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Abstract

Primary biliary cholangitis (PBC) is an organ-specific chronic autoimmune disease characterized by T-lymphocyte mediated
destruction of intrahepatic biliary epithelial cells due to a combination of genetic and possible environmental factors. PBC pro-
gresses to hepatic fibrosis and cirrhosis, with the potential of developing hepatocellular carcinoma (HCC) if left untreated. PBC
is more common in middle-aged women. It is diagnosed in patients with elevated liver enzymes and the serological hallmark
of antimitochondrial antibody (AMA). Early diagnosis and treatment are crucial in improving survival and preventing long-
term complications of liver disease. Ursodeoxycholic acid (UDCA) is first-line treatment for PBC. Obeticholic acid (OCA) and
fibrates, in combination with UDCA or as monotherapy, may be given to PBC patients with partial or no UDCA response. Liver

transplantation has thus been indicated in patients with decompensated cirrhosis or unresectable HCC.

Introduction

Primary biliary cholangitis (PBC) is a chronic autoimmune dis-
ease characterized by T-lymphocyte mediated destruction of intra-
hepatic biliary epithelial cells and a distinctive serologic marker,
antimitochondrial antibody (AMA).! Histologically, PBC is char-
acterized by infiltration of mononuclear cells and destruction
of intrahepatic small bile ducts, followed by liver cirrhosis and,
eventually, liver failure.> PBC predominantly affects middle-aged
women, and the rate of disease progression differs significantly
between patients.!* The recent increase in PBC prevalence has
been associated with the improvement in mortality due to medical
advances leading to earlier disease diagnosis, and earlier introduc-
tion of treatment.* The diagnosis of PBC is suspected based on
cholestatic serum liver tests after exclusion of other causes of liver
disease and confirmed with the elevation of AMA.5
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This article presents an overview of the epidemiology, patho-
genesis, natural history, clinical presentation, diagnosis, and treat-
ment of PBC. We received no funding for this work.

Epidemiology

The incidence and prevalence of PBC vary geographically being
the highest in Northern and Southeastern Europe and lower in the
Asia-Pacific region.5 In population-based studies of PBC, disease
prevalence varied from 4.8 cases per 100,000 people in South Ko-
rea® to as high as 58.2 cases per 100,000 people in Central Greece.”
However, it is still unclear whether these geographic differences
have been due to true ethnic and environmental differences or vari-
ations in study methodologies.?

PBC prevalence has also been increasing over time.! In North-
ern England, between 1987 and 1994, prevalence increased from
20 to 33 cases per 100,000 adults, and from 54 to 94 cases per
100,000 women over the age of 40.° In Australia, prevalence in-
creased from 1 to 5.1 cases per 100,000 between 1991 and 2004,
while in Canada, prevalence increased from 10 to 22.7 cases per
100,000 between 2002 and 2009.4 In Italy, PBC incidence in-
creased from 1.7 to 5.3 per 100,000 person-years between 2009
and 2015; however, PBC incidence has remained stable in the
United States of America, Canada and Sweden. 2411

In addition, studies have shown a significant transition in global
incidence over time. Studies published before 1986 present an an-
nual incidence rate of 0.06—1.37 cases per 100,000 population in
comparison to 0.07-4.9 cases per 100,000 population after 1986.!!
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The uptrend in incidence is possibly due to improved detection,
diagnosis, and overall survival, but a true increase in disease inci-
dence cannot be excluded.!?

Middle-aged women comprise the demographic group most
commonly affected by PBC. The incidence in women older than
40 years of age is around 0.1%.'%!* Age-adjusted prevalence
per 100,000 persons is 65.4 cases in women and 12.1 cases in
men.>%12 While older analyses indicate a 9:1 female-to-male ratio
in PBC, recent studies indicate a 5:1 female-to-male ratio® and an
even lower female-to-male ratio of 2.3:1 was reported in Northern
Italy.!s The sexual dimorphism of PBC is unexplained, but may be
due to epigenetic factors affecting the X chromosome and immu-
nological differences that are potentially hormonally mediated.!
PBC is rare in women under 25 years of age, but cases involving
12- and 16-year-old girls have been reported.>1#

Pathogenesis and genetics

PBC is strongly associated with the loss of immune tolerance
against the E2 component of the pyruvate dehydrogenase com-
plex (PDC-E2) causing dysregulation of the innate and adaptive
immune system resulting in a targeted immune response directed
against the biliary epithelial cells.!” A highly specific AMAs is pre-
sent in high titers in patients with PBC and target the PDC-E2 in
cholangiocytes causing apoptosis of the biliary epithelial cells.!!3
Furthermore, PBC is also characterized by heavy infiltration of au-
toreactive CD4+ and CD8+ T cells that target intrahepatic biliary
epithelial cells, thus causing chronic inflammation and ultimately
hepatic cirrhosis.!*'® Moreover, the presence of granulomatous
inflammation, polyclonal immunoglobulin M production, and cy-
tokine responses emphasize the role of innate immune response in
the pathogenesis of PBC.!7

Hereditary susceptibility is a crucial contributing element in the
pathogenesis of PBC.! Genetic predisposition is supported by sig-
nificant concordance in monozygotic twins. The familial risk of
PBC for women with one affected first-degree relative is higher
than for women with no affected relatives.! Furthermore, the risk
of PBC was found to be higher with an increasing degree of famil-
ial relationships.!?

Growing evidence has suggested that environmental factors, in
combination with genetic predisposition, play an essential role in
disease development.>!° Nevertheless, there have been no definite
environmental factors singled out. However, there is an association
between urinary tract infections and PBC, which have been potential-
ly caused by molecular mimicry between human and Escherichia coli
PDC-E2.52%-22 Case-control studies have also demonstrated that xe-
nobiotic modification of PDC-E2 with chemicals abundantly found
in daily life, such as lipsticks, hair dyes, and nail polish may have a
role in developing immunogenic neoantigens and breaking immune
tolerance in PBC.5 A history of smoking or hormone replacement
therapy has also been linked to an increased risk of PBC.!8

Natural history

Early diagnosis of PBC through AMA and treatment with ursode-
oxycholic acid (UDCA) have significantly transformed the natural
history of PBC in the last few decades.>>!1423:24 Before AMA’s
recognition as the serological signature of PBC,?® most patients
were diagnosed in the advanced stages of cirrhosis.>!%?¢ In the
pre-UDCA era, the median time to develop advanced hepatic fi-
brosis from the time of diagnosis was approximately two years.?’

Other prospective studies showed the median time from early
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presentation of PBC to histologically confirmed cirrhosis to be
four years.?”* Asymptomatic patients have better outcomes than
symptomatic patients.?* In 1994, Mahl et al. found that the median
survival of symptomatic patients is 7.5 years in comparison to a
median survival of 16 years for asymptomatic patients.?’ However,
a newer study showed that asymptomatic patients have 50-70%
10-year survival, while symptomatic patients have a median sur-
vival of 5-10 years from presentation.3? At the present time, PBC
can be diagnosed in the asymptomatic stage in patients with el-
evated liver enzymes. Receiving treatment at earlier stages results
in a more positive prognosis.!4?!3! The five-year probability of
liver failure in PBC-associated cirrhosis is 15-20%. Patients who
develop cirrhosis and portal hypertension have worse outcomes.
Three-year survival after the development of esophageal varices is
59%, and 46% after a first variceal bleed.?

Portal hypertension, as seen by esophageal varices, appears to
be a common finding in PBC patients’ follow-up and progress-
es rapidly during disease advancement. Previous research found
20-82% of PBC patients affected.?*3* PBC portal hypertension
studies are scarce. Thus, portal hypertension’s natural history and
development of PBC patients are still not well known. Without
treatment, portal hypertension may not improve; however, UDCA
stabilizes or reduces portal pressure in certain patients.’* Portal
pressure might be greatly elevated in the early stages of a disease.?*
In fact, gastrointestinal bleeding due to portal hypertension occurs
in around half of patients, and may be the first sign of PBC.3%3

In a population-based PBC study from the USA, the median
time to progression from AMA positivity to persistent elevation
of liver chemistries was six years (range of 1-20 years).5 Other
studies showed that the median survival of asymptomatic AMA-
positive persons is better than in symptomatic patients with PBC.
The mortality rate was 63% in the symptomatic group compared
to 20% in the asymptomatic group. Nevertheless, the survival was
worse than expected relative to the general population.®

Studies indicate potential gender-based differences in patient out-
comes. One of the most widely recognized clinical characteristics of
PBC is a strong female preponderance.” Multiple studies showed
that male gender is associated with a delay in diagnosis and, as a
result, an increased age at PBC identification.’”" Multiple studies
have shown that fatigue is more likely to be associated with female
sex at the time of PBC presentation.’” Additionally, several stud-
ies demonstrated that an inadequate response to UDCA is more
prevalent in males than in females.3®*" However, other researches
have shown that sex difference has no impact on UDCA therapy
response.”*! On the other hand, gender did not affect OCA therapy
response in one trial.*> Multiple studies from Northern Italy, Canada,
and the Netherlands also described higher mortality rates in males
with PBC than females,*'>#* which is possibly related to poorer re-
sponse to UDCA in males or a higher likelihood of asymptomatic
PBC in men that may delay diagnosis.>® One study found that dis-
ease severity was higher in Black and Hispanic Americans. 445

Clinical presentation

Common clinical manifestations vary from fatigue, pruritus, and
weakness to major life-threatening complications secondary to
end-stage liver failure. Nonetheless, the most common mode of
presentation is asymptomatic patients diagnosed by laboratory
work. 18 Extrahepatic manifestations of PBC are generally auto-
immune in nature and occur in up to 63% of patients with the most
common being Sjogren’s syndrome, thyroid dysfunction, and sys-
temic sclerosis.*
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Diagnosis

PBC is diagnosed by history, physical exam, laboratory tests, and
liver biopsy. The diagnosis of PBC should be suspected when there
is an elevation of serum alkaline phosphatase (ALP), clinical signs,
and symptoms of cholestasis, such as jaundice and pruritus, and
cirrhosis without cause.!*¢ In addition, PBC patients often have
elevations of aminotransferases and elevated immunoglobulins,
mainly immunoglobulin M.!

As such, a diagnosis of PBC can be made if two of three objec-
tive criteria are met: Positive AMA at titers, unexplained elevated
ALP >1.5 times the upper normal value for over 24 weeks, and pa-
thology from liver biopsy demonstrating portal-tract inflammation
and bile duct destruction.*’” AMA is highly sensitive and specific
for PBC and is positive in >95% of patients.’ Other autoantibodies
associated with PBC include antinuclear antibody, anti-sp100, and
anti-gp210.48

Liver biopsy is not necessary for the diagnosis and work-up of
PBC unless there is a concern of AMA-negative PBC, autoimmune
hepatitis (AIH) overlap, or an alternative or concomitant liver
disease. Histopathologic examinations have demonstrated granu-
lomatous non-suppurative small duct cholangitis, ductopenia, and
ductal proliferation, which may be accompanied by varying stages
of hepatic fibrosis.'$4°

Hepatobiliary imaging is a useful adjunctive diagnostic tool in
PBC to exclude other causes of cholestasis, such as primary scleros-
ing cholangitis or biliary obstruction, to evaluate cirrhosis and por-
tal hypertension, as well as to screen for hepatocellular carcinoma
(HCC) in patients with cirrhosis. In cases of cirrhosis secondary to
PBC, computed tomography may show heterogeneous hepatic pa-
renchyma, hepatic surface nodularity, enlarged left hepatic and cau-
date lobes, and an atrophic right hepatic lobe, or stigmata of portal
hypertension, such as splenomegaly, ascites, portosystemic collat-
erals, and umbilical vein recanalization. Computed tomography in
PBC may demonstrate hypoattenuation around intrahepatic portal
vein branches representing periportal edema, which is a non-specif-
ic finding. Likewise, magnetic resonance imaging provides higher
resolution images of the biliary system and liver parenchyma, where
lace-like fibrosis and periportal halo may be seen in PBC and have a
sensitivity of 69%.50 Periportal halo sign refers to a hypointense sig-
nal surrounding portal vein branches on T2-weighted and post-con-
trast T1-weighted imaging, particularly in the portal venous phase,
and represents periportal fibrosis. Periportal T2 hyperintensity on
T2 imaging can also be seen, which represents periportal edema.>”

Management

PBC is universally progressive in the absence of medical treat-
ment. The goal of treatment is to alleviate bile ductular inflamma-
tion and damage through tight regulation of bile acid synthesis and
metabolism, thereby reducing the rate of disease progression to
cirrhosis and reducing the risk of needing liver transplantation.>!3

UDCA has been first-line therapy for PBC for decades.*”-5! This
has improved the biochemical parameters, pathological features,
and survival rates.5! Second-line therapies such as obeticholic acid
(OCA) or fibric acid derivatives are added on to UDCA in patients
who are partial responders, or as replacement therapy in patients
who are intolerant to UDCA.

Treatment response is assessed after one year of treatment
through liver chemistries, specifically ALP and total biliru-
bin (TB). Almost all treatment responders do so within six-nine
months of treatment, typically starting within a few weeks of treat-
ment initiation. There are several response criteria for PBC, the
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majority of which require a reduction of ALP below a predefined
cut-off level. Lower levels of ALP and bilirubin are associated
with significantly better long-term survival. PBC patients whose
ALP dropped to <2 times the upper limit of normal (ULN) and TB
to <1 times ULN after one year of treatment have 10-year survival
of 84% (vs. 62% if ALP>2 times ULN) and 86% (vs. 41% if TB >1
times ULN), respectively.*® A cohort study from the Global PBC
Study Group shows that patients able to achieve normal ALP and
TB have the best transplant-free survival, thus treatment of PBC
should aim for normalization instead of just improvement in liver
biochemistries.>> Among patients with poor response to UCDA,
30% develop complications after 10 years.3

Ursodeoxycholic acid

UDCA, also known as ursodiol, has been used in traditional Chi-
nese medicine for hundreds of years.** UDCA is a hydrophilic
dihydroxy bile acid that can modify the disease course of PBC
through the following presumed mechanisms: 1) Modification of
the bile acid pool, specifically replacement of cytotoxic endog-
enous hydrophobic bile acids with a less toxic hydrophilic bile
acid,’® 2) immunomodulation by reducing hepatocellular and bil-
iary expression of major histocompatibility complete class I and
class 11 proteins, and 3) stimulation of choleresis by upregulating
anion exchanger-2 expression on the surface of cholangiocytes.!?
Since USA Food and Drug Administration (FDA) approval in
1994, UDCA remains the first-line therapy for PBC and has trans-
formed the natural course of the disease.>!*5* The recommended
dose of UDCA is 13—15 mg/kg/day typically in two divided doses.’
UDCA, especially if administered in the early stages of PBC,
significantly delays histological progression to cirrhosis and im-
proves transplant-free survival.>>3¢ Moreover, transplant-free sur-
vival after eight years of UDCA treatment is 61%.%* Transplant-
free survival of UDCA-treated PBC patients was much improved
compared to patients with no treatment or insufficient biochemical
response to UDCA.357 Boberg et al. demonstrated that UDCA
could extend the life expectancy of PBC patients by an additional
2.2 years.’® Hence, survival of UDCA-treated patients with PBC,
when provided in early stages of the disease, is equivalent to age-
and sex-matched healthy subjects.3 Therefore, UDCA is generally
safe. Side effects include hair thinning, weight gain, and diarrhea.
Carbone et al. showed that males expressed an inferior response
to UDCA therapy.5® Age at diagnosis also independently correlated
with the response to UDCA; patients presenting at a younger age
were significantly more likely to be nonresponders and more likely
to be symptomatic.> Another study concluded that Hispanics with
PBC had a decreased response to UDCA and experienced portal
hypertension more commonly than non-Hispanic patients.?
Approximately 20-40% of patients with PBC exhibit incom-
plete biochemical responses to UDCA with a persistently elevated
level of alkaline phosphatase.!? The outcomes of partial respond-
ers are worse than full responders;3¢ therefore, adding a second-
line therapeutic agent should be considered for those patients.>%%57

Obeticholic acid

OCA is a synthetically modified bile acid that is a selective
farnesoid X (FXR) activator.!> OCA increases the bile salt exporter
protein expression, which increases bile acid flow and secretion.?
OCA also has anti-inflammatory and antifibrotic effects.®! In
2016, OCA received accelerated approval from the USA FDA for
treatment of patients with PBC who are partial responders, nonre-
sponders, or intolerant to UDCA.31:62

In a randomized placebo-controlled phase 3 trial, Nevens ef al.
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found that for 12 months, OCA, either with UDCA or as mono-
therapy, improved the ALP and the TB levels among PBC patients
with an inadequate response to UDCA or unacceptable UDCA side
effects.o!

The American Association for the Study of Liver Diseases and
European Association for the Study of the Liver clinical practice
guidelines recommend either a combination of OCA and UDCA
therapy for patients with PBC with an inadequate biochemical re-
sponse to UDCA, or OCA monotherapy for patients who are intol-
erant of UDCA as second-line treatment.?3*7

Several trials have raised concerns about the adverse effects of
OCA. Dose-related increases in the incidence and severity of pru-
ritus were noted; mostly at doses higher than 10 mg.61-62 Other
studies showed that among patients with compensated PBC cir-
rhosis, OCA usage correlated with an increased risk of hepatic
decompensation.!®3! Patients with a constant elevation of serum
liver enzymes should discontinue OCA, particularly if there is evi-
dence of hepatic decompensation.! Thus, during the initial months
of therapy, patients should have a close follow-up of their liver
enzyme levels, including serum bilirubin, ALT, AST, and ALP, to
weigh the efficacy versus safety.

Fibrates

Fibrates are agonists of peroxisome proliferator-activated receptor
and pregnane X receptor that reduce de novo bile acid synthesis
and upregulate bile acid transporters.%® Fibrates are currently only
approved as lipid-lowering agents by the US FDA.!3

In several uncontrolled randomized trials, fibrates improved
the treatment response to UDCA.23:93:64 [n a prospective placebo-
controlled trial, adding bezafibrate for two years to UDCA partial
responders significantly improved the ALP levels. Additionally,
67% in the bezafibrate group had normal ALP levels at the end
of treatment; furthermore, 60% of the median reduction from the
baseline in the ALP level was observed in three months.% In a
large Japanese retrospective study of treatment effects in patients
with PBC, the addition of bezafibrate to UDCA was associated
with a lower need for liver transplantation.?

Cancado ef al. showed that 50% of UDCA nonresponders
treated with add-on ciprofibrate or bezafibrate had a biochemical
response at one year.° The combination of UDCA and bezafibrate
decreased mortality and improved transplant-free survival com-
pared with patients on UDCA monotherapy.>0 Pruritus was also
significantly improved by bezafibrate in subjects with PBC.%7

Liver transplantation

As for any other indication for liver transplantation, a careful as-
sessment of risks versus benefits for the patient should be under-
taken. The aim of liver transplantation is to improve the patient’s
survival and/or quality of life. PBC patients who develop cirrhosis
are at a disadvantage in both those areas. Recent guidelines of the
American Association for the Study of Liver Diseases have rec-
ommended referring patients for liver transplantation evaluation
when their Model For End-Stage Liver Disease is higher than 14.47
Patients can be referred to transplant evaluation with medically re-
fractory complications of portal hypertension (e.g. ascites, hepatic
encephalopathy, or variceal bleeding), and/or unresectable HCC
within transplant criteria. The most recently published national
data in the USA has shown that the rate of liver transplantation
for cholestatic liver diseases remained unchanged between 2010
(8.6% of all transplantations) and 2020 (8.3%).58

The technique of liver transplantation for PBC does not vary
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from the standard technique for other indications for liver trans-
plantation. Either live or deceased donor organs can be used. The
graft would be revascularized using the standard techniques. Bil-
iary construction with choledochocholedochostomy can be per-
formed when technically feasible since the disease mostly affects
the intrahepatic biliary radicles.®” Roux-en-Y hepaticojejunostomy
would also be performed in live donor or segmental liver trans-
plant, or in other situations, such as donor/recipient duct size mis-
match or adhesions and scarring around the native bile duct. The
rate of biliary anastomotic complications (e.g. leakage or stricture)
is comparable between liver transplantations done for PBC and
other liver diseases at 10-25%.7

Overall, survival after liver transplantation for PBC is similar
to slightly better than for other liver transplantation indications
with one, three and five-year patient survival rates of 94%, 91%,
and 86%, respectively.”! Current overall patient survival rates after
liver transplantation are 93.6% at one year, 86.9% at three years,
and 81.2% at five years, respectively.®®

PBC recurrence after transplantation is estimated at 22% at five
years and 36% at 10 years post-liver transplantation. Younger age
at transplantation, tacrolimus used for immunosuppression, and
biochemical evidence of cholestasis in the first-year post-trans-
plantation are associated with a higher risk of post-transplantation
recurrence. PBC recurrence may lead to graft loss, re-transplan-
tation, or death. In a study of 785 liver transplantation recipients,
the time-dependent hazard ratio of graft loss in patients with PBC
recurrence was 2.01 (95% confidence interval (CI) 1.16-3.51; p =
0.01).72 Use of UDCA after liver transplantation is associated with
a reduced risk of PBC recurrence.”

Hepatocellular carcinoma

Considerable evidence has demonstrated that PBC increases the risk
of HCC.”* Autoimmune liver illnesses in general also raise the risk
of HCC, but at a lesser rate than other liver diseases.” The incidence
of HCC in PBC, particularly in patients with severe fibrosis, varied
widely between 1.9-14%.7* In addition, studies found a combined
relative risk of HCC that ranged from 10.8 to 26.8% when com-
pared to that of the general population.”® Despite the fact that PBC is
primarily a female disease, women with PBC cirrhosis had a lower
incidence of HCC than men, estrogen may prevent hepatocellular
carcinoma by suppressing the cytokines and interleukin-6.747¢ HCC
in PBC is linked to advanced age, male sex, and comorbidities.”
Additional risk factors for HCC in PBC include concomitant dia-
betes and obesity (body mass indexes).”” However, advanced liver
fibrosis is the most significant risk factor,”*7¢ yet some PBC patients
develop HCC without advanced cirrhosis.”

Till now, the only indication for HCC screening on which all
scientific societies agree has been in patients with cirrhosis; never-
theless, hypoalbuminemia, thrombocytopenia, and signs of portal
hypertension are all risk factors for the development of HCC.”¢
These indicate advanced PBC, thus supporting the HCC screening
suggestion for PBC with cirrhosis.”7¢ US with or without AFP
testing every six months is the recommended screening modality
for HCC in PBC,” as this is less helpful in the early stages of
HCC. However, the sensitivity increases when AFP is included.”®

The biochemical response to UDCA and HCC development
are inconsistent. It is still not known whether or to what extent
treatment with UDCA lowers the risk of HCC in patients with
PBC.7#7¢ HCC development is linked to a biochemical nonre-
sponse to UDCA.” Likewise, in another study of cirrhotic PBC
patients, UDCA response was not linked with HCC development.

37


https://doi.org/10.14218/GE.2022.00016

Gene Expr

In a Natarajan meta-analysis, UDCA did not reduce the HCC risk
in PBC patients with or without cirrhosis.”®

Compared to other chronic liver diseases with HCC, PBC-associ-
ated HCC has a poor prognosis. Without treatment, HCC with PBC
had a median survival of 36 months, and liver transplantation has the
highest survival rate.” Currently, the indications for liver transplan-
tation for HCC in PBC are comparable to those for any other form
of chronic liver disease with HCC.8%8! HCC treatment options are
also varied with multiple different algorithms published and prac-
ticed by different centers; therefore, HCC management should ide-
ally be done through a multidisciplinary approach.®? Additionally, a
detailed discussion on the treatment approach to HCC is beyond the
scope of this review. In the USA, liver transplantation for HCC in
patients with PBC follows the same rules set by the United Network
for Organ Sharing for all liver transplantations for HCC that is the
tumors have to be within the Milan criteria, or downstaged to within
the Milan criteria to be eligible for the exception points.

Summary

In conclusion, PBC is an immune-mediated destruction of small
intrahepatic bile ducts due to a combination of genetic and possible
environmental factors. Left untreated, PBC progresses to hepatic
fibrosis, cirrhosis, and potentially HCC. PBC also has a predilec-
tion for middle-aged women. AMA is the serologic signature of
PBC. PBC is diagnosed in patients with chronic cholestasis, a posi-
tive AMA, and/or liver biopsy showing suppurative cholangitis.
PBC is commonly asymptomatic, but is sometimes symptomatic
with fatigue, pruritus, xerostomia, and abdominal pain being the
most commonly reported symptoms. PBC may also be accom-
panied by extrahepatic or other autoimmune conditions, such as
hypothyroidism, connective tissue disease, osteodystrophy, and
hyperlipidemia. Early diagnosis and treatment are crucial in im-
proving survival and preventing long-term complications of liver
disease. UDCA is the first-line treatment for PBC and improves
transplant-free survival. OCA and fibrates, in combination with
UDCA or as monotherapy, may be used in PBC patients who are
partial responders, nonresponders, or intolerant to UDCA. Bio-
chemical improvement, defined as an alkaline phosphatase reduc-
tion to normal or up to <1.67 times the upper limit of normal, is the
goal of medical treatment, as it is associated with the best patient
outcomes. Liver transplantation is indicated in patients who de-
velop decompensated cirrhosis or unresectable HCC.
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