. This changed their 
designation to peripheral antineutrophil nuclear 
antibodies (pANNAs) [ 67 ]. 

 Analyses of pANNA epitope specifi city 
showed that 92 % of atypical pANNAs from 
patients with IBD or hepatobiliary diseases react 
with a 50 kDa myeloid-specifi c nuclear envelope 
protein [ 68 ] and subsequently identifi ed a tubulin- 
beta isotype 5 [ 69 ]. Alpha and beta tubulins are 
highly conserved proteins that share 40 % aa 
sequence homology, undergo multiple posttrans-
lational modifi cations, and have multiple iso-
types [ 70 ]. pANNAs against tubulin-beta isotype 
5 were not PSC specifi c, but also occurred in AIH 
[ 69 ]. Subsequent studies showed that pANNAs 
react with the highly conserved bacterial cell 
division protein FTsZ and that preabsorption of 
PSC sera with FTsZ abolished pANNA reactiv-
ity. This indicates molecular mimicry between 
bacterial FTsZ and nuclear Ags of human neutro-
phils [ 71 ]. Of note, pANNA titers do not decrease 
after transplantation or colectomy for UC [ 67 ]. 
pANNAs also may be correlated with biliary 
complications [ 72 ], intrahepatic rather than 
extrahepatic strictures [ 73 ], and cirrhosis at high 
titers [ 74 ]. Unfortunately, these studies were not 
powered suffi ciently to reach fi rm conclusions. 

 Future studies of circulating and liver- 
infi ltrating CD4 and CD8 T cell TCR reactions 
against tubulin-beta isotype 5 with appropriate 
healthy and diseased controls should clarify the 
importance of this autoAg/bacterial molecular 
mimic in PSC pathogenesis. Computer modeling 
of the binding affi nities of putative autoAg(s) for 
HLA class II molecules associated with PSC sus-
ceptibility and resistance may help defi ne their 
Ag specifi cities. 

 IgG ANCA in the bile is correlated signifi -
cantly with PSC risk and formation of dominant 
strictures, but not with risk of death, OLT, or chol-
angiocarcinoma [ 75 ]. The frequency of pANCA 
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is also signifi cantly higher in UC than Crohn’s 
disease [ 76 ]. Moreover, the combination of typi-
cal multi-Ag-specifi c ANCA, ANA, and SMA is 
67 % sensitive for the diagnosis of PSC [ 76 ]. 

 AutoAbs reacting with cholangiocytes have 
multiple consequences. The majority of PSC 
patients have serum IgA autoAbs that bind to cul-
tured human cholangiocytes, while they are 
absent in the sera of healthy controls [ 33 ]. High 
titers correlated with total serum IgA levels and 
were clinically correlated with faster disease pro-
gression. IgG autoAbs in PSC sera also reacted 
against cultured human cholangiocytes and 
induced expression of TLR4 and TLR9 [ 77 ]. The 
addition of the LPS ligand for TLR4 and the CpG 
DNA ligand for TLR9 induced cholangiocytes to 
secrete copious amounts of proinfl ammatory 
cytokines, TNFα, Il-1β, and IL-6, along with 
IFNγ, TGFβ, and granulocyte-macrophage 
colony- stimulating factor. Bile ducts stained for 
TLR4 and TLR9 in biopsies of 58 % of PSC 
patients with IgG anti-cholangiocyte autoanti-
bodies, indicating concordance between the 
in vitro observation and pathophysiology. 

 Induction of murine colitis by bacterial Ags and 
production of pANCA support the hypothesis that 
immune responses to bacterial Ags or other Ags 
cross-reactive with enteric Ags can induce pANNA 
in PSC [ 78 ,  79 ]. The fact that up to 81 % of PSC 
patients have antibodies against enterobacterial 
proteins also supports the hypothesis [ 65 ]. 
Bacterial/permeability-increasing protein (BPI), 
an endotoxin-binding neutrophil leukocyte-granu-
lar protein with antibacterial and antiendotoxin 
activity [ 80 ], is also an ANCA Ag in PSC, IBD, 
cystic fi brosis, and vasculitis [ 81 ]. Titers of BPI-
ANCA correlate with infl ammation and tissue 
damage, suggesting that BPI-ANCA might retard 
clearance of LPS, promoting infl ammation and 
LPS stimulation of biliary TLR4 [ 77 ].  

    Cholangiocyte-Specifi c Autoantigens 
and CD44 
 Serum autoAbs reacting with human intrahepatic 
cholangiocytes from a healthy person were 
detected in 63 % of patients with PSC, 37 % with 
PBC, 16 % with AIH, and 8 % of healthy controls 
[ 82 ]. Western blotting showed that PSC patients 
exclusively had autoAbs reacting with a 40 kDa 

Ag. Anti-cholangiocyte antibodies from PSC and 
PBC patients, but not AIH patients, induced chol-
angiocyte secretion of proinfl ammatory IL-6, 
which stimulates cholangiocyte proliferation and 
inhibits apoptosis. 

 In PSC, but not PBC or AIH, both IgG and 
IgM autoAbs induced cholangiocyte expression 
of the CD44 cell adhesion receptor for the extra-
cellular matrix ligand, hyaluronic acid, which 
also plays roles in cell proliferation, 
 differentiation, presentation of cytokines, chemo-
kines, and growth factors to their receptors, pro-
tease docking to cell membranes, and 
angiogenesis [ 83 ]. Blocking of the CD44v7 iso-
form on T cells and activated macrophages in an 
experimental murine model of IBD caused apop-
tosis of effector cells and clinical recovery [ 84 ]. 
Anti-CD44 reduced induction of experimental 
arthritis by collagen or proteoglycan PAMPs by 
preventing pathological interactions of synovial-
like fi broblasts and cartilaginous matrix [ 85 ]. 
Thus, PSC-specifi c autoAbs against cholangio-
cyte autoAgs stimulate PSC- specifi c expression 
of CD44 isoforms potentially capable of reduc-
ing recruitment of effector leukocytes to the 
peribiliary space, suggesting the possibility of 
therapeutic inhibition of CD44 in PSC.  

    Nonspecifi c Autoantibodies 
 Multiple nonspecifi c autoAbs observed in PSC 
are likely epiphenomena related to chronic 
infl ammation and immunogenetics favoring vig-
orous immune responses [ 64 ]. Frequencies of 
nonspecifi c autoAbs included antinuclear anti-
bodies in 7–77 %, smooth muscle antibodies in 
13–20 %, antimitochondrial antibodies in 0–9 %, 
anti-cardiologic antibodies in 4–66 %, anti- 
thyroperoxidase antibodies in 7–16 %, anti- 
thyroglobulin antibodies in 4 %, and anti-Ig 
rheumatoid factor in 15 %. AutoAbs against 
tropomycin found in either UC or PSC mediated 
antibody-dependent cellular cytotoxicity of cells 
expressing the HLA-DPw9 allele [ 86 ].   

    Immunological Epiphenomena 

 In addition to nonspecifi c autoAbs, multiple 
immunological abnormalities described in PSC 
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also appear to be epiphenomena consistent with 
the concept that PSC is associated with disor-
dered immunoregulation [ 55 ,  64 ,  66 ]. These 
abnormalities include evidence of:(1) Decreased 
proportions of peripheral blood T cells and CD8 
T cells [ 87 ,  88 ](2) Increased proportions of circu-
lating B cells [ 89 ](3) Decreased T suppressor cell 
function [ 90 ](4) Increased autologous mixed 
lymphocyte reactivity [ 91 ](5) C’ activation with 
increased levels of C3b and C4d [ 92 ](6) Deposits 
of C3d on hepatic arteries, but not bile ducts [ 93 ]
(7) Immune complexes in the blood and bile [ 94 ]
(8) Diminished clearance of artifi cial immune 
complexes by Kupffer cells in vivo [ 95 ] and (9) 
Aberrant expression of blood group antigens on 
biliary and colonic epithelia [ 96 ]  

    Cholangiocytes in the Immuno-
pathogenesis of PSC 

    Cholangiocytes as Immunological 
Targets in PSC 
 Ductopenia occurs in PSC; however, 
infl ammatory- mediated apoptosis of cholangio-
cytes is absent in PSC [ 13 ]. In contrast, apoptosis 
is the hallmark of CD8 T cell-mediated nonsup-
purative destructive cholangitis (NSDC) leading 
to ductopenia in PBC, chronic graft-versus-host 
disease (GVHD), and hepatic allograft rejection 
(HAR) [ 11 ]. The near absence of NSDC in PSC 
[ 97 ] is intriguing, since PSC cholangiocytes 
express an activated phenotype of increased class 
I HLA, aberrant class II HLA, and ICAM-1 that 
would facilitate recognition by Ag-specifi c CD8 
CTLs. Portal infi ltrates in PSC also differ from 
those in PBC by containing neutrophils, CD4 T 
> > CD8 T cells, macrophages, NK, and γδT cells 
[ 44 ,  87 ,  88 ,  98 ,  99 ]. Evidence of a paucity of 
peribiliary CD8 CTLs in the precirrhotic stages 
of PSC strongly argues against cholangiocytes as 
primary target cells [ 88 ].  

    Immunomodulatory Roles 
of Cholangiocytes 
 It is now clear that cholangiocytes, rather than 
being passive target cells or innocent bystanders, 
play a seminal role in determining the  composition 

of peribiliary infl ammatory infi ltrates and likely 
participate in periductular fi brogenesis in PSC 
(Fig.  9.3 ) [ 4 ,  8 ,  11 ,  100 ,  101 ]. Activated cholan-
giocytes express TLR4 and TLR9 for the PAMP 
ligands LPS and unmethylated CpG DNA mole-
cules, respectively. Cholangiocytes also have 
receptors for proinfl ammatory cytokines TNFα, 
IL-1β, IL-6, as well as IFNγ. These stimuli induce 
cholangiocyte expression of  chemokine recep-
tors and secretion of multiple chemokines, cyto-
kines, matrix metalloproteinases, and growth 
factors that immunomodulate infl ammation and 
fi brogenesis (Fig.  9.3 ). Cholangiocyte secretion 
of multiple chemokines in PSC (Fig.  9.3 ) dictates 
the composition of peribiliary infl ammatory infi l-
trates containing innate immune cells and T cells 
bearing specifi c chemokine receptors, including 
a pathogenetic population of PSC-specifi c T cells 
primed in the gut (discussed below) [ 8 ,  102 ]. 
Secretions of profi brotic TGFβ by activated chol-
angiocytes, along with profi brogenic cytokines 
secreted by peribiliary infl ammatory cells, are 
likely causes of the concentric layers of circum-
ferential fi brosis characteristic of PSC.  

    Endothelial Cells and the Role 
of Arterial Ischemia in PSC 
 Direct injury of hepatic arteries or arterioles 
causes secondary ischemic sclerosing cholangitis 
[ 103 – 105 ]. While there is no evidence of an 
immunological attack against endothelial cells of 
hepatic arteries or peribiliary capillary plexi in 
PSC [ 14 ,  97 ], it is now clear that concentric lay-
ers of circumferential peribiliary fi brosis progres-
sively push peribiliary capillary plexi away from 
the basement membranes of bile ducts [ 14 ]. An 
experimental mouse model [ 106 ] suggests that a 
microcirculatory barrier to diffusion of O 2  and 
nutrients and disruption of the cholehepatic cir-
culation created by fi brous displacement of the 
peribiliary capillary plexi might explain the atro-
phic, senescent appearance of cholangiocytes in 
PSC. An unsubstantiated but correlative hypoth-
esis postulated that biliary ischemia resulted 
from aberrant production of angiotensin II or 
endothelin by PSC cholangiocytes, leading to 
vasoconstriction of peribiliary capillary plexi and 
arterioles [ 107 ].  
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    Emerging Role of Gut Microbiota 
 Gut microbiota play essential roles in health and 
disease. Published studies are limited but indicate 
that gut microbial profi le in PSC is distinctly dif-
ferent than that in UC without PSC or healthy 
controls [ 108 ]. Specifi cally, PSC patients have 
signifi cantly reduced bacterial diversity com-
pared with healthy controls and a different micro-
bial composition compared to either controls or 
patients with UC alone. Microbiota were similar 
for PSC patients, regardless of the presence or 
absence of IBD. Eleven of 12 microbial genera 
were reduced in PSC, while the  Veillonella  genus 
(anaerobic, Gram-negative cocci) was signifi -
cantly increased compared with controls of 
patients with UC. Of potential importance, the 
 Veillonella  genus is associated with other chronic 
infl ammatory and fi brotic conditions. A study of 
ileocecal biopsies confi rmed the low microbial 
diversity in the gut microbiota of PSC patients 
and noted signifi cantly lower abundance of 
uncultured  Clostridiales II  compared with con-
trols or patients with UC [ 109 ]. As noted above, 
FUT2 nonsecretors have low abundance of fecal 
bifi dobacteria,  Proteobacteria , and  Actinobacteria  
and an increase in  Firmicutes  [ 37 ]. Finally, a 
study of the microbiota of the bile showed 
 Helicobacter pylori  DNA in microdissected hilar 
bile ducts in 9 of 56 (16 %) end-stage PSC 
patients, suggesting that bile refl ux can carry  H. 
pylori  into the distal biliary tract from the duode-
num [ 110 ]. Further studies of the microbiota 
should lead to an understanding of the gut-liver 
axis in health and disease [ 111 ].   

    Immunopathogenic Role of Gut- 
Primed T Cells, Aberrant Expression 
of Adhesion Molecules, Chemokines, 
and Cytokines 

 A series of elegant studies have brought the 
immunomodulatory roles of cholangiocytes and 
the portal venous and arterial endothelia to the 
forefront of studies of PSC immunopathogenesis 
[ 8 ,  102 ]. Collectively, these studies demonstrated 
that hepatic infl ammatory infi ltrates in PSC con-
tain T cells primed by Ags in gut-associated lym-

phoid tissues (GALT). These studies also link the 
immunopathogenesis of PSC to that of IBD [ 101 , 
 112 – 116 ]. Early studies of extraintestinal mani-
festations of IBD in the eye, skin, and synovial 
tissues showed that infl ammation was mediated 
by gut-primed lymphocytes that had inappropri-
ately migrated to these tissues [ 9 ]. A similar 
pathogenetic mechanism in PSC did not appear 
likely, since PSC can occur in the absence of 
active gut infl ammation, may be present years 
before the onset of IBD, or may even begin after 
total colectomy for UC. This led to the hypothe-
sis that PSC is mediated by memory T cells 
primed in the gut that migrated into the peribili-
ary space as a result of aberrant expression of 
gut-specifi c adhesion molecules and cholangio-
cyte secretion of gut-specifi c chemokines [ 114 , 
 116 ,  117 ]. Ag-specifi c activation of naïve T cells 
by gut DCs in Peyer’s patches and mesenteric 
lymph nodes produces a gut-specifi c T cell phe-
notype (Fig.  9.3 ) characterized by expression of 
α4β7 and α4β1 integrins and chemokine recep-
tors CCR9 and CCR10 [ 118 ,  119 ]. Hepatic DCs 
are incapable of imprinting this gut-specifi c 
phenotype. 

 Normally, circulating memory T cells of this 
phenotype interact only with gut endothelial 
cells, due to exclusive endothelial expression of 
the gut addressin mucosal vascular address cell 
adhesion molecule-1 (MADCAM-1) and the che-
mokine ligand CCL25, which bind to gut-primed 
T cell α4β7 and CCR9, respectively. Evidence 
that portal venous endothelial cells in PSC, but 
not other infl ammatory liver diseases, aberrantly 
express MADCAM-1 and CCL25 provided a 
novel mechanism for the homing of gut-primed T 
cells into the portal tracts. 

 Further studies showed that the aberrant 
expression of MADCAM-1 on hepatic endothe-
lial cells was caused by the physiologic interac-
tion of natural dietary and microbial amines and 
vascular adhesion protein-1 (VAP-1) present on 
hepatic endothelial cells. VAP-1 functions as an 
adhesion molecule for the VAP-1 receptor 
(VAP-1R) and as an amine oxidase. The amine 
oxidase function of endothelial VAP-1 activates 
endothelial cell production of H 2 O 2 , which, in the 
presence of proinfl ammatory cytokines 
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(e.g., TNFα), leads to activation of NFkB and 
ultimately aberrant expression of MADCAM-1 
and CCL25 by portal venous endothelial cells. In 
accord with VAP-1 roles in adhesion and amine 
metabolism, the absence of hepatic endothelial 
VAP-1 in VAP-1 −/−  knockout mice signifi cantly 
reduced both portal infl ammation and fi brosis in 
murine models of hepatic injury [ 8 ]. As discussed 
above, PSC cholangiocytes activated by cyto-
kines, PAMPs, or autoAbs also secrete the 
CCL25 chemokine required for transendothelial 
migration of gut-primed T cells into the portal 
tracts (Fig.  9.3 ). Cholangiocyte secretion of 
CCL25 explains migration of gut-primed CCR9- 
positive T cells along the concentration gradient 
to the peribiliary space. 

 Peribiliary localization and survival of gut- 
primed T cells also involve cholangiocyte expres-
sion of additional adhesion molecules and 
chemokines [ 8 ]. Cholangiocyte expressions of 
CCL28 and vascular cell adhesion molecule-1 
(VCAM-1) appear to play critical roles for 
peribiliary recruitment of gut-primed T cells 
expressing the α4β1 integrin receptor for 
VCAM-1 and the CCL28 ligand for the chemo-
kine receptor CCR10. Since cholangiocyte 
expression of CCL28 has been observed in other 
chronic infl ammatory liver diseases, its role in 
chemoattraction of CCR10-positive T cells is 
nonspecifi c. However, stimulation of cholangio-
cyte TLR4 with LPS and the proinfl ammatory 
cytokine IL-1β, both shown to be present in PSC, 
induces secretion of CCL28, augmenting the 
α4β1 interaction of T cells with cholangiocyte 
VCAM-1. In contrast, neither TNFα nor IFNγ 
induces cholangiocyte secretion of CCL28. Thus, 
the innate immune response of the cholangio-
cytes to LPS in a proinfl ammatory cytokine 
milieu appears necessary for transendothelial 
migration and peribiliary recruitment of gut- 
primed T cells. 

 Gut-primed T cells appear to be activated by 
enteric Ags or Ags that cross-react with entero-
cytes. T cell lines propagated from the infl amed 
common bile ducts of two PSC patients expressed 
oligoclonal TCRs, indicating recruitment of T 
cells activated by a limited number of Ags [ 120 ]. 
Since TCR oligoclonality was unchanged in a 

second biopsy performed more than a year later, 
it appeared that extrahepatic T cells expressing 
oligoclonal TCRs were repopulating the periduc-
tal tissue, possibly from mesenteric lymph nodes 
or Peyer’s patches. These T cells proliferated in 
response to human enterocytes and mediated 
enterocyte cytotoxicity, consistent with gut- 
specifi c Ag stimulation. T cells from other PSC 
livers also preferentially expressed Vβ3 TCR 
[ 121 ], which did not correlate with the histopath-
ological stage of disease. 

 Other studies showed that liver-infi ltrating 
lymphocytes in PSC contain T cells that prolifer-
ate poorly to mitogens, have intracytoplasmic 
IL-1β and TNFα, and secrete copious amounts of 
IL-1β and TNFα and lower levels of IL-2, IL-10, 
and IFNγ in vitro [ 122 ]. Neither hepatic T cells 
nor NK cells were cytotoxic in vitro. Anti-TNFα 
antibodies partially restored the proliferation and 
cytotoxicity of PSC liver-infi ltrating lympho-
cytes, suggesting an immunopathogenic role for 
high portal tract concentrations of TNFα. The 
fact that Kupffer cells in PSC are threefold greater 
in number than in other liver diseases [ 123 ] may 
increase the amounts of IL-1β and TNFα in 
peribiliary lymphatics. Serum levels of the major 
profi brotic cytokine TGFβ are also signifi cantly 
increased in PSC, presumably due to secretion by 
Kupffer cells, portal macrophages, and cholan-
giocytes chronically stimulated by proinfl amma-
tory cytokines [ 123 ]. 

 It remains unknown whether transendothelial 
migration of gut-primed T cells into the portal 
tracts can be mediated solely by hepatic endothe-
lial cells expressing VAP-1 and aberrantly 
expressing MADCAM-1 and CCL25 or also 
requires expression of the original priming Ag(s). 
The absence of gut-primed T cell-mediated cytol-
ysis of cholangiocytes suggests that cholangio-
cyte HLA molecules do not express priming 
antigenic peptides [ 13 ]. Chronic portal and 
peribiliary infl ammation may be intensifi ed by 
Th17 cells, and expression of multiple cholangio-
cyte adhesion molecules and chemokines induced 
by PAMPs and proinfl ammatory cytokines likely 
determines the composition of portal infl amma-
tory infi ltrates in PSC [ 34 ]. This may explain the 
fact that only 20 % of portal infl ammatory cells 
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are gut-primed T cells [ 8 ]. However, the compo-
sition of the portal infl ammatory infi ltrates does 
not adequately explain why lesions of fi brous 
obliterative cholangitis associated with periduc-
tal concentric fi brosis occur only sporadically 
along the lengths of individual bile ducts and are 
absent in the small duct variant of PSC.  

    Key Unanswered Questions 
About PSC Immunopathogenesis 

 It remains unknown if circulating gut-primed, 
memory T cells provide immunological surveil-
lance of both the liver and gut prior to initiation 
of PSC or only after hepatobiliary injury and pro-
infl ammatory cytokines facilitate VAP-1 induc-
tion of aberrant hepatic expression of 
MADCAM-1 and CCL25. Were livers of patients 
susceptible to PSC to express aberrant 
MADCAM-1 and CCL25 prior to the onset of 
PSC, it would suggest that the development of 
PSC requires a “second hit” such as cholangio-
cyte activation by PAMPs and proinfl ammatory 
IL-1β to induce VCAM-1 and secretion of CCL25 
and CCL28 for recruitment and migration of gut- 
primed T cells to the peribiliary space. 

 Conversely, if VAP-1-mediated aberrant 
expression of hepatic endothelial MADCAM-1 
and CCL25 were to occur only as an initial mani-
festation of overt PSC, then the etiopathogenesis 
of PSC would require a “multi-hit” hypothesis. 
Recurrence of PSC in transplanted liver allografts 
strongly suggests that aberrant expression of 
MADCAM-1 and CCL25 is not a primary 
expression of susceptibility but instead can be 
induced in a previously non-susceptible allograft. 
The role of the gut in posttransplant recurrence 
remains intriguing, since colectomy performed 
prior to or at the time of transplant protects 
against recurrence of PSC in UC patients. 
Colectomy performed later after transplant has 
no protective effect. 

 Animal studies support the key roles for 
PAMPs and proinfl ammatory cytokines in PSC 
immunopathogenesis [ 124 ]. PAMP-induced 
colitis with muramyl peptide [ 125 ] and 
 Escherichia coli  chemotactic peptide N-formyl 

L-leucine L-tyrosine (fMLT) [ 126 ] was compli-
cated by PSC-like hepatic lesions. In genetically 
susceptible rats, the PAMP peptidoglycan-poly-
saccharide produced by small bowel bacterial 
overgrowth in a surgically created blind loop 
caused PAMP production, portal infl ammation, 
bile ductular proliferation, and strictures of both 
intra- and extrahepatic bile ducts [ 127 ,  128 ]. 
Injury was correlated signifi cantly with TNFα 
production by Kupffer cells. Mutanolysin cleav-
age of peptidoglycan- polysaccharide, palmitate 
blockade of Kupffer cell phagocytosis, and pent-
oxifylline inhibition of TNFα secretion by 
Kupffer cells prevented hepatobiliary infl amma-
tion and biliary strictures. These data are in 
accord with evidence that PSC susceptibility is 
associated with the class III HLA TNFA*2 allele 
and that patients with extended HLA-DR3 hap-
lotypes secrete excessive amounts of TNFα. 
PAMPs and proinfl ammatory cytokines appear 
to play seminal roles in the immunopathogenesis 
of PSC.  

    Bile Regurgitation into the Peribiliary 
Space and Consequences of Biliary 
Obstruction 

 Bile contains noxious constituents, including 
toxic hydrophobic bile acids, PAMPs, and glyco-
proteins. Regurgitation of the bile into the peribil-
iary space as a result of disruption of the tight 
junctions between cholangiocytes results in toxic 
bile injury and periductal concentric fi brosis in 
the Mdr2 (Abcb4) −/−  knockout mouse model [ 15 ]. 
Regurgitation of the bile into the peribiliary space 
induces neutrophilic infl ammation, followed by 
lymphocytic infi ltration and production of both 
proinfl ammatory cytokines and profi brotic TGFβ. 
As observed in PSC, progressive laminations of 
periductal fi brous tissue displace peribiliary cap-
illary plexi, and cholangiocytes became atrophic, 
presumably due to microcirculatory ischemia and 
nutrient deprivation. Biliary casts showed focal, 
macroscopic strictures and ectasias similar to 
those seen in PSC. However, PSC is not associ-
ated with abnormal haplotypes for MDR3, the 
human homolog of murine Mdr2. 
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 Although the bile in the Mdr2 (Abcb4) −/−  
knockout mouse contains increased proportions 
of hydrophobic bile acids, it is important to note 
that the bile also contains other constituents with 
potential roles in immunopathogenesis. For 
example, fMLT, a chemotactic peptide of 
 Escherichia coli  in portal venous blood, is also 
secreted by hepatocytes into the bile [ 129 ]. 
CD66a, also known as biliary glycoprotein, is 
also present in the human bile [ 130 ]. As the 
human homolog of rat cell adhesion molecule, it 
is expressed by neutrophils, monocytes, ductular 
epithelia, endothelial cells, gut intraepithelial 
lymphocytes, and myoepithelial cells within 
infi ltrative scars and sclerosing adenosis of the 
breast [ 131 ]. CD66a binds to E-selectin, galectin-
 3, and bacterial type 1 fi mbriae and CD66b/66c 
and inhibits the cytotoxic function of gut intraep-
ithelial lymphocytes [ 132 ]. Thus, several constit-
uents of the bile may modulate infl ammation and 
possibly fi brogenesis if they were regurgitated 
into the portal tracts.  

    Contribution of Biliary Obstruction 
to Pathogenesis 

 Obstruction of the biliary tract results in increased 
proximal intraluminal pressures, increasing the 
potential for bile regurgitation. Experimental 
obstruction results in increased LPS concentra-
tions in portal tracts; innate immune activation of 
Kupffer cells and portal tract macrophages by 
LPS and/or other PAMPs; secretion of proinfl am-
matory cytokines IL-1β, TNFα, IL-6, TGFα/β, 
and leukotrienes by macrophages; leaky cholan-
giocyte tight junctions; and regurgitation of the 
bile into the peribiliary space [ 133 ,  134 ]. 
Accumulation of LPS inhibits cholangiocyte 
HCO 3  −  secretion (required for the protective bili-
ary bicarbonate umbrella) and compromises cho-
lehepatic cycling between cholangiocytes and 
displaced peribiliary capillaries that may prevent 
removal of noxious molecules from the peribili-
ary space. A peribiliary milieu of proinfl amma-
tory cytokines, chemokines, and LPS recruits and 
activates neutrophils, monocytes, and T cells. 
Biliary obstruction also induces ductular 

 proliferation of cholangiocytes lining canals of 
Hering at the margin of the portal tracts [ 97 ]. 
Proliferating ductules secrete platelet-derived 
growth factor (PDGF) [ 133 ], a potent mitogen for 
activated stellate cells, that promotes results in 
projections of fi brous septa into the parenchyma 
and, ultimately, secondary biliary cirrhosis.      
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          Introduction 

 Pruritus is a common complaint among patients 
with cholestatic liver diseases. Specifi cally, 
 pruritus is a distinct and profound symptom asso-
ciated with intrahepatic cholestasis of pregnancy 
(ICP) and benign recurrent intrahepatic cholesta-
sis (BRIC). Moreover, pruritus is commonly 
encountered in patients with primary biliary 
cholangitis (PBC), affecting up to three-fourths 
of PBC patients to some degree [ 1 ]. In patients 
with PBC, itch can also be severe, signifi cantly 
impairing patient quality of life (QOL) leading to 
depression, social withdrawal, and even suicidal 
ideation. In rare cases, severe itch can even be an 
indication for liver transplantation [ 1 ,  2 ]. 

 In contrast, the prevalence and impact of pruri-
tus in PSC patients are less well understood. The 
prevalence of pruritus in PSC patients at the time of 
diagnosis has been reported for a number of well-
characterized patient cohorts. In Scandinavia, in a 
cohort of 305 patients with PSC, 30 % had pruritus 
at the time of their diagnosis [ 3 ]. However, in a 
cohort of PSC patients followed at the Mayo Clinic 
in Rochester, Minnesota [ 4 ], pruritus was almost 
twice as common at the time of diagnosis (59 %) 

compared to the frequency reported by Broome 
et al. [ 3 ]. This discrepancy likely refl ects the 
 specialized referral pattern for PSC patients seen at 
the Mayo Clinic. Moreover, among the Mayo 
patient cohort, 75 % of the patients who were symp-
tomatic at diagnosis reported pruritus [ 4 ]. In another 
Scandinavian study, 65 PSC patients were provided 
with daily diaries and asked to report symptoms 
over a 3-year period [ 5 ]. A majority of patients 
(84 %) reported the occurrence of symptoms during 
this period, including pruritus, however these 
symptoms were typically intermittent and transient 
(lasting 1–2 days). In these patients, pruritus corre-
lated closely with serum alkaline phosphatase lev-
els [ 5 ]. Berquist et al. [ 6 ] examined a cohort of 246 
PSC patients and divided them into those diagnosed 
before ( n  = 185) and after ( N  = 61) 1998. At the time 
of PSC diagnosis, 20 % of patients complained of 
pruritus. Interestingly, pruritus in these patients was 
signifi cantly more common in women (28 %) than 
in men (16 %), a fi nding paralleling  observations 
from PBC patients where women are more likely to 
be pruritic than men [ 7 ]. These observations are 
suggestive of hormonal regulation of pruritus in 
cholestasis and are consistent with the common 
clinical observation that pruritus in PBC patients 
often worsens around the time of menses. Perhaps 
not surprisingly, pruritus was reported in 25 % of 
patients diagnosed with PSC by endoscopic retro-
grade cholangiopancreatography (ERCP), com-
pared to 5 % of patients  diagnosed using magnetic 
resonance cholangiopancreatography (MRCP). 
The  frequency of  pruritus at the time of diagnosis 
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was similar in patients diagnosed before and after 
1998 (22 % vs 15 %, respectively) [ 6 ]. 

 In general, pruritus in cholestatic patients can 
have a profound effect on their health-related 
quality of life (HRQOL) [ 1 ,  2 ]. Similar fi ndings 
of a pruritus-related detriment in HRQOL have 
been reported in patients with PSC. Gotthardt 
et al. administered HRQOL questionnaires to 113 
PSC patients (SF-36 and Patient Health 
Questionnaire) and found that more frequent pru-
ritus was associated with considerable reductions 
in HRQOL, as refl ected by scores obtained in 
most of the QOL scales tested [ 8 ]. Moreover, 
pruritus was the most prominent factor affecting 
HRQOL and was associated with higher depres-
sion scores [ 8 ]. Similar fi ndings were reported by 
Benito de Valle et al. in 182 patients with PSC 
[ 9 ]. Interestingly, in this group of patients, sys-
temic symptoms such as pruritus were associated 
with lower HRQOL scores, whereas diseases 
severity was not [ 9 ].  

    The Pathophysiology of Itch 

 Pruritus is defi ned as an irritating skin sensation 
which leads to a desire to scratch. To better 
understand pruritus as it relates to cholestatic 
liver diseases, including PSC, it is important to 
appreciate the neural pathways that initiate and 
regulate itch. Pruritus may originate from dis-
eases occurring within the CNS (e.g., stroke, 
tumors); however, more commonly pruritus has a 
peripheral origin that results from a pruritogen 
acting at the level of the skin to activate cutane-
ous “itch” nerve endings. Signals generated by 
activation of these cutaneous itch nerve endings 
are carried in unmyelinated C-fi bers, through the 
dorsal root ganglion, to ultimately synapse with 
and activate spinal neurons within the dorsal horn 
of the spinal cord. Within the dorsal horn, itch- 
selective neurons carry the itch signal to the con-
tralateral spinothalamic tract which relays the 
itch signal to the thalamus and ultimately to a 
number of itch-responsive areas of the brain [ 10 ]. 
An important role for the brain in regulating itch 
is routinely demonstrated by the observation that 
the itch sensation can be provoked in non-itchy 

people, simply by watching a person scratch an 
itch – a process termed “contagious itch” [ 11 ]. 

 Much of our current understanding of itch 
comes from studies of  acute  itch induced by the 
application of a pruritogen. In contrast, pruritus 
associated with systemic disease, including cho-
lestatic liver disease, is most commonly  chronic  
in nature. The sensations of pain and itch are 
closely related but are distinct sensations sub-
served by separate nerve pathways [ 12 ]. 
Interestingly, painful stimuli (including scratch-
ing) often improves acute itch but is less effective 
in ameliorating chronic itch [ 13 ]. Based on rela-
tively recent pioneering studies in models of 
acute itch, two types of peripheral C-fi ber nerve 
pathways carrying itch signals from the skin to 
the spinal cord have been defi ned (Fig.  10.1 ):

     (i)    The  histaminergic itch pathway  involving 
mechanically insensitive C-fi bers, as defi ned 
by Schmelz et al. [ 14 ].   

   (ii)    The  non - histaminergic itch pathway  which is 
a histamine-independent pathway involving 
mechanically sensitive polymodal C-fi bers, 
as originally described by Namer et al. [ 15 ].    

  Importantly, the histaminergic and non- 
histaminergic itch pathways activate distinct pop-
ulations of dorsal horn spinothalamic tract 
neurons within the spine (Fig.  10.1 ) [ 16 ]. 
Therefore, the itch sensation can be driven by 
either of these two pathways, although it is gener-
ally believed that itch related to chronic systemic 
disease (e.g., cholestasis)  involves mainly the 
non - histaminergic itch pathway  [ 17 ], consistent 
with routine clinical observations that cholestasis- 
related itch is poorly relieved by antihistamines. 

 Four histamine receptors have been identifi ed 
(H1R–H4R), with H1R being implicated as the 
major receptor involved in histamine-induced 
itch via activation of transient receptor potential 
cation channel V1 (TRPV1) [ 18 ]. In addition, 
H4R has been linked to chronic itch [ 19 ], 
although the pathways involved remain unclear. 
Cowage, a protein extract isolated from the 
legume  M. pruriens , is commonly used experi-
mentally to activate the non-histaminergic itch 
pathway. Cowage contains a cysteine protease 
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(mucunain) which activates protease-activated 
receptors 2 and 4 (PAR-2 and PAR-4) [ 20 ]. 
PAR-2 and PAR-4 have been implicated in the 
development of non-histaminergic itch [ 21 ], and 
PAR-2 specifi cally appears to be important in 
chronic itch [ 22 ,  23 ]. Interestingly, PAR-2 activa-
tion has been linked to transient receptor poten-
tial ankyrin 1 (TRPA1), a channel modulated by 
cold and cannabinoids [ 21 ,  24 ], with implications 
with regard to potential therapeutic approaches 
for treating itch. PAR-2 is co-expressed with 
TRPV1, and PAR-2 agonists increase afferent 
nerve signaling by sensitizing TRPV1 which in 
turn induces sensory nerve endings to become 

more responsive to other non-histaminergic pru-
ritogens [ 25 ], an effect likely relevant in chronic 
itch syndromes. 

 At the level of the spinal cord, a close interplay 
between the histaminergic and non- histaminergic 
itch pathways appears to occur, through the acti-
vation of similar receptors (including G-protein-
coupled receptors) and downstream messengers, 
as well as with pain- signaling pathways [ 17 ]. 
Both itch pathways activate phospholipase C and 
TRPV1 within the spinal dorsal root ganglion. 
Moreover, pain and itch pathways are in turn 
cross regulated through excitatory and inhibitory 
interneurons within the spinal cord that modulate 

  Fig. 10.1    Itch pathways. The two main peripheral itch 
pathways include the histaminergic pathway ( red line  stim-
ulated by histamine) and the non-histaminergic pathway 
( blue line  stimulated by a number of agents, including a 
protease contained in cowhage). The pruritogen present in 
cholestatic PSC patients is presumed to activate receptors 
located in the dermis of the skin to generate signals which 
are carried in polymodal C-fi bers of the non- histaminergic 

itch pathway. These nerve fi bers synapse with secondary 
neurons in the dorsal horn of the spinal cord where the itch 
signal can be modulated by input from neurotransmitters 
released from a variety of spinal interneurons and by inter-
actions with pain pathways. Secondary afferent nerves 
carry the itch signal in the contralateral spinothalamic tract 
and synapse in the thalamus from which nerves project to a 
number of somatosensory areas within the brain       
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the activity of each other. In addition, descending 
modulatory neural pathways from the brain also 
profoundly regulate both pain and itch pathways 
[ 17 ]. Within the dorsal horn of the spinal cord, a 
number of neurotransmitters and associated 
receptors have been implicated in the regulation 
of itch pathways. These include calcitonin gene-
related peptide (CGRP), substance P, glutamate, 
gastrin- releasing peptide (GRP), glycine, and 
gamma- aminobutyric acid (GABA) [ 10 ,  17 ]. 
Gastrin-releasing peptide receptor (GRPR) acti-
vation has been strongly implicated in the genera-
tion of itch [ 26 ]; however, it is unclear whether 
GRPR is activated predominantly by GRP or by 
glutamate in the spinal cord to invoke itch [ 27 ]. In 
contrast, the neurotransmitters glycine and GABA 
[ 28 ], as well as a subset of inhibitory interneurons 
termed “Bhlhb5” neurons [ 29 ], have been impli-
cated in the inhibition of itch. 

 Acute histaminergic and non-histaminergic 
itch pathway stimulation in healthy individuals 
results in neuronal signaling which is carried 
within specifi c spinal cord neural pathways and 
results in activation of neurons within the thala-
mus and subsequently activates numerous areas 
of the brain that are involved in the regulation of 
perception, emotion, motor control, pain regula-
tion, attention, and motivation [ 10 ]. In contrast, 
this distinct representation of activation of differ-
ent brain regions involved in acute itch process-
ing induced by these two pathways is blurred in 
the context of diseases associated with chronic 
itch [ 30 ]. Interestingly, in uremic pruritus, 
increased PAR-2 expression in the skin, leading 
to chronic overstimulation of the PAR-2-mediated 
itch pathway, has been implicated in altered 
responses to acute activation of non- histaminergic 
itch pathways in these patients [ 30 ]. 

    Summary 

 Chronic itch, as commonly experienced by PSC 
patients, likely involves non-histaminergic 
peripheral nerve pathways from the skin, where 
the pruritogen(s) in PSC is postulated to act, to 
the dorsal horn of the spinal cord where these 
nerves synapse with other neurons (Fig.  10.1 ). 

Pruritogenic stimuli carried in this pathway may 
in turn be signifi cantly modulated in the spine by 
interactions with stimuli carried in the histamin-
ergic and pain nerve pathways, from itch- 
modulating spinal interneurons involving a 
number of neurotransmitters and receptors and/or 
from descending inhibitory neural pathways 
from the brain. Therefore, itch is a very complex 
sensory response that is even more challenging to 
understand in the context of a chronic disease 
such as PSC, which in turn has its own complex 
pathophysiology. However, the multiple levels 
through which pruritogenic nerve stimuli can be 
modulated would seem to offer a signifi cant 
number of potential targets for therapeutic inter-
ventions designed to ameliorate itch in PSC 
patients.   

    What Causes PSC Patients to Itch? 

 The peripheral and central pathways involved in 
the generation of cholestatic itch, and its regula-
tion, are poorly understood. Moreover, a specifi c 
pruritogen(s) has not been identifi ed in choles-
tatic patients; however, the accumulation or cre-
ation of the cholestasis-related pruritogen must in 
some way be related to an impairment of bile 
fl ow into the gut lumen as this is by defi nition a 
central component of the cholestatic syndrome. 
In addition, it is quite possible that different pru-
ritogenic pathways may be primarily responsible 
for the generation of itch in different cholestatic 
syndromes (e.g., ICP, BRIC, PBC, PSC). Many 
studies have been published examining different 
therapeutic approaches to cholestatic itch. 
Unfortunately, no single effective therapy for all 
patients with cholestatic itch has been identifi ed 
to date. However, these studies, when evaluated 
together, do provide insight into the pathophysi-
ology of cholestatic itch and allow for the genera-
tion of novel hypotheses that can be tested which 
may lead to therapies that are more specifi c and 
effective for cholestatic patients in general and 
PSC patients specifi cally. 

 Cholestasis is associated with elevated circu-
lating histamine levels [ 31 ], suggesting that mast 
cells are likely activated in cholestatic patients. 
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However, cholestatic itch is not associated clini-
cally with a classical histamine-related wheal and 
fl are reaction in the skin, and antihistamines are 
poorly effective in treating cholestatic itch [ 1 ,  2 ]. 
Mast cells are a rich source of histamine, but also 
secrete proteases (e.g., tryptase) which are strong 
activators of PAR-2 [ 32 ] which, as outlined ear-
lier, plays an important role in modulating the 
activity of the non-histaminergic itch pathway. 
Therefore, it is plausible that mast cell stabilizers 
may be benefi cial in treating cholestatic itch by 
decreasing mast cell release of PAR-2 activating 
proteases and warrants further study. 

 Bile acids have historically been most com-
monly implicated as the causative pruritogen in 
cholestasis. However, serum and skin bile acid 
levels correlate poorly with itch in cholestatic 
patients, and in PBC patients with advanced dis-
ease, pruritus often decreases or disappears com-
pletely despite the persistence of high serum bile 
acid levels [ 2 ]. Cholestyramine is widely used to 
treat cholestatic itch, presumably based on its 
ability to bind bile acids in the gut lumen [ 33 ]. 
However, the highly potent oral bile acid seques-
trant colesevelam was not effective in treating 
cholestatic itch (including 14 patients with PSC) 
[ 34 ]. These fi ndings suggest that the clinical effi -
cacy of cholestyramine in treating cholestatic 
itch is likely distinct from its ability to bind bile 
acids and is consistent with cholestyramine 
potentially binding some other unknown prurito-
gen or pruritus-regulating substance in the gut 
lumen. Furthermore, obeticholic acid, a bile acid 
that is a strong farnesoid X receptor (FXR) ago-
nist, induces itch but reduces levels of circulating 
bile acids in PBC patients [ 35 ]. Therefore, circu-
lating bile acids do not appear to be primary 
mediators of cholestatic itch. Recently, a role for 
bile acids in cholestatic itch was supported by the 
fi nding that the TGR5 receptor, which is 
expressed in primary sensory neurons, can be 
activated by bile acids to induce itch through acti-
vation of TRPA1 channels [ 36 ,  37 ]. In contrast to 
the suggestion that bile acids are acting as pruri-
togens in cholestatic patients, another possibility 
is that altering the bile acid composition within 
the gut lumen, as part of the cholestatic syndrome 
or after treatment with obeticholic acid or chole-

styramine, in turn alters the gut microbiota in 
such a way to either enhance or reduce specifi c 
bacterial species within the gut that facilitate or 
inhibit the generation of a pruritogenic substance. 
The concept that the pruritogen in cholestasis is 
secreted in the bile has led to other approaches to 
divert bile fl ow away from the gut, in an attempt 
to treat cholestatic itch. Nasobiliary drainage has 
been used in this regard and has been highly 
effective in treating refractory cholestatic itch in 
patients with BRIC and to a lesser extent in 
patients with PBC [ 38 ,  39 ]. However, it remains 
unclear whether nasobiliary drainage is an effec-
tive therapy for intractable itch associated with 
PSC. 

 The concept of a potential gut-derived prurito-
gen as a driver of cholestatic itch, which is created 
as a result of cholestasis-related changes in the gut 
microbiota, is supported by a number of other 
clinical observations. Specifi cally, rifampin is an 
antibiotic widely used to effectively treat choles-
tatic itch, including patients with PSC [ 40 ,  41 ]. 
Although the mechanism whereby rifampin alle-
viates cholestatic itch remains unknown, it is clear 
that rifampin has broad spectrum antimicrobial 
properties, and therefore ingestion of rifampin 
likely profoundly alters the gut microbiota [ 42 ]. 
Consistent with this possibility, treatment of PSC 
patients with high doses of the antibiotic metroni-
dazole signifi cantly decreased pruritus [ 43 ,  44 ]. 
The bile acid obeticholic acid is a powerful FXR 
agonist, and its administration to both cholestatic 
and non-cholestatic patients causes itch [ 35 ]. 
However, it is clear that FXR activation also 
strongly induces the production of a number of 
antimicrobial peptides [ 45 ], signifi cantly altering 
the gut microbiome [ 46 ]. These FXR-mediated 
effects could potentially drive the gut microbial 
community to generate more pruritogenic sub-
stances. In contrast to the antipruritic effects of 
antibiotics, treatment of PSC patients with a pro-
biotic mixture did not improve pruritus [ 47 ]. 

 Lysophosphatidic acid (LPA) has recently 
been implicated as a potential mediator of chole-
static itch [ 48 ], and LPA is formed through the 
action of the enzyme autotaxin. Interestingly, 
LPA also stimulates basophils to release 
 histamine, and this has recently been implicated 
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in the development of itch in a patient with PSC 
[ 49 ]. Importantly, autotaxin activity in the serum 
is increased in cholestatic patients with pruritus 
and is decreased in cholestatic patients who have 
been effectively treated with antipruritic regi-
mens, including nasobiliary drainage and 
rifampin [ 48 ,  50 ]. Indeed, Kremer et al. have sug-
gested that the antipruritic effect of rifampin in 
cholestasis can be explained, at least in part, by 
rifampin-related activation of pregnane X recep-
tor (PXR) which inhibits autotaxin expression at 
the transcriptional level [ 50 ]. However, other 
clinical observations do not support this hypoth-
esis. Bezafi brate has been increasingly used as a 
treatment for patients with PBC, in part, due to 
its effects as a PXR agonist [ 51 ,  52 ]. However, 
bezafi brate has no effect on PBC-related pruritus 
[ 40 ,  52 ]. Moreover, autotaxin activity is highest 
and correlates most closely with itch in women 
with intrahepatic cholestasis of preagnancy 
(ICP); however, ursodeoxycholic acidhep 
(UDCA) therapy is highly effective in relieving 
itch in ICP patients but is without effect for itch 
in PBC and PSC patients [ 1 ,  2 ,  53 ,  54 ]. Moreover, 
LPA has a very short biological half-life and is 
highly lipophilic, and its receptors are located 
intracellularly making the case for a signifi cant 
role for LPA in cholestatic itch challenging [ 2 ]. 
Interestingly, serum autotaxin activity is also 
often signifi cantly increased clinically in a num-
ber of non- cholestatic clinical syndromes but is 
not associated with the development of itch [ 2 ]. 

 Opioids have historically been closely linked 
to both pain and itch pathways, as administration 
of opioids (e.g., morphine) relieves pain but often 
induces itch. Endogenous opioids accumulate in 
the serum of cholestatic patients [ 55 ] and have 
been shown to modulate pain pathways in cho-
lestasis by acting at peripheral opioid receptors 
located on cutaneous nerve endings [ 56 ]. 
Moreover, blockade of opioid receptors with nal-
oxone, naltrexone, or nalmefene is clinically 
effective in treating some patients with cholestatic 
itch [ 40 ,  57 – 59 ]. However, the induction of an 
opioid withdrawal-type reaction in pruritic chole-
static patients treated with opioid receptor block-
ers suggests that endogenous opioids may be 

acting centrally, to modulate the perception of 
itch, and not peripherally to generate itch [ 57 ,  59 ]. 

 Infl ammatory mediators, including cytokines, 
can modulate pain and itch pathways. In particu-
lar, TNFα can activate nociceptive primary affer-
ent nerve fi bers [ 60 ], and topical application of 
TNFα to peripheral nerves causes mechanical 
hyperalgesia [ 61 ]. In addition, TNFα modulates 
spinal cord dorsal horn pain-related synaptic 
activity [ 62 ], and TNFα increases the expression 
of the TRPV1 receptor in the spinal dorsal root 
ganglia [ 63 ]. Inhibition of TNFα using etanercept 
reduces pain-related behaviors in a model of neu-
ropathy [ 64 ]. A potential role for TNFα in modu-
lating cholestatic itch is supported by a number 
of clinical observations. Circulating TNFα levels 
are increased in cholestatic patients, and treat-
ment of profoundly pruritic cholestatic patients 
with MARS is associated with a signifi cant 
reduction in serum TNFα levels [ 65 ]. In addition, 
thalidomide treatment (which inhibits TNFα pro-
duction) decreased itch in PBC patients [ 66 ]. In 
contrast, treatment of PSC patients with pentoxi-
fylline (also inhibits TNFα production) did not 
alter pruritus; however, the patients included in 
this study were not signifi cantly pruritic at the 
start of treatment [ 67 ]. In another study, treat-
ment of PSC patients with the TNFα inhibitor 
etanercept resulted in a reduction in pruritus [ 68 ]. 
Activated B cells produce signifi cant amounts of 
TNFα [ 69 ], and we have shown that elimination 
of B cells with rituximab in PBC patients resulted 
in a signifi cant improvement in pruritus, without 
altering serum indicators of cholestasis severity 
[ 70 ]. These observations suggest that targeting 
TNFα may be a novel approach to treat pruritus 
in PSC patients and may be linked to therapeutic 
approaches for infl ammatory bowel disease 
(IBD) which commonly coexists in these patients. 

 The cutaneous itch signal is transmitted to sec-
ondary neurons within the spinal cord. These sec-
ondary neurons can be extensively modulated by 
input from excitatory and inhibitory interneurons 
(Fig.  10.1 ) and by descending inhibitory neural 
pathways from the brain [ 10 ,  17 ]. Itch signal pro-
cessing and regulation within the spinal cord and 
brain therefore represent potential  targets for 
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therapeutic modulation of cholestatic itch. 
Cannabinoids are widely used clinically for their 
ability to modulate pain and decrease nausea, 
most likely by acting on receptors within the 
CNS. A pilot study in three cholestatic patients 
with treatment refractory itch, treated with the 
cannabinoid dronabinol, showed an improvement 
in itch [ 71 ]. Interestingly, histamine-induced itch 
is attenuated by a peripherally administered can-
nabinoid receptor agonist [ 72 ]. These fi ndings 
suggest that cannabinoids may be benefi cial in 
cholestatic itch by acting both peripherally and 
centrally. Serotonin also regulates itch, and a role 
for serotonin in cholestatic itch is supported by 
the well-documented clinical effi cacy of the selec-
tive serotonin reuptake inhibitor (SSRI) sertraline 
in treating patients with cholestatic itch, including 
patients with PSC [ 73 ]. However, it remains 
unclear whether the clinical effect of sertraline in 
improving itch in these patients is due to the 
effects on serotonergic neurotransmission within 
the brain, spinal cord, or skin. One serotonin 
receptor in particular, the 5-HT3 receptor, has 
been examined as a potential driver of cholestatic 
itch. However, a number of studies have been per-
formed using 5-HT3 antagonists in patients with 
cholestatic itch, but no signifi cant benefi cial 
effects could be consistently documented [ 40 ,  74 ].  

    Rational Approach to Treating 
Pruritus in PSC Patients 

     (i)     Defi ning the severity and impact of pruritus : 
Evaluating patients in the clinic with regard 
to the severity of pruritus and its impact on 
their HRQOL (including physical, emo-
tional, and social impacts) should be 
addressed at each visit. This evaluation can 
include simple to administer methods such 
as asking a patient to score their pruritus 
using a visual analog scale (VAS) [ 73 ,  75 ] or 
by asking the patient to rate their itch using 
a simple subjective-descriptive numerical 
scale, as previously described [ 67 ,  76 ].   

   (ii)     Dominant strictures and endoscopic thera-
pies : In PSC patients, the new onset or 

 worsening of pruritus, especially when 
 coupled with clinical deterioration of serum 
markers of cholestasis, suggests the possible 
development of a dominant stricture (benign 
or malignant) or a worsening of their overall 
disease. Dominant strictures occur com-
monly in PSC patients, occurring at a fre-
quency ranging from 36 to 57 % over 10 
years of follow-up [ 77 ]. Benign strictures 
can often be managed effectively endoscopi-
cally with an associated relief of, or improve-
ment in, associated pruritus (Fig.  10.2 ).

       (iii)     Medical management of pruritus in PSC 
patients : As outlined earlier, since the spe-
cifi c cause of pruritus in PSC patients remains 
unknown, therapeutic approaches to treat itch 
in these patients must therefore remain some-
what empiric. However, in general, the thera-
peutic medical approach outlined in Fig.  10.2  
is a useful framework for treating pruritic 
PSC patients and will be effective to satisfac-
torily ameliorate pruritus in the majority of 
these patients. Choosing a second-line ther-
apy for treatment (Fig.  10.2 ) often comes 
down to personal preference, as there have 
been no head-to-head comparison studies of 
these therapies, and none of these treatments 
work in every pruritic patient. Therefore, 
therapy often needs to be individualized. In 
my own practice, I typically choose rifampin 
as my fi rst choice, followed by sertraline and 
then naltrexone. For patients who are refrac-
tory to these fi rst- and second-line therapies 
for pruritus, phototherapy, plasmapheresis, 
and/or albumin dialysis (MARS) can be con-
sidered; however, their potential utility is 
based on anecdotal experience and/or reports 
from small groups of cholestatic patients of 
with diseases of mixed etiology.   

   (iv)     Surgical management of pruritus in PSC 
patients : In general, surgery has almost no 
role in the treatment of PSC-related pruritus. 
However, if pruritus is intractable and is due 
to advanced stricturing disease that is not 
amenable to endoscopic intervention, liver 
transplant should be considered as a thera-
peutic option.      
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    Closing Remarks 

 Pruritus is a complex and poorly understood 
symptom that commonly affects patients with 
PSC and has a signifi cant negative impact on 
their HRQOL. As we gain increasing insight into 
the pathways that cause and regulate itch, it is 
likely that more effective therapies will be devel-
oped in the near future to treat itch in PSC 
patients. However, for the time being, a rational 
stepwise approach to managing these patients 
can be followed that will benefi t the majority of 
these patients.     
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 deteriorate, a dominant stricture needs to be ruled out 
(and specifi cally dealt with). If pruritus is signifi cant, 
fi rst-line therapy consists of cholestyramine. If response 
is inadequate, then second- line therapies can be tried 
(instituted one at a time) and consist of either rifampin, 
naltrexone, or sertraline. If one of these does not work, it 
is reasonable to try another       
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      Ursodeoxycholic Acid Treatment 
in Primary Sclerosing Cholangitis                     

     James     H.     Tabibian       and     Keith     D.     Lindor     

          Overview and Clinical Epidemiology 

 Primary sclerosing cholangitis (PSC) is a chronic, 
cholestatic disorder of the liver characterized by 
three major features: biliary infl ammation and 
periductal fi brosis on liver histology, multifocal 
biliary strictures alternating with segmental 
 ductal dilatation on cholangiography, and a cho-
lestatic serum biochemical profi le [ 1 ,  2 ]. Unlike 
most other cholangiopathies, i.e., disorders pri-
marily of or affecting the biliary tract [ 3 ,  4 ], PSC 
can affect individuals of essentially all ages and 
racial backgrounds, remains etiopathogenically 
perplexing, and lacks established medical  therapy 
despite decades of laboratory-based investiga-
tion, translational studies, and clinical trials [ 1 ,  5 ]. 
It is because of these factors that PSC has, unfor-
tunately, been regarded as the “black box” of 
liver disease [ 6 ]. 

 Although the fundamental underpinnings and 
optimal management approaches for PSC remain 
uncertain, it is clear that, as a result of these 
uncertainties and the generally progressive nature 
of PSC, there is substantial public health and 
patient-level burden due to this disorder. Indeed, 
PSC represents a major risk factor for cholangio-
carcinoma (CCA) [ 7 ], carries a median liver 
transplantation (LT)-free survival of 15 years [ 8 ], 
and (despite its rarity) is a leading indication for 
LT in countries around the world [ 9 ]. Although 
LT can be curative for PSC and PSC-associated 
CCA, it is only performed in highly selected 
patients and centers, and even suitable candidates 
may experience recurrent disease (≈3–4 % per 
year) [ 10 ]. Lastly, quality of life (QOL) is also 
signifi cantly impaired in patients with PSC, both 
pre- and post-LT, and is related to debilitating 
symptoms such as pruritus and fatigue as well as 
the unpredictable disease course and complica-
tions related to coexisting infl ammatory bowel 
disease (IBD) [ 11 – 13 ].  

    Proposed Etiopathogenesis 
of and the Basis of Bile Acid Therapy 
in PSC 

 Although PSC remains an idiopathic disorder, 
prevailing hypotheses regarding its etiopathogen-
esis suggest that a disruption of gut-liver axis sig-
naling at various levels may play a fundamental 
role [ 6 ]. These hypotheses are largely based on 
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the premise that enterohepatic generation and/or 
circulation of microbial metabolites, derivatives, 
or other molecules can initiate and perpetuate 
aberrant or exaggerated cellular responses and 
subsequent biliary injury. This has been the sub-
ject of ongoing investigation over the last several 
decades, with the goal being to identify poten-
tially causal molecules and pathways and develop 
targeted therapies accordingly. 

 Representing perhaps the most widely investi-
gated molecule and certainly the most exten-
sively studied pharmacotherapy in PSC is 
ursodeoxycholic acid (UDCA) [ 14 ]. First iso-
lated over a century ago from  Thalarctos mariti-
mus  (now known as  Ursus maritimus ), i.e., the 
polar bear, UDCA is a hydrophilic, 3,7- dihydroxy 
bile acid (BA). In most vertebrates, including 
 Homo sapiens , UDCA is a secondary BA and 
only a minor component (<5 %) of the BA pool; 
the major known exception among vertebrates is 
the Ursidae family, particularly  Ursus america-
nus  (the American black bear), wherein UDCA is 
typically a relatively major component (>5–30 %) 
of the BA pool [ 6 ,  15 ]. BA physiology and the 
potential therapeutic applications of BA thera-
pies are shown in Fig.  11.1  and discussed in 
greater detail in recent review articles [ 16 ,  17 ].

   Based on studies in patients as well as various 
lines of experimental (e.g., model system) data, 
the mechanisms through which UDCA is believed 
to exert therapeutic effects in cholestatic disor-
ders include dilution of hydrophobic (or other-
wise “toxic”) BAs, promotion of their excretion, 
upregulation of the biliary bicarbonate umbrella 
[ 18 ,  19 ], immunomodulation, and anti- 
infl ammatory actions [ 2 ,  12 ,  15 ,  20 – 22 . In addi-
tion, recent data suggest that UDCA may have 
anti-senescent properties [ 23 ]; while the liver has 
traditionally been regarded as an organ resistant 
to aging [ 24 ], recent studies have shown cellular 
senescence (in particular cholangiocyte senes-
cence) to be increased in PSC [ 5 ], and this fi nd-
ing has been regarded as a marker and driver of 
biliary injury [ 23 ,  25 ]. 

 Perhaps somewhat surprisingly, evidence sup-
porting a therapeutic role for UDCA in PSC (or 
animal models thereof) has been inconsistent, 
with some studies even suggesting detrimental 
effects at high doses (discussed further below) 

[ 19 ,  26 ,  27 ]. As a result, because of the lack of 
consistently perceived benefi ts, in their respec-
tive practice guidelines, the American Association 
for the Study of Liver Diseases (AASLD) [ 21 ] 
and European Association for the Study of the 
Liver (EASL) [ 20 ] advise against and provide no 
specifi c recommendation, respectively, regarding 
the use of UDCA in patients with PSC.  

    Clinical Trials of UDCA in PSC 

 The earliest clinical studies of UDCA were pub-
lished in the late 1980s [ 21 ,  28 ,  29 ] and, albeit 
uncontrolled, demonstrated promising symptom-
atic and objective improvements among patients 
with PSC [ 30 ]. These studies soon led to the fi rst 
randomized controlled trial (RCT) of UDCA, 
which demonstrated signifi cant improvements in 
multiple biochemical end points as well as in 
liver histology [ 31 ]. Since then, seven other 
RCTs have been conducted, initially with low 
(10–15 mg per kg body weight per day [mg/
kg/d])-, then intermediate (17–23 mg/kg/day)-, 
and most recently high-dose (28–30 mg/kg/day) 
UDCA (Table  11.1 ) [ 14 ]. While low-dose UDCA 
was repeatedly shown to yield biochemical 
improvements, it has not been convincingly 
shown to improve outcomes, and thus its routine 
use in PSC is not recommended [ 21 ].

   High-dose UDCA has been studied in PSC 
and shown to be associated with an increase in 
serious adverse outcomes. Specifi cally, treatment 
with 28–30 mg/kg/day was found to be associ-
ated with a signifi cantly increased risk of major 
adverse events in a recent RCT of 150 patients 
with PSC, which was stopped early [ 19 ]. At the 
time of study termination (6 years’ post-study 
 initiation), 30 patients in the UDCA group (39 %) 
versus 19 patients in the placebo group (26 %) 
had reached one of the preestablished clinical 
end points, namely, development of cirrhosis, 
varices, CCA, LT, or death. After adjustment for 
baseline characteristics, the risk of a primary end 
point was 2.3 times greater for patients receiving 
UDCA compared to the placebo group ( p  < 0.01) 
and 2.1 times greater for death, LT, or LT listing 
criteria ( p  = 0.038). In addition, serious adverse 
events were more common in the UDCA group 
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compared to the placebo group (63 % versus 
37 %,  p  < 0.01). While the mechanisms of these 
inferior outcomes with high-dose UDCA remain 
uncertain, they may ostensibly be due to toxic 
metabolites of supratherapeutic UDCA adminis-
tration and seem to be particularly affect patients 
with early-stage disease [ 27 ]. Based on these 
results, high-dose UDCA is not recommended in 
PSC and should not be prescribed. 

 To date, the most intriguing and favorable RCT-
derived data supporting the role of UDCA in PSC 
have been with use of intermediate-dose UDCA. For 
example, Mitchell et al. [ 32 ] found signifi cant 
improvements in serum biochemistries, hepatic 
fi brosis stage, and cholangiographic appearance 
among patients treated with intermediate- dose 
UDCA (Table  11.1 ). Subsequently, and in the larg-
est RCT of UDCA to date, Olsson et al. [ 33 ] reported 

  Fig. 11.1    Bile acid physiology and circulation: an avenue 
for therapeutic applications. Bile acids ( BAs ) are synthe-
sized by hepatocytes and subsequently secreted into cana-
licular bile by means of specialized hepatocyte canalicular 
membrane transporters. Canalicular bile drains into the 
biliary tree and is modifi ed by the epithelial cells lining it, 
that is, cholangiocytes. Bile then drains into the proximal 
small bowel, that is, duodenum, and is metabolized by 
enteric bacteria. Approximately 95 % of BAs are reab-
sorbed in the terminal ileum and enter the portal vein to be 
recycled back to the liver via the enterohepatic circulation. 
Once in the sinusoids of the liver, BAs can be taken up by 
hepatocytes and secreted back into bile. A fraction of 
(unconjugated) BAs in the biliary tree is taken up by chol-
angiocytes at the apical membrane (i.e., prior to reaching 
the small intestine) and returned to the liver sinusoids via 
the cholehepatic shunt. Some endogenous and synthetic 
BAs as well as BA analogs have considerably distinct 

pharmacologic properties, including but not limited to the 
degree to which they are cholehepatically shunted 
(e.g., nor-UDCA being a potent stimulator of cholehepatic 
shunting) or their potency for agonizing receptors such as 
the farnesoid X receptor (e.g., obeticholic acid being a 
potent FXR agonist). The unique properties of some BAs 
and BA analogs can be harnessed for therapeutic purposes 
in hepatobiliary diseases including PSC; indeed, this rep-
resents an area of ongoing biomedical research. Key:  AE2  
anion exchange protein 2,  ASBT  apical sodium-dependent 
bile acid transporter,  BSEP  bile salt export pump,  MRP  
multidrug resistance protein,  NTCP  Na+ (sodium)-tauro-
cholate cotransporting polypeptide,  OATP  organic anion-
transporting polypeptide,  OST  organic solute transporter, 
 t-ASBT  truncated apical sodium-dependent bile acid trans-
porter,  TGR5  G protein- coupled bile acid receptor 1 
(Adapted with permission from the Mayo Foundation for 
Medical Education and Research. All rights reserved)       
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a 34 % relative reduction in need for LT, 31 % rela-
tive reduction in mortality, and 22 % relative reduc-
tion in diagnosis of CCA. These results did not 
reach statistical signifi cance, perhaps due to the low 
incidence of these “hard end points” as well as 
inability to enroll the planned number of study par-
ticipants; however, they have been regarded as 
showing a trend toward such by various expert 
investigators, many of whom continue to offer 
intermediate- dose UDCA to select patients with 
PSC (discussed in the subsequent section) [ 1 ,  6 ,  34 ]. 
This practice is supported by several long-term- 
outcome studies by our group and others from 
within the last several years which have shown that 
patients with persistently elevated ALP who achieve 
clinically signifi cant improvement or normalization 
of ALP with UDCA therapy have decreased risk of 
major adverse events (e.g., CCA, need for LT, or 
liver-related death) [ 30 ,  35 – 37 ]. 

 Of interest is a recent prospective European 
study evaluating the effects of 3 months of UDCA 
withdrawal on serum biochemical tests as well as 
QOL and symptoms among 26 patients with PSC 
who were receiving UDCA at a dose of 10–15 mg/
kg/day [ 34 ]. At the end of UDCA withdrawal, 
there was a signifi cant (76 %) increase in ALP as 
well as ALT, AST, bilirubin, and Mayo PSC risk 
score. Changes in QOL were variable across spe-
cifi c parameters as well as within individual 
patients, and the majority did not change signifi -
cantly; there was, however, near doubling in pru-
ritus rating, and this coincided with worsened 
fatigue in 42 % and deterioration in overall gen-
eral health (a domain of the short form-36 quality 
of life instrument) in 60 % of patients. This study 
represents the largest prospective evaluation of 
UDCA withdrawal in PSC, and despite several 
limitations [ 6 ], it suggests therapeutic benefi t in 
at least a subset of patients with PSC.  

    Potential Chemopreventive 
Properties of UDCA 
Against Colorectal Cancer 

 A small body of data suggests that UDCA may 
play a chemopreventive role against colorectal 
cancer (CRC) in individuals with PSC-IBD. For 

example, in a cross-sectional study of 59 patients 
with PSC-UC undergoing colonoscopic surveil-
lance, UDCA use was associated with decreased 
prevalence of colonic dysplasia [ 38 ]. In another 
randomized, placebo-controlled trial of 52 patients 
with PSC-UC, UDCA use was associated with a 
relative risk of 0.26 for developing colorectal dys-
plasia or CRC [ 39 ]. While specifi c recommenda-
tions have been made regarding CRC prevention 
in PSC-IBD [ 40 ], routine use of UDCA for this 
indication has not been recommended as addi-
tional studies remain needed to confi rm its puta-
tive chemopreventive properties [ 21 ].  

    UDCA in Clinical Practice 

 Use of UDCA in routine clinical practice is highly 
varied among gastroenterologists and even among 
subspecialized hepatologists within individual 
referral centers. This is likely a result of mixed 
views as to the potential benefi ts of UDCA ther-
apy and the paucity of consistent, high-quality 
data to suggest a defi nite therapeutic impact. It is 
interesting to note that although it is well described 
that >20 % of patients with another cholestatic 
liver disease, primary biliary cirrhosis, are nonre-
sponders to UDCA, this drug is still widely rec-
ommended as primary therapy; even in patients 
who are unlikely to respond (e.g., established cir-
rhosis) or seem to have no or minimal response to 
UDCA, societal guidelines do not recommend 
withholding it, perhaps with the hope being that 
some degree of benefi t might still be achieved. 
Nevertheless, and for reasons that have not been 
well studied, there appears to be more reticence 
toward UDCA in PSC as compared to primary 
biliary cirrhosis, although many clinicians con-
tinue to use UDCA in patients with PSC. 

 Until safer and more effective pharmacothera-
pies become available, our current practice 
is to offer a trial of intermediate-dose UDCA 
(17–23 mg/kg/day) to patients with compensated 
PSC whose serum ALP remains >1.5× the upper 
limit of normal after 1 year since the time of 
 diagnosis [ 45 ] or who have troublesome symp-
toms of cholestasis (e.g., pruritus), as shown in 
Fig.  11.2 . If UDCA is not symptomatically well 
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tolerated or if clinically signifi cant improvement 
in ALP is not achieved, we discontinue UDCA 
treatment. These decisions are made with 
patients’ direct involvement and input and based 
on careful interpretation of the available biomed-
ical literature [ 6 ,  30 – 36 , Ref Annals of Hep [DOI 
pending]]. Implementation of UDCA in this 
manner (1) offers patients with PSC the opportu-
nity to potentially benefi t from UDCA, (2) lends 
itself to prospective study in order to help expe-
dite evidence-based treatment recommendations, 
and (3) can be implemented alongside novel 
experimental pharmacotherapies (e.g., nor-

UDCA, the preclinical data for which indicate 
that it may well be more effective when used in 
combination with UDCA).

       UDCA in PSC: Conclusions 

 Although many questions remain unanswered, 
given the morbidity and mortality of PSC, we 
believe that the existing evidence supports a role 
for judicious use of UDCA in patients with PSC, 
particularly in the absence of safer and more 
effective therapeutic options. Treatment with 

  Fig. 11.2    Proposed algorithm for UDCA use in clinical 
practice and trials in PSC. *Surveillance and manage-
ment options reviewed elsewhere [ 4 ]. **Consider refer-
ral to subspecialist in cholestatic liver disease and/or to 
tertiary care center. †Also consider decreasing UDCA 
dose to the lowest dose which maintains biochemical 

and/or  symptomatic response on an individualized basis. 
Key:  ALP  serum alkaline phosphatase;  CA 19-9  
 carbohydrate antigen 19-9,  MRCP  magnetic resonance 
cholangiopancreatography,  PSC  primary sclerosing chol-
angitis,  UDCA  ursodeoxycholic acid,  ULN , upper limit 
of normal       
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UDCA can be implemented in unison with ongo-
ing efforts to develop and rigorously test- 
emerging therapies through basic, translational, 
and clinical research endeavors. 

 The study of PSC pharmacotherapeutics 
appears to now be better positioned than ever, 
and with continued innovation, collaboration, 
and investigation, an even more broadly thera-
peutic treatment seems likely in the near future.     

  Confl icts of Interest, Disclosures   James H. Tabibian – 
none 

 Keith D. Lindor – unpaid consultant for Shire and 
Intercept  
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      Future Therapies for Primary 
Sclerosing Cholangitis                     

     Craig     Lammert      and     Raj     Vuppalanchi     

          Introduction 

 Primary sclerosing cholangitis (PSC) is a hepato-
biliary disorder characterized by bile duct 
destruction and hepatic fi brosis [ 1 ,  2 ]. It is a 
chronic liver disease with progression to cirrho-
sis and eventual liver failure [ 1 – 4 ]. It carries 
increased risk for bile duct, colorectal, and 
 gallbladder cancer that appears to be unrelated to 
disease severity or stage [ 5 – 7 ]. There is heteroge-
neity in its presentation and often occurs in asso-
ciation with infl ammatory bowel disease (IBD) 
[ 1 ,  2 ,  8 ,  9 ]. More recently, recognition of specifi c 
clinical subtypes of PSC has led to improved 
classifi cation of the disease [ 10 ]. It is, therefore, 
imperative to recognize these clinically distinct 
phenotypes within the context of novel therapeu-
tics for PSC. 

 A number of drugs such as colchicine, metho-
trexate, pencillamine, pirfenidone, azathioprine, 
tacrolimus, budesonide, and prednisolone have 
been studied in PSC patients to prevent disease 
progression [ 11 ]. Many of the studies that 
reported promising results initially were open 
label and performed in an uncontrolled fashion 
with a small number of patients. Subsequent 

 randomized controlled trials with a larger size 
have unfortunately failed to reproduce the initial 
positive results. The most commonly studied 
agent is ursodeoxycholic acid (UDCA) and is 
believed to slow the progression of fi brosis in 
cholestatic liver disease based on literature from 
primary biliary cirrhosis clinical trials [ 12 ,  13 ]. 
The European Association for the Study of Liver 
(EASL) has no “specifi c recommendation for the 
general use of UDCA in PSC,” whereas the 
American Association for the Study of Liver 
Diseases (AASLD) concluded that “in adult 
patients with PSC, we recommend against the 
use of UDCA,”: both positions refl ective of nega-
tive RCTs [ 14 ,  15 ]. A landmark, long-term, ran-
domized, double-blind, placebo-controlled 
multi- center study using high-dose UDCA per-
formed in the United States in 150 adults with 
PSC was terminated after 6 years as the frequency 
of adverse events (i.e., death, liver transplanta-
tion, cirrhosis, esophageal varices, and cholan-
giocarcinoma) was signifi cantly higher in the 
active than in the placebo group, irrespective of 
biochemical improvement [ 16 ]. The increase in 
adverse events appeared to occur primarily in 
patients with the early stage disease compared 
with similar patients in the placebo group [ 17 ]. 
There are no current effective therapies for PSC, 
and unfortunately, none except dilation of biliary 
stricture by endoscopic retrograde cholangiogra-
phy or liver transplantation have altered the 
course of the disease signifi cantly [ 18 ]. Therefore, 
a  signifi cant unmet medical need still exists for 
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novel agents for the treatment of PSC and its sub-
sequent complications.  

    Pathogenesis and Opportunities 
for Therapeutic Targets 

 Signifi cant breakthroughs in the understanding 
the mechanisms involved in liver injury have led 
to several promising therapeutic agents that are 
currently under evaluation. Due to common 
 downstream mechanisms of liver injury and 
 fi brogenesis, the same therapeutic agents are 

undergoing evaluation for chronic liver diseases 
of various etiologies. A brief overview of the 
pathophysiology is essential to understand the 
rationale for investigation of the novel therapies 
for the treatment of PSC (Fig.  12.1 ).

       Gut-Liver Axis in PSC and IBD 

 The liver plays a critical role in the immune sur-
veillance against bacterial translocation or 
absorption of bacterial endotoxins into the portal 
circulation. Since the intestinal and biliary 
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  Fig. 12.1    A schematic overview of possible therapeutic 
targets, underlying mechanistic pathways, and pathogen-
esis of PSC: bile acid composition, detoxifi cation, gut 
microbiota, hepatic fi brosis, adaptive and innate immune 
system activation, and immune cell traffi cking represent 
areas in which a number study compounds and available 
drugs may exert therapeutic potential in the disease 
course.  FXR  farnesoid X receptor,  PPARa  peroxisome 

proliferator-activated receptor alpha,  VDR  vitamin D 
receptor,  RAR/RXR  retinoic acid receptor and retinoid X 
receptor,  LOXL2  lysyl oxidase-like 2,  ASBT  apical 
sodium-dependent bile acid transporter,  FMT  fecal micro-
biota transplantation,  FGF  fi broblast growth factor, 
 MAdCAM-1  mucosal vascular addressin cell adhesion 
molecule 1,  VAP  vascular adhesion protein,  CCR5  chemo-
kine receptor type 5,  CCR9  chemokine receptor type 9       
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 epithelia are continuous, any alterations in gut 
mucosal immunity (“leaky gut”) or microbiome 
(dysbiosis) may, therefore, lead to heightened 
innate immune activation (liver-gut crosstalk) 
resulting in hepatobiliary injury (Fig.  12.1 ). 

 One of the hypotheses for the pathogenesis of 
PSC is the cross-reactive immunity to an antigen 
leading to immune-mediated gut and biliary 
infl ammation from the enterohepatic circulation 
of gut-activated T lymphocytes. During intestinal 
infl ammation, naive lymphocytes are imprinted 
with gut tropism by intestinal dendritic cells 
localized in the intestinal mucosa via integrin 
ligand, mucosal vascular addressin cell addressin 
molecule 1 (MAdCAM-1) and gut-specifi c che-
mokine, and CCL25-dependent mechanisms. 
Normally, these molecules are highly restricted 
to the gut, where they drive selective recruitment 
of gut-specifi c T and B cells and the expression 
the CCL25, chemokine receptor CCR9, and the 
integrin combination, α4β7, which binds to 
MAdCAM-1. It is suggested that in a genetically 
predisposed individual, gut dysbiosis and intesti-
nal infl ammation with translocation of enteric 
pathogens beyond the mucosal barrier lead to 
activation of endogenous molecules termed 
damage- associated molecular patterns (DAMPS) 
[ 19 – 21 ]. Due to aberrant gut tropism seen in 
PSC, DAMP-associated activation of innate 
immunity and hepatic expression CCL25 and 
MAdCAM-1 result in the recruitment of mucosal 
effector lymphocytes bearing a “gut-trophic” 
phenotype. Additionally, the adhesion molecule 
and ectoenzyme vascular adhesion protein (VAP- 
1) are upregulated during chronic infl ammation 
and support both lymphocyte adhesion through 
upregulation of several endothelial adhesion mol-
ecules, including MAdCAM-1, on sinusoidal 
endothelium [ 22 ,  23 ]. Also, it catabolizes amine 
substrates secreted by gut bacteria and contrib-
utes to reactive oxygen species generation. After 
entering the liver, effector cells use chemokine 
receptors such as CCR9 to respond to chemo-
kines secreted by epithelial target cells resulting 
in cell-mediated immunological attack and bile 
duct destruction (Fig.  12.1 ). Hepatobiliary dam-
age is likely enhanced by the action of toxic bile 
acids and heightened DAMP activation resulting 

in cellular production of infl ammatory cytokines 
that act as ligands for chemokine receptors lead-
ing to downstream processes such as autophagy, 
apoptosis, and fi brosis [ 19 ,  24 – 26 ]. 

    Therapeutic Targeting of the Gut- 
Liver Axis 

    Gut Microbiome 
 The importance of the commensal microbiota 
and its metabolites in protecting against biliary 
injury was recently highlighted in an animal 
model [ 27 ]. The critical role of gut dysbiosis is 
increasingly being recognized in IBD and liver 
disease pathogenesis through alterations in the 
mucosal immune system and activation of 
DAMPs. Gut dysbiosis represents a modifi able 
therapeutic target through the use of antibiotics, 
probiotics, or fecal microbiota transplantation. 
Initial positive reports with improvement in liver 
biochemistries after oral administration of antibi-
otics in combination with ursodiol have led to 
three prospective studies to date. In the fi rst study, 
80 patients with PSC were randomized to 3 years 
of UDCA (15 mg/kg per day) plus metronidazole 
or UDCA alone [ 28 ]. This study showed the 
superiority of combination therapy in the 
improvement in alkaline phosphatase, Mayo PSC 
risk score, and histology. One of the well-con-
ducted double-blind, randomized pilot study ran-
domized, 35 adult PSC patients to low- dose 
vancomycin (125 mg four times a day), high-
dose vancomycin (250 mg four times a day), low-
dose metronidazole (250 mg three times a day), 
or high-dose metronidazole (500 mg three times 
a day) [ 29 ]. Low-dose and high-dose vancomy-
cin were superior to metronidazole and achieved 
signifi cant decreases in serum alkaline phospha-
tase levels at 12 weeks [ 29 ]. In another pilot 
study, 16 adult patients with PSC were treated 
with minocycline, 100 mg orally twice daily, for 
a year. A modest improvement in serum alkaline 
phosphatase levels and Mayo risk score was 
observed with treatment but there was no 
improvement in serum bilirubin and albumin 
[ 30 ]. However, a recent pilot study of 16 patients 
PSC and UC with oral rifaximin (550 mg twice a 
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day) has failed to show any biochemical improve-
ment [ 31 ]. Future studies are therefore needed to 
understand how the antimicrobial spectra and 
other properties of antibiotics might determine 
their utility in treating PSC. Studies with oral 
vancomycin and fecal microbiota transplantation 
are currently planned (Table  12.1 ).

       Gut Adhesion Molecules 
and Enterohepatic Circulation 
 Gut adhesion molecules are very attractive tar-
gets for pharmaceutical intervention, and given 
their enterohepatic expression in PSC, there is a 
possibility that agents that block the α4β7 – 
MAdCAM-1 – is expected to result in ameliora-
tion of ongoing chronic infl ammation. 
Vedolizumab is a recombinant humanized IgG1 
antibody constructed from the murine antibody 
Act-1, previously developed for use in patients 
with IBD. It inhibits adhesion and migration of 
leukocytes into the gastrointestinal tract by pre-
venting the α4β7 integrin subunit from binding to 
MAdCAM-1. Therefore, the safety and effi cacy 
of vedolizumab for the treatment of PSC in 
patients with underlying IBD is a matter of inter-
est. Similarly, the VAP-1-blocking agent, 
BTT1023, is currently under investigation in 
phase 2 clinical trial in PSC patients with stable 
IBD (Table  12.1 ).    

    Bicarbonate Umbrella and Toxic Bile 
Acids in PSC 

 Bile acids are cholanic acid derivatives that act as 
detergents and are responsible for facilitating the 
absorption of dietary lipids, fat-soluble vitamins 
and for maintaining cholesterol homeostasis. The 
formation of bile acids is initiated in hepatocytes 
and mediated by cholesterol 7 α-hydroxylase 
(CYP7A1) [ 32 ]. Bile composed primarily of 
water, various ions, and solutes and is released 
into bile canaliculi on the apical side of hepato-
cytes. The bile acids fl ow through the canals of 
Hering before continuing through the biliary epi-
thelium [ 32 ]. Despite continuous exposure to 
millimolar levels of hydrophobic bile salt mono-
mers, the cholangiocytes are protected from dam-

age due to a biliary HCO3- umbrella [ 33 – 37 ]. 
The formation of bicarbonate umbrella is medi-
ated through transmembrane G-protein couple 
receptor (TGR5) [ 38 ]. Bile acids are stored in the 
gallbladder, and are then secreted into the duode-
num where they are metabolized by enteric bac-
teria. Approximately, 95 % of these bile acids are 
absorbed in the terminal ileum and are then trans-
ported back to the liver via the portal vein for 
recycling [ 32 ]. These conjugated bile acids will 
be secreted back into the bile pool. This process 
is known as the enterohepatic shunt [ 32 ]. 
However, unconjugated bile acids are absorbed 
by the cholangiocytes and returned to the hepato-
cytes via the peribiliary vascular plexus in a pro-
cess known as the cholehepatic shunt [ 32 ]. After 
synthesis, bile acids are conjugated with either 
glycine or taurine, which decreases the toxicity 
of bile and makes it more soluble [ 32 ]. In the 
liver, bile acids activate a nuclear receptor, farne-
soid X receptor (FXR), that results in inhibition 
of CYP7A1 [ 32 ]. In the intestine, FXR induces 
an intestinal hormone, fi broblast growth factor 19 
(FGF19), which activates hepatic FGF receptor 4 
(FGFR4) signaling to inhibit bile acid synthesis 
resulting in decreased levels of 7ahydroxy-4-cho-
lesten-3-one (C4) and endogenous bile acids 
(Fig.  12.1 ) [ 32 ]. 

    Therapeutic Targeting of Toxic Bile 

 Because of the important processes that bile acids 
regulate through activation of receptors, bile acid 
derivatives and drugs that target these receptors 
are under development for the treatment of sev-
eral diseases, including cholestatic liver disease 
and metabolic syndrome [ 39 – 41 ]. 

    UDCA Derivative 
 24-norursodeoxycholic acid ( nor UDCA) is a 
derivative of UDCA and is formed after removal 
of a methylene side group. This small alteration 
of the native compound establishes novel bile 
acid properties, enabling  nor UDCA to overcome 
previous functional limitations of UDCA. 
 nor UDCA is passively absorbed by cholangio-
cytes and subsequently undergoes extensive cho-
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lehepatic shunting [ 42 ,  43 ]. The physiologic 
result is increased cholangiocyte bicarbonate 
secretion and the creation of a possibly therapeu-
tic “bicarbonate umbrella” in the biliary tree 
(Fig.  12.1 ). In fact, norUDCA resists taurine ami-
dation, a property that increases its function in 
cholehepatic function compared to UDCA. 
 nor UDCA has other unique features beyond 
UDCA, as it is more hydrophilic and thus less 
toxic to cholangiocytes and hepatocytes [ 44 ], but 
contains anti-lipotoxic, antiproliferative, antifi -
brotic, and anti-infl ammatory effects [ 42 ,  45 ,  46 ]. 
Thus,  nor UDCA has genuine potential to miti-
gate a number of steps in the pathogenesis of  
PSC and even complement mechanisms of bile 
acid detoxifi cation and various overfl ow systems 
at the basolateral membrane [ 42 ,  46 ].  nor UDCA 
has mediated sclerosing cholangitis reversal in an 
experimental  Mdr2 / Abcb4  knockout mouse 
model over a short study period, whereas the par-
ent compound (UDCA) did not [ 45 ]. Human 
studies with norUDCA are underway, and results 
of phase 2 dose fi nding study (160 patients 
among 30 centers in Europe) are anticipated soon 
(Table  12.1 ). This study includes a primary out-
come measure of change in serum alkaline phos-
phatase (AP) during the 12-week study, as well as 
secondary measures of the proportion of patients 
with at least 50 % reduction in AP and rates of 
adverse events (NCT017555078).  

    Suppression of Bile Acid Biosynthesis 
 Bile acids, specifi cally those targeting the 
nuclear hormone receptor, FXR and the mem-
brane associated G-protein couple receptor, 
TGR5 with high affi nity, represent viable oppor-
tunities in the treatment of PSC [ 47 ]. Historically 
speaking, both targets (FXR and TGR5) have a 
rich history among autoimmune diseases. 
Specifi cally, TGR5 genetic polymorphisms have 
been associated with PSC and ulcerative colitis 
[ 48 ,  49 ], and FXR polymorphisms have been 
linked to infl ammation and epithelial permeabil-
ity in infl ammatory bowel disease [ 50 ,  51 ]. FXR 
activation controls a number of downstream 
effects that enable cellular mechanisms to coun-
teract biliary cholestasis via modulation of bile 
acid composition and infl ammation. Activation 

of FXR not only leads to increased bile acid con-
jugation and excretion of bile from the hepato-
cyte into the canaliculi (also a bicarbonate rich 
choleresis) but contributes an additive role in the 
promotion of both phase I and phase II detoxifi -
cation pathways [ 52 – 54 ]. UDCA and norUDCA 
are not ligands for FXR; however, 6-ethylcheno-
deoxcyholic acid (obeticholic acid (OCA) or 
INT-747) has strong receptor binding and activa-
tion profi le [ 55 ,  56 ]. 

 FXR agonist investigation in the  Mdr2 / Abcb4  
knockout mouse model has revealed signifi cant 
mitigation of bile duct injury via diminished bile 
acid synthesis but also anti-infl ammatory effects 
via FXR agonists (INT-767, similar FXR affi nity 
as INT-747) [ 57 ]. Furthermore, overexpression of 
FXR in this model induced fi broblast growth fac-
tor 15 (or FGF19 in human) and suppressed the 
rate limiting enzyme-converting cholesterol to bile 
acids resulting in the cure of biliary injury [ 58 ]. 
OCA use is currently under investigation in a 
phase 2, blinded and randomized, placebo- 
controlled trial of the effi cacy and safety in patients 
with PSC (NCT02177136). This study, estimated 
completion in June 2019, seeks to recruit a total of 
75 subjects at 1:1:1 ratio into one of three treat-
ment arms (Table  12.1 ). Two active compound 
groups include a daily OCA dose of 1.5 mg titrated 
to 3 mg and daily OCA dose of 5 mg titrated to 
10 mg. The primary outcome measures include the 
effect of the compound on serum alkaline phos-
phatase as well as safety profi le. 

 TGR5 and FGF19 also represent theoretic 
PSC therapeutic targets via roles in modulation 
of biliary composition and infl ammation [ 59 , 
 60 ]. TGR5, once activated, inhibits infl amma-
tion in part by suppression of NF-kb signaling 
[ 59 ] but also has a role in bile composition via 
cholangiocyte sensing bile sensing and bicar-
bonate secretion via cystic fi brosis transmem-
brane conductance regulator (CTFR) and anion 
exchange 2 (AE2) [ 61 ]. TGR5 has no current tri-
als underway but a dual agonist of FXR, and 
TGR5 (INT-767) is currently undergoing pre-
clinical evaluation. In the future, when targeted 
TGR5 compounds are available for treatment of 
cholangiopathies, off-target effects will have to 
be considered [ 62 ]. FGF19  expression is 
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increased after FXR activation, resulting in a 
multitude of metabolic effects including sup-
pression of bile acid synthesis and anti- 
infl ammatory activity [ 63 ,  64 ]. Currently, 
NGM282, a recombinant protein with an amino 
acid sequence of 95.4 % identical to that of 
human FGF19, is currently under evaluation for 
PBC and PSC based on robust effi cacy with no 
evidence of proliferative activity in a preclinical 
model (Table  12.1 ) [ 60 ]. 

 Retinoic acid, an active metabolite of vitamin 
A, has been implicated in a number cellular pro-
cesses including proliferation, differentiation, 
immunomodulation, and anti-infl ammatory 
effects via activation of RXR and RAR [ 65 ,  66 ]. 
Furthermore, all-trans retinoic acid (atRA) causes 
an antifi brotic effect in bile duct ligation rats and 
carbon tetrachloride-induced liver fi brosis in vivo, 
yet the mechanistic pathway remains unclear [ 67 , 
 68 ]. The administration of atRA resulted in 
repression of the rat CYP7A promoter, a fi nding 
that was potentiated by coadministration of 
UDCA. Evaluation of atRA in  Mdr2 / Abcb4  
knockout mice demonstrated reduced plasma lev-
els of alkaline phosphatase, bile salts, duct prolif-
eration, and infl ammation in animals 12 weeks of 
age [ 69 ]. UDCA combined with atRA is currently 
being tested in an open-label trial for PSC patients 
with a primary outcome measure of alkaline phos-
phatase reduction over 3 months. Enrolled sub-
jects continue UDCA at 15 mg/kg/day with the 
addition of oral atRA in two divided doses at 
45 mg/m [ 2 ] (NCT01456468) (Table  12.1 ). 
Additionally, PPARα agonists have been evalu-
ated in cholestatic liver disease since canalicular 
phospholipid translocator MDR3 is responsive to 
PPARα stimulation. Fibrates are potent PPARα 
agonist and increase MDR3 insertion into the 
canalicular membrane causing increased secre-
tion of phosphatidylcholine resulting in the pro-
tection of cholangiocytes against bile acid toxicity. 
Additional mechanisms that may play a benefi cial 
role include suppression of CYP7A1 and induc-
tion of CYP3A, each critical for bile salt synthesis 
and detoxifi cation [ 70 ,  71 ]. Alterations in liver 
function and concerns related to cholestatic jaun-
dice and cholelithiasis have unfortunately damp-
ened the enthusiasm for the use of these agents in 
PSC [ 72 ].  

    Depletion of Bile Acid Pool 
 Apical sodium-dependent bile acid transport 
inhibitors (ASBTi) are also an exciting class of 
compounds that may provide another therapeutic 
option in PSC. Depletion of the bile acid pool 
through ASBTi can ultimately repress FXR-FGR 
signaling [ 73 ]. The action of ASBT inhibitors 
(LUM001, A4250 or SC-435), when tested in 
mouse models, was found to reduce the bile acid 
pool along with potentially toxic hydrophobic bile 
acids drastically [ 73 ,  74 ]. Furthermore, profi bro-
genic gene transcription was reduced as well as 
histologic fi brosis in this murine model [ 73 ]. An 
open-label phase II trial of LUM001, an ASBTi, in 
patients with PSC, is estimated to be completed in 
late 2015 (Table  12.1 ). This daily dosed compound 
is under evaluation with primary endpoints of 
safety and tolerability as well as adverse events in 
a 14-week study (NCT02061540).    

    Etiology-Independent Therapeutic 
Agents 

    Therapeutic Agents 
Against Fibrogenesis 

 Collagen cross-linking is an essential process for 
fi brotic matrix stabilization, a contributor to fi brosis 
progression, a limitation to the reversibility of liver 
fi brosis, and a potential therapeutic target. Lysyl 
oxidase-like 2 (LOXL2), a member of the LOX 
family with lysyl oxidase activity, is absent from 
adult healthy tissues and induced in disease [ 75 ]. 
Preclinical data using mouse models of biliary 
fi brosis suggested that a therapeutic anti-LOXL2 
antibody signifi cantly inhibited the progression of 
liver fi brosis prompting its evaluation in PSC [ 76 ]. 
A monoclonal antibody against lysyl oxidase-like 2 
(LOXL2) in subjects with PSC is currently under 
evaluation (Table  12.1 ). Galectin-3 is a 
β-galactoside-binding lectin that has both intracel-
lular effects (antiapoptotic, macrophage differentia-
tion) and extracellular  functions (chemokinetic/
chemotactic factor) that are relevant to the physio-
pathology of PSC due to higher levels of expression 
of Gal-3 by in  macrophages. Gal-3 is important for 
macrophage function in fi brotic disease including 
regulation of alternative activation of macrophages 
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[ 77 ]. Gal-3 inhibition is correlated to decreased 
monocyte/macrophage recruitment, cytokine pro-
duction, and increased macrophage apoptosis [ 77 ]. 
Intravenous administration of galectin-binding drug 
GR-MD-02 is therefore expected to interfere with 
increased Gal-3-mediated infl ammation and fi bro-
genesis seen in PSC.  

    Therapeutic Agents 
Against Infl ammation and Cell Injury 

 The infl ammation that occurs in the bile duct via 
translocation of enteric pathogens beyond the 
mucosal barrier interact with Toll-like receptors 
on the bile duct epithelial cells leading to 
increased production of infl ammation cytokines, 
including ligands for CCR2 and CCR5 [ 78 ]. The 
cardinal feature of infl ammation is the tissue 
recruitment of leukocytes, a process that is medi-
ated predominantly by chemokines via their 
receptors on migrating cells. CCR2 and CCR5, 
two CC chemokine receptors, are important play-
ers in the traffi cking of monocytes/macrophages 
such as monocyte chemotactic protein 1 (MCP- 
1) that is relevant to disease pathogenesis of PSC 
[ 79 ]. Overexpression of MCP-1 was observed in 
cholestatic liver diseases and PSC preclinical 
models [ 80 ,  81 ]. A potent, selective inhibitor of 
dual inhibitor of CCR2 and CCR5, currently 
under evaluation for the treatment of nonalco-
holic steatohepatitis (NASH) and HIV may be an 
attractive candidate for treatment of PSC 
(Table  12.1 ) [ 82 ]. Finally, few studies have 
reported increased levels of serum keratin 18 
fragment levels in patients with PSC suggesting 
the critical role of apoptosis in the pathogenesis 
of PSC [ 83 ,  84 ]. Liver-targeted caspase inhibitors 
could be an attractive treatment option for these 
patients and may be safely tolerated even in those 
with concomitant infl ammatory bowel disease.   

    Safety and Tolerability of Novel 
Therapeutic Agents 

 The two key aspects of the evaluation of any 
investigational drug are safety – risk to the patient 
as assessed by laboratory testing, physical exam, 

adverse clinical events, and tolerability – the 
degree to which overt adverse effects can be tol-
erated by the patient. 

 In general, the novel therapeutic agents cur-
rently under evaluation have been previously 
investigated in patients with primary biliary 
cholangitis or non-alcoholic steatohepatitis 
(NASH) leading to recognition of the usual 
treatment-emergent adverse events (TEAEs) 
such as headache, abdominal pain, nausea, vom-
iting, diarrhea, somnolence, and elevated liver 
tests. In general, these TEAEs have been classi-
fi ed as either mild or moderate in severity. Some 
TEAEs, however, are drug specifi c and may 
affect the tolerability of the drug. In patients 
with PBC and NASH, who received treatment 
with OCA, a dose-dependent pruritus has been 
observed. Interestingly, increased liver enzymes 
and liver-related TEAEs including jaundice and 
acute cholecystitis were observed in patients 
with doses excess of 20 mg of OCA per day. In 
patients with PSC and dominant stricture result-
ing in inadequate bile fl ow, there could be an 
accumulation of OCA. The current study evalu-
ating OCA for the treatment of PSC excludes 
patients with recent dominant stricture and also 
evaluates low-dose OCA between 1.5 and 10 mg 
per day. Alterations in lipid profi le such as an 
increase in total cholesterol and low-density 
lipoprotein cholesterol were seen in NASH 
patients and a decrease in high-density lipopro-
tein cholesterol in both NASH and 
PBC. Although the clinical signifi cance of these 
lipid changes remains unclear, the three deaths 
in OCA arm appear to be related to cerebro- and 
cardiovascular disease in the NASH (FLINT) 
trial. Although the main function of FGF19 is 
mediated through the negative control of bile 
acid synthesis, promotion of glycogen synthe-
sis, lipid metabolism, and protein synthesis, 
there is concern about the tumorigenic potential 
due to high binding affi nity for FGF receptor 4 
whose expression correlates with progression of 
CCA. Another TEAE that may be of clinical rel-
evance is diarrhea that may occur with ASBTi 
due to excess bile acids in the colon resulting in 
choleretic diarrhea. Lastly, in one study using 
oral minocycline for 1 year, a quarter of the 
study subjects withdrew due to intolerance.  
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    Limitations of Current Approaches 
to the Development of Future 
Therapies for PSC 

 There is signifi cant interindividual variability in 
progression, and prognosis depends on the clinical 
phenotype and stage of PSC at the time of initial 
diagnosis. For this reason, earlier attempts using 
any single test or a variable to predict survival in 
PSC patients failed due to lead time or length-time 
bias. Subsequent development of mathematical 
models of multivariable regression has allowed for 
an improved estimation of survival [ 85 ]. The long 
time required for the occurrence of suffi cient hard 
outcomes such as death, liver  failure, or cholangio-
carcinoma requires the availability of a validated 
biomarker. Unfortunately, for a phase 2 clinical 
trial with novel therapeutic agents, a robust surro-
gate endpoint that can reliably assess response to 
therapy is essential to move the fi eld forward. 
Alkaline phosphatase has been used as the primary 
endpoint in most trials but the recent termination of 

the multi-center study using high-dose UDCA due 
to increase frequency of adverse events (i.e., death, 
liver transplantation, cirrhosis, esophageal varices, 
and cholangiocarcinoma) in the active arm, despite 
improved alkaline phosphatase [ 16 ] has lead to 
major confusion. Despite this limitation, the major-
ity of the studies require a baseline elevation in 
alkaline phosphatase of 1.5–2 times the upper limit 
of normal as the inclusion criteria to show an 
improvement in the clinical trial. An expert panel 
recently concluded that there is insuffi cient data to 
support any one biomarker and a combination of 
biomarkers is perhaps necessary [ 86 ]. With the 
exception of a few, all clinical trials are open to 
recruitment of patients with typical PSC and 
exclude other phenotypes such as small duct PSC 
and PSC with features of AIH (Table  12.2 ). Lastly, 
the majority of clinical trials exclude patients who 
are pregnant, breast feeding, hepatic decompensa-
tion, recent history of cholangitis, dominant stric-
ture, chronic kidney disease, concomitant chronic 
liver disease and moderately active infl ammatory 
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bowel disease possibly due to lack of data at this 
early stage of drug development.  

   Conclusion 

 PSC is a rare disease with no approved ther-
apy. Recent breakthroughs in the understand-
ing of the pathogenesis of PSC and other 
chronic liver disorders have led to several 
novel targets for treatment of PSC. These 
breakthroughs have unleashed the long-
awaited arrival of novel therapeutic agents 
that not only delay the progression of the dis-
ease but also reverse the existing damage. It is 
very critical that these novel agents provide 
long-lasting, life-prolonging, and potentially 
curative treatment for patients with PSC.      
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      Abbreviations 

    18 F-FDG    Fluorodeoxyglucose   
  CBD    Common bile duct   
  CCA    Cholangiocarcinoma   
  CHD    Common hepatic duct   
  CT    Computed tomography   
  ERC     Endoscopic retrograde 

cholangiography   
  GBC    Gallbladder carcinoma   
  HCC    Hepatocellular carcinoma   
  IHD    Intrahepatic bile duct   
  kPa    Kilopascal   
  LSM    Liver stiffness measurement   
  LT    Liver transplantation   
  METAVIR     Meta-analysis of histological data in 

viral hepatitis   
  MRI    Magnetic resonance imaging   
  MRC     Magnetic resonance cholangiography   
  MRE    Magnetic resonance elastography   
  PET    Positron emission tomography   
  PET/CT     Positron emission tomography/com-

puted tomography   
  PHTN    Portal hypertension   
  PSC    Primary sclerosing cholangitis   

  PTC     Percutaneous transhepatic 
cholangiog  raphy   

  SUV    Standardized uptake value   
  T1W    T1-weighted   
  T2W    T2-weighted   
  US    Transabdominal ultrasound   
  UTE    1-D transient elastography   
  VCTE ™      Vibration-controlled transient 

elastography   
  VRT    Volume rendering technique   

        Introduction 

 Primary sclerosing cholangitis (PSC) is an 
uncommon, but nonetheless signifi cant chronic 
cholestatic liver disease. It occurs in a relatively 
young patient population, frequently progresses 
to end-stage liver disease, and is highly associ-
ated with cholangiocarcinoma (CCA). Because 
of low disease prevalence, but frequent complica-
tions, PSC patients often receive care at institu-
tions with advanced multidisciplinary 
hepatobiliary and liver transplantation services. 
Radiologic tests are routinely performed in the 
diagnosis, management, and treatment of 
PSC. Noninvasive modalities used include trans-
abdominal ultrasound (US), computed tomogra-
phy (CT), magnetic resonance imaging (MRI), 
magnetic resonance cholangiography (MRC), 
and positron emission tomography/computed 
tomography (PET/CT). 
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 Imaging of the biliary tree contributes to the 
diagnosis of PSC. The diagnosis of PSC is made 
not only from clinical history, laboratory results, 
and liver biopsy but also based on radiologic 
fi ndings [ 26 ]. This chapter reviews the role of 
noninvasive imaging in PSC.  

    Radiologic-Pathologic Correlation 

 The utility of noninvasive diagnostic radiology is 
primarily based on the detection and demonstra-
tion of characteristic macroscopic morphologic 
changes of disease. By the time of presentation 
and diagnosis, PSC has caused macroscopic 
damage and morphologic alterations of the bili-
ary tree that are relatively unique to PSC com-
pared to other cholangiopathies. This refl ects the 
histopathology of PSC. 

 PSC is a fi broinfl ammatory, fi broobliterative 
disease that nonuniformly involves the larger intra-
hepatic bile ducts and/or the extrahepatic bile duct. 
PSC causes morphologic distortion of these larger 
bile ducts that were initially described using percu-
taneous transhepatic cholangiography (PTC) and 
endoscopic retrograde cholangiography (ERC). 
The basic macroscopic fi nding of PSC is the pres-
ence of multiple biliary strictures separated by nor-
mal caliber or only mildly dilated bile duct 
segments. The nonuniformity of PSC causes asym-
metries in duct morphology and disease distribu-
tion. Features of PSC as originally demonstrated 
by PTC and ERC include bile duct strictures, bead-
ing, mural irregularity, diverticula, pruning, focal 
dilatation, and duct wall thickening [ 4 ]. 

 Of note, the normal biliary tree is diffi cult to 
demonstrate with noninvasive imaging because 
of its relatively small caliber. In PSC, obstructing 
strictures result in the upstream accumulation of 
bile. The increased volume of bile within at least 
mildly distended intra- and/or extrahepatic bile 
ducts results in much greater conspicuity of ducts 
and associated pathologic changes. Although the 
biophysical principles and technology of nonin-
vasive modalities differ substantially, US, CT, 
MRI, and MRC all depend on contrast differ-
ences inherent in normal and pathologic tissues 
to generate images. Because the contrast differ-

ence between fl uid bile (water) and the liver (soft 
 tissue) is pronounced, the cholestatic pathophysi-
ology of PSC is fundamental to its depiction.  

    Transabdominal Ultrasound (US) 

 US likely impacts the diagnosis of PSC more 
than it is realized. In one study, the mean age at 
diagnosis was 40 years [ 46 ]. The majority of PSC 
patients present with symptoms. The most preva-
lent symptom is right upper quadrant or abdomi-
nal pain. Other symptoms and signs include 
pruritus, jaundice, fever, and weight loss [ 43 ]. 
Biochemical tests are usually cholestatic, often 
with a disproportionately elevated alkaline phos-
phatase, consistent with bile duct obstruction 
[ 20 ]. In this clinical scenario, US is often the fi rst 
test ordered, and can be the fi rst to demonstrate 
the biliary tree abnormalities of PSC. 

 The pathophysiology of PSC contributes to its 
depiction at US. Infl ammatory infi ltration of the 
bile duct wall and periductal fi brosis [ 7 ,  22 ] 
results in thickening, irregularity, and increased 
echogenicity. Fibrosis is strongly echogenic at 
sonography. Superimposed obstruction can cause 
at least mild upstream dilatation. Fluid is anechoic 
at sonography. As a result, US contrast resolution 
is increased by the pathologic changes of PSC, 
and US can depict the fi ndings of PSC (Fig.  13.1 ) 
[ 5 ,  21 ]. However, it should be emphasized that a 
negative US examination does not exclude the 
presence of PSC.

   PSC can lead to cirrhosis and US can assess 
cirrhosis. Changes in hepatic shape, surface mor-
phology, and increased parenchymal echo-
genicity from fi brosis can be used to suspect or 
establish a diagnosis of cirrhosis. Surface mor-
phology is particularly amenable to US evalua-
tion in the setting of perihepatic ascites, which 
acts as an acoustic window. Other fi ndings of 
portal hypertension (PHTN) can be appreciated 
to include umbilical vein collaterals and spleno-
megaly. Spectral and color Doppler US are very 
useful in evaluating fl ow directionality and 
velocity, waveform morphology, and patency of 
hepatic vessels. Many fi ndings at Doppler US are 
characteristic of cirrhosis and PHTN. 
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 One of the most signifi cant complications of 
PSC is CCA, developing in 8–14 % of PSC 
patients [ 43 ]. CCA can be suspected or detected 
by US. Intrahepatic CCAs are depicted as solid 
mass lesions that can be either hyperechoic or less 
frequently hypoechoic [ 32 ]. Intrinsic sonographic 
features usually do not distinguish mass- forming 
CCA from other intrahepatic benign or malignant 
neoplasms. Although the level of biliary obstruc-
tion can be correctly identifi ed in 96 % of CCAs 
[ 31 ], direct demonstration of distal common bile 
duct (CBD) CCAs by US is limited by bowel-
related gas that usually obscures the suprapancre-
atic and intrapancreatic CBD segments. 

 Perihilar CCAs (Klatskin tumors) can be dem-
onstrated sonographically. The modifi ed 
Bismuth-Corlette classifi cation system [ 3 ] 
emphasizes the relationship of perihilar CCAs to 
the common hepatic duct (CHD). The CHD is 
consistently demonstrable by US. As a result, 
intrahepatic bile duct (IHD) obstruction to the 
level of the CHD is often apparent in cases of 
perihilar CCA [ 31 ]. Isolation of the right hepatic 
duct and/or left hepatic duct, nonvisualization of 
the CHD, abnormal CHD thickening, and abnor-
mal soft tissue or a mass at the level of the CHD 

are highly suggestive of perihilar CCA, as is an 
associated collapsed, nondistended gallbladder in 
a fasting patient. 

 PSC patients are also at an increased risk for 
gallbladder carcinoma (GBC). GBC is thought to 
be associated with carcinogenesis induced by 
chronic PSC-related gallbladder infl ammation 
and a neoplastic fi eld effect involving the gall-
bladder and bile ducts [ 23 ,  30 ]. The prevalence of 
gallbladder mass lesions in PSC patients is esti-
mated to be 3–14 % compared to 0.35 % in the 
general population [ 30 ]. In PSC, 56 % of mass 
lesions have dysplasia or are GBC. Lewis et al. 
pathologically evaluated 72 whole gallbladder 
specimens from 66 cholecystectomies performed 
at liver transplantation (LT) and 6 cholecystecto-
mies performed prior to LT in PSC patients [ 23 ]. 
GBC was found in 14 % of the gallbladders. In 
addition, gallbladder intestinal metaplasia, low- 
grade dysplasia, and high-grade dysplasia were 
identifi ed as signifi cant associated risk factors. A 
metaplasia-fl at dysplasia-carcinoma sequence 
was proposed for GBC in PSC patients. 

 US is the best modality to evaluate the gall-
bladder. Because of the risk of GBC in PSC, both 
the American Association for the Study of Liver 

a b

  Fig. 13.1    US of a 24-year-old female with PSC. ( a ) US 
shows anechoic bile in mildly dilated extrahepatic bile 
duct, mucosal irregularity, and diffuse bile duct wall 

thickening ( arrow ). ( b ) Her ERC demonstrates typical 
luminal fi ndings of PSC ( arrow ). Note IHD involvement       
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Diseases (AASLD) and the European Association 
for the Study of the Liver (EASL) recommend 
annual abdominal ultrasound for the detection of 
gallbladder lesions [ 30 ]. It is recommended that 
cholecystectomy be performed for all polyps 
≥0.8 cm and probably for all polyps < 0.8 cm, 
unless the patient is a very poor cholecystectomy 
candidate, in which case the lesion should be 
sonographically reevaluated every 3–6 months.  

    Computed Tomography (CT) 

 CT is a readily available noninvasive imaging 
modality with signifi cant impact in PSC. Current 
multi-detector scanners generate images with 
high spatial resolution and high temporal resolu-
tion. High spatial resolution results from thin 
slices (~1 mm) and fast acquisition speed. Thin 
slices increase image sharpness and anatomic 
detail. Thin slices allow for the postprocessing of 
data sets using multiplanar reformatting (MPR), 
maximum intensity projection (MIP), and vol-
ume rendering techniques (VRT). These postpro-
cessing algorithms produce nonaxial images 
displayed in coronal, sagittal, and nonorthogonal 
projections. VRT images can be rotated and tum-
bled in contiguous conventional and nonconven-
tional projections for optimal anatomic display. 
For surgical planning, advanced software and an 
independent 3-D workstation can be used for 
lobar and segmental volumetrics and to display 
the anatomy of the hepatic veins, portal vein, and 
hepatic artery. High temporal resolution allows 
for bolus tracking of exogenously administered 
contrast with segmented time frames of image 
acquisition used to generate arterial, portal 
venous, and delayed phases of enhancement. 
Unfortunately, CT cholangiography with 
positive- contrast excretion into the bile ducts can 
no longer be performed. The contrast material 
used, Cholografi n®, is no longer available in the 
United States. 

 Analogous to US, CT is often performed in 
patients with abdominal pain and jaundice. It is 
not uncommon for CT to be the fi rst test to detect 
PSC. The CT fi ndings of PSC, especially early in 
its course, can be subtle. Mildly dilated IHDs 

have a disconnected “dot-dash” pattern corre-
sponding to end-on and longitudinally oriented 
distended duct segments separated by interven-
ing soft tissue density strictures [ 42 ]. Even small, 
peripheral IHDs can be conspicuous within the 
background liver, being fi lled with low-density 
bile, which intrinsically increases the otherwise 
moderate contrast resolution of CT. The fi broin-
fl ammatory and fi broobliterative changes of PSC 
manifest as duct wall thickening, irregularity, and 
narrowing, with the degree of duct wall enhance-
ment being variable and inconsistent [ 38 ]. Mural 
changes are most apparent at the level of the 
CHD. By CT, the CHD is large enough to be con-
sistently demonstrated in patients without or with 
PSC. Low-density fat in the hepatic hilum delin-
eates its outer wall, and low-density bile within 
the CHD lumen defi nes its inner wall. The CHD 
is discernible as a ring-like structure on axial 
images and is normally of uniform thickness 
≤1.5 mm. In PSC, the CHD becomes irregular 
with wall thickening potentially ≥2.0 mm 
(Fig.  13.2 ) [ 38 ].

   CCA can be suspected or detected by 
CT. Intrahepatic CCA can present as a mass 
lesion. Intrahepatic CCAs do have neovascular-
ity. In larger intrahepatic CCAs, macroscopic 
neovascularity tends to be sparse, stringy, and 
peripheral. Mass-forming intrahepatic CCAs 
tend to be dominated by an abundant, central 
fi brous stroma with scant tumor cellularity. At 

  Fig. 13.2    CT of a 37-year-old female with PSC. CT 
shows common hepatic duct dilatation with intraluminal 
bile, wall thickening, and bile duct wall enhancement 
( arrow )       
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arterial phase CT, these CCAs tend to have no 
discernible to mild peripheral enhancement with 
central iso- to hypodensity. During the portal 
venous and delayed phases, there can be centrip-
etal enhancement with contrast retention in the 
extracellular matrix of the central fi brous tissue, 
which can be subtle [ 14 ]. These lesions tend to 
be rounded, somewhat poorly marginated in 
non-cirrhotic livers, but pseudoencapsulated in 
cirrhosis; they can be associated with overlying 
capsular retraction, adjacent dilated IHDs, and 
satellite nodules (Fig.  13.3a ) [ 10 ,  37 ,  39 ]. With 
intrahepatic mass- forming CCAs, vascular 
encasement is common, but macroscopic throm-
bus is unusual [ 10 ]. The features of intrahepatic 
CCA can overlap with those of hepatocellular 
carcinoma (HCC), particularly poorly differenti-
ated HCCs or larger HCCs with central 
necrosis.

   Small intrahepatic CCAs can appear as arte-
rial phase hypervascular nodules [ 8 ,  9 ]. These 
CCAs tend to accumulate contrast, and enhance 
during the portal venous and delayed phases of 
multiphasic imaging. This is compared to typical 
small HCCs which wash out and become 
hypodense during the portal venous and delayed 
phases. However, arterial phase hypervascular 
CCAs with subsequent washout do occur. 

 PSC patients with cirrhosis are at an increased 
risk of HCC, which is estimated to be up to 2 % 

per year [ 30 ]. This is probably related to the asso-
ciation of HCC and cirrhosis. Given the overlap 
of imaging features, HCC should be considered 
in PSC patients with cirrhosis. 

 Of perihilar CCAs, 70 % are of the periductal 
infi ltrating morphologic subtype [ 14 ]. These can 
be diffi cult to demonstrate by CT and can appear 
only as a stricture. Although some features such as 
duct wall thickening >5 mm, stricture length ≥18–
22 mm, shouldering, portal venous or delayed 
phase enhancement, and soft tissue stranding 
within portal fat planes suggest perihilar periduc-
tal infi ltrating CCA, these fi ndings are insuffi cient 
to reliably differentiate dominant benign strictures 
from malignant strictures in PSC [ 14 ,  38 ]. Of note, 
malignant lymphadenopathy is common in cases 
of perihilar infi ltrating CCA [ 14 ]. 

 Of perihilar CCAs, 12–22 % are of the mass- 
forming morphologic subtype [ 14 ]. Perihilar 
masses measuring 1–9 cm can occur with fea-
tures analogous to intrahepatic mass-forming 
CCAs. Small lesions can be seen as hypervascu-
lar arterial phase nodules. Larger lesions tend to 
have less pronounced arterial phase rim enhance-
ment and can have portal venous or delayed 
phase washin and contrast retention within the 
central fi brous stroma. Portal vein invasion with 
visible thrombus can be seen. 

 Distal CCAs are anatomically defi ned as 
involving the CBD between the cystic duct origin 

a b

  Fig. 13.3    Cholangiocarcinoma in a 52-year-old male 
with PSC. ( a ) Portal venous phase CT depicts a large, 
poorly marginated, heterogeneous intrahepatic mass- 
forming cholangiocarcinoma ( long arrow ) in the left 

hepatic lobe associated with obstructed peripheral bile 
ducts ( short arrow ). ( b ) Intrahepatic mass-forming chol-
angiocarcinoma in same patient demonstrated by portal 
venous phase MRI ( arrow )       
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and the ampulla of Vater [ 29 ]. Approximately 
89 % are periductal infi ltrating, and 11 % are 
intraductal growing [ 19 ]. CBD dilatation is pres-
ent in 96 % of cases. Imaging fi ndings are usually 
limited to CBD dilatation with abrupt down-
stream narrowing, irregular wall thickening, and 
enhancement. Because these lesions tend not to 
be mass forming, only 11 % have associated main 
pancreatic duct dilatation. Main pancreatic duct 
dilatation occurs when the tumor extends into the 
downstream ampulla of Vater or into the sur-
rounding pancreatic parenchyma [ 19 ].  

    Magnetic Resonance Imaging (MRI) 

 Dynamic multiphasic abdominal MRI with an 
exogenous intravascular-extracellular contrast 
agent provides anatomic and enhancement char-
acterization of PSC and its complications that are 
analogous to CT. An advantage of MRI is better 
contrast resolution compared to CT. A disadvan-
tage of MRI is decreased spatial and temporal 
resolution compared to CT. Decreased spatial 
resolution and increased noise from physiological 
motion is also worse with MRI because of its rela-
tively slower data acquisition time compared to 
CT. However, because of the differences in image 
content, CT and MRI are unpredictably comple-
mentary, and both are often used in cases of PSC. 

 Noncontrast MRI is used to generate two fun-
damentally different types of images. 
T2-weighted (T2W) images are based on differ-
ences in the micromagnetic environment of 
water-associated protons in fl uid versus solid tis-
sue. T2W MRI displays fl uid as markedly hyper-
intense compared to an intermediate to 
hypointense soft tissue background. T1-weighted 
(T1W) images are derived from differences in the 
macromolecular environment of water-associated 
protons in fl uid versus soft tissue. Using T1W 
MRI, fl uid appears hypointense compared to 
mild to moderately hyperintense soft tissue. 
Because T1W images can be acquired faster, spa-
tial resolution is better than with T2W scanning. 

 The inherently high contrast resolution of 
MRI can be augmented by intravenously admin-
istered exogenous contrast material. With the 

exception of hepatobiliary-specifi c agents, the 
pharmacokinetics of gadolinium-based MRI con-
trast is equivalent to iodinated CT contrast mate-
rial. Intravenously administered gadolinium-based 
MRI contrast, which is not hepatobiliary specifi c, 
is used to generate a multiphasic dynamic series 
of T1W images that are analogous to multiphasic 
dynamic CT. Gadolinium-based agents increase 
the contrast resolution and signal-to-noise ratio, 
improving spatial resolution and lesion conspicu-
ity. Because of its intravascular-extracellular dis-
tribution, gadolinium contrast demonstrates the 
same enhancement features of focal and diffuse 
pathology and of normal background anatomic 
structures as does iodinated CT contrast. As a 
result, a dynamic multiphasic T1W MRI series 
can be generated with arterial, portal venous, and 
delayed phases, with hypervascular lesions 
appearing hyperintense and hypovascular lesions 
being hypointense. With routine MRI scanning 
protocols, gadolinium contrast does not produce 
clinically signifi cant changes in T2W images; 
postcontrast T2W scans are not obtained. 

 Using conventional contrast-enhanced MRI, 
the depicted features of PSC and its complica-
tions are the same as with CT (Fig.  13.3b ). With 
multiphasic T1W MRI, the bile duct changes of 
PSC are shown as wall irregularity, thickening, 
and enhancement. Biliary obstruction is shown as 
duct dilatation accentuated by retained intralumi-
nal bile that remains hypointense to the liver. 
Intrahepatic or perihilar mass-forming CCA can 
show arterial phase rim enhancement with cen-
tripetal washin during the portal venous and 
delayed phases. On T2W images, biliary obstruc-
tion is shown as duct dilatation accentuated by 
retained intraluminal bile that is hyperintense to 
the liver. Mass-forming CCA tends to be mild to 
moderately hyperintense compared to back-
ground hepatic parenchyma on T2W scans.  

    Magnetic Resonance 
Cholangiography (MRC) 

 The initial detection and diagnosis of PSC by US, 
CT, and MRI are usually limited to previously 
undiagnosed patients presenting with  unexplained 
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abdominal pain and jaundice. When PSC and/or 
its complications are clinically suspected or 
established, MRC becomes an important nonin-
vasive imaging modality. MRC is a heavily T2W 
MRI technique that generates high signal inten-
sity from fl uid bile. The intrinsic T2W hyperin-
tensity of bile outlines the luminal morphology 
of normal and abnormal bile ducts against such 
an extremely hypointense background that solid 
tissue becomes indiscernible. Several sets of 
MRC images are acquired using different param-
eters to optimally demonstrate the biliary tree. 
Data sets can be directly obtained or indirectly 
produced by postprocessing in any anatomic 
plane for display. Directly acquired thick-slab 
coronal images with multiple obliquities around 
the sagittal axis and high resolution 3-D images 
reconstructed with postprocessing into a coronal 
rotational VRT data set result in images that are 
equivalent to invasive positive-contrast cholangi-
ography (ERC and PTC). The multiprojectional 
and rotational features of MRC are optimal for 
the display of signifi cant bile duct fi ndings that 
could otherwise be obscured by the overlap of 
structures. 

 The MRC fi ndings of PSC are the same as those 
described for ERC and PTC (Fig.  13.4 ) [ 25 ,  45 ]. 
Dave et al. reported a meta-analysis of the diagnos-
tic performance of MRC compared to ERC and 
PTC [ 13 ]. Studies were selected only if they 

included a control group of patients with other hep-
atobiliary diseases. Of the manuscripts that fulfi lled 
criteria for analysis, the overall prevalence of PSC 
among the study patients was 185/456 (41 %). 
MRC interpretations were compared to ERC or 
PTC as the reference standards. MRC had results 
comparable to conventional cholangiography with 
a sensitivity in detecting PSC of 86 % and a speci-
fi city of 94 %. In addition, three clinical scenarios 
were simulated to evaluate the impact of pretest 
probability on the results. When the pretest proba-
bility of PSC was 25 % (low clinical suspicion), the 
posttest probability of PSC given a negative MRC 
was 5 % (considered suffi cient to exclude PSC). 
When the pretest probability was 75 % (high clini-
cal suspicion), the posttest probability of PSC 
given a positive MRC was 98 % (considered suffi -
cient to diagnose PSC). In what was considered the 
worst-case scenario, a pretest probability of 50 %, 
the posttest probability of PSC given a positive 
MRC was 94 %, and the posttest probability of 
PSC given a negative MRC was 13 %. MRC can be 
quickly performed in conjunction with dynamic 
multiphasic MRI providing additive information in 
cases of PSC and its complications [ 27 ,  34 ,  37 ].

   In a retrospective study of 64 PSC patients, 
Ruiz et al. suggested that MRC features com-
bined with multiphasic liver MRI fi ndings can be 
used to predict PSC disease progression [ 34 ]. All 
patients had at least two MRCs separated by at 
least a 1-year interval with multiple scans per-
formed in some patients. A semiquantitative 
method was used to systematically score both 
MRI and MRC fi ndings to assess PSC disease 
severity. Scores from the fi rst and last MRI and 
MRC were compared, with an interval increase 
in score considered disease worsening, no score 
change considered disease stability, and a 
decrease in score to be considered improvement. 
At mean follow-up of 4 years (range, 1–9), 58 % 
showed radiologic worsening, 42 % remained 
stable, and no patient showed improvement. 
Using data derived from the subgroup with inter-
val worsening, two MRI progression risk score 
equations were developed, one for studies per-
formed without contrast and another for studies 
performed with contrast. It was noted that nearly 
90 % of patients with radiologic worsening had 

  Fig. 13.4    Recurrent PSC in an allograft of a 59-year-old 
male, 7 years after LT with Roux-en-Y anastomosis for 
PSC. MRC shows recurrent PSC in the allograft. Note 
fl uid in the Roux loop ( long arrow ). Incidentally, main 
pancreatic duct segment demonstrated ( short arrow )       
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an elevated progression risk score, compared to a 
low progression risk score in nearly 85 % of 
patients with stable disease. In addition, over the 
study interval, 5/64 (8 %) patients were diag-
nosed with PSC-associated malignancies, CCA 
( n  = 2), GBC ( n  = 2), and HCC ( n  = 1). Ruiz et al. 
concluded that risk score analysis could predict 
PSC disease progression and suggested that 
annual MRI and MRC were useful for PSC sur-
veillance [ 34 ]. 

 The MRC fi ndings of PSC-related CCA are 
the same as those described for ERC and PTC, 
viz., a dominant stricture with malignant fea-
tures. Compared to benign strictures, malignant 
strictures tend to be longer (≥18–22 mm) with 
asymmetric narrowing, irregular margins, and 
shouldering [ 14 ]. These fi ndings, however, are 
relatively nonspecifi c. Irregular margins and 
asymmetric narrowing are found in 30 % of 
benign strictures. Gradual tapering and abrupt 
narrowing are seen equally in benign and malig-
nant strictures. The most common cholangio-
graphic fi nding in PSC-related CCA is progressive 
stricture formation with increased upstream bile 
duct dilatation [ 37 ]. Low-risk, noninvasive serial 
MRC is particularly suitable for detecting pro-
gressive stricture formation [ 34 ]. Although useful 
for detecting suspicious fi ndings and providing a 
roadmap for subsequent ERC, MRC cannot 
replace ERC for brush cytology or therapeutic 
interventions such as stenting. It is important to 
note, however, that noninvasive imaging should 
be performed before interventional procedures to 
avoid postprocedural changes, pneumobilia, and 
stent-associated artifact that can and do degrade 
radiologic results.  

    MR Elastography (MRE) 

 Morbidity and mortality from biliary cirrhosis, 
PHTN, and liver failure affect a large proportion 
of PSC patients [ 43 ,  46 ]. As reported by Wiesner 
et al., among a group of 174 PSC patients, liver 
biopsy showed septal fi brosis (Stage 3) or cirrho-
sis (Stage 4) in 43 % of asymptomatic patients 
and in 69 % of symptomatic patients [ 46 ]. During 
a mean follow-up of 5.2 years, 22 % of initially 
asymptomatic PSC patients developed liver 

 failure. During a mean follow-up of 6.2 years, 
49 % of symptomatic patients developed liver 
failure or died, with 93 % of deaths attributable to 
liver disease; 9 % of symptomatic patients were 
referred for or underwent LT. Therefore, moni-
toring the development and progression of 
hepatic fi brosis/cirrhosis in PSC has a signifi cant 
impact on patient management. 

 Elastography is now used to quantitatively mea-
sure liver stiffness, a surrogate biomarker for 
hepatic fi brosis/cirrhosis in lieu of subjective cross-
sectional imaging assessment and/or liver biopsy 
[ 41 ]. Elastography can be performed using either 
US or MRE. A commonly used US implementa-
tion is 1-D transient elastography (UTE). 
FibroScan® uses UTE with proprietary technology 
termed vibration-controlled transient elastography 
(VCTE™) [ 28 ]. A US probe is used to intermit-
tently deliver compression waves to a region of 
interest in the right hepatic lobe with a volume 100 
times larger than liver biopsy. Within the hepatic 
parenchyma, compression waves generate shear 
waves based on the viscoelastic properties of the 
liver tissue. Shear wave speed increases with liver 
stiffness, which increases with hepatic fi brosis. The 
ultrasound transducer tracks and measures shear 
wave velocity in meters per second, which is then 
converted into a liver stiffness measurement (LSM) 
expressed in kilopascals (kPa). In a cohort of 73 
PSC patients who underwent liver biopsy, 
Corpechot et al. verifi ed that a METAVIR-derived 
histologic fi brosis score correlated with VCTE 
LSMs [ 11 ]. Values predictive of fi brosis stages 
≥F1, ≥F2, ≥F3, and F4 were 7.4 kPa, 8.6 kPa, 
9.6 kPa, and 14.4 kPa, respectively. 

 Commercially available FDA-approved pro-
prietary MRE technology is currently manufac-
tured by Resoundant, Inc. It can be implemented 
as an upgrade on currently available MRI scan-
ners manufactured by GE Healthcare, Philips 
Healthcare, and Siemens Healthcare [ 41 ]. An 
external fl exible membrane attached to the right 
upper quadrant is used to generate continuous 
compression waves that are converted to shear 
waves within the liver [ 12 ,  41 ,  44 ]. Intrahepatic 
shear waves are tracked and displayed as axial 
maps of the liver at four separate slice locations; 
color-coded MR elastograms are used to generate 
results reported as shear stiffness in kilopascals 
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(kPa) [ 41 ]. It should be noted that UTE and MRE 
use different algorithms to quantify liver stiffness. 
The liver stiffness measurement by UTE in kPa is 
not equivalent to the shear stiffness measurement 
by MRE in kPa; the UTE value is numerically 
three-times larger than the MRE value [ 17 ]. 

 Huwart et al. verifi ed that the histologic 
METAVIR fi brosis scoring system correlated 
with MRE measurements of shear elasticity in a 
cohort of 96 consecutive patients who underwent 
liver biopsy for suspected chronic liver disease 
[ 17 ]. Values predictive of fi brosis stages ≥F1, 
≥F2, ≥F3, and F4 were 2.4 kPa, 2.5 kPa, 3.1 kPa, 
and 4.3 kPa, respectively. MRE needs to be veri-
fi ed in a cohort of PSC patients. 

 Some studies suggest that MRE has perfor-
mance characteristics that exceed those of UTE 
and other sonographic methodologies [ 12 ,  18 , 
 41 ]. Machine time for MRE data acquisition is 
1–2 min; MRE can be performed along with rou-
tine dynamic MRI and MRC. The technical suc-
cess rate of MRE is signifi cantly higher than 
UTE (94 % vs. 84 %,  P  = 0.016) [ 18 ]. MRE can 
be accurately performed in patients with ascites 
and obesity. UTE cannot be used when there is 
perihepatic ascites because shear waves do not 
propagate through liquids. A 4.5 % UTE failure 
rate (no LSM value obtainable) correlates with a 
body mass index >28 kg/m 2  [ 16 ]. When corre-
lated with histology, using area under receiver 
operating characteristic curve analysis to com-
pare predictive performance, MRE was signifi -
cantly better than UTE for METAVIR fi brosis 
stages F ≥1, F ≥2, F ≥3, and F = 4 among a het-
erogeneous group of chronic liver disease patients 
[ 18 ]. It is suggested that the increased accuracy 
of MRE is related to the large tissue volume and 
the noncontiguity of the four 10-mm-thick cross 
sections through the liver, which reduces sam-
pling error introduced by inhomogeneously dis-
tributed fi brosis [ 40 ].  

    Positron Emission Tomography/
Computed Tomography (PET/CT) 

 PET/CT is a noninvasive imaging modality that 
coregisters the results of a whole-body PET scan 
with CT. PET is a nuclear medicine study that is 

most commonly performed using the  radionuclide 
fl uorodeoxyglucose,  18 F-FDG, to map the cellu-
lar metabolism of glucose. Infl ammation and 
malignant growth increases the uptake and reten-
tion of intracellular  18 F-FDG. The radioactive 
decay of  18 F-FDG is used to generate a scan of 
differential metabolic activity. Relative differ-
ences in radioactivity are semiquantitatively 
measured as a function of standardized uptake 
value (SUV), and hypermetabolic foci are dis-
played as areas of increased saturation on a color 
map. With PET/CT, the PET color map is super-
imposed or fused onto images from a conven-
tional CT performed sequentially before or after 
the PET acquisition to colocalize the areas of 
increased metabolism to anatomic structures. 

 In PSC patients, PET/CT can be used in pri-
mary tumor (CCA) detection, but is more often 
incorporated into the staging of patients who are 
being considered for tumor resection or 
LT. Annunziata et al. recently published a meta- 
analysis of  18 F-FDG PET alone or PET/CT in the 
evaluation of the primary tumor in cases of sus-
pected or documented intrahepatic, perihilar, and 
distal CCA in a spectrum of patients [ 2 ]. Both 
PET alone and PET/CT were shown to be accu-
rate in the diagnosis of primary CCA. For PET/
CT, overall sensitivity and specifi city in the 
detection of primary CCA was 82 % and 75 %, 
respectively. For the detection of hilar CCA, 
using either PET or PET/CT, sensitivity and 
specifi city were 84 % and 95 %, respectively. 
However, the authors noted that additional stud-
ies were needed to verify the fi ndings in perihilar 
CCA, given the small number of cases in the 
meta-analysis. 

 Alkhawaldeh et al. reported the  18 F-FDG PET/
CT results of a PSC cohort, 47/65 (72 %) with 
CCA [ 1 ]. Using semiquantitative SUV analysis, 
sensitivity and specifi city for primary tumor 
detection were 94 % and 83 %, respectively. 
There were six false-positive studies, four from 
infl ammatory strictures of PSC and two related to 
stent placement. 

 Li et al. reported on the utility of  18 F-FDG 
PET/CT in the preoperative staging of 17 patients, 
with perihilar CCA (background liver disease if 
present not specifi ed), who underwent explor-
atory laparotomy with the intent of radical 
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 resection [ 24 ]. Histologic confi rmation of pri-
mary tumor, regional lymphadenopathy, and dis-
tant metastases was available in all cases. The 
sensitivity of whole-body PET/CT in detecting 
the primary perihilar CCA was 58.8 %. 

 As noted by Ruys et al., data regarding the 
role of  18 F-FDG PET/CT in detecting malignant 
locoregional lymphadenopathy and distant 
metastases is sparse [ 36 ]. In the study by Li et al., 
the sensitivity and specifi city in detecting lymph 
node metastases were 41.7 % and 80 %, respec-
tively, with PET-avid malignant nodes ranging in 
size from 4 to 30 mm [ 24 ]. For distant metastases 
involving the liver and peritoneum, sensitivity 
and specifi city were 55.6 % and 87.5 %, 
respectively.  

    Presurgical Staging 
of Cholangiocarcinoma 

 There are two potentially curative surgical 
options for de novo and PSC-related CCA, radi-
cal resection and LT [ 33 ]. Noninvasive imaging 
is especially important in perihilar CCA because 
tumor involvement of the bile ducts, hepatic 
artery, and portal vein at the hepatic hilum deter-
mines resectability, and radial tumor diameter 
≤3 cm is required for LT. Imaging is also used to 
evaluate for locoregional lymphadenopathy and 
distant metastases. 

 As noted by Ruys et al., published data 
describing the diagnostic performance of CT, 
MRI, US, and PET/CT for the preoperative 

 staging of perihilar CCA is limited [ 36 ]. CT was 
found to be the most frequently used radiologic 
test. Meta-analysis was not feasible for MRI, US, 
or PET/CT because of the small number of 
patients in the data sets. Abstracted results for 
longitudinal ductal involvement, portal vein 
involvement, hepatic artery involvement, lymph 
node metastases, and distant metastases are pre-
sented in Table  13.1  [ 36 ].

   In the staging of perihilar CCA, CT is usually 
performed because of its high spatial resolution, 
anatomic detail, and temporal resolution. Primary 
tumor radial diameter, longitudinal ductal exten-
sion, portal vein involvement, and hepatic artery 
involvement can be evaluated. Given their high 
contrast resolution, MRI and MRC can provide 
complementary information to CT results with 
regard to tumor size, hilar/perihilar extension, 
and bile duct involvement, but MRI usually has 
poorer spatial and temporal resolution of the 
hepatic artery and the portal vein, which can be 
worsened by MRI fl ow-related artifact. 

 The accuracy of CT is limited in the evalua-
tion of locoregional nodes in perihilar CCA. The 
meta-analysis by Ruys et al. yielded a summary 
estimate of 61 % sensitivity and 88 % specifi city 
for detecting metastatic lymphadenopathy [ 36 ]. 
In routine CT interpretation, a short-axis diame-
ter > 10 mm is used to defi ne metastatic nodal 
enlargement. However, in a pathologic study of 
resected nodes in perihilar CCA, Ruys et al. 
noted 65 % sensitivity and 61 % specifi city for 
nodal positivity using a cutoff value of 10.5 mm 
[ 35 ]. In one study, PET/CT had 41.7 % sensitivity 

   Table 13.1    Diagnostic performance values for CT, MRI, US, and PET/CT in the preoperative staging of perihilar 
cholangiocarcinoma [ 36 ]   

 Accuracy (%)  Sensitivity (%), specifi city (%) 

 Bile duct  Portal vein  Hepatic artery  Lymph node  Distant 

 CT a   86  89, 92  84, 93  61, 88  67, 94 c  

 MRI b   71–80  79, 0 c   –  –  – 

 US b   59–82  75–83, 
93–100 

 0–43, 100  –  – 

 PET/CT b   –  –  –  42, 80 c   56, 88 c  

  − no data,  Bile duct  longitudinal bile duct extension,  portal vein  portal vein involvement,  hepatic artery  hepatic artery 
involvement,  lymph node  lymph node metastases,  distant  distant metastases 
  a Summary estimates except for distant metastases 
  b Non-pooled ranges 
  c Single study  
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and 80 % specifi city in detecting malignant 
lymphadenopathy [ 24 ]. Limited results are usu-
ally attributed to the high prevalence of PSC 
infl ammatory lymphadenopathy (Fig.  13.5 ) [ 35 ]. 
Therefore, lymph node sampling by staging lapa-
roscopy or laparotomy is performed prior to 
defi nitive surgery [ 14 ,  33 ].

   Extranodal metastases to the liver, perito-
neum, lung, adrenal glands, and bones occur in 
perihilar CCA [ 14 ]. Because multiphasic liver 
CT can be incorporated into a complete CT 
examination of the chest, abdomen, and pelvis, 
CT is useful to screen for distant metastases. In 
one study, CT had a 67 % sensitivity and 94 % 
specifi city for detecting distant metastases [ 15 ]. 
In one study, PET/CT had a 56 % sensitivity and 
88 % specifi city in demonstrating distant metas-
tases [ 24 ]. However, in both of these studies, the 
evaluation of distant metastatic disease was lim-
ited to the liver and peritoneum. Although stag-
ing laparoscopy or laparotomy is important to 
diagnose peritoneal carcinomatosis, laparoscopy 
and laparotomy are limited to evaluating meta-
static disease within the abdomen. Complete CT 
of the chest, abdomen, and pelvis or whole-body 
PET/CT (usual coverage from calvarial vertex 
through the upper thighs) could show extra-
abdominal disease in the noninvasive preopera-
tive staging of patients with perihilar CCA. In 
addition, there is evidence that  18 F-FDG PET/CT 
is accurate in detecting bone metastases and is 

superior to conventional whole-body bone scin-
tigraphy, especially in the axial skeleton [ 6 ]. 

   Conclusion 

 US, CT, MRI, MRC, and PET/CT are nonin-
vasive radiologic tests used in the care of 
patients with PSC and its complications. All 
of these modalities can depict the fi ndings of 
PSC. Any could be the fi rst exam to detect 
PSC in subclinical cases. In established cases 
of PSC, US is used to  annually screen PSC 
patients because of their high risk for gallblad-
der adenocarcinoma. 

 MRC is accurate in the diagnosis of 
PSC. MRC fi ndings parallel those of ERC, 
with potentially better display of intrahepatic 
bile duct changes. Because MRC is noninva-
sive and does not involve the use of ionizing 
radiation, its utility for surveillance of disease 
progression and PSC- related complications is 
being recognized. However, the demonstra-
tion of a dominant stricture by MRC still 
requires follow-up ERC for therapeutic man-
agement and for evaluation of malignancy. 

 CT remains the noninvasive radiologic 
workhorse in patients with an established diag-
nosis of PSC. It is used to evaluate cholangitis 
(e.g., cholangitic abscess formation), deterio-
rating liver function, fi brosis/cirrhosis, PHTN, 
and malignancy (CCA, HCC, or GBC). 
Important in tumor staging, CT helps to char-

a b

  Fig. 13.5     18 F-FDG PET/CT in a 45-year-old male with 
PSC. ( a ) Markedly PET-avid nonmalignant, reactive gas-
trohepatic lymph node ( arrow ) depicted by fused PET/

CT. ( b ) Concurrent CT scan without intravenous contrast 
shows the enlarged node ( arrow ). This node decreased in 
size during 7 years of follow-up imaging       

 

13 Noninvasive Imaging of Primary Sclerosing Cholangitis: A Radiologic Perspective



178

acterize the primary malignancy with regard to 
size, radial and longitudinal spread, invasion of 
the hepatic artery and portal vein, associated 
bile duct dilatation, and involvement of con-
tiguous structures such as the hepatoduodenal 
ligament and duodenum [ 14 ,  15 ,  36 ]. Although 
limited in assessing malignant lymphadenopa-
thy and peritoneal carcinomatosis, multiphasic 
dynamic liver CT performed in conjunction 
with CT of the chest, abdomen, and pelvis can 
be used to screen for distant metastases. 

 PET/CT can provide additional informa-
tion in PSC, especially in cases complicated 
by malignancy. Although the data is limited, 
PET/CT can contribute to the detection of the 
primary tumor, malignant lymph nodes, and 
distant metastases. False-positive results asso-
ciated with the fi broinfl ammation and reactive 
lymphadenopathy of PSC are noted as a 
potential limitation (Fig.  13.5 ). 

 Among the more investigative technolo-
gies, MRE is the most likely to be incorpo-
rated next into the routine evaluation of PSC 
patients. Quickly performed along with MRI 
and MRC, MRE can accurately quantitate 
fi brosis in both hepatic lobes. Because MRE is 
noninvasive, unlike liver biopsy, potentially 
more accurate than liver biopsy and sono-
graphic elastography, and does not use ioniz-
ing radiation, MRE could become the study of 
choice to evaluate hepatic fi brosis, progres-
sion of hepatic fi brosis, and response to evolv-
ing antifi brotic therapies. 

 In summary, US, CT, MRI, MRC, and PET/
CT are routinely used in the care of PSC patients. 
Each modality is unique. None demonstrate all 
of the fi ndings of PSC and its complications. 
Depending on the clinical situation, the judi-
cious use of more than one of these complemen-
tary studies is likely to provide the most complete 
information for the best care of PSC patients.      
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      Endoscopic Evaluation 
and Management of Primary 
Sclerosing Cholangitis                     

     Hazem     T.     Hammad      and     Raj     J.     Shah     

          Introduction 

 Primary sclerosing cholangitis (PSC) is a chronic 
infl ammatory cholestatic liver disease that is 
characterized by fi brosis and progressive destruc-
tion of the intra- and extrahepatic bile ducts with 
an increased risk for cholangiocarcinoma (CCA) 
and eventual development of cirrhosis in the 
majority of patients [ 1 ]. In this chapter we review 
the central role of endoscopy in the initial diag-
nosis of PSC, endoscopic evaluation and endo-
therapy for dominant strictures, endoscopic 
evaluation for development of CCA, and endo-
scopic evaluation and management of recurrent 
PSC after liver transplantation.  

    Endoscopic Evaluation of PSC 

 PSC diagnosis is usually pursued after the inci-
dental fi nding of persistent abnormal cholestatic 
liver function tests (most commonly, alkaline 
phosphatase) or presentation with suspicious 

symptoms (later in the course of the disease) such 
as abdominal pain, pruritus, fatigue, and weight 
loss [ 2 ]. 

 Endoscopic retrograde cholangiography 
(ERC) was previously the de facto diagnostic 
tool in patients with suspected PSC; however, 
many studies have shown that magnetic reso-
nance cholangiography (MRC) performs equally 
well with sensitivity and specifi city of ≥80 % and 
≥87 %, respectively, for the diagnosis of 
PSC. Given the noninvasive nature and lack of 
radiation exposure, MRC is currently considered 
the diagnostic modality of choice in patient with 
suspected PSC [ 3 ,  4 ]. 

 Nonetheless, ERC may still have a role as a 
diagnostic tool in PSC, particularly in patients 
with early changes of PSC that could be missed 
by MRC, or when MRC visualization of the bile 
ducts is limited or equivocal [ 4 ] (Fig.  14.1 ).

   The typical fi ndings on cholangiography 
include multifocal, short, annular strictures alter-
nating with normal or slightly dilated segments 
resulting in a “beaded” appearance (Fig.  14.2 ).

   Confl uent long strictures can also sometimes 
be seen and are worrisome for the development of 
CCA. Typically, both intra- and extrahepatic bile 
ducts are involved, although a subset of patients 
(<25 %) may have intrahepatic disease only. The 
gallbladder, cystic duct, and pancreatic duct may 
also be associated with PSC [ 5 ]. The classic chol-
angiographic fi ndings mentioned above are not 
entirely specifi c and can sometimes be seen in 
secondary causes of sclerosing  cholangitis such 
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as autoimmune pancreatitis, portal  biliopathy, 
eosinophilic cholangitis, mast cell cholangitis, 
hepatic infl ammatory pseudotumor, recurrent 
pyogenic cholangitis, primary immune defi ciency, 
and AIDS-related cholangiopathy [ 6 ]. 

 Endoscopic ultrasound (EUS) has also been 
studied as a minimally invasive tool for the diag-
nosis of extrahepatic PSC. Lutz et al. evaluated 
four sonographic parameters that are suspicious 
for PSC: wall thickening (≥1.5 mm), irregular 

wall structure (≥1 mm thickening in a duct length 
of maximum 5 mm), signifi cant changes of the 
caliber of the common bile duct (≥2 mm change 
in a duct length of maximum 5 mm), and perihi-
lar lymphadenopathy (≥10 mm). When two of 
these parameters were met, the sensitivity and 
specifi city of predicting PSC were 76 % and 
100 %, with positive and negative predictive val-
ues of 100 % and 79 %, respectively [ 7 ]. EUS- 
guided liver biopsy has been gaining more 
popularity as a safe and effi cacious method to get 
adequate liver tissue samples and may be utilized 
more in the future when radiologic and endo-
scopic evaluation for PSC is inconclusive [ 8 ,  9 ].  

    Endoscopic Therapy for PSC 

 Endoscopic biliary therapy for PSC is primarily 
performed as a palliative measure and to exclude 
neoplasia. The presence of worsening symptoms 
(pruritus and RUQ abdominal pain), jaundice, 
cholangitis, rising cholestatic liver enzymes, or 
CA 19-9 in patients with PSC are typical indica-
tions for endoscopic retrograde cholangiopancre-
atography (ERCP) with the main goal of targeting 
a dominant biliary stricture for tissue sampling 
and endotherapy. If mass lesion or abscess is clin-
ically suspected, abdominal ultrasound or MRI 
can be more helpful initial diagnostic tests. 

 A reasonable goal with endoscopic treatment 
is improving symptoms and excluding 

a b

  Fig. 14.1    ( a ) MRC images suspicious for a dominant stenosis in the mid bile duct ( arrow ). ( b ) Follow-up ERCP 
showed no evidence of stenosis in the bile duct ( arrow )       

  Fig. 14.2    Typical cholangiographic features of multifo-
cal, short, annular strictures alternating with normal or 
slightly dilated segments resulting in a “beaded” 
appearance       
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 malignancy. A surrogate marker for improved 
biliary drainage is serum alkaline phosphatase. 
Improvement of serum alkaline phosphatase to 
<1.5 upper limit of normal was found to predict a 
better outcome and reduce the risk of CCA in 
PSC [ 10 ,  11 ]. Predictors for successful clinical 
and laboratory improvement after therapeutic 
ERCP include a high bilirubin level and the pres-
ence of a dominant stricture, especially in the 
common bile duct location [ 12 ]. 

 Although randomized, controlled data to eval-
uate the effectiveness of endoscopic therapy in 
PSC is not available, multiple uncontrolled case 
series have suggested favorable outcomes. 
Gotthardt et al. followed 171 PSC patients for up 
to 20 years. Patients with dominant stenoses 
underwent serial endoscopic dilations. The 5- 
and 10-year survival free of liver transplantation 
was 81 % and 52 %, respectively [ 13 ]. Another 
study that evaluated the impact of endoscopic 
therapy in PSC patients reported a signifi cantly 
higher 5-year survival rate in patients undergoing 
endoscopic therapy than what was predicted by 
the Mayo risk score (83 % vs. 65 %). Multiple 
studies have supported this fi nding with 4- or 
5-year survival rates that are 12–18 % higher than 
what was predicted by the Mayo risk score 
[ 14 – 16 ].  

    Endoscopic Sphincterotomy 

 Although the biliary sphincter could be involved 
by the infl ammatory/fi brotic process in PSC and 
may contribute to biliary obstruction, sphincterot-
omy alone is seldom used as a sole treatment 
modality in PSC but rather to facilitate further 
interventions such as tissue sampling, stone extrac-
tion, balloon dilation, or stent placement [ 17 ].  

    Balloon Dilation vs. Stenting 
of Dominant Stenoses 

 Balloon dilation without stenting has been 
shown to be an effective modality to treat domi-
nant strictures in PSC. In a prospective single-
center study from Germany, 96 patients with 

dominant stenoses were treated with endoscopic 
balloon dilations, only fi ve of which needed a 
short-term (1–2 week) stent due to complete bili-
ary obstruction and cholangitis. Over the 20-year 
study duration, an average of 5.2 balloon dila-
tions per patient were performed (range 1–17). 
Endoscopic balloon dilations allowed the preser-
vation of a functioning common bile duct and of 
at least one hepatic duct up to 2 cm above the 
bifurcation in all patients. Progression of liver 
disease led to the need for liver transplantation 
in 23 % of patients [ 13 ]. 

 Some experts, including our institution, advo-
cate for endoscopic stenting to treat benign domi-
nant stenoses in a similar fashion as benign 
postoperative biliary strictures [ 18 ] (Fig.  14.3 ).

   One of the early reports of stent therapy in 
PSC revealed technical success in 21 out of 25 
patients (84 %) with dominant stenosis. Stents 
were exchanged or removed either electively at 
2–3 month intervals or because of symptoms 
attributed to clogging. Endoscopic stenting was 
followed by clinical and biochemical improve-
ment in 16 of 21 patients (76 %) over a median 
follow-up of 29 months. However, it was noted 
that about half of the follow-up ERCPs were per-
formed on a nonelective basis because of jaun-
dice or cholangitis attributable to early clogging 
of stents [ 19 ]. As a result, most centers advocate 
earlier removal (e.g., 2–4 weeks) of indwelling 
biliary stents, though our practice has been to 
perform stent exchanges at 6–8-week intervals 
until the dominant stenosis has resolved. Etiology 
for stent failure in PSC may include the rapid 
occlusion of stents by infl ammatory debris shed 
from the biliary tree. Moreover, in patients with 
dominant stenoses near the bifurcation, place-
ment of one stent into a hepatic duct could poten-
tially worsen the drainage of the unstented 
hepatic duct; thus, if a dominant stenosis extends 
into both the right and left hepatic ducts, we 
would advocate for bilateral stenting. 

 To compare balloon dilation and stenting, a 
retrospective single-center study of 71 patients 
found no signifi cant difference in cholestatic 
parameters between patients who underwent 
endoscopic dilation alone versus those who 
received stenting in addition to dilation. However, 
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a signifi cantly higher rate of adverse events (AEs) 
such as cholangitis was noted in the stent group 
[ 20 ]. The authors concluded that there was no 
additional benefi t from stenting after balloon 
dilation and that stenting was associated with 
more AEs. However, in this cohort of patients, 
stents were only placed in patients for whom bili-
ary drainage was not adequate with endoscopic 
balloon dilation alone. Therefore, the patients in 
the stent group may have had more severe disease 
compared to the balloon-dilation-only group. It is 
also noteworthy that a subgroup analysis showed 

signifi cantly higher AEs related to percutaneous 
biliary drains (such as cholangitis, bleeding, and 
bile duct perforation) compared to endoscopic 
stenting [ 20 ]. 

 To overcome the problem of premature clog-
ging of stents and resulting adverse events 
(AEs), some studies focused on reducing the 
duration of stent placement. In one study, sixteen 
patients with symptomatic PSC and dominant 
stenoses were treated with short-term stent 
placement (median duration, 9 days) and found 
that 81 % of patients remained asymptomatic 

a

c d

b

  Fig. 14.3    Moderate localized biliary stricture in the right hepatic ducts ( a ) treated with balloon dilation ( b ) and stent 
placement ( c ) with resulting improvement of the stricture after 8 weeks ( d )       
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over a 19-month follow-up without recurrence 
of cholestasis [ 21 ]. In another study, 32 patients 
with dominant strictures were treated with short-
term stenting (mean duration 11 days, range 
1–23 days). Serum bilirubin normalized in 12 of 
14 patients (86 %) who initially presented with 
jaundice, and 80 % of the patients remained 
intervention-free after 1 year [ 22 ]. 

 Temporary plastic stents are the only type of 
stents used currently for the treatment of domi-
nant strictures in PSC [ 23 ]. We would avoid the 
use of fully covered self expanding metal stent 
(SEMS) in this patient population due to often 
small diameter of ducts and risk of stent-associ-
ated changes that may be seen with indwelling 
fully covered SEMS.  

    Endoscopic Evaluation 
for Malignancy in PSC 

 The incidence of CCA in patients with PSC is 
higher than in the general population. Population- 
based studies show that the annual risk is about 
2 % with cumulative 10-year and 30-year inci-
dences of 6–11 % and 20 %, respectively 
[ 24 – 26 ]. 

 CCA in PSC is usually detected at an advanced 
stage and has a very poor prognosis with a dismal 
overall median survival of just 5 months [ 27 ]. In 
appropriate candidates, if CCA is detected in an 
early stage, expedited consideration for curative 
liver transplantation may be pursued. 

 Patient- or disease-related risk factors that 
seem to increase the risk of CCA in PSC include 
older age at time of PSC diagnosis, longer dura-
tion of infl ammatory bowel disease, history of 
colorectal cancer or dysplasia, history of variceal 
bleeding, tobacco smoking, and alcohol con-
sumption [ 24 ,  26 ,  28 – 33 ]. 

 If suspected, confi rming (or excluding) CCA 
in PSC patients can be clinically challenging to 
the endoscopist. The presence of segmental 
fi brotic strictures throughout the biliary tree 
makes access to the areas of concern and ade-
quate tissue sampling very challenging. 

 If CCA is suspected due to abnormal imaging 
studies, increasing LFTs or CA 19-9 the biliary 

tree should be evaluated for the presence of 
 dominant strictures, as they appear to be a major 
risk factor for CCA [ 34 ]. A “dominant stricture” 
is defi ned as a stenosis with a diameter of 1.5 mm 
in the common bile duct or of 1 mm in the right 
or left main hepatic ducts (within 2 cm of the 
bifurcation) [ 35 ]. 

 The prevalence of dominant bile duct strictures 
in PSC is 36–57 %, and up to one quarter of domi-
nant strictures is malignant [ 35 ,  36 ]. Hence, these 
are the primary targets for tissue sampling at time 
of ERCP. One study that clearly showed the impor-
tance of dominant strictures in PSC followed 128 
patients for a mean duration of 9.8 years. The sur-
vival was reduced in patients with dominant stric-
tures (13 %) compared to those without (23 %). 
The difference in survival was mostly due to the 
development of CCA in patients with dominant 
strictures [ 36 ]. In the early stages of PSC, CCA 
may still develop without the presence of a domi-
nant stricture. Further, according to population-
based studies, around one-third of the hepatobiliary 
malignancies are diagnosed within the fi rst year 
after the diagnosis of PSC [ 24 ,  26 ].  

    Diagnostic Workup 

 Non-endoscopic methods to diagnose CCA in 
PSC such as serum tumor markers and imaging 
studies lack both sensitivity and specifi city for 
the detection of CCA. 

 The most commonly used tumor marker in 
clinical practice is CA 19-9. In a prospective 
observational study from Germany that included 
a cohort of 106 patients who were followed for a 
median of 5 years, CA 19-9 was elevated 
(>100 ng/ml) in 24 % of patients; however, CCA 
developed in only 3 %. It is also not uncommon 
to see a drop in CA 19-9 level after treatment of 
biliary obstruction and caution should be exer-
cised in its interpretation in the setting of acutely 
worsening cholestasis (e.g., cholangitis or jaun-
dice) as it may inappropriately alarm both patient 
and provider [ 37 ]. Moreover, it is noteworthy that 
CA 19-9 testing will have no value in patients 
with negative Lewis antigen (7 % of the general 
population) as they cannot express CA 19-9 [ 38 ]. 
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 Imaging studies seem to perform poorly as 
well. A study that followed 230 patients over 6 
years reported sensitivity to ultrasound, com-
puted tomography, and magnetic resonance 
imaging for CCA of 57 %, 75 %, and 63 %, 
respectively [ 39 ].  

    Endoscopic Evaluation of Dominant 
Biliary Strictures in PSC 

    Brush Cytology 

 This includes the use of conventional cytol-
ogy brush during ERCP to obtain cells from a 
concerning stricture for cytology analysis 
(Fig.  14.4 ).

   This method is considered relatively easy and 
has a very high specifi city (95–100 %), but unfor-
tunately has a disappointing low sensitivity that 
ranges from 29 to 73 % [ 40 ,  41 ]. 

 These fi ndings were confi rmed by a meta- 
analysis of 54 studies that revealed a pooled spec-
ifi city of 97 % but a pooled sensitivity of only 
43 % [ 42 ]. It is likely that the low sensitivity is 
due to severe periductular fi brosis and stricturing 
in PSC limiting access and adequate sampling of 
concerning areas.  

    Endoscopic Ultrasound 

 EUS-guided fi ne needle aspiration (EUS-FNA) 
can be a valuable diagnostic tool for suspected 
malignant biliary stricture when brush cytology 
and biopsy are inconclusive with a sensitivity and 
specifi city up to 89 % and 100 %, respectively 
[ 43 ,  44 ]. EUS-FNA can also be utilized for evalu-
ation and sampling of suspicious lymph nodes. 
Given the rare possibility of tumor seeding with 
FNA [ 45 ], most institutions feel that EUS-FNA 
of suspicious biliary strictures is a contraindica-
tion to liver transplantation.  

    Fluorescence In Situ Hybridization 
(FISH) 

 In this technique, fl uorescently labeled DNA 
probes are used to assess cells obtained using 
biliary brushings for chromosomal abnormali-
ties. At our center, we provide two brushing spec-
imens of the stricture and submit to cytology who 
will then divide the specimens for routine cytol-
ogy and FISH evaluation. The probe set used 
assesses the pericentromeric regions on chromo-
somes 3, 7, and 17, and a locus-specifi c probe on 
chromosome 9p21 [ 46 ,  47 ]. The results of FISH 
testing can be classifi ed as normal, polysomy (if 
fi ve or more cells show gains of two or more of 
the four probes), tetrasomy (if 10 or more cells 
showed four copies of all probes), and trisomy (if 
10 or more cells showed three copies of chromo-
some 7 or 3 and two or fewer copies of the other 
three probes) [ 46 ] (Fig.  14.5 ).

   FISH polysomy is highly associated with 
CCA; however, trisomy and tetrasomy are not 
considered independent predictors for CCA, and 
patients with these changes seem to have a simi-
lar outcome to patients with normal FISH testing 
[ 46 – 49 ]. 

 In a Mayo clinic study of 235 PSC patients, 
FISH polysomy had a sensitivity of 46 % and 
specifi city of 88 % for the diagnosis of CCA [ 46 ]. 
These fi ndings were confi rmed by a meta- 
analysis of eight studies involving 828 patients 
[ 50 ]. An interesting subsequent study from the 
same center showed that in patients with an index 

  Fig. 14.4    Cluster of malignant cells from a common bile 
duct brushing ( arrow ) in PSC. In comparison to the adja-
cent benign cells ( arrow head ), the malignant cells are 
larger, with dark nuclei and high nucleus to cytoplasmic 
ratios than the benign cells. Papanicolaou stain, 200× 
(Image courtesy of Paul Dimaggio, MD, University of 
Colorado Department of Pathology)       
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polysomy FISH study who had subsequent 
 non- polysomy results, only 18 % ended up 
 developing CCA. For those patients with subse-
quent positive polysomy FISH (so-called serial 
polysomy), 69 % subsequently developed CCA 
[ 47 ]. This study emphasizes the limitation of a 
single polysomy FISH result and the importance 
of repeating the FISH testing for risk stratifi ca-
tion. Further, in liver transplant centers that pro-
pose treating PSC patients with suspected CCA 
utilizing the Mayo protocol, the proposal is based 
on suspicious cholangiographic appearance of a 
stricture, elevated CA 19-9 (greater than 100), 
and/or FISH polysomy to support the upgraded 
listing [ 51 ]. 

 Another study that attempted to improve the 
utility of FISH testing in PSC showed that fi nding 
of positive FISH testing in multiple areas of the 
biliary tree, so-called multifocal polysomy 
(MFP), was the strongest predictor of CCA (when 
compared to unifocal polysomy and suspicious 
cytology). The 1- and 3-year cumulative inci-
dence rates of CCA among MFP patients were 
65 % and 83 %, respectively. This study suggested 
that brushing multiple areas of the biliary tree 
(even without the presence of dominant stricture) 
and placing the specimens in separate jars help 

risk stratify these patients and may improve the 
ability to detect CCA. Interestingly, this study did 
not fi nd an elevated CA 19-9 (>129 U/ml) to be an 
independent predictor of CCA [ 48 ].  

    Intraductal Endoscopy 

 Cholangioscopy provides direct visualization 
into the biliary tree. However, it has a limited role 
in PSC due to narrowed ducts and inability to tra-
verse strictures without pre-inspection dilation, 
which could alter mucosal characteristics [ 52 ]. 
Further, infl ammatory changes in the setting of 
PSC or stent changes could make it diffi cult to 
distinguish from malignant changes and nodular 
mass-like villiform changes are not uncommon 
in benign PSC [ 52 ,  53 ]. However, select studies 
have suggested that cholangioscopy might 
increase the ability to differentiate between 
malignant and benign strictures in PSC [ 54 ]. In a 
prospective observational study from Germany 
that included 53 PSC patients, cholangioscopy 
(2D-Microendoscope ERCP, Almikro Ltd., Bad 
Krozingen, Germany) had a higher sensitivity 
(92 % vs. 66 %;  P  = 0.25) and specifi city (93 % vs. 
51 %;  P  < 0.001) for detecting CCA, when 

a b

  Fig. 14.5    A chromosome enumeration assay for inter-
phase cells was performed using a mixture of DNA 
sequence probes specifi c for the centromeres of chro-
mosome 3 ( red ), 7 ( green ), and 17 ( aqua ) and for the 
9p21 (p16) locus on chromosome 9 ( gold ) along with a 
DAPI counterstain on ThinPrep slides of bile duct 
brushings. (Panel  a ) Two polyploid interphase cells 

from the same patient demonstrating four copies of 
chromosome 3, four copies 7 centromere, and two cop-
ies of 9p16 and 17 centromere sequences. (Panel  b ) A 
normal interphase cell with two copies of each signal 
for 3, 7, and 17 centromere and 9p21 (p16) sequences 
(Image courtesy of Billie Carstens, Colorado Genetics 
Laboratory)       
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 compared to endoscopic brush cytology alone 
[ 55 ]. However this degree of neoplasia detection 
utilizing cholangioscopy has not yet been dupli-
cated. Liu et al. reported a sensitivity of 75 % and 
specifi city of 55 % for cholangioscopy (SpyGlass 
system, Boston Scientifi c, Natick, MA, USA) in 
18 PSC patients with suspected CCA [ 54 ]. 
Another recent small report described the use of 
video cholangioscopy and NBI (Olympus Tokyo, 
Inc) during cholangioscopy. Despite a 48 % 
increase in the rate of detecting suspicious lesions 
that led to more biopsy specimens being obtained, 
NBI-directed biopsies did not improve the dys-
plasia detection rate compared with white-light 
imaging and overall did not confi rm a true value 
for the use of cholangioscopy in this patient pop-
ulation [ 56 ]. Further, we reported our data on the 
use of cholangioscopy in 41 patients with 
PSC. Cholangioscopy identifi ed one extrahepatic 
CCA but missed two intrahepatic CCAs. In this 
report, cholangioscopy was very helpful to detect 
biliary stones in 56 % of patients (30 % of which 
were missed on cholangiography) which could 
contribute to recurrent cholangitis [ 52 ]. 

 Transpapillary intraductal ultrasound was 
used to analyze dominant strictures in 40 PSC 
patients and showed a sensitivity of 87.5 % and 
specifi city of 90.6 % for detection of CCA. Larger 
studies are needed to confi rm the utilization of 
this technique in PSC patients and fragility of the 
probes have limited its use [ 57 ].  

    Probe-Based Confocal Laser 
Endomicroscopy (pCLE) 

 Due to the limitations of conventional tissue 
sampling and direct visual inspection of mucosal 
changes by cholangioscopy, investigation in the 
subepithelial changes that may help exclude 
malignancy has been sought. The technique of 
pCLE provides a real-time in vivo microscopic 
images of the bile duct epithelium using a small 
(2.8 F) diameter probe but requires direct contact 
to the mucosa and a minimally tangential 
approach for optimal imaging. Due to the probe 
size, pre-inspection dilation is generally not 
required. The probe can be placed either through 
a cholangioscope or through the lumen of a stan-
dard cannula that permits tip defl ection (Swing 
Tip, Olympus America, Inc). The Miami classifi -
cation was developed for indeterminate non-PSC 
biliary stricture. It includes fi ve malignant imag-
ing characteristics: thick white bands (>20 μms), 
thick dark bands (>40 μms), epithelial structures, 
dark clumps, and fl uorescein leakage [ 58 ,  59 ] 
(Fig.  14.6 ).

   Our group evaluated a total of 20 strictures 
specifi cally in patients with PSC. The use of 
pCLE was feasible in 95 % of examinations. The 
sensitivity was 100 %; however, specifi city was 
only 61.1 %. This was likely due to infl ammatory 
ductal changes in the setting of PSC. Interestingly, 
in two patients with positive pCLE but only 

a b

  Fig. 14.6    pCLE images in malignant dominant stricture. ( a ) Showing thick dark band and ( b ) showing dark clumps       
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“atypical” cytopathology who underwent liver 
transplantation, dysplasia was noted in the seg-
ment of the explanted duct that corresponded to 
the location of abnormality during pCLE exami-
nation [ 60 ]. A multicenter study of 102 of indeter-
minate pancreaticobiliary strictures (PSC patients 
were excluded) showed that combining two or 
more of the Miami criteria signifi cantly increased 
the sensitivity and predictive values. The sensitiv-
ity, specifi city, positive predictive value, and neg-
ative predictive value were found to be 97  %, 
33  %, 80 %, and 80  %, respectively. So, if a domi-
nant stenosis shows benign pCLE features, then it 
is more reassuring to reduce the frequency of sur-
veillance sampling required [ 59 ]. Another study 
supporting the above fi ndings included 10 pCLE 
experts who reviewed pCLE fi ndings from 46 
patients with PSC strictures. Combining pCLE 
and tissue sampling yielded sensitivity and nega-
tive predictive value of 100 % [ 61 ]. 

 A multicenter registry study utilizing pCLE 
specifi cally in PSC patients with dominant steno-
ses is ongoing. 

 The Paris classifi cation attempts to take into 
account infl ammatory or reactive changes that 
may be seen in biliary strictures. It included crite-
ria for benign infl ammatory conditions (vascular 
congestion, dark granular patterns with scales, 
increased inter-glandular space, and thickened 
reticular structure) that may help improve the 
specifi city of pCLE fi ndings and may be more 
relevant in patients with PSC [ 62 ].   

    Antibiotic Prophylaxis 

 Given the often diffuse, segmental intrahepatic 
structuring associated with PSC, injecting con-
trast during ERCP into obstructed ducts may 
increase the risk for post-ERCP cholangitis. 
Cholangitis in PSC can be life-threatening and 
lead to liver decompensation due to an inability 
to decompress intrahepatic segmental biliary 
obstruction [ 63 ]. Thus, pre-procedure IV antibi-
otics or oral antibiotics started 48 h prior to ERCP 
followed by a 3- to 5-day course post-ERCP are 
considered the standard of care and despite 
 randomized, controlled data [ 64 ,  65 ]. At our 

institution, we routinely administer an IV dose of 
a quinolone or ampicillin/sulbactam prior to 
ERCP and give a 5- to 7-day course of quinolone 
or amoxicillin-clavulanate after the procedure. 
Further, in patients who have had post-ERCP 
cholangitis, we will provide oral antibiotics for 
48 h prior to a repeat ERCP and anecdotally have 
found it to help reduce the risk of cholangitis in 
these more susceptible individuals.  

    Adverse Events of ERCP in PSC 

 The largest reported series of PSC patients with 
long-term follow-up reported an AE rate of 7.3 % 
among 317 ERCPs performed on 117 PSC 
patients over a mean duration of 8 years. The 
most common AEs were post-ERCP pancreatitis, 
cholangitis, sepsis, biliary tract perforation, post- 
sphincterotomy bleeding, and liver abscess. The 
complications were mild without a need for sur-
gical intervention. There were no procedure- 
related deaths [ 15 ].  

    Role of Endoscopy in Recurrent PSC 
After Liver Transplantation 

 A German study that followed 335 PSC patients 
for 98.8 months after liver transplantation showed 
that recurrent PSC was diagnosed in 20.3 % of 
the patients after 4.6 years. Risk factors for recur-
rent PSC were older donor age, IBD, and INR at 
time of transplantation [ 66 ]. Diagnosis of recur-
rent PSC can be challenging, particularly in dif-
ferentiating it from many other conditions that 
could cause biliary strictures (ischemia, hepatic 
artery thrombosis, chronic ductopenic rejection, 
ABO incompatibility, bacterial/fungal cholangi-
tis, etc.). Biliary strictures after liver transplant 
can be classifi ed into anastomotic and non- 
anastomotic strictures. Non-anastomotic biliary 
strictures occur more often after liver transplanta-
tion for PSC than for other indications [ 67 ]. 
Given involvement of extrahepatic bile ducts in 
PSC, Roux-en-Y choledocho- or hepaticojeju-
nostomy (as opposed to duct-to-duct anastomo-
sis) or more recently choledochoduodenostomy 
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is considered the method of choice for biliary 
reconstruction [ 68 ]. The Roux-en-Y anatomy 
makes endoscopic access for diagnostic and ther-
apeutic purposes challenging; however, the recent 
advances in biliary endoscopy using balloon- 
assisted deep enteroscopy (single and double bal-
loon) after Roux-en-Y reconstruction was shown 
to be feasible and highly effi cacious [ 69 ]. These 
techniques are not widely available and are 
mostly performed in specialized tertiary centers. 
Given the aforementioned factors, MRC is con-
sidered the fi rst choice for evaluation of biliary 
strictures after liver transplantation. Anastomotic 
strictures can be treated successfully with bal-
loon dilation and stenting [ 70 ]. Non-anastomotic 
strictures can also be treated with balloon dila-
tion and stenting but appear to be more diffi cult 
to treat [ 71 ]. Most of the published data, how-
ever, are for complications involving liver trans-
plantation with duct-to-duct anastomosis. 
Percutaneous transhepatic biliary drainage 
(PTBD) can also be used for the management of 
biliary strictures after liver transplantation, par-
ticularly if endoscopic approach is not successful 
[ 72 ]. Preliminary data from our institution (DDW 
2016, Poster Tu1572) showed that at a median 
2-year follow-up, deep enteroscopy ERC com-
pared to percutaneous transhepatic biliary drain 
is associated with fewer procedures, fewer post- 
procedure hospitalization days, and a shorter 
time to resolve anastomotic strictures in patients 
with long limb surgical biliary bypass including 
Roux-en-Y reconstruction after liver 
transplantation. 

 There are no published data to show the overall 
effi cacy of endoscopic treatment on the progres-
sion of recurrent PSC aside from symptomatic 
management of biliary strictures and their compli-
cations. Retransplantation for progressive, recur-
rent disease is often an unfortunate consequence.  

    Conclusions and Future Directions 

 The best approach to treat dominant strictures in 
PSC is still unknown. Endoscopic balloon dila-
tion (along with short-term stenting for severe 
strictures and patients presenting with  cholangitis) 

seems to be the best approach. We perform serial 
upsizing of stents to treat dominant stenoses until 
their resolution. Studies are underway to clearly 
defi ne and compare the role of each modality in 
treatment of PSC (Short-term Stenting Versus 
Balloon Dilatation for Dominant Strictures in 
Primary Sclerosing Cholangitis, NCT01398917). 

 Despite the availability of multiple diagnostic 
tests for CCA, confi rming or excluding CCA in 
PSC is still a major challenge to clinicians. There 
have been some exciting developments in fi nding 
biomarkers for CCA that could play a role in the 
future. Among those are promising early studies 
for markers that can be studied in the bile aspi-
rated at the time of ERCP such as oxidized phos-
pholipids, volatile organic compounds, and DNA 
methylation [ 73 – 75 ]. For now, we advocate the 
use of brush cytology, biopsy/histology, and 
FISH analyses and consider pCLE for all domi-
nant stenoses [ 76 ]. 

 Recurrent PSC following liver transplantation 
is problematic, but advances in deep enteroscopy 
techniques provide minimally invasive options 
for symptomatic patients.     
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      Percutaneous Biliary Intervention 
in Patients with Primary Sclerosing 
Cholangitis                     

     Thor     Johnson       and     Janette     D.     Durham     

          Indications for Percutaneous 
Intervention 

    Diagnosis of PSC 

 Percutaneous transhepatic cholangiography 
(PTC) for the purpose of diagnosis is reserved for 
patients in whom MRC followed by second-line 
ERC is inadequate to assess cholangiographic 
anatomy or to demonstrate a suspected dominant 
stricture. Recent improvements in both technolo-
gies make this necessity increasingly uncommon. 
Both techniques have sensitivities for PSC diag-
nosis in the 80 % range [ 1 ]. ERC failure occurs 
for multiple reasons including unfavorable post-
operative anatomy, inability to access the bile 
duct due to anatomic variation, and severe, dif-
fuse intra- and extrahepatic biliary disease. 
Assessment for posttransplant PSC recurrence in 
patients with a biliary enteric anastomosis is one 
example where ERC may fail and PTC is 
pursued.  

    Treatment of Cholangitis Refractory 
to Medical or Endoscopic Therapy 

 Controlling infection, stone disease, and abscess 
helps manage the clinical course of PSC patients. 
Dominant strictures occur in 45–70 % of PSC 
patients referred for endoscopy [ 2 – 5 ]. Strictures 
provide an unclear contribution to the develop-
ment of cholestasis, the fl uctuation of symptoms, 
and the development of liver fi brosis [ 5 ]; how-
ever, dilation of dominate strictures in non- 
cirrhotic patients leads to biochemical and 
symptomatic improvement in most reports. 
Drainage of one or multiple liver segments along 
with antimicrobial therapy is appropriate to treat 
cholangitis. When endoscopy fails to control 
severe symptoms of cholestasis or refractory 
cholangitis, percutaneous transhepatic drainage 
(PTD) and stricture dilation are appropriate. 
Transhepatic access may be utilized for choledo-
choscopy with or without electrohydraulic litho-
tripsy to fragment intraductal stones. Small 
abscesses may respond to biliary drainage com-
bined with medical therapy; otherwise, percuta-
neous drainage is pursued.  

    Diagnosis and Palliation of Biliary 
Obstruction in Patients with CCA 

 Dominant strictures are associated with reduced 
mean survival, 13.7 years compared to 23 years 
without dominant strictures, primarily due to 
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underlying CCA [ 4 ]. The 10-year cumulative 
incidence of cancer is 6–11 % and the 30-year 
incidence is 20 % [ 6 ]. Evaluation of strictures 
with fl uoroscopically guided cytological sam-
pling and forceps biopsy is therefore important 
for early detection of cancer. When endoscopic 
and/or percutaneous approaches are unsuccess-
ful, a combined approach with visualized endo-
scopic biopsy via a transhepatic access may be 
useful and more sensitive for diagnosis. 

 PTD is performed in PSC patients with CCA 
to relieve biliary obstruction and control symp-
toms either as a pretransplant strategy or as a pal-
liative therapy. In patients who develop CCA, 
prior intervention with external drains may 
increase the incidence of peritoneal seeding, 
although this has not been demonstrated [ 7 ]. As a 
result, percutaneous biopsy and/or percutaneous 
drainage are considered contraindications to liver 
transplantation in some centers. PTD is fre-
quently performed as a preoperative intervention 
prior to resection in non-PSC patients who 
develop CCA, with some attention paid to limit-
ing the duration of drainage prior to surgery. 
Drain placement not only improves symptoms 
and helps control infection, but in-place drains 
for some surgeons may facilitate biliary anasto-
mosis creation.   

    Procedural Description 

    Percutaneous Transhepatic 
Cholangiography 

 The non-dilated bile ducts in PSC patients make 
percutaneous access challenging and limit the 
utility of ultrasound for guidance. Procedures are 
often prolonged and painful with multiple needle 
punctures necessary to access small ducts. 
General anesthesia for the initial procedure is 
helpful for both patient comfort and to ensure 
patient breathing cooperation when a small duct 
is eventually opacifi ed and subsequently needs to 
be catheterized. 

 Preoperative antibiotics should be adminis-
tered an hour before the procedure, unless the 
patient presents with cholangitis, in which case 

antibiotics should be started 24 h prior. If 
 cholangitis is not part of the presentation, a single 
dose of antibiotics is suffi cient. Antibiotics 
should be chosen to cover gram-negative and 
enteric bacteria, and if possible an antibiotic with 
biliary excretion is preferred. Coagulation param-
eters should be corrected as close to normal as 
possible, with platelet count greater than 50,000 
per uL. All heparin (unfractionated and low 
molecular weight) should be discontinued prior 
to the procedure and withheld for 12–48 h 
depending on the complexity of the procedure 
and whether drainage is performed. 

 Axial imaging with CT or MRI is evaluated to 
determine the optimum segment to enter for 
upstream access to a stricture or to optimize 
drainage. Ultrasound imaging is inadequate for 
evaluation, as careful assessment of ducts of each 
liver segment is required. Cholangiography is 
performed in multiple obliquities to allow com-
plete assessment of ducts with 300 mg or less 
iodinated contrast so as not to obscure stones. 
With the patient supine, there is the tendency to 
underfi ll the anterior right and left biliary ducts. 
If the procedure is performed on a side-tilting 
gantry, the patient can be positioned to facilitate 
anterior fi lling; otherwise, complete cholangiog-
raphy may require infl ation of a balloon in the 
extrahepatic duct, placed through a peripheral 
sheath that is then injected upstream. In patients 
presenting with cholangitis, this degree of inter-
vention should be postponed for several days 
after a drain is placed, in order to permit initial 
duct decompression and to avoid sepsis from 
contrast/infected bile intravasation.  

    Percutaneous Transhepatic Drainage 
and Stricture Dilation 

 When cholangiographic fi ndings confi rm a stric-
ture or stone, PTD is entertained. If possible, 
access is directed to a peripheral duct to optimize 
drainage of a large portion of the liver and pre-
vent complications associated with central punc-
ture. A two-stick procedure may be required, 
targeting fi rst a more central, larger, fi rst-order 
intrahepatic duct for cholangiography and then, 
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once opacifi ed, a second more peripheral duct for 
drainage. 

 The goal for the fi rst drainage session is place-
ment, at minimum, of a secure external drain, 
when internal-external drainage requires exten-
sive intervention to negotiate diseased ducts. If a 
catheter cannot be passed into the bowel at initial 
tube placement, the patient returns at 2 days for 
conversion to internal-external drainage 
(Fig.  15.1a–c ). Strictures are often easier to tra-
verse after external drainage and biliary decom-
pression. Drainage typically requires placement 
of 5–8 Fr. catheters. A transhepatic tract dictates 
drain placement for a minimum of several weeks 
in the face of biliary obstruction, to avoid cholan-
gitis and/or sepsis, as well as bile leak.

   After the tract matures, typically 2 weeks, 
dominant strictures are evaluated with both 
brush cytology including fl uorescence in situ 
hybridization (FISH) and forceps biopsy under 
fl uoroscopic guidance. When these results are 
negative but suspicion for cancer remains, 
transhepatic cholangioscopic evaluation is 
planned. Transhepatic fi ne-needle aspiration 
biopsy is no longer performed due to concern 
for peritoneal seeding and exclusion from 
future transplantation. 

 Balloon dilation of both dominant strictures 
and long intrahepatic strictures is then per-
formed at 6-week intervals followed by biliary 

catheter exchange until symptoms improve. 
Unlike endoscopy where intervention is usually 
limited to hilar and extrahepatic duct strictures, 
peripheral strictures may be treated without 
additional morbidity, as many strictures in the 
opposite lobe reachable by contralateral access 
or adjacent lobe by ipsilateral access are dilated. 
Stricture dilation with long infl ation times, uti-
lizing high pressure (20 atm) balloons of 
4–6 mm diameter intrahepatically or 10 mm at 
the hilum or extrahepatically, is followed by 
placement of an 8 Fr. internal-external drainage 
catheter. In patients with PSC, larger drains 
often obstruct downstream ducts, and serial 
drain enlargement, as is often employed when 
treating other benign strictures, is not appropri-
ate. Three-month evaluation for drain removal is 
planned; clinical response in addition to stric-
ture appearance dictates removal. Because most 
extrahepatic strictures are successfully managed 
with endoscopy, percutaneously placed metallic 
stents are not part of the treatment paradigm in 
PSC patients. 

 Post-procedurally, patients are admitted for 
pain control and treatment of cholangitis. Patients 
will have drain-related pain for 2–3 weeks that 
often requires oral narcotics. Management 
requires patient education and training, particu-
larly in the fi rst 6 weeks when pain may be severe 
and drain complications frequently arise.   

a b c

  Fig. 15.1    ( a – c ) The typical steps of percutaneous tran-
shepatic drainage. Needle passes are performed with 
injection of contrast until the biliary system is identifi ed, 
often from access of a relatively central duct. A peripheral 
duct is then selected for puncture that will optimize drain-
age of multiple liver segments ( a ). An .018-in. torqueable 

guide wire is passed through the needle into the biliary 
system. This permits placement of a catheter that is used 
to advance a wire into the bowel ( b ). After serial dilation 
of the transhepatic tract and sometimes the ducts them-
selves, a percutaneous biliary drainage catheter is placed 
through the liver and into the small bowel ( c )       
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    Results 

    Percutaneous Transhepatic 
Cholangiography for PSC Diagnosis 

 Cholangiographic fi ndings in PSC are not specifi c. 
The differential includes a long list of secondary 
causes of biliary infl ammation and obstruction that 
result in similar bile duct abnormalities. 
Interpretation of cholangiography is therefore 
made in conjunction with the clinical presentation 
(most often in young and middle- aged serologi-
cally negative males with infl ammatory bowel dis-
ease) of cholestasis (elevation of alkaline 
phosphatase and gamma-glutamyl transferase) 
without identifi cation of secondary cause. Small 
duct PSC, a PSC variant, can have a similar clini-
cal presentation but normal cholangiography. 

 MacCarty et al. described the cholangio-
graphic fi ndings in 86 patients with PSC in whom 
secondary causes of cholangitis were excluded 
and compared them to the cholangiographic fi nd-
ings in 82 patients with bile duct carcinoma and 
16 patients with primary biliary cirrhosis (PBC) 
[ 8 ]. PSC was characterized by multifocal, short, 
annular strictures of both the intra- and extrahe-
patic bile ducts alternating with normal or slightly 
dilated segments to produce a “beaded” appear-
ance. Confl uent long strictures were found with 
advanced disease (Fig.  15.2 ). A specifi c fi nding, 
occurring in 27 % of patients, was diverticulum 
of the extrahepatic duct with or without associ-
ated band-like strictures. The lack of extrahepatic 
disease in PBC patients can differentiate PBC 
from PSC. Typical patient populations are also 
different as PBC is most likely to present in 
young to middle-aged female patients with posi-
tive serology (anti-mitochondrial antibody). Bile 
duct cancer in patients without PSC tended to be 
focal or multifocal at presentation.

   Interpretation of cholangiograms requires a 
methodical segmental duct assessment. Isolated 
segmental or lobar ducts can be readily missed 
without careful assessment. Dominant strictures, 
defi ned by Stiehl et al., include an extrahepatic 
stricture of ≤1.5 mm in the common bile duct or 
≤1.0 mm in the hepatic duct within 2 cm of the 
bifurcation [ 9 ]. 

 There are no defi nitive cholangiographic 
 features of malignancy, although perihilar loca-
tion for CCA is most common. The suspicion of 
cancer is increased with discovery on MRI/MRC 
of a new dominant stricture, focal bile duct thick-
ening or irregularity, and venous phase enhance-
ment of an associated mass [ 6 ]. Clinical signs 
include new evidence of biliary obstruction, 
worsening enzymes, and elevation of CA19-9 
greater than 100 U/mL in the absence of cholan-
gitis [ 6 ]. Early stricture recurrence after dilation 
is also a suggestive feature.  

    Percutaneous Transhepatic Drainage 
and Stricture Dilation 

 One of the fi rst descriptions of PTD and stricture 
dilation in PSC patients by May et al. described 
an experience at the Mayo Clinic in 14 PSC 
patients with dominant strictures presenting with 
intractable pruritus and jaundice or recurrent epi-
sodes of bacterial cholangitis [ 10 ]. Access was 

  Fig. 15.2    A catheter placed into the left duct (segment 2) 
has been injected in a patient who has undergone prior 
hepatico-jejunostomy. Cholangiography demonstrates a 
typical appearance of severe PSC with multiple short 
strictures of the intrahepatic bile ducts that result in a 
“beaded” appearance ( thin black arrows ). Some strictures 
appear confl uent ( white arrow ). Despite severe disease 
there is not signifi cant biliary ductal dilation. All liver seg-
ments can be identifi ed although abnormal, except for 
segment 8. The anastomosis is not well visualized on this 
image, but an extrahepatic diverticulum is suggested 
( thick arrow )       
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transhepatic ( n  = 9) or via T-tube ( n  = 5). PTD was 
completed and followed, after 24–48 h, with 
stricture dilation utilizing short infl ation times of 
less than one minute of 10 atm PTA balloons 
ranging in size from 5 to 8 mm for intrahepatic 
and 6–10 mm for extrahepatic strictures. Internal- 
external drainage catheters of 10–14 Fr. were 
placed. Strictures were dilated in all 14 patients. 
Treatment resulted in a decrease in the number of 
cholangitic episodes. In nine patients (64 %) with 
recent onset of jaundice (<6 months), a decrease 
in bilirubin was seen. PTD was complicated by 
bacteremia or cholangitis in 5 (36 %) patients. 
One-third of patients with symptomatic resolu-
tion initially had symptom and stricture recur-
rence at 6–18 months. 

 Skolkin et al. described attempted PTD and 
stricture dilation in 15 PSC patients, utilizing 
transhepatic access ( n  = 13) or indwelling T-tubes 
( n  = 2) [ 11 ]. In all patients, alkaline phosphatase 
was three times normal, and ten of these patients 
had bilirubin elevation. Clinical indications 
included jaundice, pruritus, or a progressive rise 
in alkaline phosphatase and/or bilirubin. All 
patients had multifocal, intrahepatic strictures, 
and a majority also had confl uence or extrahe-
patic strictures. Stricture dilation was performed 
serially with 4–10 mm PTA balloons with infl a-
tion pressures of 6–10 atm for 5 min. Five 14 Fr. 
internal-external drainage catheters were placed 
with exchange at 6–8 weeks for an average of 
4.5 months. PTD was successful in 14 patients, 
13 of which improved symptomatically. An aver-
age of 9 h in 3.7 sessions was required to accom-
plish these results. Five of 13 patients developed 
recurrence, four were retreated, and one under-
went liver transplantation. A majority of patients 
demonstrated biochemical improvement or no 
change, after drain removal compared with 
before drain placement, with recurrent enzyme 
elevation after 10 months on average. Fever com-
plicated all procedures. One patient experienced 
arterial bleeding secondary to a pseudoaneurysm. 
Escalation of care from complications occurred 
in 7 (47 %) patients. There were no deaths. 

 Following these early studies in PSC patients, 
endoscopic experience and technology improved 
elevating this approach over percutaneous 

 intervention due to a better complication profi le 
and improved tolerance without external drains. 
The infrequent presentation of PSC patients for 
percutaneous intervention has limited further 
reports, with most authors’ experience combined in 
reports of benign strictures of all cause. Successful 
drain placement is thought to be lower for non-
dilated ducts (70 % in non-dilated ducts compared 
to 95 % in dilated ducts) [ 12 ]. This gap in results 
appears to narrow with center experience. 

 Endoscopic interventions in multiple small 
series of PSC patients have been reported. Three 
series published since 2004 have included greater 
than 100 patients describing experiences collected 
over 20 years [ 2 – 4 ]. The endoscopic approach has 
evolved to include dilation of symptomatic extra-
hepatic and central right and left intrahepatic 
strictures with short if any course of internal 
drainage to follow, usually only in patients with 
cholangitis. All these reports are non-randomized 
and most retrospective. Symptomatic and bio-
chemical improvement has been demonstrated [ 2 , 
 4 ,  13 ], as well as improved survival and survival 
free of transplantation, when compared to predic-
tive models [ 3 ,  9 ,  13 ,  14 ]. 

 The series by Chapman et al. is the only report 
to describe a group of patients who failed endos-
copy and required percutaneous therapy, despite 
the fact that endoscopic failures are likely part of 
most experiences [ 4 ]. In this retrospective series 
of 128 PSC patients followed for a mean period 
of 9.8 years, 20 % underwent transhepatic access 
procedures (a total of 37 cases). In the group of 
patients undergoing PTD, dominant strictures 
were present in 81 % and CCA with complex 
strictures in 43 %, compared to an overall inci-
dence in their report of dominant strictures in 
63 % and CCA in 16 %. Fifteen percent of patients 
in the percutaneous intervention group had stone 
disease approached by combined procedures uti-
lizing lithotripsy. This data suggest that patients 
requiring transhepatic therapy are a selected pop-
ulation with advanced disease and particularly 
poor survival as a result of a high incidence of 
dominant strictures related to CCA. So although 
symptomatic and biochemical improvement 
 following transhepatic intervention is thought to 
mirror endoscopic results, the severity of disease 
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in patients referred for percutaneous intervention 
likely confounds outcome comparison between 
methods. 

 Our experience includes a subset of patients 
referred for PTD in their last months before 
transplantation. We reviewed a small series of ten 
patients listed for transplantation and referred for 
transhepatic drainage after failed endoscopy for 
acute cholangitis ( n  = 6) or worsening jaundice 
( n  = 4), with a mean bilirubin at presentation of 
20 mg/dL (5.5–38.7 mg dL) [ 15 ]. Seven of ten 
patients free of CCA had biopsy-proven cirrho-
sis. This represented 12 % of the PSC patients 
evaluated for orthotropic liver transplantation at 
the University of Colorado between July 1991 
and June 1998. Intrahepatic disease was severe in 
most patients and extrahepatic or hilar disease 
was present in all. Two patients presented with 
stone disease. 

 Internal-external drainage was successful in 
nine patients, one with endoscopic assistance. 
External drainage only was purposely completed 
in one patient with fungal cholangitis. Drains were 
left in place until transplantation (mean 186 days; 
range 13 to 385 days), with multiple subsequent 
procedures for anticipated and unanticipated drain 
exchange. Eight patients demonstrated modest 
biochemical improvement. Two patients were hos-
pitalized with fungal sepsis until transplant, eight 
were discharged of which six were transplanted 
during follow-up, and two remained listed. 
Complications occurred in four patients (40 %) 
including severe pancreatitis requiring a 6-day 
hospitalization, fever and mild pancreatitis, a por-
tobiliary fi stula treated conservatively with drain 
manipulation, and a small biloma that did not 
require drainage. There were no complications 
that affected liver transplant status. These data 
support an infrequent role for PTD in end- stage 
PSC patients with cirrhosis to control symptoms 
and infection, while awaiting transplantation.   

    Complications and Management 

 Complications of percutaneous intervention vary 
with indication, and as yet there is very little 
PSC-specifi c literature for PTD. Major 
 complications (8–10 %) described following 

 biliary drainage for all indications include sepsis 
(2.5 %), hemorrhage (2.5 %), infl ammatory/
infections (abscess, peritonitis, cholecystitis, 
pancreatitis) (1.2 %), pleural including pneumo-
thorax or bile leak (.5 %), and death (1.7 %) [ 12 ]. 
Minor complications include tube-related pain 
and drain migration or occlusion. 

 Postprocedural pain related to intercostal drain 
placement can last for several weeks despite nerve 
blocks and oral narcotics. If the percutaneous tract 
is too near the undersurface of a rib, pain may not 
resolve without tube reposition or intercostal nerve 
blocks. Rarely a drain requires replacement to a 
more favorable position. Biliary drains require 
exchange at 6–8 week intervals to preserve 
patency. Once the drain tract matures, this is a rela-
tively painless procedure, often done without 
sedation. Despite routine administration of antibi-
otics for all procedures, periprocedural cholangitis 
is frequent. Although bile cultures are often posi-
tive in PSC patient who have had no prior biliary 
intervention, colonization of the biliary tree from 
obstructed indwelling internal stents or internal-
external drains has decreased enthusiasm for long-
term drain placement. So as not to compromise 
transplant, the duration of drain placement should 
be minimized and if possible the drains removed 
prior to transplantation. Choledochojejuno-
cutaneous fi stula creation (Hutson loop) to permit 
repeat percutaneous dilation without need for 
drain placement had some initial appeal but has 
become unpopular with the increasing role of 
transplantation and the increased complexity 
introduced by prior surgery. Hutson loops are still 
sometimes performed in the management of recur-
rent pyogenic cholangitis [ 16 ,  17 ]. 

 Transgression of an arterial branch can lead to 
hemobilia that most often is treated with percuta-
neous embolization. Transgression of a venous 
branch generally is self-limited and managed 
with tube repositioning to tamponade bleeding. 
In PSC populations, intrahepatic duct rupture fol-
lowing dilation (a complication rarely described) 
may be seen after balloon dilation and may cause 
bleeding. Planned placement of a drain across the 
stricture is usually suffi cient for control of bile 
leak and for tamponade of bleeding. 

 Bile leak most commonly is the result of 
placement of a “too high” (cephalad) right-sided 
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intercostal drain that crosses the pleural space. A 
second percutaneous drain to divert bile may be 
required before the offending drain can be 
removed. Tract embolization with bile diversion 
permits healing, while pleural collections are 
controlled with drainage. 

 Although not studied in matched populations, 
ERCP appears to have a lower complication rate 
than percutaneous therapy [ 18 ]. Complication 
rates in retrospective reports of endoscopic inter-
ventions have varied from 1 to 20 %, improving 
with experience [ 2 ,  4 ,  9 ,  14 ]. Serial procedures are 
better tolerated without the need for indwelling 
external drains. Hospitalization following PTD is 
also avoided. While endoscopy does require deep 
sedation or general anesthesia at every procedure, 
after initial drainage, percutaneous intervention 
requires either no or mild sedation. 

   Conclusion 

 Although increasingly infrequent, percutane-
ous intervention in patients with PSC may be 
required when patients are unsuitable for endo-
scopic intervention. PTC, although more tech-
nically diffi cult than in malignant obstruction 
with a dilated biliary tree, has similar results in 
providing diagnostic cholangiographic detail to 
diagnosis PSC and defi ne dominant strictures. 
PTD generally follows all intervention aside 
from the rare instance when the procedure is 
limited to PTC. Stricture brushing and biopsy 
may be used to confi rm cancer. Dilation and 
drainage improve biochemical patterns, symp-
toms, and cholangitis similarly to an endo-
scopic approach with a higher complication 
profi le, including drain-related pain. Patient 
referral after failed endoscopy selects a popula-
tion of end-stage patients with dominant stric-
tures and frequent CCA impacting survival.      
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      Liver Transplantation for PSC                     

     Kendra     Conzen      and     Trevor     L.     Nydam     

      Liver transplantation is widely accepted as the 
defi nitive treatment for patients with end-stage 
liver disease secondary to cirrhosis. Primary 
sclerosing cholangitis (PSC) is a chronic 
immune- mediated infl ammatory disease of the 
intrahepatic and extrahepatic bile ducts which 
leads to cholestasis, fi brotic strictures, and duct 
obliteration. PSC eventually results in cirrhosis 
in more than half of affected individuals. 
Therapeutic options are limited. Medical man-
agement, endoscopic interventions, and surgi-
cal resection of biliary strictures are not 
curative and have little impact on disease pro-
gression. A majority of persons who do not 
undergo liver transplantation ultimately die 
from liver failure due to biliary cirrhosis or 
from hepatobiliary cancer [ 1 – 5 ]. Cholestatic 
liver disease is the primary etiology of ESLD 
in 8.2 % of liver transplant recipients [ 6 ]. 
Median survival of patients with PSC ranges 
from 10 to 21 years from time of diagnosis 
until liver transplant or death [ 1 ,  3 ,  4 ,  7 – 10 ]. 
This chapter will discuss indications for liver 
transplant in PSC, pretransplant evaluation, 
intraoperative technique, and postoperative 
outcomes. 

    Indications 

 Indications for liver transplantation in the setting 
of PSC include decompensated cirrhosis, recur-
rent cholangitis, refractory pruritus, and early- 
stage malignancy not amenable to resection 
(intrahepatic hepatocellular carcinoma or hilar 
cholangiocarcinoma) [ 11 ]. In many cases, ongo-
ing biliary infl ammation, fi brosis, and developing 
strictures progress to cirrhosis. One-quarter of 
PSC patients have cirrhosis at time of diagnosis, 
though less than 4 % present with clinical symp-
toms of portal hypertension [ 1 ,  3 ]. Presence of 
ascites or varices at diagnosis is associated with a 
higher rate of disease progression in the fi rst 5 
years [ 1 ]. Similar to other forms of chronic liver 
disease, the presence of complicated cirrhosis 
warrants evaluation for transplantation. 

 Recurrent cholangitis is an all too common 
complication of ongoing PSC and represents an 
indication for transplantation not found in other 
chronic liver disease. Again, ongoing biliary 
infl ammation and fi brosis lead to strictures and 
relative biliary obstruction resulting in recurrent 
bacterial cholangitis. Frequent hospital admis-
sions and endoscopic interventions lead to a state 
of chronic illness and poor quality of life. While 
this morbidity associated with recurrent cholan-
gitis is signifi cant, it does not appear to lead to 
increased mortality on the waitlist and does not 
contribute to the patients’ MELD score [ 12 ]. This 
and the scarcity of standard-criteria cadaveric 
grafts make the practice of petitioning for MELD 
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exception points a continued debate. For this rea-
son, live donor liver transplantation (LDLT) has 
proven to be a reliable and attractive option for 
these patients. 

 Severe, refractory pruritus can be profoundly 
morbid condition that can cause suicidal ideation 
and chronic cutaneous excoriations. With these 
associated conditions, liver transplantation 
should be considered albeit with the same waitlist 
and allocation limitations. 

 The lifetime risk of cholangiocarcinoma 
(CCA) is 10–15 % in PSC patients, more than 
one-quarter of which present within 1 year of the 
initial PSC diagnosis [ 1 – 5 ,  8 ,  10 ,  13 ]. In a select 
group of patients, CCA is an accepted indication 
for transplantation with good outcomes. A patient 
with small, localized, hilar CCA can be trans-
planted within a rigorous protocol of neoadjuvant 
chemoradiation and aggressive staging. Tumors 
that do not fi t within this strict protocol are con-
sidered contraindications to transplantation with 
cadaveric grafts.  

    Recipient Evaluation 

 General criteria for evaluating PSC patients for 
liver transplantation are similar to criteria for 
non-PSC patients. This should include a thor-
ough history and physical examination to iden-
tify any comorbid medical conditions that are 
contraindications to transplantation. Although 
surgical management of extrahepatic bile duct 
strictures is rare in the setting of PSC, prior bili-
ary surgery for any indication can complicate the 
liver transplant operation [ 14 ]. Cholangiography 
is the preferred diagnostic intervention for PSC 
with characteristic fi ndings of segmental bile 
duct strictures with focal dilations (beading) and 
mural irregularities of intra- and extrahepatic 
bile ducts. Liver biopsy may be useful in identi-
fying individuals with small-duct variant of PSC 
but is not recommended for routine evaluation 
because PSC does not uniformly affect the liver 
and a high probability for sampling error exists 
[ 15 ]. Ancillary testing includes laboratory test-
ing, abdominal imaging to evaluate for hepatobi-
liary masses and assess patency of hepatic 

vessels, cardiopulmonary testing, bone density 
assessment, and age-appropriate routine cancer 
screening (colonoscopy, mammography, Pap 
smear, PSA level), including tumor markers (CA 
19–9 and CEA). Infl ammatory bowel disease 
(IBD) is present in 60–80 % of PSC patients, and 
PSC patients have a tenfold increased risk of 
colorectal adenocarcinoma, underscoring the 
importance of surveillance colonoscopy and 
IBD management in patients being considered 
for transplantation [ 2 ,  4 ,  11 ,  16 – 19 ]. A signifi -
cant subset of PSC patients (approximately 
14 %) has other immune- mediated infl ammatory 
or autoimmune disease, which is associated with 
lower rates of transplant- free survival [ 20 ].  

    Graft Allocation 

 Priority on the waitlist for liver transplantation is 
currently determined by the Model for End-Stage 
Liver Disease (MELD) score. The MELD score, 
implemented in 2002 and revised in January 
2016, is a formula used to predict 90-day mortal-
ity. It is calculated from serum bilirubin, creati-
nine, INR, and sodium values. As mentioned 
previously, for PSC patients the MELD system 
has several limitations. Patients with severe, 
intractable pruritus or recurrent cholangitis com-
monly have low INR and creatinine levels, 
thereby limiting the ability of the MELD score to 
accurately refl ect the severity of disease symp-
toms and ongoing morbidity [ 21 ]. Quality of life 
can be disproportionately poor in patients with 
low MELD [ 22 ]. MELD also fails to predict the 
progression of PSC. 

 Additional MELD points (MELD “exception” 
points) may be granted to patients with condi-
tions that are not accurately refl ected in the 
MELD calculation, such as a documented history 
of recurrent cholangitis. It was previously 
believed that patients with recurrent cholangitis 
were at increased risk for severe complications, 
including increased mortality. However, recent 
analysis of UNOS data suggests that PSC patients 
with recurrent cholangitis do not suffer higher 
rates of death and actually have lower waitlist 
mortality compared to non-PSC patients [ 12 ,  21 ]. 
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Additionally, removal for deterioration in condi-
tion is equivalent between PSC and non-PSC 
groups [ 21 ]. In 2006, a consensus conference 
attempted to narrow upgrade criteria to recurrent 
bacteremia or sepsis secondary to PSC [ 23 ]. Yet, 
in most regions the petitions continue to be 
reviewed in a nonstandardized fashion, and a 
majority of patients are approved with limited 
symptoms or complications of bacterial cholan-
gitis. Due to minimal comorbid conditions, these 
patients continue to be transplanted at a high rate 
[ 24 ]. 

 Development of an early-stage primary liver 
cancer warrants a request for a standardized 
MELD exception. Liver transplantation offers 
more than 80 % cure rate for early-stage hepato-
cellular carcinoma (HCC). Patients with HCC 
tumors who meet Milan criteria (1 tumor <5 cm 
or 2–3 tumors each less than 3 cm in diameter) 
are eligible and have maximal anticipated benefi t 
[ 25 ]. As mentioned prior, CCA disproportion-
ately affects patients with PSC, and transplanta-
tion for CCA has not yet achieved the high cure 
rates seen with HCC. Yet, highly specialized 
treatment protocols such as that published by the 
Mayo Clinic have improved survival in patients 
with localized, early-stage, hilar CCA [ 26 ]. 
Pretransplant management includes neoadjuvant 
chemoradiation, assessment of disease progres-
sion (tumor size and vascular invasion) with 
cross-sectional imaging, lymph node sampling 
with endoscopic ultrasound, and surgical explo-
ration prior to proceeding with transplantation. 
The attrition rate is signifi cant, leading to a very 
selective group of patients, but overall survival is 
good in multiple high-volume centers [ 27 ]. 
Recurrence of CCA post-liver transplant is high, 
and only select patients with isolated, hilar CCA, 
<3 cm, who have completed the protocol with 
neoadjuvant chemoradiation and aggressive stag-
ing should be considered [ 11 ,  26 ].  

    Donor Selection 

 The waitlist for a graft from a standard donor 
after brain death (DBD) has become increasingly 
competitive, with an average MELD score above 

30 at time of transplant and wait times greater 
than 2 years in some regions in the United States 
[ 6 ]. As described above, disease and symptom 
severity is poorly refl ected in the MELD score, 
and wait times for PSC patients are long. To 
reduce time to transplantation, PSC patients and 
transplant surgeons must consider nonstandard 
donor livers, specifi cally allografts from donors 
after cardiac death (DCD), public health service 
(PHS)-increased risk donors, extended criteria 
donors (e.g., older donor age), and living donors. 
The advantages of reducing wait time for trans-
plant in an attempt to reduce waitlist mortality 
are not without consequence. A retrospective 
analysis of UNOS data comparing use of DCD 
vs. DBD livers in PSC patients revealed a signifi -
cantly increased risk of graft loss in the DCD 
allograft recipients (hazard ratio 2.4) [ 28 ]. The 
use of DCD livers may disproportionately affect 
outcomes in PSC patients compared to non-PSC 
recipients. Specifi cally, a higher rate of graft loss 
due to biliary complications has been reported 
[ 28 ]. New protocols for administration of intra-
operative hepatic artery thrombolytics with 
improvement in biliary outcomes in DCD 
allografts have recently been published, but it 
remains to be seen if these benefi ts are realized in 
the PSC recipient subgroup [ 29 ]. 

 PSC patients are more likely to be transplanted 
with allografts from living donors than are non- 
PSC patients [ 30 ]. Outcomes in LDLT for PSC 
are better than LDLT done for other chronic liver 
diseases [ 31 ]. When considering live donor 
options, one must be aware of the potential pres-
ence of undiagnosed PSC in family members of 
recipients. A genetic predisposition exists, with a 
100-fold increased risk in fi rst-degree relatives. 
PSC prevalence is 0.7 % among all fi rst-degree 
relatives of patients with PSC and 1.5 % among 
siblings [ 32 ]. Certain HLA alleles (B8, DRB1*03, 
DRB1*13) and other genes have been implicated 
in the pathogenesis of PSC, but no diagnostic 
assay exists for which to screen potential donors 
[ 33 ]. Therefore, any family members undergoing 
donor evaluation should have laboratory testing 
(including serum bilirubin, AST, ALT, alkaline 
phosphatase, GGT), cross-sectional imaging (CT 
or MRI), cholangiography (MR or endoscopic), 
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and possible liver biopsy. A history of infl amma-
tory bowel disease in a potential donor, while not 
an absolute contraindication, should encourage 
one to proceed cautiously.  

    The Operation 

 Preparation of the patient in the operating room is 
similar to that of patients being transplanted for 
other indications. General anesthesia is adminis-
tered by an experienced liver transplant anesthe-
siologist. Adequate venous access for 
large-volume resuscitation is established, and 
hemodynamic monitors are placed (e.g., intra- 
arterial blood pressure catheters, transesophageal 
echocardiography probe or Swan-Ganz catheter, 
continuous pulse oximetry). Antibiotic selection 
and duration in the perioperative period should 
take into consideration a history of cholangitis in 
the recipient. 

 Intraoperatively, many of the technical consid-
erations for the native hepatectomy and vascular 
reconstruction of the donor liver are the same as 
for other recipient subgroups. The technical 
aspect of greatest contention is that of restoration 
of biliary continuity to the allograft. For most 
non-PSC recipients, the preferred method is cre-
ation of an end-to-end choledochocholedochos-
tomy, or duct-to-duct, anastomosis. Historically, 
this was not used in PSC patients due to concerns 
about the risk of residual disease in the extrahe-
patic bile duct. Reconstruction to the recipient 
duct was believed to increase the risk of anasto-
motic stricture and disease recurrence in the 
allograft. Therefore, Roux-en-Y choledochojeju-
nostomy (RYCJ) was the preferred method for 
biliary reconstruction in PSC patients, even if 
there was no gross evidence of disease in the 
extrahepatic duct at time of surgery. However, 
RYCJ is not without morbidity. RYCJ confi gura-
tion can lead to bacterial overgrowth of the bili-
ary system and is signifi cantly associated with an 
increased risk of ascending cholangitis, 25 % vs. 
9 % in duct-to-duct patients within the fi rst year 
after transplant [ 34 – 36 ]. In some studies, the risk 
of late development of non-anastomotic stric-
tures is higher in the Roux-en-Y group, which 

may be related to recurrent infl ammation from 
higher rates of cholangitis [ 35 ]. Diagnosis and 
management of biliary obstruction is more chal-
lenging with RYCJ because only the most skilled 
endoscopists can navigate the Roux limb, thus 
necessitating percutaneous transhepatic interven-
tions. Anastomotic strictures in RYCJ are more 
likely to require surgical intervention to correct 
than strictures with duct-to-duct anatomy [ 37 ]. 
This may be due to diffi culty with endoscopic 
access to Roux limbs. There is also a small, but 
known, risk of gastrointestinal bleeding from the 
jejunojejunostomy. 

 In light of these disadvantages, there has been 
a trend toward duct-to-duct biliary drainage in 
PSC patients without gross disease of the extra-
hepatic bile duct. Retrospective analyses of out-
comes in recipients with duct to duct are 
promising. A recent meta-analysis found no dif-
ference in rates of biliary strictures (anastomotic 
or non-anastomotic), biliary leaks, PSC recur-
rence, 1-year graft survival, or risk of cholangio-
carcinoma [ 36 ]. Duct-to-duct anastomosis is 
associated with reduced risk of late non- 
anastomotic strictures and reduced risk of chol-
angitis [ 35 ]. Al-Judaibi and Sutton found no 
difference in biliary stricture or leak rates when 
duct to duct was performed in patients with 
grossly normal extrahepatic bile ducts, but did 
report that postoperative cholangiography is used 
more frequently in duct to duct [ 35 ,  38 ,  39 ]. It 
should be realized that, unless a pancreaticoduo-
denectomy is performed at time of transplant, the 
most distal aspect of the common bile duct 
remains in situ, regardless of the method selected 
for biliary reconstruction. Posttransplant occur-
rence of de novo cholangiocarcinoma in the 
extrahepatic duct remnant is rare, ranging from 
0 % in some series to a few isolated case reports 
[ 35 ,  40 ,  41 ]. Type of biliary duct reconstruction is 
not associated with development of de novo can-
cer in the remnant duct [ 41 ]. Long-term overall 
survival and graft survival between types of bili-
ary reconstruction are comparable at 5 and 10 
years [ 35 ,  37 ]. 

 When considering duct-to-duct reconstruction 
in PSC patients, the surgeon should carefully 
evaluate preoperative imaging and intraoperative 
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appearance of the recipient’s extrahepatic duct. 
Normal radiographic appearance; negative cyto-
logic bile duct brushings preoperatively; the 
absence of periductal infl ammation, edema, or 
wall thickening in the operating room; and con-
fi rmed patency of distal duct with passage of a 
probe may be conducive to duct-to-duct recon-
struction [ 35 ,  41 ]. If the recipient duct is not ame-
nable to reconstruction, either due to concerns 
about disease involvement or size discrepancy, 
choledochoduodenostomy presents another 
option for biliary drainage of the allograft. It 
excludes the recipient’s remnant duct, but main-
tains normal anatomic confi guration of the GI 
tract, allowing for future endoscopic access. 
Early results are promising and do not demon-
strate increased risk of leak, cholangitis, or stric-
tures compared to standard RYCJ or duct-to-duct 
reconstruction [ 42 ,  43 ]. The success of this 
approach in the PSC subgroup of recipients is yet 
to be determined.  

    Posttransplant Outcomes 

 Overall posttransplant survival is higher for 
recipients with PSC than for those with alcohol- 
or viral hepatitis-related cirrhosis. Graft and 
overall patient survival exceeds 80 % at 5 years, 
and earlier reports indicated no signifi cant differ-
ence between recipients of living or deceased 
donor allografts [ 44 ,  45 ]. Analysis of UNOS data 
reveals a 95.4 % 5-year patient survival for LDLT 
in PSC patients (vs. 87.5 % for DDLT, ns) [ 45 ]. 
Five-year graft survival for LDLT is 87.1 % vs. 
79.2 % for DDLT, not signifi cantly different [ 45 ]. 
However, a multivariate analysis controlling for 
MELD score suggests that risk of graft or life 
loss with LDLT for PSC patients is signifi cantly 
less compared to DDLT for low MELD patients 
(mean MELD <20) [ 31 ]. The rate of re-transplant 
is the same in PSC for LDLT versus DDLT [ 45 ]. 

 Patients transplanted for PSC are at risk for all 
the posttransplant complications associated with 
other indications including hepatic artery throm-
bosis, venous infl ow and outfl ow obstruction, 
anastomotic stricture, viral infection, acute and 
chronic rejection, and ischemic cholangiopathy. 

These posttransplant complications need to be 
ruled out prior to assigning the diagnosis of 
recurrent PSC to the patient with posttransplant 
cholangitis, bile duct changes, or graft dysfunc-
tion. However, PSC does recur following trans-
plant in an estimated 10–35 % of patients and is 
amenable to medical and endoscopic treatments 
previously described for primary disease includ-
ing re-transplantation [ 46 ]. 

 It is believed that patients transplanted for 
PSC are at higher risks for acute cellular rejection 
(ACR) than patients transplanted for other indi-
cations [ 47 ]. Yet, these early studies were mostly 
done when the immunosuppression regimen con-
sisted of cyclosporine and azathioprine. The cur-
rent immunosuppression regimen typically 
consists of a perioperative steroid taper with a 
calcineurin inhibitor and mycophenolate mofetil 
combination for long-term maintenance. While it 
remains unclear if ACR rates are signifi cantly dif-
ferent, this combination is associated with higher 
rates of posttransplant IBD. Therefore, in a 
patient with recurrent fl ares, a combination that 
again includes azathioprine should be considered 
[ 48 ]. 

 Incidental or undiagnosed CCA occurs with 
high frequency. It is estimated that up to 29 % of 
pathology specimens from PSC patients who die 
or undergo liver transplant contain CCA [ 1 ]. 
Recurrence after transplant is relatively uncom-
mon in these patients where incidental tumors are 
found on explant pathology. As described previ-
ously, patients with known hilar CCA who 
undergo neoadjuvant chemoradiation with 
aggressive staging at a high-volume center can 
expect a 65 % recurrence-free survival at 5-year 
posttransplant [ 27 ]. Again, this is a highly selec-
tive group of patients, but these outcomes are 
good relative to those expected with resection of 
CCA.  

    Posttransplant Quality of Life 

 Liver transplant successfully cures most PSC 
patients of their preoperative symptoms. Pruritus, 
jaundice, and fatigue resolve and overall subjec-
tive health status improves [ 49 ,  50 ].  Health- related 
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quality of life questionnaires demonstrate good 
posttransplant functional status, equivalent to or 
better than recipients of liver transplant for other 
etiologies [ 51 ,  52 ]. Additionally, PSC patients 
have a higher rate of return to work than other 
groups [ 52 ]. 

   Conclusion 

 Liver transplantation is currently the only 
curative therapy for primary sclerosing chol-
angitis and is associated with excellent overall 
survival and improved quality of life. Living 
donor and nonstandard deceased donor 
allografts may reduce waitlist time for PSC 
patients with severe disease symptoms and 
low MELD scores. Biliary reconstruction of 
the allograft with the recipient’s native bile 
duct should be considered. Transplantation as 
treatment for hilar cholangiocarcinoma may 
offer a signifi cant survival benefi t in a select 
group of patients with good response to neo-
adjuvant chemoradiation. Thorough evalua-
tion of posttransplant complications is 
necessary to distinguish recurrent PSC or 
acute cellular rejection from other causes of 
allograft dysfunction.      
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      Recurrent Primary Sclerosing 
Cholangitis After Liver 
Transplantation                     

     James     F.     Trotter      and     Mark     G.     Swain   

      Primary sclerosing cholangitis (PSC) is a chronic 
liver disease that accounts for a relatively small 
fraction of liver transplant recipients. At our cen-
ter, Baylor University Medical Center, 5 % of liver 
recipients have PSC, while at other centers the 
fraction may be as high as 15 % [ 17 ]. Nationally, 
the Scientifi c Registry of Transplant Recipients 
(SRTR) reported that 4 % of deceased- donor liver 
transplant (DDLT) patients were performed for 
PSC in 2014 [ 23 ]. Identical numbers are seen in 
Europe where 4 % of liver transplant recipients 
have PSC according to the European Liver 
Transplant Registry [ 1 ]. Although relatively small 
in number, PSC patients have some of the best out-
comes after liver transplant. A relatively large 
fraction survives into the second decade after 
transplant for several reasons. First, advances in 
surgical techniques and immunosuppressive ther-
apy have led to signifi cant increases in long-term 
patient and graft survival over the past two decades. 
In fact, graft half-life has increased from 5.8 years 

in 1989 to 10.5 years in 1998, most of which has 
been realized by improved outcomes within the 
fi rst year of transplant [ 32 ]. Another important 
factor is that PSC transplant recipients are typi-
cally younger than patients with other types of 
liver disease. Therefore, they have fewer comor-
bidities which could jeopardize the success of the 
transplant and a longer potential posttransplant 
lifespan compared to other recipients. Finally, as 
will be discussed, recurrent disease occurs in some 
patients, but graft failure after recurrence is rela-
tively uncommon. This review will focus on the 
diagnosis, risk factors, and management of recur-
rent disease after liver transplant in PSC patients. 

    Recurrent Disease After Transplant 

 There are variable reported rates for recurrent PSC 
after liver transplantation, ranging from 2 to 40 %. 
This variation can be explained, in part, by four 
important general considerations regarding any 
type of recurrent disease in liver transplant recipi-
ents [ 36 ]. First, the diagnostic accuracy of recurrent 
disease in liver recipients can be problematic, 
because common posttransplant complications may 
appear clinically, histologically, or radiologically 
similar to recurrent disease. For example, the dif-
ferentiation between mild acute cellular rejection 
and recurrent hepatitis C or early recurrent AIH 
may be diffi cult. For recurrent PSC, the cholangio-
graphic fi ndings of ischemic injury or chronic rejec-
tion or an anastomotic stricture may be 
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indistinguishable from recurrent PSC. One pro-
posed set of criteria for PSC  disease recurrence 
includes a. cholangiogram showing non-anasto-
motic biliary strictures occurring >3 months after 
transplantation; b. exclusion of other conditions 
associated with biliary strictures (including hepatic 
artery thrombosis,  cytomegalovirus, chronic rejec-
tion); and/or c. liver biopsy showing fi brous cholan-
gitis and/or fi bro- obliterative lesions [ 19 ]. Second, 
the discovery of recurrent disease is a function of 
time as well as ascertainment bias. In the case of 
PSC, recurrent disease may not be evident for years 
and a relatively small fraction of patients actually 
develop recurrence (approximately 1/5) at a rate of 
approximately 3–5 % per year. Therefore, the lon-
ger a cohort is followed, the greater the likelihood of 
recurrence, and the larger the size of each reported 
cohort, the lower the variation in recurrence between 
the cohorts. These three factors (small number of 
PSC recipients, relatively low rate of recurrence, 
and increasing rate of recurrence over time) contrib-
ute to the wide variation in reported rates of PSC 
recurrence which are largely drawn from single-
center reports. The rate of recurrence is also directly 
related to the vigor with which recurrent disease is 
sought. Some centers perform protocol liver biopsy 
and imaging, thereby potentially reporting recur-
rence of subclinical recurrent disease. However, 
most centers perform liver biopsy only refl exively 
(i.e., on the basis of biochemical or clinical abnor-
malities), and, therefore, recurrent disease is discov-
ered in its later stages. In the case of PSC, the 
defi nitive diagnostic test, endoscopic retrograde 
cholangiopancreatography (ERCP) or magnetic 
resonance cholangiopancreatography (MRCP), 
may be too invasive or expensive, respectively, to 
warrant disease surveillance. The third important 
general consideration about recurrent disease is that 
immunosuppression may have a positive or nega-
tive impact on recurrence. The ill effects of immu-
nosuppression are most evident in patients with 
viral hepatitis (hepatitis B and C). For patients with 
an autoimmune liver disease, including PSC, immu-
nosuppression may have a protective effect against 
these disorders. Therefore, variations in immuno-
suppressive regimens between transplant centers 
and transplant eras could impact the incidence of 
recurrent disease. Finally, current data on recurrent 

disease may not refl ect outcomes of future long-
term survivors. By all accounts, current liver recipi-
ents are sicker at the time of transplant and their 
donor organs are older than those in previous years. 
In addition, the level of immunosuppression is also 
much lower than the early era of transplant. To the 
extent that these factors alter recurrent disease, graft 
loss, and patient survival, they could alter the out-
comes for current recipients compared to earlier 
transplant cohorts.  

    Diagnosis of Recurrent PSC 

 As noted above, the diagnosis of recurrent PSC 
depends to some extent on the vigor of posttrans-
plant surveillance. Since there is no effective ther-
apy to prevent recurrent PSC or alter its natural 
history, protocol biopsies or imaging in asymptom-
atic patients are not recommended. Therefore, 
most patients with recurrent disease are usually 
identifi ed by lab test abnormalities or clinical 
symptoms. The most common liver function test 
abnormality associated with recurrent PSC is an 
elevation in the alkaline phosphatase followed by 
an elevated bilirubin. Elevation in the alkaline 
phosphatase may be related to the type of biliary 
anastomosis performed at the time of transplant. 
Traditionally, PSC patients undergo complete 
resection of their biliary tree and therefore require 
a Roux-en-Y anastomosis (choledochojejunos-
tomy), a biliary anastomosis fashioned from the 
small bowel and the donor common hepatic duct. 
Elevations in the alkaline phosphatase up to 
200 IU/l are common in patients with a Roux anas-
tomosis, although higher levels may signal the 
development of recurrent biliary strictures thereby 
warranting further evaluation. Resection of the 
entire recipient biliary tree (with subsequent Roux-
en-Y anastomosis) has historically been preferred 
to remove the possibility of strictures and cholan-
giocarcinoma developing in the recipient’s remnant 
duct. However, there have been a number of studies 
evaluating duct-to-duct anastomosis (choledocho-
choledochostomy) compared to a Roux-en-Y in 
PSC patients. Some of these studies have reported 
fewer biliary strictures with a DD anastomosis [ 3 , 
 43 ] or no difference [ 10 ,  11 ,  16 ,  20 ,  22 ], and two 
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have found higher rates [ 41 ,  46 ]. A recent meta-
analysis of ten  studies of nearly 1000 patients 
found no difference in the overall incidence of bili-
ary or  anastomotic strictures between the two types 
(duct-to-duct vs. Roux) of anastomosis in PSC 
patients [ 39 ]. In fact, cholangitis was more com-
mon in the Roux-en-Y group (OR 2.9,  p  = 0.02). 
Up to 69 % of PSC patients in these studies had a 
DD anastomosis with the average being 48 %. 
There are advantages of a duct-to-duct anastomosis 
over a Roux-en-Y. Most important is the ease of 
access to the biliary tree for diagnostic or therapeu-
tic studies via an ERCP (duct-to-duct) compared to 
percutaneous transhepatic cholangiography (PTC) 
(Roux-en-Y). Intraoperatively, the duct-to-duct 
anastomosis is faster and an easier to perform, 
especially in PSC patients with infl ammatory 
bowel disease who may have undergone previous 
bowel surgery. Such patients may have a compli-
cated operation due to adhesions, and isolation of 
suffi cient jejunum for the Roux limb can be diffi -
cult. Aside from liver function test abnormalities, 
the most common symptoms of recurrent disease 
are similar to patients with PSC before transplanta-
tion. Jaundice, fever, or abdominal pain should 
alert the clinician to the possibility of recurrent dis-
ease. In patients, with either asymptomatic LFT 
elevations or clinical symptoms, hepatic imaging 
with ultrasound is the fi rst step in the evaluation. 
However, the defi nitive diagnosis of recurrent PSC 
requires cholangiography either noninvasively 
with MRCP or invasively with ERCP or PTC. The 
choice of diagnostic technique depends on the clin-
ical setting and center preference. For patients with 
asymptomatic, mild elevations in alkaline phos-
phatase, noninvasive imaging may be suffi cient. 
However, in patients with clinical symptoms or 
marked liver test abnormalities, invasive imaging 
with cholangiography is indicated so that therapeu-
tic treatments (biliary drainage procedures) can be 
applied if necessary. Because most PSC have had 
a Roux-en-Y biliary anastomosis, the most com-
mon approach for cholangiography is percutane-
ous transhepatic cholangiography. However, 
depending on the operator and patient, cholangi-
ography may be successfully performed via an 
endoscopic approach in up to 90 % of cases [ 5 , 
 12 ,  27 ,  33 ]. For patients undergoing invasive 

cholangiography, pre-procedural antibiotics may 
be helpful in preventing post-procedural clinical 
symptoms of cholangitis. However, one study 
evaluating ERCP complications in PSC patients 
(including non-transplant patients) reported a 
signifi cantly higher rate of post-procedural chol-
angitis in the PSC group (4 %) compared to non-
PSC patients (0.2 %,  p  < 0.0002) despite routine 
use of antibiotics before the procedure in PSC 
patients [ 6 ]. 

 Similar to the diagnosis of PSC before trans-
plantation, the role of liver biopsy in the diagnosis 
of recurrent PSC is limited. The typical histologic 
fi ndings of recurrent PSC include cholangitis, 
cholestasis, and “onionskin” fi brosis of the bile 
ducts. In some cases, recurrent PSC may be dis-
covered by liver biopsy in patients with elevated 
AST/ALT and suspected acute cellular rejection. 
In patients with a cholestatic pattern of liver func-
tion tests, the biopsy could reveal chronic rejec-
tion which typically presents in this fashion. 
While the biopsy may be suffi cient for the diagno-
sis of recurrent PSC by some criteria (see above), 
patients with histologic evidence of recurrent PSC 
should undergo biliary imaging with either 
MRCP, ERCP, or PTC to confi rm the diagnosis 
and measure its extent and severity. 

 Once biliary strictures have been identifi ed by 
either noninvasive or invasive cholangiography, 
the diagnosis of recurrent PSC requires elimina-
tion of other potential causes of this fi nding. The 
most common postoperative complication asso-
ciated with biliary strictures is hepatic artery 
thrombosis or stenosis. Therefore, the patency of 
the hepatic artery should be evaluated in all 
patients with biliary strictures with either hepatic 
arterial Doppler ultrasound (DUS) or hepatic 
angiography depending on the clinical setting. At 
most centers, hepatic arterial DUS is suffi cient to 
rule out hepatic arterial problems. If the DUS is 
suffi ciently abnormal, then arteriography is indi-
cated to confi rm the diagnosis and perform 
hepatic arterial stenting, if indicated. Surgical 
revascularization is rarely helpful for the treat-
ment of recurrent strictures except in special cir-
cumstances. Other causes of biliary strictures 
should be considered including chronic rejection, 
cytomegalovirus disease, ABO incompatibility 
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between donor-recipient, prolonged donor cold 
ischemia time, retained biliary stent, recurrent 
cholangiocarcinoma, and donor after cardiac 
death (DCD). In some PSC patients, the precise 
cause of biliary strictures (recurrent PSC vs. 
another cause) may be diffi cult to ascertain. 
However, the treatment of the strictures is largely 
the same regardless of their etiology.  

    Treatment of Recurrent PSC 

 Once identifi ed, the treatment of recurrent PSC 
is no different than before transplantation. For 
mild cases, some clinicians will prescribe urso-
diol if the patient is not already receiving it. 
Theoretically, ursodiol may prevent the devel-
opment of biliary sludge and stones which could 
lead to recurrent bouts of cholangitis and long- 
term graft damage. However, as noted below, 
there is no evidence that this treatment prevents 
recurrent PSC or improves the natural history of 
recurrent disease. In pretransplant PSC patients, 
neither regular dose ursodiol (13–15 mg/kg/
day) nor high dose ursodiol (17–23 mg/kg/day 
or 28–30 mg/kg/day) has demonstrated effi cacy 
[ 30 ,  31 ,  38 ]. In fact, high-dose ursodiol in pre-
transplant PSC has been linked to a higher rate 
of colonic neoplasia [ 13 ,  24 ]. Therefore, urso-
diol is not recommended for PSC patients with 
or without recurrent disease, although some cli-
nicians may prescribe it. In some mild cases, 
recurrent cholangitis or suspected recurrent 
cholangitis may be treated with either oral or 
intravenous antibiotics without biliary drainage 
procedures. In addition, patients with recurrent 
cholangitis may benefi t from continuous low-
dose oral antibiotic therapy to prevent recurrent 
symptoms. Aside from preventing recurrent 
cholangitis, there is limited data in pretransplant 
PSC patients that short-term antibiotics 
(12 weeks, vancomycin, metronidazole, or 
minocycline) are associated with a signifi cant 
reduction in alkaline phosphatase by about 50 % 
with some short-term improvement of symp-
toms [ 42 ,  44 ]. While antibiotics are a helpful 
component in the treatment of acute cholangitis, 
biliary drainage is the most effective means of 
symptomatic improvement. The most common 

means of biliary drainage is through the place-
ment of percutaneous biliary drainage tubes. 
However, as noted above, in selected cases 
endoscopic placement of biliary stents may be 
used. Typically, biliary drainage tubes or stents 
must be changed ever 8–12 weeks. In general, 
the size of the drainage tubes is increased at 
each session until a maximally tolerated drain-
age tube or stent is in place. Percutaneous bili-
ary tubes are most effective for patients with 
isolated strictures in the large ducts (common 
hepatic or right or left hepatic ducts). Patients 
with more diffuse disease in the smaller ducts 
typically have less benefi t from percutaneous 
drains. The total duration of biliary drainage is a 
decision made based on the judgment and expe-
rience of the treating physician with some input 
for the patient. In most instances, biliary drains 
should stay in for at least 3–6 months but in 
many instances for much longer. Their presence 
in the bile duct over a long period of time may 
help in reestablishing patency of the biliary duct 
by increasing the diameter of the stricture, espe-
cially if continuous “upsizing” of the drainage 
tubes is possible. The decision to remove the 
biliary drain depends on the clinical situation 
and assessment of the patient’s response to the 
drains over time. In patients with favorable 
characteristics, the duration of the biliary drains 
could be as short as 3–6 months. These charac-
teristics include localized disease, signifi cant 
improvement in liver tests, absence of recurrent 
cholangitis, and patency of the biliary system on 
cholangiography. However, patients without 
these features may require chronic indwelling 
biliary drains. In some cases, the input of the 
patient is helpful in making this decision. The 
advantages of removal of the drains (absence of 
external biliary drain appendage, absence of 
ongoing biliary drain exchanges) must be bal-
anced with the potential risks (recurrent clinical 
cholangitis, replacement of the biliary drains 
requiring percutaneous procedure with atten-
dant risk and pain). 

 Over time numerous studies have identifi ed 
potential risk factors for PSC recurrence. 
Unfortunately, the list of risk factors is very long 
and diverse. Collectively, these risk factors are 
not particularly informative in terms of how to 
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effectively avoid recurrence through specifi c 
management recommendations. These risk fac-
tors include younger recipient age [ 45 ], older 
donor age [ 21 ], male sex [ 34 ,  45 ], sex mismatch 
[ 28 ], acute cellular rejection [ 4 ,  25 ,  35 ], steroid- 
resistant rejection [ 7 ,  29 ], CMV infection or mis-
match [ 14 ,  25 ,  35 ], related donor [ 15 ], use of 
extended-donor criteria graft [ 2 ], presence of 
infl ammatory bowel disease [ 21 ], INR [ 21 ], and 
presence of CCA before transplantation [ 8 ]. In 
summary, there is no specifi c modifi able or non- 
modifi able risk factor which would change the 
selection of patients for liver transplant or their 
management afterward. 

 Similar to pretransplant disease, patients who 
develop severe (recurrent) PSC may be consid-
ered for (re)transplantation. However, in the cur-
rent era of high-MELD liver transplantation, 
many of these patients are very ill and debilitated 
at the time of retransplantation. The addition of 
advancing age and the ill effects of years of 
immunosuppression further adds to this problem. 
Consequently, some patients may not be consid-
ered eligible for retransplantation or once re- 
listed may suffi ciently deteriorate leading to 
removal from the list. Finally, while biliary drains 
help greatly in the symptomatic treatment of 
recurrent PSC, some patients become what may 
be termed as “biliary cripples.” Such patients 
have enough biliary drainage to prevent MELD 
score suffi cient for transplantation with inade-
quate drainage to prevent chronic debility from 
ongoing cholangitis.  

    Natural History of PSC After Liver 
Transplant 

 As noted above, patients with PSC have among 
the best prognosis of any group of liver transplant 
recipients. Recent data from the Scientifi c 
Registry of Transplant Recipients show that 
patients with cholestatic liver disease (about ½ of 
whom have PSC) have the highest posttransplant 
survival rate of any patient disease cohort with 
5-year graft survival rates of 78 % [ 23 ]. Data 
from the European Liver Transplant Registry 
reports 72 % 5-year graft survival rates [ 1 ]. The 
Nordic Liver Transplant Registry included 796 
PSC patients with a 5-year graft survival rate of 
75 % which was only exceeded by PBC [ 17 ]. 
PSC recurrence occurs in some patients as 
reported in numerous studies. Data from a meta- 
analysis evaluated 14 studies of 940 patients 
undergoing liver transplant for PSC with a 
median follow-up of 58 months [ 18 ]. They 
reported a recurrence rate of 17 %. Because some 
of the smaller studies reported the highest recur-
rence rates, the weighted recurrence risk is only 
11 %. They also reported insuffi cient data to 
determine any effect of immunosuppression 
(tacrolimus vs. cyclosporine) on outcomes. Large 
studies subsequent to this meta-analysis have 
reported similar results. Data from the University 
of Colorado reported 22/130 (17 %) with recur-
rent disease with a median follow-up of 66 
months [ 8 ] See Fig.  17.1 . Fifteen of 22 patients 
with recurrent PSC were successfully treated 
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medically with ursodiol or biliary drainage, but 
7/22 progressed to retransplantation. A multi-
center report from the United Kingdom of 679 
PSC patients found 81 (14.3 %) patients devel-
oped recurrent PSC and 37 (48.7 %) of whom 
developed graft failure [ 40 ]. Another large single- 
center trial from the United Kingdom of 200 PSC 
patients followed for a median time of 1957 
(approximately 65 months) reported 37 % recur-
rent disease and 8 % graft loss rate from recur-
rence [ 9 ]. A German multicenter report of 335 
PSC patients followed for a mean of 99 months 
found 20.3 % with recurrent disease and 5-year 
graft survival rates slightly lower than other 
reports at 69 % [ 21 ].

       Living Donor Liver Transplantation 

 In terms of recurrent PSC after LDLT, there is 
limited information of about posttransplant out-
comes. Data from the A2ALL Study reported that 
PSC patients had a signifi cantly higher survival 
rate compared to other disease etiologies [ 37 ]. 
Data from a Japanese survey study on 114 PSC 
patients all undergoing LDLT at 29 institutions 
reported a recurrence rate of 27 % and graft loss 
rates of 69 % in patients with recurrent disease. 
They reported the following as risk factors for 
recurrent disease in multivariate analysis: high 
MELD scores, fi rst-degree-relative donors, post-
operative CMV infection, and early biliary anas-
tomotic complications [ 15 ]. However, since there 
is no DDLT comparator group, these data are dif-
fi cult to place in context. An analysis of the SRTR 
registry compared patient and graft survival rates 
for autoimmune and cholestatic disease (includ-
ing PSC) for LDLT vs. DDLT recipients. There 
was no difference in patient or graft survival rates 
for LDLT vs. DDLT in this cohort [ 26 ].  

    Summary Paragraph 

 An uncommon indication for liver transplanta-
tion, PSC is associated with excellent long-term 
survival rates largely due to the relatively young 
age of recipients and their absence of comorbid 

medical conditions which could jeopardize the 
success of the operation. However, disease recur-
rence occurs in about one in six patients. The 
diagnosis may be suspected by elevated liver 
function tests, typically the alkaline phosphatase 
or bilirubin, and requires confi rmation with either 
liver biopsy or cholangiography with ERCP or 
cross-sectional imaging. While numerous risk 
factors for recurrence have been reported, none 
have practical implications. There is no known 
therapy for recurrent disease that predictably 
changes its natural history. Most patients are 
administered ursodiol, and symptomatic cholan-
gitis is treated with antibiotics and biliary drain-
age procedures, as indicated. Recurrent disease 
can be managed effectively, and graft loss requir-
ing retransplantation does not occur in most 
cases.     
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