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This guideline has been approved by the AASLD and
represents the position of the association.

Preamble
These recommendations provide a data-supported ap-

proach to the management of primary biliary cirrhosis
(PBC). They are based on the following: (1) formal review
and analysis of the recently published world literature on
the topic (Medline search); (2) American College of Phy-
sicians Manual for Assessing Health Practices and Designing
Practice Guidelines 1; (3) guideline policies, including the
AASLD Policy on the Development and Use of Practice
Guidelines and the American Gastroenterological Associ-
ation Policy Statement on Guidelines2; and (4) the expe-
rience of the authors in the specified topic. Intended for
use by physicians, these recommendations suggest pre-
ferred approaches to the diagnostic, therapeutic, and pre-
ventive aspects of care. They are intended to be flexible, in
contrast to standards of care, which are inflexible policies
to be followed in every case. Specific recommendations
are based on relevant published information. To more
fully characterize the quality of evidence supporting rec-
ommendations, the Practice Guideline Committee of the
AASLD requires a Class (reflecting benefit versus risk)
and Level (assessing strength or certainty) of Evidence to
be assigned and reported with each recommendation (Ta-
ble 1, adapted from the American College of Cardiology

and the American Heart Association Practice Guide-
lines3).

Etiology of Primary Biliary Cirrhosis
PBC is often considered a model autoimmune disease

because of its hallmark serologic signature, the antimito-
chondrial antibody (AMA) and specific bile duct pathol-
ogy.4,5 The etiology of PBC is thought to be due to a
combination of genetic predisposition and environmental
triggers.6

Although the genetic predisposition is clear, major his-
tocompatibility complex associations are varied.7 Several
large epidemiologic studies have been performed and have
suggested an association with urinary tract infections, re-
productive hormone replacement, nail polish, past ciga-
rette smoking, and toxic waste sites, as well as xenobiotics
in an animal model of PBC.8-10

One critical and unique feature of PBC is the high
degree of specificity for involvement of the small intrahe-
patic bile ducts. Staining of small bile ducts with mono-
clonal antibodies against mitochondrial autoantigens
demonstrates an intense staining at the apical surface of
biliary epithelial cells.11,12

The characteristic serologic hallmark of PBC is the
AMA, a highly disease-specific autoantibody found in
90%-95% of patients and less than 1% of normal con-
trols.13 The targets of the disease-specific antimitochon-
drial response are all members of a family of enzymes, the
2-oxo-acid dehydrogenase complexes and include pyru-
vate dehydrogenase complex (PDC-E2), branched chain
2-oxo-acid dehydrogenase complex, and 2-oxo-glutaric
acid dehydrogenase complex. These enzymes catalyze the
oxidative decarboxylation of keto acid substrates and are
located in the inner mitochondrial membrane.14,15 Fewer
than 5% of patients with PBC are AMA-negative in one
study.16 Both immunofluorescence, and now more com-
monly enzyme-linked immunosorbent assays, are used to
test for AMA.

There is a 100-fold to 150-fold increase of autoreactive
CD4 PDC-E2–specific T cells in liver and regional lymph
node compared to blood in patients with PBC, and a
10-fold to 15-fold increase in autoreactive CD8 PDC-
E2–specific T cell infiltrates in liver compared to blood.
These data strongly suggest that the antimitochondrial
response is either directly related to pathology or inti-
mately associated with the etiological insult.17,18
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Natural History
PBC is a chronic cholestatic disease with a progressive

course which may extend over many decades. The rate of
progression varies greatly among individual patients.
Over the past decades, there have been many changes in
the diagnosis and management of PBC. More patients are
being recognized with earlier stage disease and many of
these patients respond well to medical therapy. In both
Europe and North America the number of liver trans-
plants for PBC is falling.19,20

Patterns of Clinical Disease and Natural History in
the Pre-Ursodeoxycholic Acid Era

AMA may be detectable in serum when patients are
symptom-free and liver tests are normal. Based on one
small study, it is believed that many of these patients may
eventually develop abnormal liver tests and symptoms.
The median follow-up time from the first positive AMA
test to persistently abnormal liver tests in this series was 6
years with a range between 1 and 19 years. However, none
of the patients developed cirrhosis during the follow-up.21

It is estimated that 0.5% of the general population is
AMA-positive, which means that fewer than 10% of pa-
tients with AMA will develop PBC.22

The proportion of asymptomatic patients (which has
been variably defined) who will subsequently develop
PBC-related symptoms has been investigated in several
series from the United Kingdom, North America, and
Sweden.23-28 All of these studies provide evidence of pro-
gressive disease in a substantial proportion of patients,

with between 36% and 89% becoming symptomatic dur-
ing average follow-up periods ranging from 4.5-17.8
years. In the two most recent studies,27,28 the median time
from diagnosis to the appearance of symptoms was found
to be 2 and 4.2 years.

Patients with early disease in the absence of ursodeoxy-
cholic acid (UDCA) therapy have a shortened survival
comparable to a healthy population regardless of symp-
toms.27,28 The 10-year survival of asymptomatic patients
in three contemporary series ranged from 50%-70%;
whereas the median duration of survival for symptomatic
patients ranged from 5-8 years from the onset of symp-
toms.27,28

In an older study of 279 patients from the United
States,24 the median survival of symptomatic patients was
7.5 years, much shorter than the median survival of 16

Fig. 1. Suggested diagnostic algorithm for patients with suspected
PBC. AMA, antimitochondrial antibody; ANA, antinuclear antibody;
ASMA, anti–smooth muscle antibody.

Fig. 2. Treatment of PBC.

Table 1. Grading System for Recommendations

Classification Description

Class I Conditions for which there is evidence and/or general
agreement that a given diagnostic evaluation, procedure or
treatment is beneficial, useful, and effective

Class II Conditions for which there is conflicting evidence and/or a
divergence of opinion about the usefulness/efficacy of a
diagnostic evaluation, procedure, or treatment

Class IIa Weight of evidence/opinion is in favor of usefulness/efficacy
Class IIb Usefulness/efficacy is less well established by evidence/

opinion
Class III Conditions for which there is evidence and/or general

agreement that a diagnostic
evaluation/procedure/treatment is not useful/effective and
in some cases may be harmful

Level of
Evidence Description

Level A Data derived from multiple randomized clinical trials
or meta-analyses

Level B Data derived from a single randomized trial, or
nonrandomized studies

Level C Only consensus opinion of experts, case studies, or
standard-of-care
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years for asymptomatic patients. This marked difference
in survival has not been found in the study from North-
east England, a finding possibly explained by an excess of
deaths unrelated to liver disease in asymptomatic patients
who were on average a decade older.29

Histologic stages have been found to predict surviv-
al.30,31 The rate of histologic progression has been assessed
in three large groups of patients in the absence of a ther-
apeutically effective agent.30,32,33 The median time to de-
velop extensive fibrosis was 2 years. After 4 years, the
probability of remaining in the early stage was 29% (con-
fidence interval: 15%-52%), while cirrhosis was diag-
nosed in 50% of patients who initially had only interface
hepatitis without fibrosis. Only a minority (20%) of pa-
tients who were precirrhotic showed histologic stability.
Overall, the histologic stage progressed by one stage every
1.5 years.

The development of liver failure (ascites, bleeding, he-
patic encephalopathy, or hyperbilirubinemia [�6 mg/
dL]) during a follow-up of 5 years has been estimated to
be 15% in the large community-based study of 770 pa-
tients in Northeast England27 and 25% of the 236 pa-
tients enrolled in the European azathioprine trial.30

The rate of development of esophageal varices and its
impact on survival were evaluated in a prospective study
of 256 patients (28% of whom had cirrhosis) who were
observed for a median time of 5.6 years.34 A total of 31%
of patients developed esophageal varices. After the devel-
opment of varices, the 3-year survival was 59%, whereas
after a first bleeding episode, it was 46%.

Natural History in the UDCA Era (Circa 1990)
UDCA is currently the only drug approved for the

treatment of patients with PBC. Several randomized tri-
als, combined analyses, and long-term observational stud-
ies have shown that this agent not only improves
biochemical indices but also delays histologic progression
and improves survival without transplantation.32,35-46 Ac-
cordingly, most patients are now treated with UDCA.

In an early study, the rate of histologic progression to
cirrhosis was significantly less in the UDCA group than in
the control group (13% versus 49%).35 In a trial involving
192 patients, UDCA therapy significantly delayed histo-
logic stage progression after a median follow-up of 3.4
years.39 In the French trial of UDCA, the risk of progres-
sion from stages I-II to stages III-IV was 7% � 2% with
UDCA and 34% � 9% with placebo.32 Predictive factors
for cirrhosis developing included serum bilirubin higher
than 1 mg/dL, and moderate to severe lymphocytic piece-
meal necrosis on the liver biopsy.47

The effect of UDCA therapy on the development of
esophageal varices was addressed in a prospective study of

180 patients who received UDCA versus placebo and
were observed for up to 4 years.48 A total of 139 patients
had no varices and 41 had varices at baseline. After 4 years,
the risk of developing varices was 16% for the UDCA-
treated patients and 58% for those receiving the placebo.
However, UDCA did not reduce the low rate of bleeding.

Survival
To overcome the lack of power of clinical trials in

assessing the long-term effectiveness of therapy, a Markov
model has been used to study the effect of UDCA on the
natural history of PBC.46 The study included 262 patients
who had received 13-15 mg/kg UDCA daily for a mean of
8 years (range 1-22 years), and their survival was substan-
tially better than that predicted by the model. The overall
survival rates without liver transplantation were 84% and
66% at 10 years and 20 years, respectively. The survival
rate was better than the spontaneous survival rate as pre-
dicted by the updated Mayo model (relative risk: 0.5, P �
0.01). In early-stage patients, 6% were predicted to
progress to liver transplantation or death after 10 years
and 22% by 20 years. The survival rate of these patients
was similar to that in the control population. In contrast,
the probability of death or liver transplantation was sig-
nificantly increased in patients treated in late stages of the
disease (relative risk: 2.2, P � 0.05).

Several clinical, biochemical, and histologic features
have prognostic significance in PBC although bilirubin
level is the best predictor of survival and is the most im-
portant component in all mathematical models of prog-
nosis in PBC.49,50 Some of these models have been useful
in predicting survival in UDCA-treated patients as well
(http://www.mayoclinic.org/gi-rst/mayomodel1.html).

Diagnosis of Primary Biliary Cirrhosis
The diagnosis of PBC should be suspected in the set-

ting of chronic cholestasis after exclusion of other causes
of liver disease. The diagnosis is suspected based on cho-
lestatic serum liver tests and largely confirmed with tests
for AMA. A liver biopsy can be used to further substanti-
ate the diagnosis if needed.

Liver Biochemical Tests
Most patients with PBC have abnormal liver tests in-

cluding elevations of alkaline phosphatase, mild eleva-
tions of aminotransferases (alanine aminotransferase
[ALT] or aspartate aminotransferase [AST]) activity, and
increased levels of immunoglobulins (mainly immuno-
globulin M [IgM]). Some patients with PBC may have
high ALT or AST activities associated with hyperglobu-
linemia (increase in IgG). The changes in biochemical
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tests are related in part to the stage of the disease and to
severity of histologic lesions.30,51,52 In patients without
cirrhosis, the degree of elevation in alkaline phosphatase is
strongly related to the severity of ductopenia and inflam-
mation; the increase in aminotransferase activity and IgG
levels reflects mainly the degree of periportal and lobular
necrosis and inflammation; hyperbilirubinemia reflects
the severity of ductopenia and biliary piecemeal necrosis.
A rise in serum bilirubin, gamma globulins, and hyal-
uronic acid together with a fall in serum albumin and
platelet count are the early indicators of the development
of cirrhosis and portal hypertension.51,52 As in other cho-
lestatic diseases, serum cholesterol levels are often elevat-
ed.53 Individual serum bile acid levels can be elevated but
are not routinely determined.

Autoantibodies
AMA is found in nearly 95% of patients with PBC.5

Antinuclear antibody and anti–smooth muscle antibody
are found in nearly half of patients with PBC.5 In approx-
imately 5%-10% of the patients, AMA antibodies are
absent or present only in low titer (� 1/80), when immu-
nofluorescent techniques are used. The presence or ab-
sence of antibody, rather than the magnitude of antibody
level, is most important. In some patients, antinuclear
antibodies, particularly anti-GP210 and/or anti-SP100
are present and may correlate with prognosis54; in some
other AMA-negative patients, antibodies against the ma-
jor M2 components (PDC-E2, 2-oxo-glutaric acid dehy-
drogenase complex) are present using enzyme-linked
immunosorbent assay or western blotting techniques.

Histology
PBC is characterized by chronic, nonsuppurative

cholangitis that mainly affects interlobular and septal bile
ducts. When focal lesions show intense inflammatory
changes and necrosis around bile ducts, the term “florid
duct lesion” is often used. The inflammatory infiltrate
consists essentially of lymphocytes and mononuclear cells
in close contact with the basal membrane of cholangio-
cytes undergoing necrosis. The infiltrate consists of
plasma cells, macrophages, polymorphonuclear cells (es-
pecially eosinophils), and in some cases epithelioid gran-
ulomas which are present more often in the early stage of
disease.5 There are few (if any) arterial lesions. In contrast,
portal venules are often compressed and occluded by the
inflammatory reaction. Terminal hepatic venules are of-
ten retained in their central location with progression of
fibrosis and sometimes even in cirrhosis. Bile duct paucity
or ductopenia is usually defined in less than 50% of portal
tracts containing ducts.

The size of the liver biopsy specimen is important. The
probability of observing cholangitis and bile duct destruc-
tion increases with the number of portal tracts because of
the typical patchy distribution of the lesions. At least
10-15 portal tracts should be present, and multiple sec-
tions should be reviewed to adequately appreciate or rule
out cholangitis and ductopenia. These would include pe-
riportal/periseptal copper deposition, periportal/perisep-
tal feathery degeneration with or without Mallory-Denk
bodies, and cholestatic rosettes. Actual bile stasis is not
appreciated until decompensated liver disease has oc-
curred.

Histologic lesions are classically divided into four
stages. Stage I is characterized by portal inflammation
with or without florid bile duct lesions. In this stage,
inflammation remains confined to the portal triads. Dis-
ease progression is characterized by the gradual increase of
periportal lesions extending into the hepatic parenchyma
referred to as interface hepatitis (stage II). Periportal re-
gions become focally irregular, and the lesion is character-
ized by cellular necrosis or apoptosis, separation of
hepatocytes by inflammatory cells, and macrophages.
There are two main types of interface hepatitis. The first is
lymphocytic piecemeal necrosis, the association of hepa-
tocellular necrosis or apoptosis with lymphohistiocytic
cells. This is similar to the lesion found in autoimmune
hepatitis (AIH). Second is biliary piecemeal necrosis,
which is marked by a striking ductular reaction, some-
times referred to as ductular proliferation, and accompa-
nied by edema, neutrophil infiltration, periductular
fibrosis, and necrotic hepatocytes, the latter associated
with cholestasis. The French have shown that severity of
interface hepatitis is highly predictive of development of
extensive fibrosis.47,55 Stage III is characterized by a dis-
tortion of the hepatic architecture with numerous fibrous
septa. Cirrhosis with the existence of regenerative nodules
defines stage IV. Nodular regenerative hyperplasia is a
known complication of PBC and should be differentiated
from cirrhosis.

With the high disease specificity of a positive AMA
test, the role of liver biopsy to diagnose PBC is question-
able with alkaline phosphatase activity � 1.5 times nor-
mal and AST values � 5 times normal.56 Liver biopsy
may be recommended in AMA-negative patients and to
exclude other concomitant diseases such as AIH and non-
alcoholic steatohepatitis.46,47,55

Role of Imaging
Expert noninvasive imaging of the liver and biliary tree

is mandatory in all patients with biochemical evidence of
cholestasis. If the diagnosis is uncertain, then cholangiog-
raphy may be necessary preferentially with noninvasive
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magnetic resonance imaging or endoscopically to exclude
primary sclerosing cholangitis or other biliary tract dis-
eases. Transient elastography (Fibroscan; Echosens, Paris,
France) is a new noninvasive tool to evaluate the degree of
liver fibrosis, which has been studied in patients with
PBC,57 but it is not yet approved by the U.S. Food and
Drug Administration.

Diagnostic Approach
The diagnosis of PBC is generally based on the follow-

ing criteria: (1) biochemical evidence of cholestasis with
elevation of alkaline phosphatase activity; (2) presence of
AMA; and (3) histopathologic evidence of nonsuppura-
tive cholangitis and destruction of small or medium-sized
bile ducts if a biopsy is performed. The differential diag-
nosis includes a cholestatic drug reaction, biliary obstruc-
tion, sarcoidosis, AIH and primary sclerosing cholangitis.

Recommendations: Diagnosis
1. The diagnosis of PBC can be established when

two of the following three criteria are met:
● Biochemical evidence of cholestasis based mainly

on alkaline phosphatase elevation.
● Presence of AMA.
● Histologic evidence of nonsuppurative destruc-

tive cholangitis and destruction of interlobular
bile ducts (Class I, Level B).

Clinical Manifestations of PBC
Symptoms

Fatigue. Fatigue is the most common symptom in
PBC and has been found in up to 78% of patients.56-62

Fatigue is nonspecific and occurs in many conditions
other than PBC. Fatigue does not correlate with the se-
verity, histologic stage, or duration of PBC. Severe fatigue
may impair the quality of life in patients with PBC61,62

and may be associated with decreased overall survival.63

Its etiology is unknown. Recently, an autonomic neurop-
athy has been described in association with fatigue in
patients with PBC.64 Fatigue does not improve with treat-
ment of depression, is often constant over time,65 is fre-
quently associated with excessive daytime somnolence,
and may be a manifestation of untreated hypothyroidism
which occurs in about 20% of patients with PBC.65,66

Pruritus. Pruritus is a more specific symptom of PBC
than fatigue and formerly occurred in 20%-70% of pa-
tients with PBC. It is now less common because patients
with PBC are often asymptomatic at diagnosis.59,67,68 It
can be local or diffuse, usually worse at night while lying
in bed, and is often exacerbated by contact with wool,
other fabrics, heat, or pregnancy. Once pruritus occurs in
PBC, its severity may diminish over time.67 However, it is
unlikely to disappear completely without treatment until

a patient develops cirrhosis and liver failure. The cause of
pruritus in PBC is unknown.69,70 It is proposed that the
pruritus of cholestasis, including that secondary to PBC,
is mediated at least in part by increased opioidergic neu-
rotransmission70 while other studies support a role for
components of bile.71

Other Symptoms. Sicca Syndrome (dry eyes and/or
mouth) is common. Cutaneous calcinosis, Raynaud’s
phenomenon, and dysphagia are uncommon associated
symptoms.

Physical examination
The physical examination is usually normal. Occasion-

ally, xanthelasma and xanthoma are recognized. Spider
angiomata and splenomegaly are found in the setting of
portal hypertension. Jaundice is a late finding in patients
with advanced liver disease.

Portal Hypertension
Similar to other liver diseases, portal hypertension

most often develops late in the course of PBC, when pa-
tients have well-established cirrhosis. However, in con-
trast to other liver diseases, portal hypertension may also
develop in patients with early, precirrhotic PBC. These
patients may hemorrhage from esophageal varices, gastric
varices, or portal gastropathy despite having normal or
near normal liver synthetic function. Nodular regenera-
tive hyperplasia is associated with obliteration of the por-
tal venules and may lead to portal hypertension in some of
these patients.72,73 Patients can survive for many years
after variceal hemorrhage without liver transplanta-
tion.72,74 Ascites and hepatic encephalopathy may de-
velop in patients with histologic advanced PBC and
cirrhosis.

Bone Disease
Osteoporosis is the bone disorder seen most often in

PBC75 and occurs in up to one-third of patients.76,77 The
relative risk for osteoporosis in PBC compared to an age-
matched and sex-matched healthy population is 4.4.76 It
is usually asymptomatic, not associated with any specific
laboratory abnormalities, and detected by bone densitom-
etry. The debilitating bone disease that was seen decades
ago and often complicated by multiple fractures is now
uncommon.78-80 The cause of osteoporosis in PBC is un-
certain. Patients with PBC appear to have “low-turnover”
osteoporosis in which bone formation is inhibited and
bone resorption is low or normal.78,81-82 Vitamin D me-
tabolism is normal in patients with PBC except for those
with jaundice and clinically advanced disease.83-85
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Hyperlipidemia
Serum lipids may be strikingly elevated in PBC.86,87

The mechanism of hyperlipidemia in PBC is different
from that in other conditions. Levels of high-density li-
poprotein cholesterol are typically elevated and unusual
lipoprotein particles, such as lipoprotein X, may accumu-
late.88 Mean cholesterol levels were 370 and 265 mg/dL in
two studies of patients with PBC and levels ranged from
120-1775 in individual patients.88,89 High-density li-
poprotein cholesterol is disproportionately elevated com-
pared to low-density lipoprotein cholesterol, and patients
with PBC are not at increased risk of death from athero-
sclerosis.87,89,90

Vitamin Deficiency
Although patients with PBC may have decreased bile

acid secretion resulting in increased risk of lipid malab-
sorption, clinically important deficiencies of the fat-solu-
ble vitamins A, D, E, and K are uncommon.83,91-93

Vitamin D metabolism is maintained and serum levels of
25-hydroxy vitamin D and 1-25 dihydroxyvitamin D are
usually normal in most patients, including those with
osteoporosis.94 The exception occurs in severely jaun-
diced patients who are awaiting liver transplantation who
may also have osteomalacia. Vitamin A, D, E, and K levels
may be decreased, resulting in night blindness, osteope-
nia, neurologic impairment, and decreased prothrombin
activity, respectively.95,96

Special Cases
AMA-Negative PBC

Patients with AMA-negative PBC refers to those
who lack AMA but whose clinical presentation, liver
histology, and natural history are nearly identical to
patients with typical AMA-positive PBC. Nearly all of
these patients have antinuclear and/or anti–smooth
muscle antibodies.97-102

Minimal differences in histopathology, immunology,
and human leukocyte antigen status exist between the
AMA-positive and AMA-negative groups. Mitochondrial
antigen is expressed on the apical membranes of biliary
epithelial cells from individuals with AMA-negative as
well as AMA-positive PBC, suggesting that their patho-
genesis is similar.103

The diagnosis of AMA-negative PBC requires a liver
biopsy that demonstrates the typical features of bile duct
destruction seen in PBC. The diagnosis is more certain if
granulomas are present. A recent large Japanese retrospec-
tive study has shown AMA-negative cases of PBC have
less pruritus and more nonhepatic autoimmune diseases
(e.g., rheumatoid arthritis and scleroderma).104 IgM levels

are lower in AMA-negative than AMA-positive patients
with PBC.99

A recent meta-analysis has examined published re-
ports105 of patients treated for AMA-negative PBC, which
only totaled 52 patients. The authors concluded no dif-
ference in biochemical response to UDCA was observed
when patients with AMA-positive and AMA-negative
PBC were compared.

Overlap of AIH with PBC
There is no formal definition of the overlap syndrome

between PBC and AIH. Overlap features of PBC usually
refers to simultaneous AIH in patients who have a diag-
nosis of AMA-positive PBC and not to patients with AIH
who have coincidental AMA. Studies reported to date are
of insufficient size to indicate with any degree of certainty
just how a diagnosis of PBC overlapping with AIH is
different from uncomplicated PBC. Limited observa-
tional data suggests that response to therapy with UDCA
for PBC/AIH overlap is no different from that observed in
patients with PBC alone. A PBC/AIH overlap syndrome
may also refer to patients with sequential PBC followed
by AIH as described recently in a case series106; less com-
monly, AIH followed by PBC has been described.

Diagnosis of PBC/AIH Overlap
There are two scoring systems that have been used to

evaluate patients with PBC for simultaneous evidence of
overlapping AIH. Both of these scoring systems are arbi-
trary; they are decided upon by expert opinions without
the availability of long-term follow-up data. The first is
the International Autoimmune Hepatitis Group
(IAIH-G) score, the original draft of which was validated
in two independent patient populations diagnosed with
AIH. This score was subsequently revised,107 and it is this
score that has been used in several recent studies to iden-
tify possible PBC/AIH overlap. But this IAIH-G score
was designed for AIH and positive points for AIH are
given when there is an absence of factors unrelated to a
diagnosis of PBC, e.g., viral hepatitis and alcohol abuse.
In addition, negative scores for AMA and/or biochemical/
histologic features of biliary disease would be assigned by
IAIH-G. A second score has been used to support the
presence of a PBC/AIH overlap by looking for the pres-
ence of two of the three following features: (1) ALT ac-
tivity � 5 times upper limits of normal; (2) IgG � 2 times
upper limits of normal and/or positive anti–smooth mus-
cle antibody; and (3) liver biopsy with moderate or severe
periportal or periseptal inflammation.108

There have been several individuals with PBC who
have been given a diagnosis of PBC and have then been
evaluated for “features of AIH” using one of these two
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methods.109-111 However, it is unclear if the biochemical,
serological, and immunological data were collected at the
same time as the liver histology. Additionally, external
factors such as drug reactions or concomitant diseases
may affect any and possibly all of these measurements.

Clinical Course of “Overlap” Syndrome
Small studies have reported outcomes in patients with

simultaneous PBC/AIH overlap. Twenty-six patients
with PBC/AIH overlap who were followed for a mean of
5-6 years were compared with 135 patients with classical
PBC.112 This study indicated a worse outcome in terms of
complications of portal hypertension, death, or need for
liver transplant in patients with PBC and a “probable” or
“definite” IAIH-G score. However, an estimated 50% of
patients in either group had received treatment with
UDCA and some in both groups had received a variety of
other therapies. UDCA with or without immunosuppres-
sive therapy has been used, but no clear consensus in
optimal therapy for these patients exist.110-113 There are
no randomized, controlled data which indicate how best
to treat patients thought to have simultaneous PBC/AIH
overlap.

Consecutive PBC/AIH
There are case reports114,115 of patients with AMA-

positive PBC who respond biochemically to UDCA ther-
apy yet subsequently present with clinical features of AIH.
These patients may no longer have AMA seropositivity,
and liver histology becomes more typical of AIH which
responds to immunosuppressive therapy. Patients with
PBC may have florid duct lesions and almost all have
evidence of bile duct damage, usually with cholestatic
features. A review of 289 cases of PBC followed for the
long term suggests that 4.3% have simultaneous features
of PBC and AIH and 2.4% develop an acute AIH super-
imposed on their PBC.116 These authors make reference
to five cases of AIH who then developed PBC. More
recently, eight patients drawn from more than 1400 pa-
tients with PBC were described who developed AIH after
years of stable PBC.116

AMA-Positive AIH
There are few data on the prevalence of detectable se-

rum AMA in patients who otherwise have typical features
of AIH. These data may be extracted from histologic re-
view of patients with AIH, in whom small bile duct pa-
thology was superimposed on a background of AIH.117 In
this case series, none of the five patients who tested posi-
tive for AMA (among 166 patients) had bile duct changes
on examination of liver histology. There are case reports
of patients with overt AIH who nevertheless tested AMA-

positive,118,119 but on long-term follow-up, these patients
do not develop PBC.120

Clearly, there is a need for better long-term analysis
regarding the natural history of both PBC and AIH. The
effect of therapy on the IAIH-G score and its components
will need to be controlled for, and only then will the
clinical significance of these overlapping features become
realized.

Therapy for Primary Biliary Cirrhosis
UDCA in a dose of 13-15 mg/kg/day is the only ther-

apy for PBC approved by the U.S. Food and Drug Ad-
ministration. The drug is initiated gradually and generally
given in two divided doses. A number of studies have
shown the benefit of UDCA in this context.37-42 Individ-
ual studies have demonstrated consistent evidence of im-
proved liver biochemistries. Some studies with extended
follow-up have also shown improved survival.38,41,42

Other information comes from combining data sets to
increase sample sizes which has allowed assessment of the
effects of therapy.42 Some meta-analyses have questioned
these results.121 Often, these meta-analyses include stud-
ies of short duration and those that have used what is now
known to be an inadequate dose of UDCA.122

UDCA is widely used and has demonstrated the ability
to produce a reduction in need for liver transplantation
for this condition.123 The drug is used for patients with
any stage of PBC as long as their liver biochemistries are
abnormal. A liver biopsy in not required for the diagnosis
for PBC in many settings, and the stage of biopsy does not
determine whether UDCA should be used but may have
an impact on developing treatment strategies.111 Patients
with earlier histologic stage in general respond more fa-
vorably to UDCA, but even patients with advanced stage
disease may derive improvement in survival or avoidance
of need for liver transplantation with this therapy.42

The dose of UDCA is important. A study comparing
three different doses of UDCA showed that a dose of
13-15 mg/kg/day appeared superior to either a lower dose
of 5-7 mg/kg/day or a higher dose of 23-25 mg/kg/day in
biochemical responses and cost.124 The studies which
show an improvement in survival have all used this dose of
13-15 mg/kg/day. A direct comparison of different drug
formulations has not been studied in patients with PBC.
A short-term pharmokinetic study in normal volunteers
suggested substantial differences in bioavailability on the
basis of preparation.125 Cholestyramine or other bile acid
binding sequestrants may interfere with UDCA absorp-
tion. Some antacids may bind bile acids, and so these
should be administered at separate times. Dosage does not
need to be adjusted for liver or renal disease. Monitoring
is done using liver biochemical values, and liver biopsy has
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not been used for monitoring. Improvement in liver tests
will be seen within a matter of a few weeks and 90% of the
improvement usually occurs within 6-9 months. About
20% of patients will have normalization of liver biochem-
istries after 2 years126 and a further 15% or 35% of the
total will have normalization by 5 years. The effect of
treatment can be based on response of serum alkaline
phosphatase activity or Mayo risk score, which is depen-
dent on age, albumin, bilirubin, prothrombin time, and
presence or absence of fluid retention.49,127 The use of
UDCA has been associated with a reduction of serum
low-density lipoprotein cholesterol levels, a reduced risk
of developing varices, and slower histologic progression.
However, UDCA therapy does not improve fatigue, pru-
ritus, associated bone disease, or autoimmune features
found in association with PBC.48,55,128,129

Issues of patient compliance, development of superim-
posed liver disease, or coadministration with bile seques-
trants such as cholestyramine or Colestid should be
considered for patients with suboptimal response. UDCA
has minimal side effects. A five-pound weight gain over
the first year of therapy has been reported and is not
progressive.130 Loose stools and/or thinning of the hair
have been reported infrequently.

Other drugs have been tested, but none have been
found as single agents to be of benefit. These include
chlorambucil, penicillamine, cyclosporine, corticoste-
roids, azathioprine, mycophenolate mofetil, thalidomide,
methotrexate, malotilate, and colchicine.131-141 Many of
these have been used in combination with UDCA to see if
further improvement in liver disease could be effected.
Doubling the dose of UDCA and the addition of colchi-
cine, methotrexate, or silymarin have not been found to
be of benefit over and beyond that achieved with UDCA
alone.144-146 Budesonide may be helpful, although this is
controversial.147 Fibrates are also being evaluated.148

Food and Herbals Used Therapeutically
Patients frequently ask about specific foods to use or

avoid. There are no specific recommendations based on
clinical evidence that any particular foods should
be avoided or would be of benefit. In patients who are
obese and who may have superimposed steatohepatitis, a
normal (ideal) body weight would be desirable. No infor-
mation exists on risks of concurrent alcohol use or medi-
cations.

Complementary or alternative medicines have seldom
been tested and seldom are. Silymarin was tested in com-
bination with UDCA but offered little additional bene-
fit.146 No other clinical evidence exists regarding clinical
safety or efficacy of other herbal products.

Recommendations:

2. UDCA in a dose of 13-15 mg/kg/day orally is
recommended for patients with PBC who have
abnormal liver enzyme values regardless of his-
tologic stage (Class I, Level A).

3. For patients requiring bile acid sequestrants,
UDCA should be given 2-4 hours before or after
ingestion (Class I, Level C).

Management of Symptoms
Management of Fatigue

Fatigue may be multifactorial; causes other than PBC
should be considered. These include anemia, hypothy-
roidism, depression, and a sleep disorder. Treatment with
UDCA has not been reported to have an impact on the
degree of fatigue in patients with PBC.

Altered serotonin neurotransmission may mediate fa-
tigue in chronic liver disease,149 however, ondansetron, an
antagonist to serotonin receptor 3, did not relieve fa-
tigue.150 Fluoxetine, a selective serotonin reuptake inhib-
itor, also did not improve fatigue.151

An association between fatigue and altered sleep, and
in particular excessive daytime sleepiness, has been re-
ported in patients with PBC.152 Modafinil is a medication
used for the treatment of daytime somnolence associated
with shift work.153 The initial observation that modafinil
might lessen fatigue in PBC was supported by an open-
label study.154 Modafinil at doses of 100-200 mg/day was
associated with a significant improvement in the fatigue
domain score as compared to baseline, as assessed by the
PBC-40 questionnaire. In addition, modafinil was associ-
ated with a significant decrease in daytime somnolence.155

At this time, there is no recommended therapy for the
fatigue resulting from PBC.

Management of Pruritus
UDCA does not usually relieve pruritus; therefore,

specific antipruritic interventions need to be prescribed.
The treatment of pruritus secondary to cholestasis can be
classified according to the presumed aim of the interven-
tion.

Therapies for the Removal of the Pruritogenic
Substances(s) from the Body

It is believed that the pruritogenic substances are made
in the liver, excreted in bile, and as a result of cholestasis
accumulate in tissues. Cholestyramine is a nonabsorbable
resin used to treat hypercholesterolemia; other resins in-
clude colestipol and colesevalam. There is a consensus
that cholestyramine is associated with amelioration of
pruritus in many patients with PBC.156,157 The recom-
mended dose of cholestyramine is 4 g per dose to a max-
imum of 16 g/day given 2-4 hours before or after UDCA.
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Morning dosing is preferred. In general, cholestyramine is
well tolerated, although some patients report bloating,
constipation, and diarrhea. Colestipol and colesevalam
have not been evaluated in controlled studies to treat pru-
ritus in cholestasis.158

Patients with severe pruritus not responsive to oral
therapy have undergone procedures to separate the pruri-
togens from the plasma, including the extracorporeal liver
support systems.159-161

Rifampicin
Rifampicin, an enzyme inducer, has been used to treat

pruritus in patients with PBC in several clinical stud-
ies.162-165 A dose of 150 mg daily if bilirubin was less than
3 mg/dL and 150 mg twice daily if bilirubin was 3 mg/dL
or higher was used in one study.

Two published meta-analyses have reported that ri-
fampicin administration is associated with relief of pru-
ritus in cholestasis.158,166 One meta-analysis included
four clinical trials with a participation of a total of 57
patients in studies of variable quality.158,167 The other
meta-analysis included a total of 61 participants from
three double-blind randomized prospective studies and
two randomized controlled cross-over trials.166 Rifam-
picin was associated with the relief of pruritus in a
higher proportion of patients than the control group,
with an odds ratio of 15.2 (confidence interval: 5.2-
45.6, P � 0.001). Side effects of rifampicin remain a
serious concern because cases of hepatitis and hepatic
failure, hemolysis, renal impairment, and alteration in
drug metabolism have been associated with the admin-
istration of this drug67,164,168; therefore, if rifampicin is
prescribed, close and regular follow-up of blood tests
including liver panel and blood counts is necessary.
Rifampicin use may obviate the antidepressive effects
of serotonin reuptake inhibition, and these should not
be used together.169

Opiate Antagonists
A pharmacological increase in opioidergic tone is asso-

ciated with pruritus170 and ameliorated by opiate antago-
nists, suggesting that it is an opioid-receptor-mediated
phenomenon.171 There is evidence to suggest that in cho-
lestasis there is increased opioidergic tone172; thus, altered
neurotransmission may mediate the pruritus, and opiate
antagonist drugs such as naloxone should decrease the
pruritus.173-178 A meta-analysis included five trials, three
that tested the effect of opiate antagonists administered
orally (i.e., naltrexone and nalmefene) and two that tested
the effect of intravenous naloxone with a reported total of
84 participants.158 Opiate antagonists were significantly

more likely to decrease pruritus than the control interven-
tion.

The limiting factor in the use of opiate antagonists is
the opioid withdrawal-like reaction that can occur with
this type of medication.173,174,176 The opiate withdrawal-
like reaction can be characterized by abdominal pain, high
blood pressure, tachycardia, goose bumps, nightmares,
and depersonalization.174,176,179 It is not possible to
predict who will develop an opiate withdrawal-like re-
action. Clinical experience has suggested that patients
who have severe pruritus may have a higher opioidergic
tone and may be at risk for a more severe reaction.
Naltrexone at a dose of 50 mg as a starting dose may be
higher than desirable, thus, the provision of a lower
dose can be achieved by providing a quarter (12.5 mg)
of a tablet every day to be increased by a quarter every
3-7 days, until the pruritus is ameliorated. Alterna-
tively, patients can be admitted to the hospital for in-
travenous infusions of naloxone as previously
reported,20 followed by the introduction of oral nal-
trexone and discontinuation of the infusion. Drug ad-
ministration can be held or the dose kept constant if
signs of an opiate withdrawal-like syndrome develop,
because the reaction tends to subside spontaneously.180

Naltrexone hepatotoxicity is not common but it has
been reported; thus, follow-up of liver biochemistries is
recommended.181,182 In patients with decompensated
liver disease, naltrexone metabolites can accumulate183;
thus, reduction of the dose is necessary. The need to use
naltrexone in these cases is not common because pru-
ritus tends to cease as liver disease progresses.67 Long-
term use of opiate antagonists has been associated with
a chronic pain syndrome.184

Other Agents

Serotonin Antagonists. The serotonin system partic-
ipates in the neurotransmission of nociceptive stimuli
which is the rationale provided for the evaluation of on-
dansetron, a serotonin antagonist at the type 3 receptor,
to treat pruritus in cholestasis.185 Ondansetron (8 mg
three times daily) was reported to decrease the pruritus
associated with cholestasis in studies that used subjective
methodology only; however, data from studies that ap-
plied behavioral methodology and that included patients
with PBC have suggested that ondansetron has only min-
imal therapeutic effect on the pruritus.186-188

Antidepressants. Antidepressants, including selective
serotonin reuptake inhibitors, have been reported to have
antipruritic effects.189 Sertraline (75-100 mg) helped re-
lieve pruritus; the effect was independent from an im-
provement in depression.190

Phenobarbital. Phenobarbital has been used in the
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past but is sedating and has been associated with trouble-
some gingival hyperplasia.

Antihistamines. Antihistamine drugs may have non-
specific antipruritic effect in patients with cholestasis,
which may result from their sedative properties.191,192 An-
tihistamine-mediated sedation may help patients sleep,
which can be difficult in patients with pruritus; however,
the dryness of mucous membranes associated with this
type of drug may limit its use in patients with PBC and
sicca symptoms.192

Patients with severe pruritus are at risk for depression
and suicidal ideations and actions. These patients may
require hospital admission for parenteral administration
of medications including opiate antagonists. Intractable
pruritus can be an indication for liver transplanta-
tion.193,194

Recommendations:
4. Bile acid sequestrants should be used as initial

therapy for patients with PBC who have pruri-
tus (Class I, Level B).

5. The following agents can be used for pruritus
refractory to bile acid sequestrants:

a. Rifampicin 150-300 mg twice daily (Class I,
Level A).

b. Oral opiate antagonists such as naltrexone 50
mg daily (Class I, Level A).

c. Sertraline (75-100 mg daily) can be tried when
other measures fail (Class I, Level B).

Management of Sicca Syndrome
General measures to improve eye care include humid-

ification of the household environment. Artificial tears,
the initial treatment of dry eyes, include hydroxypropyl
methylcellulose and carboxymethylcellulose and can be
used as needed over the course of the day. Anti-inflamma-
tory and immunosuppressant agents also have been used
to treat dry eyes.195 Cyclosporine ophthalmic emulsion,
the only prescription product approved for the treatment
of dry eyes, was associated with a significant increase in
the production of tears as compared to placebo in con-
trolled clinical trials. In cases refractory to drugs, blocking
the puncta to prevent draining of tears can be performed,
in combination with artificial tears.196

The dramatic presentation of PBC with rampant den-
tal caries has been reported in a patient with severe symp-
toms of Sjögren’s syndrome.197 General measures to
improve oral health in patients with sicca symptoms in-
clude regular visits to the dentist, mouth rinsing with
water, the use of fluoride-containing toothpaste, daily
flossing, and avoidance of sugar between meals. Chewing
sugar-free gum and hard candy can stimulate saliva pro-
duction, and the use of oil-based or petroleum-based lip

balm or lipstick can decrease oral dryness. Saliva substi-
tutes are recommended for patients with xerostomia.
Cholinergic agents, such as pilocarpine and cevimeline,
are empirically used in Sjögren’s syndrome.198 Dysphagia
can be associated with xerostomia in patients with PBC;
interventions to increase saliva production and improve
the process of mastication can be recommended.199 Oral
candidiasis can be a complication of dry mouth and it
requires specific antifungal medications. Care must be
exercised with swallowing pills that are irritating to the
esophagus such as potassium supplements, tetracycline,
or alendronate because of the sicca syndrome and occa-
sional esophageal dysmotility. Drinking plenty of water
and maintaining an upright position are worth stressing.

Vaginal dryness can contribute to the sicca symptom
complex. Vaginal moisturizers are helpful but vaginal lu-
bricants are not recommended for routine use because
they are not moisturizers. Estrogen creams have specific
indications and should be used under the direction of a
gynecologist.

Itching from dry skin may complicate the sicca symp-
tom complex, which can have a further negative impact in
patients already suffering from pruritus from cholestasis.
Dry skin can be treated with heavy moisturizing creams
and ointments.

Recommendations:
6. Management of dry eyes can include the follow-

ing:
a. Artificial tears should be used initially (Class I,

Level C).
b. Pilocarpine or cevimeline can be used in pa-

tients refractory to artificial tears (Class IIa,
Level B).

c. Cyclosporine ophthalmic emulsion can be used
in those refractory to other agents, preferably
under the supervision of an ophthalmologist
(Class I, Level A).

7. The following therapies should be used for xero-
stomia and dysphagia:

a. Saliva substitutes can be tried (Class I, Level C).
b. Pilocarpine or cevimeline can be used if patients

remain symptomatic despite saliva substitutes
(Class I, Level B).

8. Moisturizers can be given for vaginal dryness
(Class I, Level C).

Sjögren’s Syndrome � CREST/Raynaud’s
There are two major autoimmune diseases which have

been shown in a cohort study to occur significantly more
often in PBC than the age-matched and sex-matched
population: Sjögren’s syndrome (� CREST [C-calcino-
sis, R-Raynaud’s, E-esophageal dysfunction, S-sclerodac-
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tyly and T-telangectasias]) syndrome and Raynaud’s
disease.200 Several reports suggest that patients with PBC
have a higher chance of autoimmune thyroid disease;
however, the latter is common in the general population
(4% frequency). It is very questionable whether celiac
disease is or is not more common in PBC probably be-
cause genetic factors linked to race influence disease pre-
sentation.

Preventive Care and Other Considerations
The majority of individuals given a diagnosis of PBC in

2008 have no symptoms referable to their liver disease.
Not surprisingly, such individuals may believe that a lack
of symptoms is synonymous with lack of significant dis-
ease. This lack of symptoms makes it particularly difficult
for an individual to recognize the importance of preven-
tive strategies in PBC. The strategies refer not only to the
management and consequences of their liver disease but
also associated diseases such as sicca syndrome, thyroid
disease, and bone disease.

In terms of liver disease progression, the same advice
applies to patients with PBC as for any other form of liver
disease—to avoid excess alcohol consumption, obesity,
and cigarette smoking. These comorbidities both pro-
mote disease progression and may put the individual at
risk of not being accepted for a liver transplant should the
latter become necessary.

All individuals known to have cirrhosis need to be in-
formed about the risk of using nonsteroidal anti-inflam-
matory drugs, benzodiazepines, and aminoglycoside
antibiotics. Additionally they need to be advised to in-
form all other physicians, particularly surgeons and/or
anesthesiologists, that they have cirrhosis because both
hypotension and then volume replacement with saline
could be deleterious.

General Advice
Hormone Replacement and Pregnancy

Estrogens promote cholestasis, so oral contraceptive
pills and estrogen supplements may induce or worsen pru-
ritus. Similarly, during pregnancy itching may become
severe even early on in the pregnancy and it may fail to
resolve completely after delivery in patients with PBC.

As with all other women with cirrhosis who become
pregnant, it is advisable to check for varices in the second
trimester when the mother’s blood volume increases
markedly. Treatment with beta blockers is safe in preg-
nancy. A short second stage of labor is optimal as the
Valsalva maneuver may precipitate variceal hemorrhage.

Screening Family Members
Family members of patients with PBC are at increased

risk of developing the disease, particularly among first-
degree female relatives including sisters and daughters.200

Screening is usually done by measuring the serum alkaline
phosphatase level and if elevated by assessing for AMA.
The value of screening these individuals for PBC has not
been established, however.

Long-Term Follow-Up
UDCA should be continued indefinitely. Periodic

monitoring of liver tests should be performed at 3-month
to 6-month intervals. This helps detect the rare patients
who go on to develop AIH.113-116 Thyroid status should
be monitored annually. For patients with known cirrhosis
with a Mayo risk score � 4.1, upper endoscopy to assess
for varices should be done every 2-3 years. Bone mineral
density should be assessed every 2-4 years, depending on
baseline density and severity of cholestasis. Similarly,
fat-soluble vitamin levels should be monitored annu-
ally in patients with jaundice. Cross-sectional imaging
usually with ultrasound and alpha-fetoprotein levels to
screen for hepatocellular cancer should be done every
6-12 months in patients with cirrhosis and older men
with PBC (Table 2).

Complications Related to Cirrhosis
Hepatocellular Carcinoma

As with almost any form of cirrhosis, there is an increased
risk of hepatocellular carcinoma.201-203 Regular screening for
hepatocellular carcinoma with cross-sectional imaging with
or without alpha fetoprotein at 6-month to 12-month inter-
vals is currently advised for patients with cirrhosis.204 In pa-
tients without liver biopsy, screening should be considered
for patients with a low platelet count, a Mayo risk score �
4.1 (http://www.mayoclinic.org/gi-rst/mayomodel1.html),
or varices.127,205

Portal Hypertension and Varices
There is conflicting evidence for when it is appropriate

to screen patients for esophageal varices with PBC. One
study reports that a platelet count of �200,000/mm3,206

Table 2. Follow-Up of PBC

● Liver tests every 3-6 months
● Thyroid status (TSH) annually
● Bone mineral densitometry every 2-4 years
● Vitamins A, D, K annually if bilirubin � 2.0
● Upper endoscopy every 1-3 years if cirrhotic or Mayo risk score � 4.1
● Ultrasound and alpha fetoprotein in patients with known or suspected

cirrhosis†

*Interval determined by findings on previous EGD.
†Platelets � 140,000/mm3 or Mayo risk score � 4.1.
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another 140,000/mm3,205 be the cutoff points for likeli-
hood of varices being present. These differences may re-
late to differences in the rate of noncirrhotic portal
hypertension due to nodular regenerative hyperplasia that
may have been more prevalent in the first study. Another
study suggests that varices are virtually never found unless
the Mayo risk score is at least 4.1.127 Prevention of variceal
hemorrhage in PBC is as for any other patient with portal
hypertension. The first line of treatment is with oral non-
selective beta blockers, although primary prophylaxis
with endoscopic banding can be considered as well.

Management of Portal Hypertension
Patients with PBC may develop portal hypertension as

a result of biliary cirrhosis, or in the precirrhotic stage of
the disease, in association with nodular regenerative hy-
perplasia.207,208 The approach to gastroesophageal varices
and variceal hemorrhage in cirrhosis in patients with PBC
follows the guidelines published by the AASLD,209 which
include a screening upper endoscopy at the time the di-
agnosis of cirrhosis is suspected, often in the setting of a
falling platelet count or rising Mayo risk score. Nonselec-
tive beta blockers are indicated in patients with large
esophageal varices.209 Eradication of esophageal varices by
endoscopic variceal ligation over several sessions is recom-
mended to prevent an initial bleed in patients with varices
at high risk for bleeding (red whale marks or cherry red
spots). The guidelines suggest that the decision regarding
what intervention to use be considered in the context of
local expertise, resources, and patient preference.209

Variceal bleeding that does not respond to pharmaco-
logical and endoscopic therapy in patients with PBC in
the precirrhotic stage of the disease poses a specific chal-
lenge, because orthotopic liver transplantation is not de-
sirable in patients with good synthetic liver function. In
this context, a distal splenorenal shunt, which does not
deprive the liver of its blood supply or a transjugular in-
trahepatic portocaval shunt are therapeutic alternatives.
Distal splenorenal shunts are not associated with acceler-
ated liver failure in patients with PBC who undergo sur-
gery for treatment of variceal bleeding.74

Complications Related to Chronic
Cholestasis
Osteopenia/Osteoporosis

Patients with fibrotic PBC have significantly greater
risk of osteopenia and osteoporosis than do age-matched
and sex-matched controls.77 Baseline and regular screen-
ing every 2-3 years using bone mineral density testing is
appropriate. As for all perimenopausal and postmeno-
pausal women, daily calcium (1500 mg/daily) and vita-
min D supplements (1000 IU/daily) may be advisable if

there is no history of renal stones. Vitamin D levels should
be measured annually in patients with advanced disease.
In patients identified as having osteoporosis, alendronate
has been shown in a randomized controlled trial to signif-
icantly improve bone density when compared to placebo
and etidronate. Etidronate was ineffective compared to
placebo, and other bisphosphonates have not been tested
in patients with PBC.210-212 Hormone replacement ther-
apy led to some improvement in bone mineral density but
these agents are seldom used because of safety concerns.213

Recommendations:
9. Patients with PBC should be provided 1000-

1500 mg of calcium and 1000 IU of vitamin D
daily in the diet and as supplements if needed
(Class I, Level C).

10. Alendronate orally, 70 mg weekly, should be
considered if patients are osteopenic in the
absence of acid reflux or known varices (Class
I, Level A).

Hyperlipidemia
All chronic cholestatic liver diseases may be compli-

cated by hyperlipidemia. For the most part this is of little
consequence in PBC, and retrospective studies suggest
that there is no increased risk of cardiovascular disease in
patients with PBC and hypercholesterolemia.87,90,214,215

UDCA will lower low-density lipoprotein cholesterol lev-
els and is the initial step. However, when there is also a
family history of lipid abnormalities or cardiovascular dis-
ease it may still be considered appropriate, depending on
the lipid pattern, to treat with cholesterol-lowering drugs.
It is unusual for cholesterol-lowering agents to be needed,
but statins (3-hydroxy-3-methylglutaryl coenzyme A re-
ductase inhibitors) are safe in patients who may need
treatment even if serum liver tests are abnormal,216 and
fibrates have been used safely in some217 but not others.218

Liver Transplantation
In the mid-1980s, PBC was the leading indication for

liver transplantation in the United States. Now, a recent
study shows that despite an increase in the number of
transplants performed in the United States in the past 10
years, the number of patients with PBC requiring trans-
plant has declined by about 20%. In contrast, the rate of
transplantation for patients with primary sclerosing
cholangitis for which effective therapy has yet to be dis-
covered has not changed over this period.123 The outcome
of liver transplantation for patients with PBC is more
favorable than for nearly all other disease categories. Os-
teopenia may worsen for the first 6 months after trans-
plantation, yet bone mineral density returns to baseline
after 12 months and improves thereafter.85 Alendronate is
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a more effective treatment than etidronate,219 but there
are no studies to confirm the long-term efficacy of any
treatment. Currently, PBC is the sixth leading indication
for liver transplantation in the United States. Some 20%-
25% of patients with PBC who undergo transplantation
develop recurrent disease over 10 years. Fortunately, re-
current PBC does not often affect long-term patient or
graft survival.220 Long-term immunosuppression with a
cyclosporine-based regimen seems to be associated with
reduced incidence of recurrent PBC.221 Risk factors for
accelerated recurrent PBC include tacrolimus therapy and
advanced donor age. UDCA improves liver biochemis-
tries and may delay histologic progression, but its influ-
ence on the natural history of recurrent disease requires
further study in the context of randomized controlled
trials.222 Liver transplantation improves fatigue and pru-
ritus, sicca syndrome is unchanged, bone disease worsens
initially and then improves, and AMA may persist or re-
appear but does not signal the recurrence of PBC.

This updated guideline replaces the previous practice
guideline published in the April 2000 issue of HEPATOLOGY,
and was produced in collaboration with the Practice Guide-
lines Committee of the American Association for the Study of
Liver Diseases. This committee supplied extensive peer-re-
view of the manuscript. Members of the AASLD Practice
Guidelines Committee include Margaret C. Shuhart, M.D.,
M.S., (Committee Chair), Gary L. Davis, M.D. (Board
Liaison), José Franco, M.D., Stephen A. Harrison, M.D.,
Charles D. Howell, M.D., Simon C. Ling, MBChB,
MRCP, Lawrence U. Liu, M.D., Paul Martin, M.D., Rob-
ert S. O’Shea, M.D., Nancy Reau, M.D., Bruce A. Runyon,
M.D., Jayant A. Talwalkar, M.D., MPH, John B. Wong,
M.D., and Colina Yim, RN.M.N.

References
1. Eddy DM. A Manual for Assessing Health Practices and Designing Prac-

tice Guidelines. Philadelphia, PA: American College of Physicians; 1996:
1-126.

2. Position and policy statement: American Gastroenterological Association
policy statement on the use of medical practice guidelines by managed
care organizations and insurance carriers. Gastroenterology 1995;108:
925-926.

3. American Heart Association. Methodology Manual. http://www.
heart.org/presenter.jhtml?identifier�3039683. Accessed February 2009.

4. Gershwin ME, Ansari AA, Mackay IR, Nakanuma Y, Nishio A, Rowley
MJ, et al. Primary biliary cirrhosis: an orchestrated immune response
against epithelial cells. Immunol Rev 2000;174:210-225.

5. Kaplan MM, Gershwin ME. Primary biliary cirrhosis. N Engl J Med
2005;353:1261-1273.

6. Selmi C, Mayo MJ, Bach N, Ishibashi H, Invernizzi P, Gish RG, et al.
Primary biliary cirrhosis in monozygotic and dizygotic twins: genetics,
epigenetics, and environment. Gastroenterology 2004;127:485-492.

7. Zhang L, Weetman AP, Bassendine M, Oliveira DB. Major histocom-
patibility complex class-II alleles in primary biliary cirrhosis. Scand J Im-
munol 1994;39:104-106.

8. Gershwin ME, Selmi C, Worman HJ, Gold EB, Watnik M, Utts J, et al.
Risk factors and comorbidities in primary biliary cirrhosis: a controlled

interview-based study of 1032 patients. HEPATOLOGY 2005;42:1194-
1202.

9. Ala A, Stanca CM, Bu-Ghanim M, Ahmado I, Branch AD, Schiano TD,
et al. Increased prevalence of primary biliary cirrhosis near Superfund
toxic waste sites. HEPATOLOGY 2006;43:525-531.

10. Leung PS, Park O, Tsuneyama K, Kurth MJ, Lam KS, Ansari AA, et al.
Induction of primary biliary cirrhosis in guinea pigs following chemical
xenobiotic immunization. J Immunol 2007;179:2651-2657.

11. Migliaccio C, Nishio A, Van de Water J, Ansari AA, Leung PS, Na-
kanuma Y, et al. Monoclonal antibodies to mitochondrial E2 compo-
nents define autoepitopes in primary biliary cirrhosis. J Immunol 1998;
161:5157-5163.

12. Odin JA, Huebert RC, Casciola-Rosen L, LaRusso NF, Rosen A. Bcl-2-
dependent oxidation of pyruvate dehydrogenase-E2, a primary biliary
cirrhosis autoantigen, during apoptosis. J Clin Invest 2001;108:223-232.

13. Gershwin ME, Mackay IR, Sturgess A, Coppel RL. Identification and
specificity of a cDNA encoding the 70 kd mitochondrial antigen recog-
nized in primary biliary cirrhosis. J Immunol 1987;138:3525-3531.

14. Moteki S, Leung PS, Dickson ER, Van Thiel DH, Galperin C, Buch T,
et al. Epitope mapping and reactivity of autoantibodies to the E2 com-
ponent of 2-oxoglutarate dehydrogenase complex in primary biliary cir-
rhosis using recombinant 2-oxoglutarate dehydrogenase complex.
HEPATOLOGY 1996;23:436-444.

15. Tanaka A, Nalbandian G, Leung PS, Benson GD, Munoz S, Findor JA,
et al. Mucosal immunity and primary biliary cirrhosis: presence of anti-
mitochondrial antibodies in urine. HEPATOLOGY 2000;32:910-915.

16. Oertelt S, Rieger R, Selmi C, Invernizzi P, Ansari AA, Coppel RL, et al. A
sensitive bead assay for antimitochondrial antibodies: Chipping away at
AMA-negative primary biliary cirrhosis. HEPATOLOGY 2007;45:659-665.

17. Kita H, Matsumura S, He XS, Ansari AA, Lian ZX, Van de Water J, et al.
Quantitative and functional analysis of PDC-E2-specific autoreactive cy-
totoxic T lymphocytes in primary biliary cirrhosis. J Clin Invest 2002;
109:1231-1240.

18. Shimoda S, Van de Water J, Ansari A, Nakamura M, Ishibashi H, Coppel
RL, et al. Identification and precursor frequency analysis of a common T
cell epitope motif in mitochondrial autoantigens in primary biliary cir-
rhosis. J Clin Invest 1998;102:1831-1840.

19. Corpechot C, Poupon R. Geotherapeutics of primary biliary cirrhosis:
bright and sunny around the Mediterranean but still cloudy and foggy in
the United Kingdom. HEPATOLOGY 2007;46:963-965.

20. Jones DEJ, Watt FE, Metcalf JV, Bassendine MF, James OF. Familiar
primary biliary cirrhosis reassessed: a geographically-based population
study. J Hepatol 1999;30:402-407.

21. Metcalf JV, Mitchison HC, Palmer JM, Jones DE, Bassendine MF, James
OF. Natural history of early primary biliary cirrhosis. Lancet 1996;348:
1399-1402.

22. Mattalia A, Quaranta S, Leung PSC, Bauducci M, Van de Water J, Calvo
PL, et al. Characterization of antimitochondrial antibodies in healthy
adults. HEPATOLOGY 2008;27:656-661.

23. Long RG, Scheuer PJ, Sherlock S. Presentation and course of asymptom-
atic primary biliary cirrhosis. Gastroenterology 1977;72:1204-1207.

24. Mahl TC, Shockcor W, Boyer JL. Primary biliary cirrhosis: survival of a
large cohort of symptomatic and asymptomatic patients followed for 24
years. J Hepatol 1994;20:707-713.

25. Mitchison HC, Lucey MR, Kelly PJ, Neuberger JM, Williams R, James
OF. Symptom development and prognosis in primary biliary cirrhosis: a
study in two centers. Gastroenterology 1990;99:778-784.

26. Nyberg A, Loof L. Primary biliary cirrhosis: clinical features and out-
come, with special reference to asymptomatic disease. Scand J Gastroen-
terol 1989;24:57-64.

27. Prince M, Chetwynd A, Newman W, Metcalf JV, James OF. Survival and
symptom progression in a geographically based cohort of patients with
primary biliary cirrhosis: follow-up for up to 28 years. Gastroenterology
2002;123:1044-1051.

28. Springer J, Cauch-Dudek K, O’Rourke K, Wanless IR, Heathcote EJ.
Asymptomatic primary biliary cirrhosis: a study of its natural history and
prognosis. Am J Gastroenterol 1999;94:47-53.

HEPATOLOGY, Vol. 50, No. 1, 2009 LINDOR ET AL. 303



29. Newton JL, Jones DE. Association between fatigue and decreased survival
in primary biliary cirrhosis. Gut 2007;56:1166.

30. Christensen E, Neuberger J, Crowe J, Portmann B, Williams R, Altman
DG, et al. Azathioprine and prognosis in primary biliary cirrhosis. Gas-
troenterology 1986;90:508-509.

31. Roll J, Boyer JL, Barry D, Klatskin G. The prognostic importance of
clinical and histologic features in asymptomatic and symptomatic pri-
mary biliary cirrhosis. N Engl J Med 1983;308:1-7.

32. Corpechot C, Carrat F, Bonnand AM, Poupon RE, Poupon R. The effect
of ursodeoxycholic acid therapy on liver fibrosis progression in primary
biliary cirrhosis. HEPATOLOGY 2000;32:1196-1199.

33. Locke GR 3rd, Therneau TM, Ludwig J, Dickson ER, Lindor KD. Time
course of histological progression in primary biliary cirrhosis. HEPATOL-
OGY 1996;23:52-56.

34. Gores GJ, Wiesner RH, Dickson ER, Zinsmeister AR, Jorgensen RA,
Langworthy A. Prospective evaluation of esophageal varices in primary
biliary cirrhosis: development, natural history, and influence on survival.
Gastroenterology 1989;96:1552-1559.

35. Angulo P, Batts KP, Therneau TM, Jorgensen RA, Dickson ER, Lindor
KD. Long-term ursodeoxycholic acid delays histological progression in
primary biliary cirrhosis. HEPATOLOGY 1999;29:644-647.

36. Combes B, Carithers RL Jr, Maddrey WC, Lin D, McDonald MF,
Wheeler DE, et al. A randomized, double-blind, placebo-controlled trial
of ursodeoxycholic acid in primary biliary cirrhosis. HEPATOLOGY 1995;
22:759-766.

37. Heathcote EJ, Cauch-Dudek K, Walker V, Bailey RJ, Blendis LM, Ghent
CN, et al. The Canadian Multicenter Double-blind Randomized Con-
trolled Trial of ursodeoxycholic acid in primary biliary cirrhosis. HEPA-
TOLOGY 1994;19:1149-1156.

38. Lindor KD, Therneau TM, Jorgensen RA, Malinchoc M, Dickson ER.
Effects of ursodeoxycholic acid on survival in patients with primary bili-
ary cirrhosis. Gastroenterology 1996;110:1515-1518.

39. Pares A, Caballeria L, Rodes J. Excellent long-term survival in patients
with primary biliary cirrhosis and biochemical response to ursodeoxy-
cholic acid. Gastroenterology 2006;130:715-720.

40. Poupon RE, Balkau B, Eschwege E, Poupon R. A multicenter, controlled
trial of ursodiol for the treatment of primary biliary cirrhosis. UDCA-
PBC Study Group. N Engl J Med 1991;324:1548-1554.

41. Poupon RE, Poupon R, Balkau B. Ursodiol for the long-term treatment
of primary biliary cirrhosis. The UDCA-PBC Study Group. N Engl
J Med 1994;330:1342-1347.

42. Poupon RE, Lindor KD, Cauch-Dudek K, Dickson ER, Poupon R,
Heathcote EJ. Combined analysis of randomized controlled trials of ur-
sodeoxycholic acid in primary biliary cirrhosis. Gastroenterology 1997;
113:884-890.

43. Poupon RE, Bonnand AM, Chretien Y, Poupon R. Ten-year survival in
ursodeoxycholic acid-treated patients with primary biliary cirrhosis. The
UDCA-PBC Study Group. HEPATOLOGY 1999;29:1668-1671.

44. Poupon RE, Lindor KD, Pares A, Chazouilleres O, Poupon R, Heathcote
EJ. Combined analysis of the effect of treatment with ursodeoxycholic
acid on histologic progression in primary biliary cirrhosis. J Hepatol
2003;39:12-16.

45. Vuoristo M, Farkkila M, Karvonen AL, Leino R, Lehtola J, Makinen J, et
al. A placebo-controlled trial of primary biliary cirrhosis treatment with
colchicine and ursodeoxycholic acid. Gastroenterology 1995;108:1470-
1478.

46. Corpechot C, Carrat F, Bahr A, Chretien Y, Poupon RE, Poupon R. The
effect of ursodeoxycholic acid therapy on the natural course of primary
biliary cirrhosis. Gastroenterology 2005;128:297-203.

47. Corpechot C, Carrat F, Poupon R, Poupon RE. Primary biliary cirrhosis:
incidence and predictive factors of cirrhosis development in ursodiol-
treated patients. Gastroenterology 2002;122:652-658.

48. Lindor KD, Jorgensen RA, Therneau TM, Malinchoc M, Dickson ER.
Ursodeoxycholic acid delays the onset of esophageal varices in primary
biliary cirrhosis. Mayo Clin Proc 1997;72:1137-1140.

49. Dickson ER, Grambsch PM, Fleming TR, Fisher LD, Langworthy A.
Prognosis in primary biliary cirrhosis: model for decision making. HEPA-
TOLOGY 1989;10:1-7.

50. Grambsch PM, Dickson ER, Kaplan M, LeSage G, Fleming TR, Lang-
worthy AL. Extramural cross-validation of the Mayo primary biliary cir-
rhosis survival model establishes its generalizability. HEPATOLOGY 1989;
10:846-850.

51. Corpechot C, Poujol-Robert A, Wendum D, Galotte M, Chretien Y,
Poupon RE, et al. Biochemical markers of liver fibrosis and lymphocytic
piecemeal necrosis in UDCA-treated patients with primary biliary cirrho-
sis. Liver Int 2004;24:187-193.

52. Poupon R, Chazouilleres O, Balkau B, Poupon RE. Clinical and bio-
chemical expression of the histopathological lesions of primary biliary
cirrhosis. UDCA-PBC Group. J Hepatol 1999;30:408-412.

53. Sorokin A, Brown JL, Thompson PD. Primary biliary cirrhosis, hyper-
lipidemia, and atherosclerotic risk: a systematic review. Atherosclerosis
2007;194:293-299.

54. Nakamura M, Kondo H, Mori T, Komori A, Matsuyama M, Ito M, et al.
Anti-gp210 and anti-centromere antibodies are different risk factors for
the progression of primary biliary cirrhosis. HEPATOLOGY 2007;45:118-
127.

55. Degott C, Zafrani ES, Callard P, Balkau B, Poupon RE, Poupon R.
Histopathological study of primary biliary cirrhosis and the effect of
ursodeoxycholic acid treatment on histology progression. HEPATOLOGY

1999;29:1007-1012.
56. Zein CO, Angulo P, Lindor KD. When is liver biopsy needed in the

diagnosis of primary biliary cirrhosis. Clin Gastroenterol Hepatol 2003;
1:89-95.

57. Corpechot C, El Naggar A, Poujol-Robert A, Ziol M, Wendum D, Cha-
zouilleres O, et al. Assessment of biliary fibrosis by transient elastography
in patients with PBC and PSC. HEPATOLOGY 2006;43:1118-1124.

58. Goldblatt J, Taylor PJ, Lipman T, Prince MI, Baragiotta A, Bassendine
MF, et al. The true impact of fatigue in primary biliary cirrhosis: a pop-
ulation study. Gastroenterology 2002;122:1235-1241.

59. Prince MI, Chetwynd A, Craig WL, Metcalf JV, James OF. Asymptom-
atic primary biliary cirrhosis: clinical features, prognosis, and symptom
progression in a large population based cohort. Gut 2004;53:865-870.

60. Forton DM, Patel N, Prince M, Oatridge A, Hamilton G, Goldblatt J, et
al. Fatigue and primary biliary cirrhosis: association of globus pallidus
magnetisation transfer ratio measurements with fatigue severity and
blood manganese levels. Gut 2004;53:587-592.

61. Newton JL, Jones DE. Modafinil is effective treatment for excessive day-
time somnolence and fatigue in primary biliary cirrhosis [Abstract].
HEPATOLOGY 2006;44:628A.

62. Poupon RE, Chretien Y, Chazouilleres O, Poupon R, Chwalow J. Qual-
ity of life in patients with primary biliary cirrhosis. HEPATOLOGY 2004;
40:489-494.

63. Jones DE, Bala N, Burt J, Goldblatt BJ, Prince M, Newton JL. Four year
follow up of fatigue in a geographically defined primary biliary cirrhosis
cohort. Gut 2006;55:536-546.

64. Bergasa NV, Mason A, Floreani A, Heathcote J, Swain MG, Jones DEJ,
et al. Primary biliary cirrhosis: Report of a focus group. HEPATOLOGY

2004;40:1013-1020.
65. van Os E, van den Broek WW, Mulcer PGH, ter Borg PC, Bruijn JA, van

Buuren HR. Depression in patients with primary biliary cirrhosis and
primary sclerosing cholangitis. J Hepatol 2007;46:1099-1103.

66. Elta GH, Sepersky RA, Goldberg MJ, Connors CM, Miller KB, Kaplan
MM. Increased incidence of hypothyroidism in primary biliary cirrhosis.
Dig Dis Sci 1983;28:971-975.

67. Talwalkar JA, Souto E, Jorgensen RA, Lindor KD. Natural history of
pruritus in primary biliary cirrhosis. Clin Gastroenterol Hepatol 2003;1:
297-302.

68. Pares A, Rodes J. Natural history of primary biliary cirrhosis. Clin Liver
Dis 2003;7:779-794.

69. Ghent C, Bloomer J, Klatskin G. Elevations in skin tissue levels of bile
acids in human cholestasis: relation to serum levels and to pruritus. Gas-
troenterology 1977;73:1125-1130.

304 LINDOR ET AL. HEPATOLOGY, July 2009



70. Jones EA, Bergasa NV. The pruritus of cholestasis: from bile acids to
opiod antagonists. HEPATOLOGY 1999;11:884-887.

71. Ng VL, Ryckman FC, Porta G, Miura IK, de Carvalho E, Servidoni MF,
et al. Long-term outcome after partial external biliary diversion for intrac-
table pruritus in patients with intrahepatic cholestasis. J Pediatr Gastro-
enterol Nutr 2008;30:152-156.

72. Thornton JR, Triger DR. Variceal bleeding is associated with reduced
risk of severe cholestasis in primary biliary cirrhosis. Q J Med 1989;71:
467-471.

73. Colina F, Pinedo F, Solis JA, Moreno D, Nevado M. Nodular regenera-
tive hyperplasia of the liver in early histological stages of primary biliary
cirrhosis. Gastroenterology 1992;102:1319-1324.

74. Boyer TD, Kokenes DD, Hertzler G, Kutner MH, Henderson JM. Effect
of distal splenorenal shunt on survival of patients with primary biliary
cirrhosis. HEPATOLOGY 1994;20:1482-1486.

75. Levy C, Lindor KD. Management of osteoporosis, fat-soluble vitamin
deficiencies, and hyperlipidemia in primary biliary cirrhosis. Clin Liver
Dis 2003;7:901-910.

76. Springer JE, Cole DE, Rubin LA, Cauch-Dudek K, Harewood L,
Evrovski J, et al. Vitamin D-receptor genotypes as independent genetic
predictors of decreased bone mineral density in primary biliary cirrhosis.
Gastroenterology 2000;118:145-151.

77. Menon KV, Angulo P, Weston S, Dickson ER, Lindor KD. Bone disease
in primary biliary cirrhosis: independent indicators and rate of progres-
sion. J Hepatol 2001;35:316-323.

78. Guanabens N, Pares A, Ros I, Caballeria L, Pons F, Vidal S, et al. Severity
of cholestasis and advanced histological stage but not menopausal status
are major risk factors for osteoporosis in primary biliary cirrhosis. J Hepa-
tol 2005;42:573-577.

79. Ormarsdottir S, Ljunggren O, Mallmin H, Olsson R, Prytz H, Loof L.
Longitudinal bone loss in postmenopausal women with primary biliary
cirrhosis and well-preserved liver function. J Intern Med 2002;252:537-
541.

80. Boulton-Jones JR, Fenn RM, West J, Logan RF, Ryder SD. Fracture risk
of women with primary biliary cirrhosis: no increase compared with
general population controls. Aliment Pharmacol Ther 2004;20:551-557.

81. Hodgson SF, Dickson ER, Wahner HW, Johnson KA, Mann KG, Riggs
BL. Bone loss and reduced osteoblast function in primary biliary cirrho-
sis. Ann Intern Med 1985;103:855-860.

82. Janes CH, Dickson ER, Okazaki R, Bonde S, McDonagh AF, Riggs BL.
Role of hyperbilirubinemia in the impairment of osteoblast proliferation
associated with cholestatic jaundice. J Clin Invest 1995;95:2581-2586.

83. Kaplan MM, Elta GH, Furie B, Sadowski JA, Russell RM. Fat-soluble
vitamin nutriture in primary biliary cirrhosis. Gastroenterology 1988;95:
787-792.

84. Matloff DS, Kaplan MM, Neer RM, Goldberg MJ, Bitman W, Wolfe
HJ. Osteoporosis in primary biliary cirrhosis: effects of 25-hydroxyvita-
min D3 treatment. Gastroenterology 1982;83:97-102.

85. Eastell R, Dickson ER, Hodgson SF, Wiesner RH, Porayko MK, Wahner
HW, et al. Rates of vertebral bone loss before and after liver transplanta-
tion in women with primary biliary cirrhosis. HEPATOLOGY 1991;14:296-
300.

86. Gregory WL, Game FL, Farrer M, Idle JR, Laker MF, James OF. Re-
duced serum lipoprotein(a) levels in patients with primary biliary cirrho-
sis. Atherosclerosis 1994;105:43-50.

87. Longo M, Crosignani A, Battezzati PM, Squarcia Giussani C, Invernizzi
P, Zuin M, et al. Hyperlipidaemic state and cardiovascular risk in primary
biliary cirrhosis. Gut 2002;51:265-269.

88. Jahn CE, Schaefer EJ, Hoofnagle JH, Lindgren FT, Albers JJ, Jones EA,
et al. Lipoprotein abnormalities in primary biliary cirrhosis. Association
with hepatic lipase inhibition as well as alltered cholesterol esterification.
Gastroenterology 1985;89:1266-1278.

89. Crippin JS, Lindor KD, Jorgensen R, Kottke BA, Harrison JM, Mur-
taugh PA, et al. Hypercholesterolemia and atherosclerosis in primary
biliary cirrhosis. HEPATOLOGY 1992;15:858-862.

90. Allocca M, Crosignani A, Gritti A, Ghilardi G, Gobatti D, Caruso D, et
al. Hypercholesterolaemia is not associated with early atherosclerotic le-
sions in primary biliary cirrhosis. Gut 2006;55:1795-1800.

91. Lanspa SJ, Chan AT, Bell JS, Go VL, Dickson ER, DiMagno EP. Patho-
genesis of steatorrhea in primary biliary cirrhosis. HEPATOLOGY 1985;5:
837-842.

92. Phillips JR, Angulo P, Petterson T, Lindor KD. Fat-soluble vitamin levels
in patients with primary biliary cirrhosis. Am J Gastroenterol 2001;96:
2745-2750.

93. Kowdley KV, Emond MJ, Sadowski JA, Kaplan MM. Plasma vitamin-
K-1 level is decreased in primary biliary cirrhosis. Am J Gastroenterol
1997;92:2059-2061.

94. Kaplan MM, Goldberg MJ, Matloff DS, Neer RM, Goodman DB. Effect
of 25-hydroxyvitamin D3 on vitamin D metabolites in primary biliary
cirrhosis. Gastroenterology 1981;81:681-685.

95. Jeffrey GP, Muller DP, Matthews S, Kemp C, Epstein O, Metcalfe TA, et
al. Vitamin E deficiency and its clinical significance in adults with.
J Hepatol 1987;4:307-317.

96. Munoz SJ, Heubi JE, Balistreri WF, Maddrey WC. Vitamin E deficiency
in primary biliary cirrhosis: gastrointestinal. HEPATOLOGY 1989;9:525-
531.

97. Van de Water J, Gershwin ME, Leung P, Ansari A, Coppel RL. The
autoepitope of the 74 kD mitochondrial autoantigen of primary biliary
cirrhosis corresponds to the functional site of dihydrolipoamide acetyl
transferase. J Exp Med 1988;167:1791-1799.

98. Micheletti P, Wanless IR, Katz A, Scheuer PJ, Yeaman SJ, Bassendine
MF, et al. Antimitochondrial antibody negative primary biliary cirrhosis:
a distinct syndrome of autoimmune cholangitis. Gut 1994;35:260-265.

99. Taylor SL, Dean PJ, Riely CA. Primary autoimmune cholangitis: an
alternative to antimitochondrial antibody-negative primary biliary cir-
rhosis. Am J Surg Pathol 1994;18:91-99.

100. Lacerda MA, Ludwig J, Dickson ER, Jorgensen RA, Lindor KD. Anti-
mitochondrial antibody-negative primary biliary cirrhosis. Am J Gastro-
enterol 1995;90:247-249.

101. Invernizzi P, Crosignani A, Battezzati PM, Covini G, de Valle G, Larghi
A, et al. Comparison of the clinical features and clinical course of antimi-
tochondrial antibody-positive and negative primary biliary cirrhosis.
HEPATOLOGY 1997;25:1090-1095.

102. Miyakawa H, Tanaka A, Kikuchi K, Matsushita M, Kitazawa E, Kawagu-
chi N, et al. Detection of antimitochondrial auto-antibodies in immuno-
fluorescence negative patients with primary biliary cirrhosis using
recombinant autoantigens. HEPATOLOGY 2001;34:243-248.

103. Tsuneyama K, van De Water J, van Thiel D, Coppel R, Ruebner B,
Nakanuma Y, et al. Abnormal expression of PDC-E2 on the apical surface
of biliary epithelial cells in patients with antimitochondrial antibody-
negative primary biliary cirrhosis. HEPATOLOGY 1995;22:1440-1446.

104. Sakauchi F, Mori M, Zeniya M, Toda G. Antimitochondrial antibody
negative primary biliary cirrhosis in Japan: utilization of clinical data
when patients applied to receive public financial aid. J Epidemiol 2006;
16:30-34.

105. Gisbert JP, Jones EA, Pajares JM, Moreno-Otero R. Review article: is
there an optimal therapeutic regimen for antimitochondrial antibody-
negative primary biliary cirrhosis (autoimmune cholangitis)? Aliment
Pharmacol Ther 2003;17:17-27.

106. Gossard AA, Lindor KD. Development of autoimmune hepatitis in pri-
mary biliary cirrhosis. Liver Int 2007;27:1086-1090.

107. Alvarez F, Berg PA, Bianchi FB, Bianchi L, Burroughs AK, Cancado EL,
et al. International Autoimmune Hepatitis Group Report: review of cri-
teria for diagnosis of autoimmune hepatitis. J Hepatol 1999;31:929-938.

108. Chazouillères O, Wendum D, Serfaty L, Montembault S, Rosmorduc O,
Poupon R. Primary biliary cirrhosis-autoimmune hepatitis overlap syn-
drome: clinical features and response to therapy. HEPATOLOGY 1998;28:
296-301.
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