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Abstract
Primary biliary cholangitis (PBC), formerly referred to 

as primary biliary cirrhosis, is an infrequent progressive 
intrahepatic cholestatic autoimmune illness that can 
evolve into hepatic fibrosis, hepatic cirrhosis, hepatic 
failure, and, in some cases, hepatocellular carcinoma. 
The disease itself is characterized by T-lymphocyte-
mediated chronic non-suppurative destructive cholangitis 
and elevated serum levels of extremely specific anti-
mitochondrial autoantibodies (AMAs). In this article, we 
will not only review epidemiology, risk factors, natural 
history, predictive scores, radiologic approaches (e.g. , 
acoustic radiation force impulse imaging, vibration 
controlled transient elastography, and magnetic resonance 
elastography), clinical features, serological characte
ristics covering biochemical markers, immunoglobulins, 
infections markers, biomarkers, predictive fibrosis marker, 
specific antibodies (including AMAs such as AMA-M2), 
anti-nuclear autoantibodies [such as anti-multiple nuclear 
dot autoantibodies (anti-sp100, PML, NDP52, anti-sp140), 
anti-rim-like/membranous anti-nuclear autoantibodies 
(anti-gp210, anti-p62), anti-centromere autoantibodies, 
and some of the novel autoantibodies], histopathological 
characteristics of PBC, diagnostic advances, and anti-
diastole of PBC. Furthermore, this review emphasizes the 
recent advances in research of PBC in terms of therapies, 
including ursodeoxycholic acid, budesonide, methotrexate, 
obeticholic acid, cyclosporine A, fibrates such as beza
fibrate and fenofibrate, rituximab, mesenchymal stem 
cells transplant, and hepatic transplant. Currently, hepatic 
transplant remains the only optimal choice with acknow
ledged treatment efficiency for end-stage PBC patients. 
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that is usually complicated by intrahepatic cholestasis 
and intrahepatic bile ductule damage, and eventually 
leads to liver fibrosis and cirrhosis. This review will 
focus on the clinical, serological and histopathological 
characteristics of PBC, as well as the advances in the 
diagnosis and treatment of the disease. 
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INTRODUCTION
Primary biliary cholangitis (PBC)[1-8] is a relatively rare 
chronic intrahepatic cholestatic illness characterized by 
a T-lymphocyte-mediated attack on small intralobular 
biliary ducts and the presence of elevated plasma 
concentrations of specific anti-mitochondrial antibodies 
(AMAs), resulting in hepatic fibrosis and, ultimately, 
hepatic cirrhosis or hepatic failure, with the potential for 
hepatic cellular carcinoma via complications[9-11]. PBC 
predominantly affects women, at a ratio of approximately 
12:1 of women to men, who are normally diagnosed 
at middle-age, primarily in an initial symptomless early 
stage[9-12]. There is positive association between the 
national incidence of PBC and socioeconomic status, as 
estimated by the Human Development Index (HDI)[13]. 
Moreover, in less-developed countries, the incidence 
of PBC might be less common[13]. Fatigue and pruritus 
are incipient clinical manifestations that appear in 
approximately 20% of PBC patients[14]. Although the 
clinical presentation and natural disease history of PBC 
patients have progressively improved over the years 
due to the recognition of earlier widespread use of 
ursodeoxycholic acid (UDCA), about 1/3 of PBC patients 
display suboptimal biochemical responses to UDCA and 
a poor prognosis[9-12]. At present, hepatic transplant 
remains the most beneficial therapeutic modality for 
patients with end-stage PBC[9-12]. This article will focus 
on the epidemiology, risk factors, clinicopathologic 
characteristics, serological features, histopathological 
characteristics, radiologic evaluation approaches, diag
nosis, and differential diagnosis, as well as recent 
advances in the therapy of PBC.

ALTERED TERMINOLOGY FOR PBC: 
FROM “PRIMARY BILIARY CIRRHOSIS” 
TO “PRIMARY BILIARY CHOLANGITIS”
The disorder generally referred to currently as “primary 
biliary cirrhosis” was primitively depicted in 1851, but 
not formally named until 1950[1-8]. However, it was 
later rightly recognized that the application of the 
terminology “primary biliary cirrhosis” is for a catachresis 

in patients in the presence of early-stage disease and 
histopathological characteristics of non-suppurative 
destructive cholangitis that are usually complicated 
with intrahepatic cholestasis and intrahepatic bile 
ductule damage. In recent decades, the prognosis of 
PBC patients has been observably ameliorated since 
the disease entity was first described more than 150 
years ago due to the application of UDCA. Since a great 
number of PBC patients do not suffer from hepatic 
cirrhosis, this tag has perceptibly disrupted many PBC 
patients, who strive for more accurate nomenclature[1-8]. 
At the second European Association for the Study of 
the Liver (EASL) monothematic conference on “primary 
biliary cirrhosis” in 2014, representatives of multitudinous 
patient cohorts from a variety of countries worldwide 
requested altering the eponym “cirrhosis” to another 
that would more precisely represent the characteristics 
of the disorder[1-8]. From the point of view of the patient, 
the eponym “cirrhosis” is misdirecting in some ways, 
and may result in stigmatization and confusion with 
alcoholic cirrhosis, as well as a shortage of transparency 
with regards to the stage and prognosis of the disease. 
From the physician’s perspective, misapplication of the 
terminology “cirrhosis” is counter-productive to their 
job. In order to assist and cure patients both within and 
without the hospital setting who are trying to balance 
their private lives with their medical demands, it is vital 
that the term “cirrhosis” be changed[1-8]. The suggested 
change of “cirrhosis” to “cholangitis” was ratified by the 
EASL in November 2014, by the American Association 
for the Study of Liver Diseases in April 2015, and by the 
AGA in July 2015, respectively[1-8]. In order to inform 
more people worldwide regarding this change, an article 
was published in 2015 titled “Changing nomenclature 
for PBC: From “cirrhosis” to “cholangitis” ” in various 
well-known international medical journals, such as 
Gastroenterology, Am J Gastroenterol, Gut, Hepatology, 
J Hepatol, Dig Liver Dis, Clin Res Hepatol Gastroenterol, 
and Clin Gastroenterol Hepatol[1-8]. Adopting the 
terminology “primary biliary cholangitis” for the illness 
known by the acronym PBC is therefore long overdue, 
so as to bring it into correspondence with a very recent 
global consensus.

Epidemiology 
Epidemiology provides significant clues towards our 
comprehension of the unsearchable etiopathogenesis 
of PBC. In the past two decades, there have been a 
chain of epidemiological retrospective investigations 
concerning patients with PBC[15-22]. The epidemiology 
of PBC has not only changed significantly over the 
past twenty years, with a trend towards increasing 
prevalence in many places around the world[15-22], but is 
also positively correlated with the national HDI[13]. There 
is a positive, but not significant, correlation between 
PBC incidence and HDI on a global level (r = 0.348, P 
= 0.082)[13]. However, in Europe, a significantly positive 
correlation exists between PBC incidence and HDI (r 
= 0.455, P = 0.044)[13]. Moreover, the PBC incidence 
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is positively related to the health index (r = 0.422, 
P = 0.036), but negatively related to the education 
index (r = -0.650, P < 0.01)[13]. The prevalence and 
incidence rates of PBC patients have been reportedly 
augmenting annually worldwide, making changing the 
name “cirrhosis” vital[15-22]. A study in the United States 
showed that, during the period of 1975-1995, the 
overall age and sex-adjusted incidence rate of PBC was 
27/1000000 per year, with the incidence in female and 
male populations being 45/1000000 and 7/1000000 
per year, respectively[15]. In 1995, the age- and sex-
adjusted prevalence was 654/1000000 for women, 
121/1000000 for men, and 402/1000000 overall[15]. A 
study in Canada revealed that, from 1996 to 2002, the 
overall age and sex-adjusted incidence rate of PBC was 
30.3/1000000 per year (female: 48.4/1000000, male: 
10.4/1000000); the prevalence was 100/1000000 in 
1996 and 227/1000000 in 2002[16]. A study in Lombardy, 
Italy and in Denmark suggested that during 2000-2009, 
the overall age and sex-adjusted incidence rate of PBC 
in Lombardy was 16.7/1000000 per year (female-to-
male ratio 2.3:1), the point prevalence in Lombardy was 
160/1000000 in 2009, the incidence of PBC in Denmark 
was 11.4/1000000 per year (female-to-male ratio 4.2:1), 
and the point prevalence in Denmark was 115/1000000 
in 2009[17]. A study in Crete, Greece showed that, from 
1990 to 2010, the incidence of PBC was 20.88/1000000, 
and the prevalence was 365/1000000[18]. A study in 
the Netherlands demonstrated that, between 2000 
and 2008, the incidence of PBC was 11/1000000 
(3/1000000 in men and 19/1000000 in women) and 
the point prevalence in 2008 was 132/1000000[19]. A 
study in Iceland indicated that the point prevalence in 
2010 was 383/1000000, while the age-standardized rate 
of incidence for female patients in the 1st (1991-2000) 
and 2nd phases (2001-2010) were 34/1000000 and 
41/1000000, respectively[20]. Overall incidence rates 
in the 1st and 2nd phases were 20/1000000 and 
25/1000000, respectively[20]. Although the prevalence 
of PBC was higher in some regions of North America 
and northern Europe, it was rarely seen in Australia. 
A study in Australia demonstrated that the age-
adjusted prevalence rate of PBC was 51/1000000[21]. 
A study in South Korea revealed that, between 2009 
and 2013, the age and sex-adjusted incidence of PBC 
from 2011 to 2013 was 8.57/1000000 per year (ratio 
of female to male was 6.2:1), while the age and sex-
adjusted prevalence rate from 2009 to 2013 was 
47.50/1000000[22]. At the time of writing, there is still 
a notable lack of large, nationwide population-based 
solid epidemiological information concerning PBC in 
China. One study in China indicated that the point pre
valence rate of adult PBC patients who received a health 
examination in southern China was 492/1000000, 
with the prevalence in women over 40 years old being 
up to 1558/1000000 (ELISA method)[23]. The overall 
prevalence of PBC reported by Liu et al[23] was much 
higher than previously reported in the literature, which 
was likely due to the methodology used in the study. 

In general, the different prevalence and incidence rates 
of PBC reported in the aforementioned literature were 
mainly due to differences in assay methods, gender and 
age distributions of population groups, and geographic 
regions. There is presently no precise epidemiologic data 
on the prevalence of PBC in Africa, but it is speculated to 
be one of the lowest in the world.

RISK FACTORS 
To date, the pathogenesis of PBC remains largely 
unknown, although geographical distributions, genetic 
susceptibility, and environmental factors may be some 
potential risk factors for the disease[9-10]. Both familial 
clustering and monozygotic twins with an identical 
DNA sequence provided good evidence for its genetic 
susceptibility and high degree of consistency[11]. En
vironmental factors, such as smoking, drug abuse, 
and microbiome complexities, may play a vital role 
in breaking the immune tolerance of individuals with 
genetic susceptibility[9-11]. Furthermore, recent novel 
hypotheses on latent environmental triggers, such as 
chemical xenobiotics, which result in the breaking of 
self-tolerance within the unparalleled immunological 
environment of the liver, have also been suggested[11,12]. 
As PBC overwhelmingly affects females, factors such as 
major defects in sex chromosomes, abnormal genetic 
architecture, and epigenetic abnormalities strongly 
suggest an effect of genetic and epigenetic factors in the 
triggering and perpetuation of autoimmune aggression 
in PBC[9-12]. Several human leukocyte antigen (HLA) risk 
loci that provide prognostic information and a few non-
HLA risk loci associated with the development of PBC 
have recently been confirmed by means of genome-
wide association studies (GWAS)[24-31]. GWAS showed 
that HLA-DQB1 (*0402), HLA-DRB1 genes (*08,*14), 
and HLA-DPB1 gene (*03:01) were predisposing 
risk alleles for PBC susceptibility[24,25]. Aside from the 
HLA locus, a number of non-HLA genes including IL-
12A (rs6441286, rs574808), IL-12RB2 (rs3790567), 
STAT4, CD80, DENND1B, CXCR5, IL-7R, TNFRSF1A, 
NFKB1 and CLEC16A were also closely related to PBC 
susceptibility[24,26]. These data demonstrate not only 
that there are extraordinary associations between PBC 
and the usual heritable aberrance at HLA class Ⅱ, 
IL12A, and IL12RB2 loci, but also that the IL-12 immu
noregulatory signaling axis plays an outstanding role in 
the physiopathology of PBC. Several recent GWAS have 
shown that some non-HLA genes, such as STAT4 SNPs 
(rs10168266, rs11889341, rs7574865, rs8179673, 
rs10181656)[27], ESR2 rs1256030 T allele[28], CLEC16A, 
SOCS1, SPIB and SIAE genes[29], may also be signifi
cant risk factors for the progression of PBC. One study 
demonstrated that the downregulated expression of 
IL-12A in lymphoblastoid cell lines obtained from Han 
Chinese were markedly associated with the risk alleles 
of rs4679868 and rs6441286 (P  =  0.0031 and 0.0073, 
respectively)[30]. Furthermore, the risk alleles of the 2 
SNPs were observably related to a decreased expression 
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of SCHIP1 gene that is 91.5 kb, located upstream of IL-
12A and associated with susceptibility to celiac disease[30]. 
These data have disclosed the IL-12/JAK-STAT signaling 
pathway as a pivotal etiologic factor for PBC. In addition, 
the allele of rs79267778 was observably relevant to 
PBC[31]. The amino acid at position 1904 (NM_001037335) 
from threonine (ACG) had been changed to methionine 
(ATG)[31]. This gene locus was exceedingly conservative 
in mammals and estimated to have the potential risk 
score of 0.469 by PolyPhen-2 (bioinformatics tools)[31]. 
PBC and gene expression were related to allele-specific 
transcription factor binding to usual and infrequent 
geno-variation[32]. DNA methylation analysis of the X 
chromosome exposes abnormal demethylation on CXCR3 
promoter in PBC[33]. Furthermore, other associated risk 
factors include concurrent autoimmune disease, lifestyle 
factors (e.g., cigarette smoking), urinary tract infection, 
vaginal infection, and environmental influences (e.g., 
toxic and chemical exposure to such substances as 
nail polish and hair dye)[34-36]. In general, the close link 
between environment factors and genetic susceptibility 
may play a vital part in the epigenetic mechanisms of 
PBC.

Clinical characteristics
Common clinical symptoms of PBC include fatigue, pruritus, 
weakness, daytime sleepiness, loss of weight, xanthe
lasma palpebrarum, jaundice, skin hyperpigmentation, 
upper abdominal discomfort, hepatosplenomegaly, osteo
dystrophy, osteoporosis, cholelithiasis, malabsorption 
syndrome, and extrahepatic manifestations of an autoi
mmune nature, although roughly 50% of PBC patients 
are asymptomatic at diagnosis[9-12]. Patients with PBC 
normally suffer from itching and fatigue, regardless of 
disease severity[14,37,38]. Serum fat-soluble vitamin D 
deficiency may be detected, particularly in advanced 
PBC patients[39,40]. Metabolic bone disease includes 
osteoporosis and, more rarely, osteomalacia, which 
have been considered important complications of 
PBC[41,42]. The extremely infrequent PBC complication of 
tubulointerstitial nephritis with Fanconi syndrome should 
be highly suspected in adult PBC patients in the presence 
of agnogenic halisteresis, even without the presence of 
abnormal liver function[41]. The serum levels of sclerostin 
were found to be observably increased in PBC patients in 
comparison with controls (P < 0.001), while the hepatic 
mRNA overexpression of sclerostin and elevated serum 
levels of sclerostin were inversely related to osteogenesis 
and reabsorption biological markers[42]. In addition, liver 
sclerostin was mainly distributed in the bile ducts, was 
relevant to the seriousness of cholangitis (P = 0.02), and 
was indirectly related to the extent of inflammation in the 
hepatic lobule (P = 0.03)[42]. These results indicated that 
sclerostin overexpression in the bile duct of patients with 
PBC in the presence of chronic intrahepatic cholestasis 
may affect metabolic osteopathia in PBC[42]. In general, 
although the main target organ is the liver, multiple 
systems may also be involved, such as interstitial lung 

disease (ILD)-related pulmonary hypertension (PH) 
and esophageal dysfunction. PBC is also often accom
panied by nephritis, connective tissue diseases (CTDs), 
hepatocellular carcinoma, and other rare diseases. The 
concurrence of these rare diseases often augments the 
difficulty in establishing an exact diagnosis. Specific 
clinical features are as follows.

Fatigue
Fatigue is not an uncommon complaint of PBC patients, 
and is related to a lower quality of life[9-11]. In recent 
years, PBC is mainly diagnosed in the majority of 
patients who are asymptomatic[9-11]. However, fatigue 
is a significant problem in approximately 50% of PBC 
patients, with 20% of all PBC patients experiencing 
significant or life-altering fatigue[9-11]. The pathogenesis of 
fatigue in PBC has not been fully elucidated, although it 
isn’t relevant to the seriousness of the underlying illness 
and is unresponsive to UDCA[9-11]. As the symptom of 
fatigue is non-specific, multifactorial, and potentially 
incapacitating, conditions such as anemia, diabetes, 
hypothyroidism, and depression should be considered 
and excluded[9-11]. Fatigue is typically identified with a 
subset of PBC patients who are predominantly young 
women who have particularly active illness, a suboptimal 
response to UDCA therapy, and are more likely to 
develop hepatic cirrhosis and its complications[37]. 
At present, there is no special drug therapy for the 
management of PBC-related fatigue and no significant 
improvement following liver transplantation[9-11]. The 
clinical efficacy of modafinil in the treatment of PBC-
related fatigue for 12 wk has been proved to be secure 
and reasonably well-tolerated in randomized, placebo-
controlled, phase Ⅱ clinical trials[38]. Nevertheless, it did 
not give rise to an advantageous impact on fatigue when 
compared to a placebo-treated group[38].

Pruritus
Pruritus is a pre-eminent symptom in PBC patients 
with chronic cholestasis and is variably reported in PBC 
characterized by cholestasis[9-11,14]. More than two-thirds 
of PBC patients experience pruritus during the process 
of the illness[9-11]. Compared to asymptomatic PBC 
patients without pruritus, symptomatic PBC patients with 
pruritus more frequently suffer from hepatic cirrhosis 
and its related complications (P = 0.004)[37], and are 
less likely to respond to UDCA treatment (P = 0.006). 
The pathogenesis of cholestatic pruritus remains largely 
elusive[9-11]; its natural history, related pathogenesis, 
and molecular mechanisms are under continued inve
stigation[9-11]. The autotaxin (ATX)-lysophosphatidic acid 
signaling axis may play a vital part in the nosogenesis of 
pruritus, and has lately has been connected with pruritus 
in PBC[14]. Several pieces of evidence have showed that 
a circulating pruritogen will take responsibility for it, 
but identification of the small molecule has yet to be 
ultimately identified[14]. In comparison, plasma ATX 
activity is observably associated with pruritus in PBC, 
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suggesting a new molecular targeting therapy[14].

FAT-SOLUBLE VITAMIN DEFICIENCY
Malabsorption, steatorrhea, and fat-soluble vitamin 
D deficiency are uncommon, except in cases of ad
vanced liver disease and long-standing, severe cho
lestasis[9,10,39,40,43]. In addition to vitamin D deficiency, as 
luminal bile acid levels in severe cholestasis are below the 
critical concentration required for micelle formation and 
subsequent lipid absorption, clinically-relevant fat-soluble 
vitamin (vitamin A, E and K) deficiencies may also exist 
in PBC[43]. Deficiencies in fat-soluble vitamins A, D, E and 
K have been reported in 33.5%, 13.2%, 1.9% and 7.8% 
of PBC patients, respectively[43]. Vitamin A deficiency 
appears to be markedly associated with advanced PBC 
stage, decreased cholesterol, and increased Mayo risk 
score[43]. High Mayo risk score, low serum albumin 
level, and elevated total bilirubin have been shown to 
be independently related to vitamin D deficiency[43]. 
Baseline vitamin D deficiency was associated with 
severity of disease and response to UDCA treatment[39]. 
Serum 25(OH)D concentrations reduced with elevating 
histological grading of stage (P = 0.029) and were 
inversely associated with serum bilirubin and alkaline 
phosphatase (ALP) concentrations in PBC[39]. Serum 
25(OH)D concentration at baseline was observably 
reduced in non-responders to UDCA (P = 0.005)[39]. 
Baseline vitamin D deficiency was related to an elevated 
risk of an inappropriate response with no relationship to 
advanced histological stages (P = 0.047)[39]. Mean serum 
concentrations of vitamin D were observably reduced 
among PBC patients compared to the control group (P 
= 0.029) and vitamin D deficiency (≤ 10 ng/mL) was 
observed in 33% of PBC patients vs 7% of the control 
group (P < 0.0001)[40]. Vitamin D concentrations were 
negatively associated with advanced hepatic injury, as 
well as the existence of accompanying autoimmune 
disorders[40]. The potential role of vitamin D in PBC may 
involve genetic and cell signaling mechanisms. Relatively 
few PBC patients have vitamin E or K deficiencies[43].

PBC complicated with portal-venous hypertension
Portal-venous hypertension is not an uncommon after
math of PBC, and may even occur before cirrhosis develops 
in PBC patients[9-11]; approximately 10% of PBC patients 
presented with characteristics of portal hypertension as 
an initial clinical symptom[9-11]. Gastroesophageal varices 
may occur in any of the different histological phases of 
PBC[9-11]. Signs of portal hypertension should therefore be 
carefully observed for in PBC patients at the moment of 
diagnosis, as well as during the observation period[9-11]. 
The pathogenesis of portal hypertension in PBC is still 
unclear[9,10]. A recent study suggested sinusoidal blockage 
as a potential physiopathology mechanism during the 
early phases of PBC, which was verified by the obvious 
intrahepatic portal vein in 3 non-cirrhotic PBC patients, 
with intrahepatic portal vein hepatica interflow being 
responsible for relieving the hepatic venous pressure 

gradient[44]. Another study indicates that angiogenetic 
and fibrotic responses are presumably induced by aqua
porin-1 (AQP-1), resulting in the enhanced perfusion 
of arterial blood flow to the sinusoids[45]. The result 
demonstrates that AQP-1 is related to arterial capillary 
wall proliferation and hepatic sinusoidal transformation 
facilitating portal-venous hypertension in PBC[45]. Esoph
ageal varicosities (EV) can be found in PBC patients 
with early histological stages[46,47]. A study revealed that 
6% (8/127) of early histological stage PBC patients 
suffered from EV and 95% of PBC patients in the pre
sence of varices were required to meet at least one of 
the following criteria: Male sex, hypoalbuminemia (< 
3.5 g/dL), hyperbilirubinemia (≥ 1.2 mg/dL), and/
or prolonged prothrombin time (PT) (≥ 12.9 s)[46]. 
Therefore, these parameters that include male sex, 
hypoalbuminemia, hyperbilirubinemia, and/or PT can 
be used as a tool for non-invasive prediction of EV[46]. A 
study demonstrated that among 256 cases of PBC with 
early histological stage, 22 cases suffered from EV at 
the time of diagnosis, with elevated serum ALP levels 
and decreasing platelet counts being markedly related 
to the presence of EV in early histological stage PBC[47]. 
The prominent relationship between these two factors 
with the development of EV was also disclosed, and PBC 
with early-stage and elevated ALP ratios ≥ 1.9 had an 
observably high risk of progressing EV[47]. In addition, 
another study has shown that quantitative parameters 
in the diagnosis of hepatic fibrosis in portal, septal and 
fibrillar areas may accurately predict gastroesophageal 
varices in PBC; the diagnostic specificity and sensitivity in 
PBC was 75% and 100%, respectively[48].

PBC complicated with PH
PH is generally complicated by heart or lung disorders, 
but it is also known to be related to PBC[49]. PH that 
suggests poor prognosis as a complication of PBC is not 
only common, but is closely related to portal-venous 
hypertension and immunological dysregulation[49]. 
PH is significantly more frequent than was previously 
assessed in PBC patients with portal hypertension[49]. 
The risk of progressing PH could be enhanced with the 
persistent time of portal hypertension without any explicit 
relationship with the degree of portal hypertension, liver 
failure, or amount of blood shunted[49]. The prevalence 
rate of PH in PBC patients with portal hypertension 
has been reported by McDonnell et al[50] as 0.61% in a 
clinical series of 2459 PBC patients with biopsy-proved 
cirrhosis of the liver. PH associated with PBC without 
portal hypertension is very infrequent; among 178 PBC 
patients, 21 (11.8%) suffered from PH[49]. Four cases 
(19.0%) suffered from medium to severe PH and one 
died of right ventricular dysfunction rather than hepatic 
dysfunction[49]. 

PBC complicated with esophageal dysfunction
Esophageal dysmotility can exist in some PBC patients[51], 
particularly in those with scleroderma or Sjögren’s synd
rome in the absence of scleroderma[51]. As a result, some 

Huang YQ. Primary biliary cholangitis



1424 November 28, 2016|Volume 8|Issue 33|WJH|www.wjgnet.com

esophageal motor disturbances could be considered 
associated with Sjögren’s syndrome[51]. Esophageal 
motor dysfunction is by no means uncommon in Sjögren’s 
syndrome or scleroderma; however, whether any eso
phageal dysmotility also exists in PBC without Sjögren’s 
syndrome or scleroderma is still controversial. A recent 
study showed that, among 37 PBC patients, 17 (45.9%) 
had esophageal dysmotility (10 cases of non-specific 
esophageal motor disorder, 5 cases of esophageal 
hypomotility, 1 case of nutcracker esophagus, and 1 case 
of hypertensive lower esophageal sphincter)[51]. These 
results demonstrate that sub-clinical esophageal motor 
dysfunction is common in PBC patients[51]. 

PBC complicated with ILD
ILD is a frequent and major complication of PBC[52,53]. 
PBC patients who suffer from Raynaud’s phenomenon 
and other CTDs were considered to have the greater 
possibility of developing ILD[52,53]. PBC with concomitant 
Sjögren’s syndrome was considered to have a higher risk 
of developing ILD and presenting a poor prognosis[53]. 
A study showed that, among 178 PBC patients, 28 
(15.7%) suffered from ILD, with 53.6% said patients 
suffering from difficult breathing and tussis, and 88.2% 
demonstrating restrictive and diffusing ventilation im
pairment by means of pulmonary function test[52]. 
Patients with PBC in the presence of ILD were older in 
age and displayed higher serum levels of sedimentation 
rate of erythrocyte compared to those without ILD (P < 
0.05)[52]. Raynaud’s phenomenon, as well as the coexi
stence of PBC and CTDs, were considered to be risk 
factors for PBC patients developing ILD (P = 0.04, OR = 
3.12 and P = 0.01, OR = 3.18, respectively), although 
42.9% of patients with PBC in the presence of ILD had 
not suffered from other CTDs[52]. There was much higher 
incidence rate of ILD in PBC patients with concomitant 
Sjögren’s syndrome compared to those without the 
syndrome (P = 0.005)[53]. In some instances, ILD can 
even appear to precede PBC[54].

PBC complicated with nephritis
Symptomless distal renal tubular acidosis should be 
considered the main feature of PBC-related kidney 
damage, and can appear in approximately 1/3 of PBC 
patients[55]. However, various rarer methods of PBC-
associated kidney damage have also been described in 
the literature, including: Fanconi syndrome, microscopic 
polyangiitis, membranous nephropathy, membranous 
glomerulonephritis, tubulointerstitial nephritis, fibrillary 
glomerulonephritis, interstitial nephritis, Goodpasture 
syndrome, anti-neutrophil cytoplasmic autoantibody 
(ANCA)-associated rapidly progressive glomerulonephritis, 
and focal segmental glomerulosclerosis[41,56-64]. 

PBC complicated by CTDs
PBC can be complicated by CTDs, more specifically 
systemic lupus erythematosus (SLE), systemic sclerosis 
(SSc), rheumatoid arthritis (RA), Sjögren’s syndrome 

(SS), polymyositis (PM), and dermatomyositis[65]. 
Moreover, combined PBC and CTDs often enhance the 
difficulty in making an exact diagnosis and treatment of 
PBC[65]. One study showed that, among 322 patients with 
PBC, 150 cases (46.6%) suffered from CTDs, of which 
11 cases (3.4%) suffered from two or more CTDs[65]. SS 
should be considered the most common CTD (122 cases, 
36.2%)[65]. Other CTDs in this group of patients, in order 
of rarity from high to low, were as follow: 12 cases of SLE 
(3.7%), 10 cases of PM (3.1%), 9 cases of SSc (2.8%), 
and 9 cases of RA (2.8%)[65].

PBC complicated by hepatocellular carcinoma
It is by no means uncommon for PBC patients to suffer 
from hepatocellular carcinoma (HCC)[66-69]. Of two 
retrospective studies in China, one demonstrated an 
incidence of HCC in PBC patients of 4.13% (52/1255)[66], 
while the other found it to be 3.75% (70/1865)[67]; 
this incidence was observably higher in men (9.52%) 
than in women (3.31%)[66]. Risk factors for PBC-related 
HCC in China for the two studies were found to be 
body mass index (BMI) ≥ 25, male sex and a history 
of drinking alcohol for the first study[66] and age > 54 
years, male sex, co-existence of diabetes, and previous 
hepatitis B virus (HBV) infection for the second study[67]. 
A retrospective Japanese study found the incidence of 
HCC in PBC patients to be 5.2% (11/210), with the only 
risk factor for PBC-associated HCC being associated with 
advanced histological stage[68]. Recently, a multicenter 
international study demonstrated that incidence rates 
of HCC in PBC patients were 2.69% (123/4565), with 
markedly higher rates in male PBC patients compared 
to female patients (P < 0.0001). Univariate analysis 
of potential risk factors in establishing diagnosis of 
PBC related to HCC progression were: Male sex (P < 
0.0001), increased aspartate aminotransferase (AST) (P 
< 0.0001), progressing liver illness (P = 0.022), platelet 
decline (P < 0.0001), and decompensated hepatic 
function (P < 0.0001)[69]. According to the Paris-I criteria, 
one year stratification by inappropriate biochemical 
response with UDCA therapy was markedly related to risk 
factors of progressing HCC (P < 0.0001)[69]. Biochemical 
non-response to UDCA therapy predicted future trends 
of HCC in early stage PBC (stages Ⅰ-Ⅱ) (P = 0.005) and 
advanced stage PBC (stages Ⅲ-Ⅳ) (P = 0.02)[69]. The 
international multicenter study clearly demonstrates that 
one year biochemical non-response to UDCA is related 
to incremental future risk factors of progressing HCC in 
PBC[69]. In addition, another study showed that repeat 
liver resection for recurrent HCC complicating PBC is an 
option and may provide and improved outcome[70]. In 
general, PBC with hepatic cirrhosis or non-response to 
one year of UDCA therapy are at incremental risk of HCC.

PBC with concurrent viral hepatitides
The difficulty in identifying hepatitides C virus (HCV) 
and/or HBV infections in PBC patients is such that an 
accurate diagnosis of PBC is usually observably delayed 
in this particular patient cohort[71]. In PBC patients with 
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accompanying HCV infection, impact therapy might 
be approved in consideration of the relevant and more 
serious cirrhosis[72]. A retrospective Greek study showed 
that, among 1493 HBV and 526 HCV patients, 17 were 
confirmed as having a coexistence of viral hepatitides 
and PBC (8 cases of HCV and 9 cases of HBV)[71]. It is 
very difficult to make an exact diagnosis of PBC in HBV or 
HCV-infected patients, meaning that a precise diagnosis 
is usually delayed[71]. Cholestasis should therefore be an 
important indication of PBC for physicians[71]. A study 
in Taiwan showed that, among 76 patients with PBC, 9 
cases were confirmed as having a coexistence of HCV 
infection and PBC, and suffered from more serious 
hepatic cirrhosis on the basis of Child-Pugh (P = 0.019) 
and the Model for End-Stage Liver Disease (MELD) (P = 
0.01) scores[72]. One case report showed that a patient 
with chronic HBV infection was later found to have active, 
asymptomatic PBC due to a persistently elevated ALP 
level after optimal HBV DNA suppression on antiviral 
therapy[73]. This report emphasizes the significance of 
keeping a high clinical index of suspicion for potential 
PBC, even after a patient with HBV has been successfully 
treated for a primary liver condition[73]. Clinical vigilance, 
particularly in atypical clinical manifestations, can result 
in earlier accurate diagnosis and prompt treatment of 
PBC[73].

PBC with concurrent rare diseases
Although uncommon, the coexistence of PBC and some 
rare diseases are frequently believed to enhance the 
difficulty in making an exact diagnosis of PBC, as well 
as its treatment, due to the very complicated clinical 
manifestation of diseases with coexistence conditions. 
PBC is occasionally associated with some rare diseases, 
including Guillain-Barré syndrome, warm autoimmune 
hemolytic anemia, primary hepatic mucosa-associated 
lymphoid tissue lymphoma, ANCA-associated vasculitis, 
pseudolymphoma, hereditary hemorrhagic telangie
ctasia, generalized morphea, myasthenia gravis, hepatic 
inflammatory pseudotumor, idiopathic retroperitoneal 
fibrosis, celiac disease, Wilson’s disease, bullous pem
phigoid, idiopathic granulomatous hepatitis, CREST 
syndrome, Crohn’s disease, hepatic sarcoidosis, Evans 
syndrome, and Hürthle cell adenoma[74-92].

SEROLOGICAL FEATURES
Serum antibody specific for PBC
AMAs: AMAs, including AMAs-M2, are a specific and 
sensitive marker for the diagnosis of PBC[9,10,93,94]. The 
existing evidence shows that AMAs and AMAs-M2 have 
excellent diagnostic value, with high specificity and 
sensitivity for PBC[93]. Compared with AMAs-M2, AMAs is 
a faster and more comprehensive diagnostic marker[93]. 
AMAs consist of nine subtypes, four of which are asso
ciated with PBC: AMA-M2, AMA-M4, AMA-M8, and 
AMA-M9[9-11]. Although these four AMA subtypes  have 
comparatively specific diagnostic value for PBC, AMA-M2 

remains the foremost subtype applied as a routine 
diagnostic marker for PBC[9-11]. AMAs are present in 95% 
of PBC patients; however, 5% of patients with PBC are 
still AMA-negative[94]. AMA-negative PBC patients had 
an observably worse prognosis in comparison with AMA-
positive PBC patients[94]; however, an obvious distinction 
between positive and negative PBC AMAs should not have 
been found on the basis of clinical manifestation, serum 
biochemical features, histopathological characteristics, 
disease process, or response to UDCA treatment[94]. 
Notably, AMA-negative PBC patients had an observably 
decreased free survival of liver-associated complications 
covering liver transplant and death in comparison with 
AMA-positive PBC patients (P = 0.0182)[94]. 

Anti-nuclear antibodies: Besides AMAs, PBC patient 
serum is able to demonstrate other PBC-related 
autoantibodies, especially anti-nuclear antibodies (ANAs) 
covering anti-multiple nuclear dot autoantibodies (anti-
sp100, PML, NDP52, anti-sp140), anti-nuclear envelope 
protein autoantibodies (lamin, lamin B receptor), and 
anti-rim-like/membranous anti-nuclear autoantibodies 
(anti-gp210, anti-p62)[95-103]. Determination of AMAs and 
PBC-specific ANAs identified them as being associated 
with PBC severity[9,10]. Elevated serum concentrations 
of ANAs should be found in approximately 50% of PBC 
patients and 85% of AMA-negative PBC patients[96]. In 
short, 44% of PBC patients had anti-sp100, 15.1% had 
PML, 25% had anti-gp210 and 25% had ACAs[97-100]. 
AMAs and ANAs (anti-gp210, anti-sp100, ACAs) are 
particularly prevalent in PBC[101]. Although changes 
in most autoantibodies that occur naturally with the 
passage of time do not appear to associate with clinical 
results in PBC, changes in serum anti-sp100 antibody 
levels can be used as an evaluation of prognostic factors 
with regard to the progress of liver fibrosis diagnosed 
via hepatic biopsy[102]. Sp140L is the phylogenetically 
nearest family member to anti-sp100 protein, and 
serves as an autologous antigen in PBC patients[103]. The 
polymerization of anti-p62 is significantly augmented 
in the impaired biliary ducts of PBC and may reflect the 
inappropriate autophagy and subsequent senescence 
of biliary ducts cells in the etiopathogenesis of biliary 
duct injury in PBC[104]. In clinical practice, it is vital to 
detect these autoantibodies in order to establish PBC 
diagnosis, assess disease severity, determine the 
PBC clinical phenotype, and calculate the long-term 
outcome[101]. Positive anti-gp210 antibody and elevated 
vanishing biliary duct score were observable risk factors 
for elevated ALP predicted worsened response[105]. 
Positive anti-gp210 antibody and elevated hepatitides 
score were observable risk factors for elevated IgM 
predicted worsened response[105]. Elevation of ALP and 
IgM worsened response were observable risk factors for 
development to end-stage liver illness in the absence 
of jaundice[105]. Therefore, in the classical or typical 
form of PBC, characterized by the chronic progressive 
disappearance of small intrahepatic biliary ducts with a 
simultaneous augment in hepatic fibrosis, anti-gp210 
autoantibodies are a powerful risk factor for development 
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to icterus and liver failure[101,105]. Age, positive anti-gp210 
antibody, and positive ACAs were observable risk factors 
for elevated of alanine aminotransferase (ALT) worsened 
response[105]. Elevation of ALT worsened response was 
an observable risk factor for development to end-stage 
hepatic illness with persistent icterus[105]. Of PBC patients 
with ACAs positivity, 30% had serious bile duct damage 
and portal hypertension[106]. Therefore, the presence of 
ACAs is a risk factor for development to hepatic cirrhosis 
and portal-venous hypertension[101,105,106]. Biochemical 
response to UDCA therapy at two years, which is affected 
by the serum autoantibody status of ACAs, anti-gp210, 
and histological and morphometric variables at baseline, 
may predict long-term clinical results in PBC patients[105]. 
By contrast, another study showed that continuous 
variations of anti-sp100 titers, rather than anti-gp210 
titers, might be effective for the surveillance of disease 
procession and UDCA treatment outcome[107]. The study 
revealed a reduced rate of eGFR, an elevated possibility 
of chronic kidney disease (CKD), and an elevated rate of 
annual eGFR decline in PBC patients with ACAs compared 
to those without ACAs (P < 0.05, separately)[108]. ACAs 
may serve as an independent predictor for CKD in 
patients with PBC[108]; therefore, it is important to assess 
ACAs and renal function in order to deter CKD evolution 
in PBC[108]. 

New autoantibodies: The recognition of novel auto
antibodies as a non-invasive serum hallmark is still an 
important area of PBC research[109]. Hu et al[109] created 
a PBC-focused microarray with 21 of these recently 
affirmed alternatives, as well as 9 supererogatory 
familiar PBC autoantigens[109]. By screening the PBC-
focused microarrays with PBC patients, 6 proteins were 
identified as new PBC autoantigens in the presence of 
high specificities and sensitivities, covering hexokinase-1 
(HK 1, and isoforms Ⅰ and Ⅱ), Kelch-like protein 7 
(KLHL7), KLHL12, zinc finger, BTB domain-containing 
protein 2, and eukaryotic translation initiation factor 2C, 
subunit 1[109]. In addition, both anti-KLHL12 and anti-
HK1 antibodies with higher specificity and sensitivity 
were more likely to be detected in PBC in comparison 
with controls without PBC (P < 0.001)[110]. Anti-HK1 
in combination with anti-KLHL12 in the presence of 
usable signs (i.e., MIT3, gp210 and sp100), improved 
the sensitivity of PBC diagnosis[110]. Importantly, both 
anti-KLHL12 and anti-HK1 autoantibodies had been 
detected in 10% to 35% of AMA-negative patients 
with PBC, and increasing both biomarkers in routine 
PBC tests significantly increased the sensitivity in AMA-
negative patients with PBC from 55% to 75% by means 
of immunoblot and from 48.3% to 68.5% with the 
ELISA method[110]. Supplementing both anti-KLHL12 and 
anti-HK1 autoantibodies with highly specific assays for 
AMAs and ANA serological tests observably enhanced 
the serological surveillance effect and PBC diagnosis, 
particularly for AMA-negative patients[110].

Serum biochemical sign in PBC: The enhanced 
serum activity of ALP, gamma-glutamyltransferase 

(γ-GT), ALT, AST, total bilirubin (TBIL), and bile acids 
can be detected in most patients with PBC[9,10,47,111-113]. 
Evidence from several studies has shown that the presence 
of elevated serum activity of ALP is not only an obvious 
guidepost of intrahepatic cholestasis, but also a pronounced 
succedaneous hallmark PBC severity[111-113]. A Japanese 
study showed that elevated serum ALP levels were not 
only markedly related to the presence of esophageal 
varicosities in PBC patients with early histological stage, 
but also associated with the progression of esophageal 
varicosities during the follow-up period[47]. In addition, a 
meta-analysis of individual patient information from 4845 
PBC cases covering 15 European and North American 
countries demonstrated that serum levels of ALP and 
TBIL detected at research enrollment and every year for 
5 years were significantly related to clinical results[111]. 
The study result showed that serum levels of ALP and 
TBIL may predict clinical results (i.e., hepatic transplant 
or dying) of PBC patients, and could serve as alternative 
terminal points in treatment tests[111]. In addition, a 
study in China showed that, among serum biolabeling 
in PBC patients, the serum concentrations of bile acids 
were augmented with the development of PBC, while 
the concentrations of carnitines were reduced with the 
development of PBC[113]; these factors, high serum levels 
of ALP, TBIL, and bile acids, are markedly associated with 
progressive PBC and worsened outcomes.

Serum immunoglobulins in PBC: PBC patients chara
cteristically show elevated serum levels of IgM[9,10]. 
Environmental factors, but not genetic ones, are 
considered to play an important role in the pathogenesis 
of high serum IgM in PBC[114]. In addition, serum IgG2 
and IgG3 levels were most prominently increased in 
PBC[115]. However, evidence of decreased serum levels of 
IgA, IgM, and IgG in a PBC patient seems to demonstrate 
that immunoglobulin-mediated etiopathogenesis may be 
unessential for the development of PBC[116].

Serum markers of infection in PBC: As a screening 
test, serum from 69 PBC patients were detected for 
IgG-antibodies against Toxoplasma gondii (anti-T. 
gondii), Helicobacter pylori (anti-H. pylori), Epstein-Barr 
virus (anti-EBV), cytomegalovirus (anti-CMV), anti-HBV 
and anti-HCV[117]. The results demonstrated that the 
prevalence rates of 4 anti-infectious agent antibodies: 
Scilicet anti-T. gondii (P < 0.0001), anti-H. pylori (P 
< 0.01), EBV early antigen (P < 0.0001), and anti-
CMV (P < 0.05) in PBC patients was observably higher 
than in the controls[117]. The coexistence of the 4 anti-
infectious agent antibodies was comparatively ordinary 
in PBC, but the infection burden was infrequent in normal 
controls (P < 0.0001)[117]. In addition, peculiar contagion 
reciprocities that potentially accelerate PBC patient risk 
were also pointed out. Seropositivity of ammodytoxin 
A was negatively related to hepatic cirrhosis among 
patients with PBC (P < 0.05)[117].

Serum biomarkers in PBC: Serum microRNAs (miRNAs), 
which are sufficiently steady and control RNase-mediated 
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degeneration in body fluids, have been used as novel 
potential biomarkers for many illnesses. However, the 
expression spectrum of serum miRNAs in patients with 
PBC is poorly understood. Recently, a miRNA panel (hsa-
miR-122-5p, hsa-miR-141-3p, and hsa-miR-26b-5p) 
was confirmed to have prominent diagnostic accuracy 
for PBC (sensitivity = 80.5%, specificity = 88.3%)[118]. 
There was a remarkable difference between expression 
profiles of the miRNA panel, those of serum ALP (P < 
0.001), and those of serum ANAs (P =  0.0282)[118]. 
Seventeen miRNAs were confirmed to be distinctively 
expressed in peripheral blood mononuclear cells from PBC 
patients[119]. In addition, the downregulated expression 
of hsa-miR-505-3p and miR-197-3p can be used as 
biological markers of PBC[120]. Functional bioinformatics 
analysis showed prediction of microRNA target genes 
involved in multiple signaling passageways and biological 
processes[119]. In general, serum biological markers for 
inchoate diagnosis of PBC are a new subject of ongoing 
research.

Serum predictive marker in PBC: Non-invasive 
predictive markers of hepatic fibrosis in PBC patients 
should be used for predicting illness development. The 
Wisteria floribunda agglutinin-positive Mac-2-binding 
protein [WFA (+)-M2BP] could serve as an effortless 
and dependable non-invasive succedaneous serum 
glycol-biomarker for the diagnosis of hepatic fibrosis in 
PBC[121]. Serum WFA (+)-M2BP was not only considered 
to be better than the other non-invasive markers in 
determining the important and serious fibrosis stages 
of PBC, but was also forcefully and separately related 
to clinical result[121]. Serum FGF19 is related to hepatic 
illness severity, and can also be used as a potential 
predictive marker of chronic cholestatic hepatic lesion 
in PBC[122]. Serum ANAs, total cholesterol, and bile 
acids are predictors of liver failure in PBC[123]. Elevated 
serum levels of fractalkine in patients with PBC could 
serve as predictive markers of cholangitis activity at 
early stages[124]. Comparative proteomics analysis 
demonstrated not only obvious elevated serum levels 
of vitronectin in AMA-negative PBC patients compared 
to those of AMA-positive PBC (P < 0.01), but also a 
potential association with the more serious bile duct 
destruction found in this group[125]. Serum hyaluronan 
is considered a hopeful hallmark for the estimation of 
hepatic fibrosis in PBC[126]. In addition, serum cartilage 
oligomeric matrix protein might be a novel non-invasive 
biomarker for estimating PBC and the risk of HCC[127].

PREDICTIVE SCORES IN PBC 
A retrospective analysis showed that PBC predictive 
scores, covering the European and Yale model, MELD 
score, and Child-Pugh score, should be interpreted 
prudently, with the Mayo Risk Score being deemed 
beneficial in predicting a helpful result[128]. As current 
approaches for risk stratification of PBC patients are 
limited and single-center-based, as well as often 

dichotomous, the novel prognostic tool of GLOBE score 
was recently proposed by the Global PBC Study Group 
on the basis of an international meta-analysis of 4119 
PBC patients receiving UDCA[129]. A GLOBE score to 
forecast transplant-free survival of PBC patients receiving 
UDCA therapy within 1 year was formulated and con
firmed by means of clinical and biochemical variables, 
and the prognostic capacity of the GLOBE score was 
assessed along with those of the Paris-1, Barcelona, 
Toronto, Rotterdam, and Paris-2 criteria[129]. Serum 
levels of ALP, albumin, and hematoidin, as well as blood 
platelet counts and age, were all independently related 
to patient mortality or hepatic transplant[129]. There were 
significantly reduced times of transplant-free survival in 
patients with risk scores > 0.30 compared to matched 
normal subjects (P < 0.0001)[129]. The 5-year and 
10-year survival rates for patients with positive predictive 
values verified by the GLOBE score were 98% and 88%, 
separately[129]. The GLOBE score can therefore not only 
be considered predictive of the transplant-free survival of 
PBC patients treated with UDCA, but may also be used to 
choose the therapy and nursing scheme[129]. 

RADIOLOGIC APPROACHES TO 
ASSESSING FIBROSIS IN PBC
At present, there are three proposed important radiologic 
prediction approaches for assessing hepatic fibrosis: 
Acoustic radiation force impulse (ARFI), vibration con
trolled transient elastography (VCTE), and magnetic 
resonance elastography (MRE)[130-132]. The diagnostic 
value of the degree of liver fibrosis by means of ARFI 
together with the 4 serum prediction markers of hepatic 
fibrosis covering laminin, hyaluronan (HA), type Ⅲ 
collagen, and type Ⅳ collagen is of a satisfying effect 
and has significant practical value[130]. ARFI elastography 
correlated observably with hepatic histological stage (r 
= 0.74, P < 0.001) in PBC patients[131]. The area under 
the receiver operating curve of ARFI elastography for 
predicting histological stage equal to or higher than 
Ⅱ or Ⅲ and equal to Ⅳ were 0.83, 0.93 and 0.91, 
respectively[131]. The optimal cut-off values of ARFI 
elastography were 1.51 m/s, 1.79 m/s, and 2.01 m/s 
for PBC stage equal to or higher than Ⅱ or Ⅲ and equal 
to Ⅳ, respectively[131]. ARFI elastography is therefore an 
acceptable and powerful technique for the quantitative 
assessment of PBC stage[131]. Dependable VCTE con–
sequences can exclude advanced hepatic fibrosis and avoid 
the need for biopsy in the lowest 45% of patients[132]. 
A recent prospective study in the United States has 
demonstrated that three-dimensional (3D)-MRE at 40 Hz 
has supreme diagnostic precision in diagnosing advanced 
hepatic fibrosis[133]. Both 2D-MRE and 3D-MRE at 60 Hz, 
the standard shear-wave frequency, are also reasonably 
precise in diagnosing advanced hepatic fibrosis[133]. 
MRE has obvious diagnostic precision in advanced 
hepatic fibrosis and cirrhosis in hepatic transplantation 
receivers, independent of the extent of inflammation 
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and BMI[134]. Magnetic resonance imaging (MRI) has 
potential diagnostic value for PBC, and the periportal 
halo sign and signal strength contribute to assessing the 
extent of hepatic fibrosis[135]. In addition, Gd-EOB-DTPA-
enhanced MRI might offer beneficial detection approaches 
for hepatopathy in PBC patients[136]. In general, none of 
the radiologic approaches have perfect accuracy in any 
published study to date; however, VCTE outperformed all 
other non-invasive current surrogate markers of hepatic 
fibrosis in PBC. Due to its high acceptability and ability to 
predict hepatic decompensation, VCTE could be a useful 
tool in allocating PBC patients into different categories of 
risk.

HISTOPATHOLOGICAL FEATURES
Histopathologically, PBC is not only characterized by 
predominantly different stages of hepatic fibrosis that 
eventually result in cirrhosis of the liver or hepatic failure, 
but also as a granulomatous lymphocytic cholangitis that 
consequently leads to such small bile duct loss such as 
vanishing bile duct syndrome and cholestasis (Figures 1 
and 2)[9,137]. The typical dendritic-cellular CD11c marker 
has markedly effective expression and significant 
sensitivity compared with classical hematoxylin and eosin 
(H and E) staining in discovering hepatic granulomatous 
lesions related to PBC and other illnesses[137]. There are 
significantly elevated serum concentrations of IgM and 
earlier stages of illness in PBC patients in the presence 
of CD11c-positive expression hepatic granulomas[137]. 
There are hallmarks of immature dendritic cells, namely 
CD11b, decreased expression of MHC Ⅱ, IL23, CD83 and 
CCR7, and increased expression of C1q in granulomatous 
lesions from PBC and other illnesses[137]. PBC-related 
granulomatous lesions largely represented by B lym
phocytes and IgM-positive plasmocytes together with 
macrophagocytes[137]. Put simply, dendritic cells play 
a pivotal role in the etiopathogenesis of granulomas, 
regardless of their origin[137]. More specifically, hepatic 
granulomas may be caused by the reciprocities between 
IgM and immature dendritic cells in PBC[137]. In addition, 
spleen tissue samples from PBC demonstrated accumu

lation of IgM-positive cells, along with CXCL13-positive 
cells, in CD21-positive lymph follicles[138]. CXCL13-posi
tive follicular dendritic cells might be conducive to the 
production of excess IgM from the spleen[138]. The deviant 
expression of mitochondrial autoantigens and subsequent 
autoimmune mechanism in PBC may be closely asso
ciated with deregulated autophagy and the following 
cellular senescence in biliary epithelial cells (BECs)[139]. 
Activated NKT cells may prompt BEC death, leading to 
the development of PBC[140]. A novel hepatic histological 
grading system for PBC, proposed by Japanese scholars, 
includes the degree of chronic cholangitis activity (CA 
0-3), which is associated with clinic-laboratory chara
cteristics of cholangitis, and hepatitides activity (HA 
0-3), which is related to the progression of cirrhosis-
related conditions[141]. French scholars proposed another 
novel histological scoring system for PBC, which covers 
assessment of hepatic fibrosis, leukomonocyte interface 
hepatitides, and absence of biliary ducts[142]. Abnormal 
expression of K-7 in hepatic cells may serve as an 
accessional hallmark for predicting rapid development 
to hepatic failure in diagnosed asymptomatic patients 
with PBC[143]. In other words, the histological features of 
PBC, in addition to typical non-suppurative destructive 
cholangitis and hepatic granulomatous lesions, include 
portal inflammation, chronic cholestasis, hepatic changes 
(interface hepatitides or lobular hepatitides), and bile duct 
loss. The two histological classifications by Ludwig’s and 
Scheuer’s stages have been used globally for PBC staging 
since the 1960s, and are based on the histopathological 
findings of PBC. In addition, two novel histological scoring 
systems for PBC have been proposed by Japanese and 
French scholars, respectively.

DIAGNOSIS
Cholestasis, which is a general clinical manifestation 
in hepatic illnesses that gives rise to reactive hyper
plasia of the bile ducts, is the main complication in 
PBC patients. PBC diagnosis can be made in a patient 
via high serum AMAs in the presence of significantly 
elevated serum ALP, after ruling out other common or 
rare causes of cholestasis, such as viral hepatitides, 
drug-induced hepatic damage, alcoholic liver disease, 
intrahepatic cholestasis of pregnancy, progressive familial 
intrahepatic cholestasis, autoimmune hepatitides (AIH), 
primary sclerosing cholangitis (PSC), immunoglobulin 
G4-associated sclerosing cholangitis (IgG4-SC), and 
autoimmune hepatic illnesses overlap syndrome (PBC/
AIH, PSC/AIH, PBC/PSC, PBC/IgG4-SC), as well as biliary 
obstructions such as biliary calculi, biliary ascariasis, 
biliary tract inflammation, postoperative bile duct benign 
stricture, pancreatic pseudocyst, cholangiocarcinoma, and 
pancreatic head carcinoma. PBC diagnosis requires two 
of the three following objective criteria: (1) biochemical 
proof of intrahepatic cholestasis based primarily on 
elevated levels of serum ALP greater than or equal to 1.5 
times the upper limit of normal (ULN) for more than 

Figure 1  Histology of primary biliary cholangitis (hematoxylin and eosin 
staining; × 200 liver biopsy). An absence/paucity of bile ducts is seen with 
focal chronic inflammation in a portal area consistent with late-stage primary 
biliary cholangitis[9].
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24 wk; (2) presence of serum titers of AMAs greater than 
or equal to 1:40; and (3) liver histology characterized 
by non-suppurative cholangitis and granulomatous 
destruction of interlobular bile ducts[9,10,144]. Furthermore, 
patients with PBC frequently have elevated serum levels 

of ALT, AST and IgM[144].

DIFFERENTIAL DIAGNOSIS OF PBC
Autoimmune liver diseases (AILDs) cover PBC, PSC, 
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Figure 2  Histology (hematoxylin and eosin staining) and immunochemical staining of primary biliary cholangitis. A: Magnification × 400; B: Magnification 
× 400; C, D: Magnification × 400 (left); Magnification × 200 (right). PBC livers demonstrated observably stronger portal area immunostain for CD11c, the position of 
CD11c sedimentation scored on a 0-4 scale to be compared among PBC, AIH and CHB patients (aP < 0.05, bP < 0.01) (A); PBC hepatic granulomatous lesions were 
classically situated within portal areas, generally near or around the impaired bile duct (B); Hepatic granulomatous lesions were also occasionally detected in the liver 
lobule or close to the germinal center (C)[137]. PBC: Primary biliary cholangitis; AIH: Autoimmune hepatitides; CHB: Chronic hepatitis B.
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IgG4-SC and AIH; PBC should therefore be distinguished 
from AMA-positive AIH, PSC, or IgG4-SC. In addition, 
some AILDs patients present with features of PBC or 
PSC and AIH or IgG4-SC, either simultaneously or 
consecutively. They are traditionally deemed as obvious 
entities, although shared modes in so-called “overlap 
syndrome” have been recognized across the spectrum. 
The diagnosis of such overlap syndromes as PBC/AIH, 
PSC/AIH, PBC/PSC, and PBC/IgG4-SC is still chall
enging, but it is indispensable to diagnosis due to its 
rapid progression to cirrhosis and liver failure. Overlap 
syndromes should be considered in AIH patients with 
cholestatic findings, concurrent inflammatory bowel 
disease (IBD), or steroid-refractory disease. Clinical, 
biochemical, immunological, histological, and bile duct 
imaging characteristics contribute to the diagnosis of 
AILD overlap syndrome. 

AMA-positive AIH
AIH is an immune-mediated severe hepatopathy cha
racterized by elevated serum levels of ALT, AST and 
IgG, a high percentage of circulating non-organ-specific 
autoantibodies, and histologically with interface hepatitis 
(Figure 3)[145]. The incidence rates of AIH display a 
positive correlation with the national HDI (r = 0.638, P = 
0.014) and the income index (r = 0.649, P = 0.012)[13]. 
AIH is divided into type 1, which is defined according to 
the seropositivity of smooth muscle autoantibody (SMA) 
and/or ANAs, and type 2, which is defined according 
to the seropositivity of liver-kidney microsome type 1 
and/or liver cytosol type 1[145]. The non-classical clinical 
phenotypes of AIH, particularly AMA-positive AIH, 
should be distinguished from PBC. In general, AMAs-M2 
antibody is specific to PBC patients, but may also be 
occasionally discovered in certain AIH patients[146]. 
Efficient means of discriminating between AIH and PBC 
are required, due to the fact that their clinical process 
and treatment are disparate[146]. One recent study has 
shown that antibodies to filamentous-actin (anti-F-actin) 
protein can not only be considered the serological marker 
of type 1 AIH, but may also predict AIH recurrence[147]. 

Furthermore, the application of repetition hepatic biopsy 
is an efficient method for AIH diagnosing comorbid 
liver conditions[148]. Although certain AIH patients were 
detected to be AMAs-M2 (+), the titers were markedly 
reduced compared to PBC patients[146]. During the follow-
up period, the serum titers of AMAs-M2 were reduced in 
AIH patients[146].

PSC
PSC is an immune-mediated chronic idiopathic chole
static hepatobiliary illness characterized by progressive 
fibrosis and the stricturing of medium and large-sized 
extrahepatic and/or intrahepatic bile ducts (Figure 4)[9]. 
PSC is related to an elevated risk of cholangiocarcinoma 
and when IBD is present for colorectal carcinoma. 
Approximately 75% of PSC patients suffer from IBD; 
primarily ulcerative colitis (UC)[9]. Although no stati
stical correlation between PSC incidence and HDI was 
discovered (r = 0.116, P = 0.706), the income index 
was positively related to PSC incidence (r = 0.599, 
P = 0.031)[13]. PSC classically evolves slowly over 10 
to 15 years, eventually leading to biliary cirrhosis and 
premature death due to decompensated hepatic illness 
in the majority of patients[149]. Additional complications 
of PSC include hepatic osteodystrophy, dominant bile 
duct stenosis, recurrent cholangitis, and such disease-
related malignancies as hepatobiliary (especially cholan
giocarcinoma), pancreatic, and colorectal (especially 
with IBD) carcinoma[149]. In one recent study, 65% of 
patients with long-term IBD had subclinical PSC related 
to progressive IBD, with no biochemical anomalousness 
and mild illness, based on magnetic resonance cholan
giography findings[150]. There is currently no specific 
biomarker for PSC, although the prevalence of p-ANCA 
has been reported to range from 33% to 85% in patients 
with PSC[149]. Other non-specific autoantibodies in PSC 
cover ANAs and SMA[149].

IgG4-SC
IgG4-SC is an immune-mediated peculiar sclerosing cho
langitis of unknown etiopathogenesis that is frequently 
related to autoimmune pancreatitis (AIP)[151]. The diag
nosis of IgG4-SC is performed on the basis of a com
bination of the following four standards: (1) distinctive 
cholangiography features; (2) elevated serum levels 
of IgG4; (3) concurrence of IgG4-associated illnesses, 
excluding those of the bile duct; and (4) typical histo
pathological characteristics[151,152]. Moreover, the efficiency 
of corticosteroid treatment is a selectable additional 
diagnostic standard to affirm a precise diagnosis of IgG4-
SC[151,152]. Typical characteristics of IgG4-SC may be 
divided into four types on the basis of the stenosis regions 
disclosed by endoscopic retrograde cholangiography and 
anti-diastole (Figure 5)[152]. 

PBC/AIH overlap syndromes
PBC/AIH overlap syndrome patients, including both 
characteristics of PBC and AIH, were diagnosed based 
on the Paris diagnostic criteria proposed by Chazouillères 

Figure 3  Histology characteristic of autoimmune hepatitis (hematoxylin 
and eosin staining). The inflammatory cell infiltration feature of autoimmune 
hepatitides is composed of leukomonocytes, monocytes/macrophagocytes, and 
plasmocytes (interface hepatitis, arrows) in the portal and periportal areas[145].
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et al[153]. Characteristics of PBC were the following: (1) 
serum ALP levels more than twice the ULN value and/or 
γ-GT five or more times the ULN value; (2) serum AMA 
positivity; and (3) histopathological evidence of bile 
duct damage[153]. Characteristics of AIH were: (1) ALT 
elevation at a minimum of five times the ULN value; 
(2) levels of IgG at a minimum of twice the ULN valve 
and/or SMA positivity; and (3) hepatic biopsy revealed 
interface hepatitides in the presence of moderate to 
serious periportal lymphocyte infiltration[153]. Diagnosis 
of PBC/AIH overlap syndrome was considered with the 
presence of 2/3 of the criteria[153]. According to the Paris 
diagnostic criteria: (1) PBC/AIH overlap syndromes 
are uncommon; (2) flares of AIH can appear either 
voluntarily or under UDCA; and (3) a combination of 
corticosteroids and UDCA is requested in the majority of 
patients in order to achieve the best efficient biochemical 
response[153]. In addition, the revised and simplified 
diagnostic criteria for AIH were established by the 
International Autoimmune Hepatitis Group (IAIHG) in 
1999[154] and 2008, respectively[155]. The latter is con
structed on the basis of four clinical components that 
appear to be more peculiar in PBC/AIH patients[156]. The 
simplified diagnostic criteria seem to be more effective in 
comparison with the Paris diagnostic criteria and revised 
diagnostic criteria for patients with PBC/AIH overlap 
syndrome[157]. However, the IAIHG’s position statement 
on this controversial issue suggests that patients with 
AILDs should be classified on the basis of their dominant 
characteristics as PBC, AIH or PSC/small duct PSC, and 
that those with overlapping characteristics should not be 
referred to as unique diagnostic entities[158]. Combination 
treatment with budesonide and UDCA was more efficacious 
than UDCA monotherapy for PBC/AIH overlap synd
rome[159]. Furthermore, combination treatment with 
immunosuppression and UDCA offered better short-term 
responses in PBC/AIH overlap syndromes[160]. 

PSC/AIH overlap syndrome
PSC/AIH overlap syndrome is a comparatively infrequent 
variant of PSC[161]. There were remarkable distinctions 

in the below listed arguments, such as mean age (P < 
0.01), serum levels of AST (P < 0.005), ALT (P < 0.005), 
and IgG (P < 0.0001) in PSC/AIH overlap syndromes 
compared with “typical” PSC patients[161]; the former 
seemingly profits from combination treatment with 
UDCA and immunosuppression, while survival is distinctly 
superior in the latter[161]. In addition, the clinical course 
of PSC/AIH overlap syndrome appears to be superior 
to typical PSC, suggesting that immunosuppression 
likely has an active efficacy on the development of PSC 
composition[162].

PBC/PSC overlap syndromes
PBC/PSC overlap syndromes demonstrating the clinical 
manifestations of both PBC and PSC are an exceedingly 
uncommon condition that has been reported in a mere 
eight published cases, including the previously mentioned 
two cases[163]. 

PBC/IgG4-SC overlap syndromes
IgG4-SC and PBC are two distinct autoimmune liver 
diseases. Approximately 90% of IgG4-SC patients have 
AIP, so therefore the presence of AIP may contribute to 
the diagnosis of IgG4-SC[151,152]. Nevertheless, PBC/IgG4-
SC overlap syndrome is an extremely rare condition 
that has been reported in very few published cases to 
date, with the diagnosis of PBC/IgG4-SC overlap syn
dromes without the coexistence of AIP being particularly 
difficult[164]. Serum IgG4 concentrations may be worth
while detecting in patients with PBC intractable to routine 
therapy[164].

NATURAL HISTORY OF PBC
The natural history pattern of PBC has observably changed 
over the past 20 years due to earlier diagnosis and 
the introduction of UDCA treatment. However, little is 
known about the natural history of PBC patients without 
efficient therapy. Hence, an epidemiological survey of 
the natural history of PBC patients in the absence of treat
ment might contribute to a greater understanding of the 
natural history of patients with UDCA-resistant PBC and 
in developing criteria for estimating UDCA response. A 
recent study demonstrated greatly reduced serum levels 
of ALP and very slight fluctuations in the other biochemical 
parameters of PBC patients treated with placebo at 
the 2 year follow-up period[165]. There was histological 
development in 39.4% of patients treated with placebo 
and a mild worsening of histological grade after 2 years 
of research[165]. In the meantime, histological progression 
was observed in 39.4% of the placebo-treated patients, 
with a moderate deterioration in histological scores noted 
after 2 years. Furthermore, the pooled 2 year rates of 
death, transplant, and progression of varicosities were 
11.4%, 8.7% and 10.6%, respectively, in patients 
treated with placebo[165]. The natural history of PBC 
patients with AIH characteristics significantly differs 
from those without AIH characteristics[160]. In addition, 
although considered to possess a higher prevalence 

Figure 4  Histology of primary sclerosing cholangitis. Trichrome × 40, 
liver biopsy. Low power view demonstrating a focal lesion typical for primary 
sclerosing cholangitis. Periductular layered fibrosis (featuring “onion skin” 
pattern) is found with edema and inflammation around the interlobular bile ducts 
in the center of the field[9].
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rate of AMAs, first-degree relatives of PBC patients have 
a lower risk of developing PBC over time, especially 
in those without baseline biochemical test evidence of 
intrahepatic cholestasis[166].

THERAPY OF PBC
UDCA
The optimal dosage for UDCA of 13-15 mg/kg per day 
is the standardized treatment for PBC[9,10], as it can 
postpone its development, improve long-term clinical 
outcomes, and is extremely safe and well-tolerated. 
Therefore, reliable identification of so-called treatment 
non-response to UDCA is very important, not only for 
selecting PBC patients who could benefit from new 
therapeutic approaches, but also for discerning those 
who are at low risk of developing end-stage PBC. 
The biochemical response to UDCA after 1 year of 
treatment in PBC has been deemed to be a powerful 
predictive indicator of long-term clinical outcomes and 
thus facilitate the rapid recognition of patients requiring 
novel treatment methods. However, another study 
demonstrated that, in comparison with biochemical 
responses assessed after 12 mo of UDCA treatment, 
biochemical responses at the 6 mo mark showed higher 
positive predictive value and negative predictive value, 
as well as lower negative likelihood ratio according to all 
criteria used in the Paris, Toronto, Barcelona, and Ehime 
definitions[167]. Therefore, the biochemical responses 
at the 6th month may be served as a new standard of 
prediction substitute for those assessed after 12 mo of 
UDCA treatment[167]. In addition, the UK-PBC risk scores 
(composed of baseline albumin, bilirubin, platelet count, 
ALT, AST and ALP) after 1 year of UDCA treatment might 
not only be available for identification in higher risks 
patients for rigorous surveillance and 2nd-line treatments, 
as well as lower risks patients who could possibly be 
tracked after observation during initial treatment, but the 
5-, 12- and 15-year risk scores might also be considered 
extremely precise[168]. 

Budesonide
Budesonide is a corticosteroids receptor/pregnane 
X receptor (PXR) agonist[9,10]. Treble treatment with 
budesonide (6 mg/d), UDCA (13-15 mg/kg per day), 
and mycophenolate mofetil (1.5 g/d) may afford an 
advantage in non-cirrhotic PBC patients with chara
cteristics of serious illness without biochemical response 
to UDCA[169]. Combination therapy of budesonide (6 mg/d) 
and UDCA (15 mg/kg per day) was able to ameliorate the 
plasma biochemical index of hepatic function and hepatic 
histology, particularly in PBC patients with hepatic fibrosis 
(grade Ⅰ-Ⅲ), whereas the treatment effectiveness of 
UDCA alone was principally on lab results[170]. Although 
larger studies are still required, the preparatory results 
of agents targeting PXR, such as budesonide, have been 
encouraging, particularly in subsets of patients with PBC, 
and may mark a new therapeutic era[169,170].

Methotrexate
The immunosuppressive agent methotrexate (MTX) has 
a long history in the treatment of PBC, however little is 
known about its action mechanisms and roles, if any[9,10]. 
MTX was assessed for PBC treatment, which is currently 
recommended only in patients for whom PBC failed to 
respond adequately to UDCA and in AIH/PBC overlap 
syndromes[171,172]. PBC patients with characteristics of AIH 
should be considered for immunosuppressive therapy[158], 
with the therapeutic goal being to attain normal serum 
aminotransferase levels and histological improvement[158]. 
In patients who responded improperly to UDCA, MTX 
observably improved hepatic enzyme tests and hepatic 
histology[171]. Combination therapy of UDCA and MTX 
brought about continuous clinical anesis in a subgroup of 
PBC patients, and the response to a combination of MTX 
and UDCA appears to be more time-proof[172].

FXR agonist
FXR is the receptor for primary bile acids expressed in 
enterohepatic tissues, where it regulates bile acid uptake, 
metabolism, and disposal, and has been considered 
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Pancreatic cancer
Bile duct cancer
Chronic pancreatitis
IDUS (bile duct)
EUS-FNA (pancreas)
Biopsy (bile duct)

Primary sclerosing cholangitis

Liver biopsy
Colonoscopy
(R/O coexistence of IBD)

Bile duct cancer
Gallbladder cancer
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IDUS (bile duct)
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Figure 5  Endoscopic retrograde cholangiography classification of IgG4-SC and anti-diastole. Stricture is distributed only in the distal choledoch in type 1; 
stricture is widely spread throughout in the intrahepatic and extrahepatic biliary ducts in type 2. Type 2 is once more divided into two. Expanded stenosis of the 
intrahepatic biliary ducts in the presence of pre-stenotic expansion is diffusely spread all over in type 2a. Stenosis of the intrahepatic biliary ducts in the absence 
of pre-stenotic expansion and decreased biliary tree are diffusely spread throughout in type 2b; stricture is found in both porta hepatis damage and the distal 
choledoch in type 3; stenosis of the biliary ducts are found only in the porta hepatis damage in type 4. IDUS: Intraductal ultra-sonography; EUS-FNA: Endoscopic 
ultrasonography-guided fine-needle aspiration[152]; IBD: Inflammatory bowel disease.
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a significant target for intrahepatic cholestatic illness 
therapy[173-176]. Obeticholic acid (OCA) is a semi-synthetic 
bile acid analogue for 6α-ethyl-chenodeoxycholic acid that 
is nearly 100-fold more potent than chenodeoxycholic 
acid (CDCA) and is a powerful, first class alternative 
FXR agonist derived from primary human bile acid 
CDCA, the natural endogenous FXR agonist[173]. OCA is 
being developed by Intercept Pharmaceuticals for the 
treatment of a variety of intrahepatic cholestatic illnesses, 
and has lately been permitted expedited approval in the 
United States for the treatment of PBC in combination 
with UDCA in adults with inappropriate response to UDCA 
or as monotherapy in adults unable to tolerate UDCA[174]; 
OCA (OcalivaTM) is in preregistration for this function in 
the European Union[174]. A randomized controlled clinical 
trial showed that treatment with OCA (10-50 mg/d) 
observably decreased the serum concentrations of γ-GT, 
ALP and ALT in PBC patients with inappropriate response 
to UDCA, in comparison with placebo[175]. Furthermore, 
PBC patients treated with OCA (10 mg/d) had the lowest 
incidence rates and seriousness of itching[175]. Clinical 
trials demonstrated the treatment effectiveness of OCA in 
PBC without biochemical response to UDCA, as evidenced 
by changes in laboratory parameters substituted for long-
term clinical outcomes[176]. Dose-dependent itching is a 
usual side-effect of OCA, but can be overcome via dose-
titration[176]. Furthermore, INT-767, which is another 
steroidal semi-synthetic bile acid analogue, has been 
testified to be able to modulate the activity of monocytes 
and macrophages, decrease inflammation though the 
inactivation of NF-κB via a protein kinase A dependent 
pattern, and decrease hepatic damage by promoting 
biliary bicarbonate excretion as a dual FXR and TGR5 
agonist[173]. 

Cyclosporine A
Recurrence of PBC after hepatic transplant has been 
proven to adversely influence transplant and patient 
survival. Protective potencies of cyclosporine A (CyA) 
against PBC recurrence after hepatic transplant have 
been reported[177]. Changing from tacrolimus to CyA 
was possible without sequelae, with no patients demon
strating recurrence of PBC[177]. Therefore, CyA might 
be serviceable for the prevention of PBC recurrence 
after living-donor hepatic transplant[177]. However, a 
retrospective multicenter study in Japan showed that 
although there was no influence on patient survival, 
original immunosuppression with CyA was considered 
to be major risk for PBC recurrence after hepatic trans
plant[178]. However, in subset analysis, switching from 
tacrolimus to CyA within 12 mo reduced recurrence[178]. 

Fibrates
Fibrates, including bezafibrate and fenofibrate, may 
be useful for treating asymptomatic patients with PBC 
who exhibit inappropriate response to UDCA[179-183]. A 
nationwide retrospective survey in Japan demonstrated 
that normalizing serum ALT concentrations with accessional 

bezafibrate therapy observably reduced the occurrence 
of hepatic illness-associated clinical signs in symptomless 
patients, with PBC responding incompletely to UDCA[179]. 
Moreover, long-term combined bezafibrate and UDCA 
treatment in PBC not only observably ameliorated the 
Mayo risk score and serum concentrations of ALP, but 
also observably elevated the serum concentrations of 
creatinine[180]. Hence, it is very important to consider 
adverse drug reaction associated with long-term 
combination treatment[180]. Although the treatment 
effectiveness of fenofibrate has been confirmed to be 
related to obvious improvement in ALP, decompensation 
amelioration, and hepatic transplantation-free survival 
in patients with PBC who reveal inappropriate responses 
to UDCA, fenofibrate should be more prudently applied 
in PBC, with frequent supervision for biochemical/clinical 
maladjustment[181]. Long-term fenofibrate therapy as a 
second-line auxiliary drug in PBC patients without app
ropriate response to UDCA was considered to be safe 
and efficient in ameliorating ALP, but did not markedly 
decrease the evaluated possibility of hepatic-associated 
death or demand for hepatic transplant[182]. In addition, 
the optimal dosage for fenofibrate (100-200 mg/d) 
seems to be efficient for assistant treatment in PBC 
patients without optimal biochemical response to UDCA[183].

Rituximab
Rituximab, an anti-CD20 monoclonal antibody that 
selectively depletes B cells, which are precursors of the 
autoantibody-producing plasmocytes, may be successfully 
used in autoimmune-mediated hepatic illnesses[184]. Selec
tive depletion of B-cells with rituximab was safe and 
related to an obvious reduction in autoantibody product, 
but had limited biochemical effect in PBC patients without 
optimal biochemical response to UDCA[184]. The efficacy of 
B-cell depletion with rituximab therapy and the significant 
improvement in both biochemical and immunologic 
markers that it provides has been found in PBC patients 
with inappropriate biochemical response to UDCA[185]. 
The results of these studies demonstrate that depletion 
of B-lymphocyte affects the inductiveness, maintenance, 
and activation of both B- and T-lymphocytes, and offers 
an underlying principle for the treatment of PBC patients 
with incomplete response to UDCA[184,185].

Mesenchymal stem cells
Mesenchymal stem cell (MSC) transplantation is con
sidered to be safe, and has been diffusely tested in 
autoimmune hepatic disease clinical trials with encourag
ing results[186,187]. MSC transplantation could modulate 
the systemic immune response and promote recovery 
in hepatic inflammation of PBC[186,187]. One single-arm 
clinical trial has shown that umbilical cord-derived MSC 
(UC-MSC) transplantation is viable and well-tolerance 
in patients with PBC, who response only partly to UDCA 
therapy, hence the need for a new treatment method 
for PBC patients in this subset[186]. However, the exact 
effect of UC-MSC transplantation in patients with PBC 
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still requires confirmation by a larger placebo-controlled 
randomized clinical trial[186]. In addition, allogeneic bone 
marrow MSC transplantation has been confirmed to safely 
improve histologic fibrosis and hepatic function in UDCA-
resistant PBC patients[187].

Liver transplantation
At present, liver transplantation (LT) is still a lifesaving 
approach with outstanding results for end-stage PBC 
patients[177,178]. Although the 15 year survival of PBC 
patients was confirmed as 52.6% after LT, regrettably, 
the recurrent rates of PBC were 21%-37% and 43% 
at 10 and 15 years after LT, respectively[178,188]. Though 
there is still no specific treatment for recurrent PBC 
(rPBC), cyclosporine A and UDCA may be useful for the 
prevention of rPBC after LT[177,188,189]. Furthermore, the 
expression of mitochondrial proteins in small biliary ducts 
may be a beneficial diagnostic hallmark for both end-
stage PBC and rPBC after LT[190].

CONCLUSION
In the past decade, recent advances in PBC have 
attempted to improve the accuracy of the disease’s diag
nosis and prognosis, as well as affording the chance to 
refine therapeutic methods. Promising novel therapies, 
including budesonide, fibrates, and rituximab, are being 
tested in PBC patients on the basis of understanding 
thoroughly the cellular and molecular mechanisms 
touched upon in all histological stages of PBC, from 
the early autoimmune-mediated bile duct epithelial 
cell damage to the destructive and illness-persistent 
influences of intrahepatic cholestasis, and finally giving 
rise to hepatic fibrosis and hepatic cirrhosis progression. 
Although much progress has been seen in the last 5 to 
10 years, including in the diagnosis and treatment of 
PBC, the ultimate challenge for physicians is reducing 
UDCA non-responders and recurrent PBC after liver 
transplantation. Some novel therapeutic agents, including 
FXR agonists like OCA, FXR/TGR5 agonists like as 
INT-767, and PPAR-alpha have been identified as novel 
targets for drug development, with further investigation 
in PBC-related clinical trials still being implemented. 
Results of ongoing clinical trials and burgeoning therapeutic 
paradigms for PBC patients will likely further improve 
medical management and stride toward accurate 
treatment in the near foreseeable future.
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