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Abstract: Primary biliary cholangitis (PBC) is a chronic autoimmune cholestatic disease 
characterized by the destruction of the small intrahepatic bile ducts, which can progress to 
liver cirrhosis. The gold standard in the treatment of PBC is ursodeoxycholic acid (UDCA), 
which is indicated in all patients with PBC because it improves not only biochemical 
parameters but also patients’ survival. An important milestone in the identification of 
patients at risk is the assessment of biochemical response to UDCA. Patients who respond to 
treatment have a lower incidence of hepatic events and better prognosis than patients who do 
not. Several scoring systems can be used to assess the response and identify non-responders 
who will benefit from second-line treatment. Obeticholic acid (OCA) is currently the only 
approved second-line treatment for PBC, which is effective for non-responders to UDCA 
therapy or patients, who have not tolerated UDCA therapy. However, OCA is contraindicated 
in advanced liver cirrhosis and portal hypertension. Moreover, pruritus may be a limiting 
factor for the administration of OCA. Fibrates have shown promising data supporting their 
use in non-responders to UDCA because they improve the biochemical parameters and 
elastographic findings and have possible antipruritic effects. Therefore, the idea of a triple 
treatment seems interesting. Clinical research is focusing on several other groups of drugs: 
peroxisome proliferator-activated receptor (PPAR) δ- and α/δ agonists, non-steroidal 
farnesoid X receptor agonists, fibroblast growth factor 19 modulators, and inhibitors of 
nicotinamide adenine dinucleotide phosphate oxidase 1 and 4.
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Review

Introduction
Primary biliary cholangitis (PBC) is a chronic 
autoimmune, non-suppurative inflammatory dis-
ease of the liver characterized by the destruction 
of the small intrahepatic bile ducts and the devel-
opment of liver fibrosis. In advanced stages, PBC 
can progress to liver cirrhosis.1,2 The disease is 
significantly more common in women and the 
prevalence of PBC increases with age.3 Although 
the incidence of PBC in Europe and the United 
States has remained stable in recent years, the 
prevalence of the disease is increasing.1,2 Although 
the diagnosis of PBC has improved significantly 

in recent years, a large number of patients remain 
undiagnosed.4 Genetics, epigenetics, immuno-
logical, and environmental factors play a key role 
in the pathophysiology of PBC (see Figure 1). 
The aim of PBC treatment is to improve labora-
tory parameters, stabilize or improve histological 
findings, prevent liver cirrhosis and its decom-
pensation, prevent hepatocellular carcinoma, and 
improve quality of life.

As part of non-pharmacologic treatment, patients 
with PBC should follow similar precautions as 
patients with other liver diseases.5 Patients with 
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PBC should be physically active and follow a diet 
without consuming alcoholic beverages.6

In the past, the following were used in the treat-
ment of PBC:

1. immunosuppressive drugs
2. drugs with an immunosuppressive and anti-

inflammatory effect
3. drugs with anti-inflammatory and anti-

fibrotic effects.

The clinical effect of these drugs was poor, and 
the side effects were considerable.7 Ursodeoxy-
cholic acid (UDCA) presents a breakthrough in 
the treatment of PBC.8 A milestone in the treat-
ment of PBC that does not respond to UDCA 
was the introduction of second-line therapy, 
which is used in addition to UDCA.

UDCA in the treatment of PBC
UDCA is the 7-β-epimer of chenodeoxycholic acid. 
It has a hepatoprotective and choleretic effect.9 
UDCA reduces the absorption of toxic hydropho-
bic endogenous bile acids, stabilizes the hepatocyte 
membrane against toxic bile acid salts, and sup-
presses interleukin-2 (IL-2) production. During 
treatment, UDCA replaces potentially hepatotoxic 
bile acids: cholic, chenodeoxycholic, deoxycholic, 
and lithocholic acid. A correlation has been 
described between the proportion of UDCA in bile 
on the one hand and the change in biochemical 
parameters on the other.7 Mechanism of UDCA 
action is shown in Figure 2.10 UDCA delays the 
progression of fibrosis in patients with PBC.11

The first clinical study confirmed that UDCA 
improved the laboratory parameters in patients 
with PBC.8 A meta-analysis showed that treat-
ment with UDCA in PBC lowers both total 
cholesterol and low-density lipoprotein choles-
terol, while high-density lipoprotein cholesterol 
(HDL-C) and triglyceride levels remain 
unchanged.12

UDCA is a drug that is very well tolerated by 
patients. A small proportion of patients experi-
ence pruritus, diarrhea, and pain in the right 
abdominal quadrant.13 Only a very small propor-
tion of patients do not tolerate treatment with 
UDCA.4

Effect of UDCA treatment in patients 
with PBC on survival and hepatic 
decompensation
In the early years of PBC treatment with UDCA, 
mainly patients in advanced stages of the disease 
were treated. It is therefore not surprising that 
two previously published meta-analyses found no 
significant difference in mortality between PBC 
patients with or without UDCA.14,15

A final decision on the impact of UDCA on 
patient survival was only made by an international 
cohort study using the Global PBC Study Group 
database. In all, 3902 patients with PBC were 
included in the analysis. 90.4% of patients were 
treated with UDCA. The mean duration of fol-
low-up was 7.8 years (4.1–12.1 years). UDCA 
significantly improved survival without transplan-
tation compared to untreated patients (hazard 
ratio (HR): 0.46; 95%CI 0.40 to 0.52; p < 0.001). 
In addition, patients who had an inadequate 
response to UDCA treatment after 1 year of treat-
ment had a significantly better survival rate with-
out liver transplantation than untreated patients 
(HR: 0.56; 95%CI 0.45 to 0.69; p < 0.001). The 
differences in survival without liver transplanta-
tion between treated and untreated patients are 
displayed in Chart 1.16

In the analysis of the Global PBC Study Group 
database, the authors found in a multivariate 
analysis that patients who were not treated with 
UDCA had more frequent disease progression 
and a higher risk of developing a serious clinical 
event compared to treated patients.17

Figure 1. Factors involved in PBC pathophysiology.
PBC, primary biliary cholangitis.
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The effect of UDCA treatment on the 
histological findings of patients with PBC
There are few studies with a small number of 
patients in which paired liver biopsies were 

Figure 2. Mechanism of UDCA action.
Source: Adapted from Pinyopornpanish.10

Potential mechanisms of the action and anti-fibrosis effects of UDCA: alteration of the bile acid pool by replacing toxic, 
hydrophobic bile acids with non-toxic, more hydrophilic UDCA; stimulation of impaired hepatocyte and cholangiocyte 
secretion; cytoprotection and anti-apoptotic effects; inhibition of cholangiocyte apical uptake of hydrophobic bile acids. The 
mechanisms illustrate the anticholestatic effect of UDCA resulting in a decrease in hepatic inflammation and a decrease 
in hepatic fibrosis in cholestatic liver disease. UDCA may also cause a decrease in the production of collagen by hepatic 
stellate cells, therefore providing primary anti-fibrosis activity.
UDCA, ursodeoxycholic acid.

Chart 1. Comparison of transplant-free survival in 
PBC patients treated and untreated with UDCA.
Source: Adapted from Harms et al.16

Chart constructed by Cox proportional hazards model 
adjusted to inverse probability of treatment weight. A 95% 
confidence interval is visualized by gray lines.
PBC, primary biliary cholangitis; UDCA, ursodeoxycholic acid.

performed during UDCA. Angulo et al. 
described paired biopsies in 16 patients with 
PBC who received UDCA and compared them 
with 51 patients who received ineffective treat-
ment (d-penicillamine) or placebo. Paired biop-
sies were performed after at least 5 years of 
UDCA treatment. In half of the patients taking 
UDCA, the histological findings worsened. In 
the control group, progression occurred in 71% 
of patients; the difference was not significant. 
UDCA treatment delayed the onset of liver cir-
rhosis in the treated patients compared to the 
control group (13% vs 49%; p = 0.009).18 In 
another study, paired biopsies were taken after 
about 4 years of treatment. The number of florid 
lesions of the interlobular bile ducts decreased 
significantly; lobular inflammation and necrosis 
improved; lymphocytic piecemeal necrosis and 
ductular proliferation did not change. Fibrosis 
progressed in 14 patients, and an improvement 
in the fibrosis stage was observed in 10 patients; 
in the remaining 30 patients, the fibrosis stage 
did not change.19 Kumagi et al. examined paired 
biopsies from patients with PBC after a 
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follow-up period of 10 years. On repeated 
biopsy, fibrosis stage improved in 8 patients 
(11.6%), worsened in 33 patients (47.8%), and 
remained unchanged in 28 patients (40.6%). It 
should be noted that the improvement in fibro-
sis stage was only recorded in responders to 
UDCA treatment.20 The presented results sup-
port regular elastographic controls in all treated 
patients with PBC.

Evaluation of therapeutic response in the 
treatment of PBC with UDCA
UDCA monotherapy at a dose of 13–15 mg/kg 
body weight per day is the gold standard in the 
first-line treatment of PBC.1,2,21 To evaluate the 
efficacy of the treatment, the criteria for thera-
peutic response needed to be established. Several 
authors use different criteria to evaluate the effi-
cacy of UDCA treatment in PBC patients. 
Qualitative binary scoring systems evaluate sim-
ple laboratory parameters after UDCA treatment; 
continuous scoring systems combine the results 
of some laboratory parameters or age before treat-
ment with laboratory parameters after UDCA 
treatment.

The first major scoring system was the Rochester 
model. It defined alkaline phosphatase 
(ALP) < 2× upper limit of norm (ULN) and 
Mayo Risk Score < 4.5 after 6 months of UDCA 
treatment in patients with PBC as a therapeutic 
response to UDCA. Responders, after half a year, 
maintained their therapeutic response even after 
2 years of therapy.22

The Barcelona criteria evaluated a therapeutic 
response as a decrease in ALP levels after 1 year of 
UDCA treatment of >40% or a normalization of 
its level. The estimated survival time of respond-
ers was similar to the general population, while 
the estimated survival time of non-responders 
was shorter than that of the general population 
(Chart 2).23

The French authors defined a response to treat-
ment as ALP < 3× ULN, aspartate aminotrans-
ferase (AST) < 2× ULN and bilirubin ⩽1 mg/
dL after 12 months of UDCA treatment. These 
criteria are known as the Paris-I criteria. Patients 
who met them had a 10-year liver transplant-
free survival rate of 90%; patients who did not 
meet them had a survival rate of only 51% 
(p < 0.001).24

Corpechot et al. modified these criteria 3 years 
later and created the Paris-II criteria: AST 
⩽1.5 × ULN; ALP ⩽ 1.5 × ULN; and normal 
bilirubin level after annual UDCA treatment. 
Paris-II responders had a 5-, 10-, and 15-year 
event-free survival of 100%, while the 5-, 10-, 
and 15-year survival of non-responders was 93%, 
87%, and 74%, respectively.25

The Rotterdam criteria evaluate the therapeutic 
response without the use of liver tests. Patients 
who respond therapeutically to UDCA have a 
better survival rate after 1 year of treatment than 
non-responders.26

The EHIME score was determined in asympto-
matic patients with PBC. After 6 months of 
UDCA treatment, UDCA responders have a 
decrease in gamma-glutamyltransferase (GGT) 
levels of ⩾70% or a GGT level in the normal 
range. Responders were less likely to have clinical 
manifestations such as pruritus, ascites, esopha-
geal varices, jaundice, and encephalopathy com-
pared to non-responders to UDCA.27

The most widely used criteria for assessing thera-
peutic response to UDCA treatment in PBC 
patients are the Toronto criteria. UDCA respond-
ers have an ALP ⩽ 1.67 × ULN after 24 months 
of UDCA treatment. Patients who achieved the 
response had better histological findings com-
pared to non-responders.20 It should be noted 
that in real practice it is quite illusory to evaluate 

Chart 2. Comparison of survival between PBC 
responders to treatment with UDCA and the general 
population.
Source: Adapted from Pares et al.23

PBC, primary biliary cholangitis; UDCA, ursodeoxycholic 
acid.
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therapeutic response after 2 years of treatment. 
Virtually all patients who achieved a therapeutic 
response according to the modified Toronto cri-
teria after 6 months of treatment maintained it 
during the next treatment period.28

Chinese authors have recently developed the so-
called Xi’an criteria, which document the thera-
peutic response to UDCA in PBC after only 
1 month of treatment and evaluate it as 
ALP ⩽ 2.5 × ULN, AST ⩽ 2 × ULN, and total 
bilirubin ⩽ 1 × ULN. The 5-year survival rate 
without serious hepatic events was 97% in 
responders and 64% in non-responders 
(p < 0.001).29 An analysis of the Global PBC 
Study Group database found that the 10-year 
survival rate of PBC patients is best in patients 
who have a normal ALP and bilirubin ⩽ 0.6 × ULN 
after 12 months of UDCA treatment.30

Continuous scoring systems can predict patient 
prognosis better than binary models. The British 
authors analyzed the data of 1916 treated patients 
from the UK-PBC Research Cohort database and 
designed a Cox model in which they included the 
values of albumin and platelets before treatment 
and the values of bilirubin, transaminases, and 
ALP after 12 months of UDCA treatment. They 
validated the model in 1249 patients with PBC 
who were treated with UDCA. The total area 
under the receiver operating characteristic curve 
(AUROC) score was 0.96, 0.95, and 0.94 for 5-, 
10-, and 15-year survival without major hepatic 
complications. The UK-PBC Risk Score is excel-
lent for predicting survival and severe liver com-
plications in patients with PBC.31

A similar scoring system is the GLOBE score, 
which was calculated using the Global PBC Study 
Group database. The GLOBE score was calcu-
lated using the age before the start of treatment 
and the values of bilirubin, ALP, platelets, and 
albumin after 1 year of UDCA treatment. Patients 
with a GLOBE score ⩽0.3 have a comparable 
survival to the general population; patients with a 
GLOBE score >0.3 have a shorter survival than 
the general population (p < 0.001).32

Carbone et al. created a UDCA response score, 
which is based on pre-treatment parameters. The 
derivation cohort consisted of patients from the 
UK-PBC Re-search Group, and the validation 
cohort consisted of patients from the Italian PBC 

Study Group. Pre-treatment parameters associ-
ated with a lower probability of response to 
UDCA were later included in the calculation of 
the UDCA response score: higher ALP and bili-
rubin levels, lower aminotransferase levels, 
younger age, longer interval between diagnosis 
and initiation of UDCA treatment, and worsen-
ing ALP levels in the interval between diagnosis 
and initiation of treatment. The response to the 
treatment was defined as an ALP <1.67 × ULN 
after 1 year of UDCA treatment. The AUROC 
for UDCA response score after 1 year of treat-
ment was 0.83 (95%CI 0.79 to 0.87).33 It is lower 
than the UK-PBC risk score, but its advantage is 
that we can determine the achievement of a thera-
peutic response to UDCA treatment based on the 
parameters before starting treatment. A summary 
of the binary and continuous scoring systems is 
shown in Table 1.

The relationship between biochemical response 
and histological findings is also important. 
Patients with biochemical response to UDCA 
treatment are less likely to progress in histological 
findings (Chart 3).20 In a study investigating the 
UDCA response score in patients with PBC, a 
liver biopsy was performed prior to UDCA treat-
ment. Some histological changes, for example, 
the extent of fibrosis or ductular response, corre-
late with this scoring system.33

Prognostic aspects of PBC in UDCA 
treatment
Logically, patients who respond to registered 
PBC treatment can expect a better prognosis than 
patients who do not respond. In recent years, sev-
eral studies have been published looking at the 
prognosis of PBC patients treated with UDCA, 
evaluating standard laboratory parameters prior 
to the initiation of PBC treatment28,34–37 Chinese 
authors found that a low albumin level and a 
higher IgG level as well as all liver tests (alanine 
aminotransferase (ALT), AST, GGT, and ALP) 
before starting UDCA treatment predicted a lack 
of response to UDCA.36 High ALP prior to 
UDCA treatment is associated with an incom-
plete response to treatment.35 High ALP prior to 
UDCA treatment correlated with an inadequate 
response to treatment in multivariate analysis, 
while young age at diagnosis of PBC, presence of 
pruritus prior to treatment, low albumin prior to 
treatment, and high ALT, GGT, and ALP 
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Table 1. Evaluation of therapeutic response to UDCA treatment in patients with PBC and prognostic scoring systems.

Scoring system UDCA treatment 
duration (months)

Treatment response definition References

Qualitative binary definition of response

 Rochester 6 ALP < 2 ULN and Mayo Risk Score < 4.5 22

 Barcelona 12 Decrease in ALP > 40% or ALP ⩽ 1 ULN 23

 Paris-I 12 ALP < 3 ULN and AST < 2 ULN and bilirubin ⩽1 mg/dL 24

 Paris-II 12 ALP ⩽ 1.5 ULN and AST ⩽ 1.5 ULN and bilirubin ⩽ 1 ULN 25

 Roterdam 12 Bilirubin ⩽ 1 ULN and albumin ⩾ 1 ULN 26

 Ehime 6 Decrease in GGT > 70% or GGT ⩽ 1 ULN 27

 Toronto 24 ALP ⩽ 1.67 ULN 20

 Xi’an 1 ALP ⩽ 2.5× ULN, AST ⩽ 2× ULN and total bilirubin ⩽ 1× ULN 29

  Global PBC Study 
Group

12 Bilirubin ⩽ 0.6 ULN and ALP ⩽ 1 ULN 30

Continuous scoring system

 UK-PBC Risk Score 12 Variables: Pre-treatment albumin, thrombocytes; 12 months 
post-treatment bilirubin, aminotransferase levels, and ALP

31

 GLOBE Score 12 Variables: age pre-treatment; 12 months post-UDCA treatment 
bilirubin, ALP, albumin, platelets

32

Pre-treatment scoring system

  UDCA Response 
Score

Age, bilirubin, aminotransferases, ALP, time interval from 
diagnosis to treatment, and worsening of ALP in the time 
interval between diagnosis and treatment

33

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamaglutamyl transferase; PBC, primary  
biliary cholangitis; UDCA, ursodeoxycholic acid; ULN, upper limit of norm.

predicted disease progression.37 Low AST and 
ALT levels prior to UDCA treatment correlate 
with the achievement of a biochemical response.34

Both the albumin–bilirubin score and the neutro-
phil-to-lymphocyte ratio predict liver mortality.38,39 
The best predictive scoring system for pre-treat-
ment response to UDCA remains the UDCA 
response score, with an AUROC value >0.8 in the 
original paper and in the validation publica-
tions.33,40–42 In addition, the UDCA response score 
correlates very well with the histological changes 
according to the Nakanuma classification.43

Histopathological findings in PBC predict the 
achievement of a therapeutic response to 

UDCA.20 The extent of liver fibrosis and the 
presence of liver cirrhosis are associated with a 
poor patient prognosis.44 Elastographic findings, 
including the dynamics of values measured on 
repeated elastography, correlate with the progno-
sis of patients with PBC.45 The degree of liver 
fibrosis in PBC is a prognostic factor that is inde-
pendent of achieving a therapeutic response to 
UDCA.46 Biomarkers in liver tissue can also be 
associated with the achievement of a therapeutic 
response. Both a decrease in CD4+ T lympho-
cytes and a decrease in T-beta positively expressed 
Th1 lymphocytes in the liver parenchyma after 
1 year of UDCA treatment were associated with 
the achievement of a therapeutic response in 
patients with PBC.47 Both serum IL-2 and 
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Chart 3. Changes in the stage of fibrosis in PBC responders and non-responders to UDCA treatment.
Source: Adapted from Kumagi et al.20

Histological progression is significantly less frequent in biochemical responders to UDCA treatment (p < 0.005).
PCB, primary biliary cholangitis; UDCA, ursodeoxycholic acid.

sCD163 levels correlate with the progression of 
PBC.48,49 Serum proteome and gut microbiome 
assays may predict therapeutic response to UDCA 
treatment in PBC patients.50,51

The presence of anti-Sp100 antibodies is an inde-
pendent predictor of the progression of PBC to 
liver failure.52 Patients with PBC and the pres-
ence of anti-gp210 antibodies have a higher risk 
of liver mortality or liver transplantation.49 PBC 
patients aged 15–39 years have almost thirteen-
fold higher risk of death compared to older 
patients.53 Men with PBC are less likely to have 
clinical manifestations of PBC, the disease is 
diagnosed later than in women, and have higher 
mortality than women.54,55 Patients with PBC 
who have an overlap with autoimmune hepatitis 
have a significantly lower response to treatment 
after 1 year of UDCA monotherapy than PBC 
patients.36

Second-line treatment for PBC
About 30% of PBC patients do not respond ade-
quately to UDCA treatment, and another third 
have an incomplete response.4 In these patients, 
UDCA should be continued and supplemented 
with a second-line treatment. The GLOBE score 
and the UK-PBC score are best suited for the 
selection of patients requiring second-line 
therapy.56

The discovery of nuclear receptors and the under-
standing of their role in controlling the genes reg-
ulating bile acids homeostasis, inflammation, and 
fibrosis led to the development of nuclear recep-
tor-targeted treatment. The nuclear receptors of 
main importance for PBC are the farnesoid X 
receptor (FXR), peroxisome proliferator-acti-
vated receptors (PPARs), and glucocorticoid 
receptor. The following can currently be adminis-
tered in second-line PBC treatment:
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 • obeticholic acid (OCA)
 • bezafibrate, possibly other fibrates
 • budesonide.57

OCA in the treatment of PBC
OCA is a synthetic derivative of chenodeoxy-
cholic acid; it acts as an FXR agonist.58 FXR is 
mainly expressed in the gastrointestinal tract and 
the liver. It is a key receptor that ensures the 
homeostasis of bile acids via a complex signaling 
pathway. OCA has a ~100-fold stronger effect on 
FXR than endogenous bile acids.59 In patients 
with PBC, the enterohepatic circulation is dis-
turbed. By modulating FXR activation, OCA 
regulates the synthesis and secretion of bile acids 
and alters their composition.60 OCA has an anti-
inflammatory and anti-fibrotic effect by activating 
the sinusoidal cells of the liver endothelium and 

Kupffer cells.61 The activation of these cells and 
the reduction in the production of proinflamma-
tory cytokines reduce the activation of stellate 
cells, which are responsible for fibrogenesis.60 
OCA modulates fibroblast growth factor 19 
(FGF-19) activity, resulting in a hepatoprotective 
effect of OCA that is greater than that of UDCA.62 
The activation of FGF-19 also contributes to the 
anti-cholestatic mechanism of OCA.60 Mechanism 
of OCA action is shown in Figure 3.63

The phase III study of obeticholic acid in patients 
with primary biliary cirrhosis (POISE) registra-
tion study involved 216 patients who did not 
respond adequately to UDCA treatment at stand-
ard dose or who could not tolerate UDCA treat-
ment. The patients were divided into three 
groups: the first group received OCA at a dose of 
10 mg/day (OCA 10 mg), the second group 

Figure 3. Mechanism of OCA action.
Source: Adapted from Keshvani et al.63

OCA crosses the cell membrane in the liver and enterocytes to activate FXR which can form a heterodimer with the RXR, 
a homodimer with FXR, or bind to DNA as a monomer. This can activate various signaling pathways, decreasing bile acid 
synthesis, fatty acid and cholesterol metabolism, glucose metabolism, inflammation, and fibrosis. FXR activation causes the 
release of FGF-19 which acts as an endocrine signaling molecule released from enterocytes to the liver causing decreased 
bile acid. LRH1 and SHP levels are increased due to FXR activation, which also decreases bile acid synthesis via inhibition of 
CYP7A1, cholesterol utilization, and fatty acid metabolism. This all improves cholestasis in patients with PBC.
CYP7A1, cholesterol 7 alpha-hydroxylase; DNA, deoxyribonucleic acid; FGF-19, fibroblast growth factor 19; FXR, farnesoid 
X receptor; LRH1, liver-related homolog 1; OCA, obeticholic acid; PBC, primary biliary cholangitis; RXR, retinoid X receptor; 
SHP, small heterodimer protein.
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Chart 4. Comparison of survival in PBC patients from 
the Global PBC Study Group and UK-PBC Research 
Cohort POISE registries.
Source: Adapted from Murillo Perez et al.67

PBC, primary biliary cholangitis; POISE, phase III study of 
obeticholic acid in patients with primary biliary cirrhosis.

received OCA at a dose of 5 mg/day with the pos-
sibility of an increase to 10 mg/day (OCA 
5–10 mg), and the third group received placebo. 
Randomization was performed based on the 
Paris-I criteria.24 The primary aim of the study 
was to achieve a therapeutic response to OCA 
after 12 months of treatment, which was assessed 
as follows: a reduction in ALP <1.67× ULN and 
a concomitant reduction in ALP of at least 15% 
from pre-treatment levels and normalization of 
serum bilirubin. The primary aim was achieved 
by 46% of patients in the OCA 5–10 mg group, 
47% of patients in the OCA 10 mg group, and 
10% of patients in the placebo group (p < 0.001). 
Repeated elastographic examination and assess-
ment of quality of life using the PBC-40 question-
naire revealed no significant differences between 
all three groups. The most serious side effect of 
OCA treatment was pruritus, which was described 
in 56% of patients in the OCA 5–10 mg group, in 
68% of patients in the OCA 10 mg group, and 
38% of patients in the placebo group. Ninety-
seven percent of patients who completed 
12 months of treatment continued open-label 
clinical follow-up, while patients in the placebo 
group switched to OCA. The primary endpoint 
remained in both OCA groups after 24 months of 
treatment; patients in the placebo group achieved 
comparable results after switching to OCA treat-
ment as both OCA groups after 24 months of 
treatment.64

Three years later, data on the long-term efficacy 
of OCA in patients with PBC were published. 
More than half of the patients achieved a thera-
peutic response after 2, 3, and 4 years of treat-
ment. The results of this study show that OCA 
treatment is effective in the long term and rela-
tively well tolerated by patients.65

A paired biopsy was performed in 17 patients 
after 3 years. The Nakanuma fibrosis score 
improved in 24% of patients, remained stable in 
47% of patients, and worsened in 29% of 
patients. The Nakanuma bile duct loss score 
improved in 41% of patients, remained stable in 
35% of patients, and worsened in 24% of 
patients. Interface hepatitis improved or stabi-
lized in 100% of patients, and lobular hepatitis 
improved or stabilized in 94% of patients after 
OCA treatment. Patients can benefit from OCA 
treatment not only through the adjustment of 
biochemical but also histological findings.66

In another study, the authors investigated whether 
the use of OCA in PBC would improve patient’s 
survival. Propensity scores from the POISE study 
were calculated and compared with data from 
two registers: the Global PBC Study Group and 
the UK-PBC Research Cohort. The mean follow-
up was 6 years; during follow-up, 2.4% of patients 
from the POISE study, 10% of patients from the 
Global PBC Study Group, and 13.2% of patients 
from the UK-PBC Research Cohort died. The 
mortality differences between the POISE study 
on the one hand and the registries on the other 
are significant and are shown in Chart 4. The 
results of this analysis suggest that the addition of 
OCA to treatment improves the survival of 
patients with PBC.67

Three clinical trials were included in a meta-anal-
ysis comparing OCA with placebo in the treat-
ment of PBC non-responders to UDCA.64,68,69 
OCA treatment was more effective than placebo 
and also led to a reduction in cholesterol and 
HDL-C levels.70

Results of randomized controlled trials evaluating 
combination therapy (OCA + UDCA) compared 
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with UDCA monotherapy and results of mono-
therapy with OCA compared to placebo are pre-
sented in Table 2.

However, the data from real clinical studies 
showed slightly worse results than in the approval 
study. In a Canadian study (24% of patients with 
liver cirrhosis), only 18% of patients achieved a 
therapeutic response after 1 year; after 19 months, 
the number of patients with a therapeutic response 
increased to 43%.71

In a study from Spain and Portugal, 22% of 
patients had liver cirrhosis and 27% were taking 
fibrates before the treatment. Seventy-eight 
patients completed the 1-year treatment, of whom 
30% achieved a therapeutic response.72 In an 
Italian study, 31% of patients had liver cirrhosis. 
Forty-three percent of patients achieved a thera-
peutic response. Patients with liver cirrhosis dis-
continued OCA treatment more frequently (30% 
vs 12%; p = 0004) and were less likely to achieve a 
therapeutic response (30% vs 49%; p = 0.01) 
compared to PBC patients without liver cirrho-
sis.73 The same group investigated the efficacy of 
OCA treatment in patients with PBC in the cir-
rhosis stage, the most of them were in Child-Pugh 
stage A. Sixty-five percent of the patients received 
OCA at a dose of 5 mg/day, 15% at a reduced 
dose; in 20% of the patients, the dose was titrated 
from 5 to 10 mg/day. A therapeutic response was 
achieved in 32% of all cirrhotics and in 41% of 

cirrhotics who had completed 1 year of treatment. 
The history of ascites, low prothrombin time and 
albumin, high bilirubin, and a higher Child-Pugh 
score were associated with serious adverse events. 
These occurred mainly in patients with a Child-
Pugh score ⩾6 points.74

OCA is contraindicated in patients with advanced 
liver cirrhosis. This conclusion was drawn based 
on the observations in 25 cirrhotic patients. In 10 
cirrhotic patients with portal hypertension, 
decompensation of cirrhosis occurred; in the 
remaining patients who had decompensation of 
liver cirrhosis before starting OCA treatment, 
liver failure occurred during treatment. Four 
patients had to undergo liver transplantation, two 
of whom died.75 In the updated recommenda-
tions for the treatment of PBC, the FDA states 
that OCA treatment is contraindicated in patients 
with advanced cirrhosis. This is defined by evi-
dence of decompensated cirrhosis, currently or in 
the past, or if signs of portal hypertension are 
detected.76 These patients should not be treated, 
even at reduced doses.

Possible side effects may also be a limiting factor 
for the administration of OCA. A meta-analysis 
of eight studies of patients with PBC and non-
alcoholic steatohepatitis treated with OCA 
showed that OCA increased the risk of pruritus 
by about 75% and the risk of constipation by 
about 88%.77

Table 2. Randomized controlled trials evaluating combination therapy (OCA + UDCA) compared with UDCA monotherapy and 
monotherapy with OCA compared to placebo.

First 
author 
(year)

Design N Pts Duration 
(months)

UDCA dose OCA dose Outcomes Results References

Hirschfield 
(2015)

RCT 76 3 15.6–
16.3 mg/kg

10 mg/day
25 mg/day
50 mg/day

Change in level of ALP 
from baseline (day 0) until 
the end of the study (day 85 
or early termination)

24%, 95%CI: 30 to 18
25%, 95%CI: 30 to 20
21%, 95%CI: 30 to 12
vs 3% 95%CI: −7 to 2

68

Nevens 
(2016)

RCT 217 12 13–15 mg/kg 10 mg/day
5–10 mg/day

ALP < 1.67 × ULN, with 
a reduction of at least 
15% from baseline, and a 
normal total bilirubin level

47%
46%
vs 10% (p < 0.001)

64

Kowdley 
(2018)

RCT 59 3 0 mg/kg 10 mg/day
50 mg/day

The percent change in ALP 
from baseline to the end

−53.9%, 95%CI: −62.5 to −29.3
−37.2%, 95%CI: −54.8 to −24.6
vs −0.8%, 95%CI: −6.4 to 8.7
(p < 0.0001)

69

ALP, alkaline phosphatase; CI, confidence interval; N, number; OCA, obeticholic acid; Pts, patients; RCT, randomized controlled trial; UDCA, 
ursodeoxycholic acid; ULN, upper limit of norm.
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OCA is an effective treatment for patients with 
PBC who have not responded to UDCA therapy 
or who have not tolerated UDCA therapy. It is 
currently the only approved second-line treat-
ment for PBC. OCA is contraindicated in 
advanced liver cirrhosis.

Fibrates in the treatment of PBC
Fibrates act via nuclear PPARs. The different 
types of fibrates have a different affinity for the 
PPARs, which affects their pharmacotherapeutic 
effect. Fenofibrate acts only on PPARα. Its key 
role is to regulate cholesterol and bile acid home-
ostasis: it inhibits the enzymatic activity of choles-
terol 7 alpha-hydroxylase (CYP7A1), resulting in 
reduced synthesis of bile acids, regulates the 
detoxification of bile acids and facilitates the 
export of phospholipids. Fenofibrate reduces the 
pro-inflammatory response via nuclear factor κB. 
Bezafibrate acts on PPARα, PPARβ/δ, and 
PPARγ, thus has further possible effects. 
Activation of PPARγ affects lipoprotein metabo-
lism and provides the anti-inflammatory and anti-
fibrotic effects of bezafibrate.78

PBC patients who did not achieve a therapeutic 
response to UDCA treatment according to the 
Paris-II criteria were included in the double-
blind, randomized BEZURSO study. In the first 
group, patients received UDCA at a standard 
dose and bezafibrate 400 mg/day; in the second 
group, patients received UDCA in combination 
with a placebo. The primary aim was to achieve 
a complete response: normal levels of ALP, bili-
rubin, aminotransferases, albumin, and pro-
thrombin time after 24 months of treatment. A 
complete therapeutic response was achieved 
after 6 months of treatment by 18%, after 

12 months of treatment by 23%, and after 
24 months of treatment by 31% of patients in the 
bezafibrate group, compared to none patients in 
the placebo group (p < 0.001). At the end of 
treatment, a normal ALP value was registered in 
67% of patients in the bezafibrate group and only 
in 2% of patients in the placebo group. Liver 
stiffness, measured by elastography, decreased 
by 15% in the bezafibrate group and increased by 
22% in the placebo group. By contrast, in patients 
who underwent paired liver biopsy, no significant 
differences were found between the two groups 
of patients. The incidence of adverse events and 
serious adverse events was comparable between 
the two groups of patients. The addition of bezaf-
ibrate to UDCA in non-responders to UDCA 
improves laboratory and elastographic findings, 
but not histological findings, compared to UDCA 
monotherapy.79

Recently, a meta-analysis of seven studies was 
published in which treatment with UDCA + bezaf-
ibrate was compared with monotherapy with 
UDCA. In addition to the BEZURSO study, sev-
eral Japanese studies were included in the meta-
analysis. The treatment of UDCA with bezafibrate 
led to a significant decrease in ALP and GGT, 
but not in bilirubin and immunoglobulin M 
(IgM) compared to UDCA monotherapy. The 
authors did not have sufficient data to evaluate 
the mortality.80 Results of randomized controlled 
trials evaluating combination therapy (bezafi-
brate + UDCA) compared with UDCA mono-
therapy included in meta-analysis are shown in 
Table 3.

The Japanese authors studied 150 antimitochon-
drial antibody-positive PBC patients who did not 
respond to UDCA monotherapy and were treated 

Table 3. Randomized controlled trials evaluating combination therapy (bezafibrate + UDCA) compared with UDCA monotherapy 
included in meta-analysis.

First author 
(year)

Design N Pts Duration 
(months)

UDCA dose Bezafibrate 
dose

Outcomes Results References

Corpechot 
(2018)

RCT 100 24 13–15 mg/kg/
day

400 mg/day Mean changes in 
ALP
Mean changes in 
serum TB

MD: −153.83, 95%CI: −181.85 
to −125.81
MD: −0.13, 95%CI: −0.36 to 
0.10

79

Hosonuma 
(2015)

RCT 27 96 12–15 mg/kg/
day

400 mg/day Mean changes in 
ALP
Mean changes in 
serum TB

MD: −178.26, 95%CI: −450.08 
to 93.56
MD: −0.37, 95%CI: −0.71 to 
−0.03

81

(Continued)
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with UDCA and bezafibrate. The patients were 
followed for an average of 15 years. Sixteen per-
cent of patients developed ascites and/or jaundice 
during follow-up. These patients were less likely 
to achieve a therapeutic response to treatment 
with UDCA and bezafibrate compared to patients 
without liver complications. High IgM levels 
before treatment and during the first year of treat-
ment were associated with shorter survival and 
the occurrence of liver complications. 
Normalization of IgM levels during treatment 
predicts therapeutic response.86

In an analysis of 3908 patients from the Japanese 
National PBC Database, 19% of patients received 
UDCA in combination with bezafibrate, the rest 
received UDCA as monotherapy. Combined 
treatment with UDCA and bezafibrate reduced 
all-cause mortality by approximately threefold 
and liver-associated mortality by more than three-
fold compared to patients who were treated with 
UDCA monotherapy.87

Another fibrate that can be used in the treatment 
of PBC is fenofibrate. Chinese authors compared 
the therapeutic response of UDCA in combina-
tion with fenofibrate (200 mg daily) with UDCA 
monotherapy in UDCA non-responders. 
Therapeutic response was defined as normal 
ALP, bilirubin, and GGT after 12 months of 
treatment. Twenty-one percent of patients in the 
fenofibrate group achieved a therapeutic response 
after 1 year of treatment compared to none 
patients treated with UDCA monotherapy. 

Fifty-four percent of patients in the fenofibrate 
group and 4% in the placebo group had normal 
ALP levels at the end of the study.88

A small study found that in patients with asymp-
tomatic PBC, 48 weeks of treatment with low-
dose fibrate (80 mg daily) and UDCA resulted in 
a comparable biochemical response to bezafibrate 
(200 mg daily) and UDCA.89

Since the treatment with fibrates is inexpensive 
and has acceptable side effects, the idea of com-
bining UDCA and fibrates from the start of PBC 
treatment could be interesting. Chinese authors 
have recently published a study with naïve PBC 
patients. Response to treatment was assessed 
using the Barcelona criteria.23 A therapeutic 
response after 12 months was achieved in 81.4% 
of patients treated with UDCA and fenofibrate 
(200 mg/day) and in 64.3% of patients on UDCA 
monotherapy (p = 0.048).90

It should be noted that fibrates significantly 
reduce the intensity of pruritus in the treatment of 
PBC. This was confirmed in a meta-analysis that 
evaluated the therapeutic effect of fibrates in the 
treatment of patients with PBC.91

The combined treatment with UDCA and fibrate 
improves the biochemical parameters and elasto-
graphic findings. The mortality data from Japan 
are optimistic. However, fibrates are not approved 
for the treatment of PBC yet, so this is an “off-
label” therapy.

First author 
(year)

Design N Pts Duration 
(months)

UDCA dose Bezafibrate 
dose

Outcomes Results References

Iwasaki (2008) RCT 22 12 600 mg/day 400 mg/day Mean changes in 
ALP

MD: −323.24, 95%CI: −607.96 
to −38.52

82

Itakura (2004) RCT 16 6 600 mg/day 400 mg/day Mean changes in 
ALP
Mean changes in 
serum TB

MD: −387.00, 95%CI: −716.42 
to −57.58
MD: −0.16, 95%CI: −0.55 to 
0.23

83

Kanda (2003) RCT 22 6 600 mg/day 400 mg/day Mean changes in 
ALP

MD: −300.00, 95%CI: −596.00 
to −4.00

84

Nakai (2000) RCT 23 12 600 mg/day 400 mg/day Mean changes in 
ALP

MD: −219.87, 95%CI: −528.63 
to 88.89

85

Source: Khakoo et al.80

ALP, alkaline phosphatase; CI, confidence interval; MD, mean difference; N, number; Pts, patients; RCT, randomized controlled trial; TB, total 
bilirubin; UDCA, ursodeoxycholic acid.

Table 3. (Continued)
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Combination treatment with fibrate and OCA 
in PBC
Combined treatment of UDCA with OCA or 
fibrates improves the prognosis of PBC patients 
who do not respond to UDCA; however, only 
some patients achieve a therapeutic response to 
dual treatment. Both OCA and fibrates have dif-
ferent mechanisms of action. The idea of treating 
non-responders with a combined treatment of 
UDCA + OCA + fibrate is therefore logical.

A multicenter study investigating the efficacy of the 
triple combination UDCA + OCA +fibrate in non-
responders to dual treatment with UDCA + OCA 
or fibrate had an interesting design. Patients were 
initially treated with UDCA at a standard dose. 
After at least 1 year of treatment, the efficacy was 
evaluated according to the Paris-II criteria.25 If the 
patients did not achieve a therapeutic response, the 
treatment was combined with OCA at a dose of 
5–10 mg/day or a fibrate (bezafibrate 200–400 mg/
day or fenofibrate 100–200 mg/day). After at least 
3 months of dual treatment, the therapeutic 
response was reassessed according to the Paris-II 
criteria. In case of non-response to UDCA and 
OCA, fibrate was added to the treatment (OCA-
fibrate group), while in case of non-response to 
UDCA and fibrate, OCA was added to the treat-
ment (fibrate-OCA group). The average decrease 
in ALP in the OCA-fibrate group was 44% per year 
(p < 0.001); in the fibrate-OCA group, the annual 
decrease in ALP was 11% (p = 0.1). Normalization 
of ALP levels occurred significantly more fre-
quently in the OCA-fibrate group. The triple com-
bination therapy also increased the number of 
patients who achieved a therapeutic response com-
pared to the dual combination treatments. Pruritus 
was reduced in the OCA-fibrate group, however, 
not in the fibrate-OCA group.92

The study presented above has shown the bene-
fits of the triple combination of UDCA + 
OCA + fibrate. The future will show whether it is 
more beneficial to administer the triple combina-
tion therapy to high-risk patients immediately or 
sequentially after UDCA failure.

Budesonide in the treatment of PBC
Budesonide is a 16-α-hydroxyprednisolone with 
significant hepatic first-pass metabolism and little 
systemic effect. Budesonide is a combined gluco-
corticoid receptor and pregnane X receptor ago-
nist with 15–20 times higher affinity for the 

glucocorticoid receptor than prednisolone. Due 
to its low systemic effect, it has fewer side effects 
than corticosteroids.93

In a randomized study published in 2021, non-
responders to UDCA (ALP > 1.5 × ULN) after 
6 months of therapy with histologically confirmed 
hepatic inflammatory activity were evaluated. 
The patients continued UDCA treatment at the 
original dose; two-thirds of the patients addition-
ally took budesonide at a dose of 9 mg/day; the 
remaining third of the patients received a placebo. 
The treatment lasted 36 months. The primary 
aim defined as improving inflammatory activity 
without worsening fibrosis in liver biopsy was not 
achieved. Patients treated with the combined 
treatment of UDCA + budesonide were more 
likely to achieve a biochemical response by the 
modified Toronto criteria.94

A recently published meta-analysis has shown 
that combination therapy with UDCA and bude-
sonide is more effective than UDCA monother-
apy in patients with an overlap of PBC and 
autoimmune hepatitis. Budesonide has fewer side 
effects than prednisone.95

Perspectives on the treatment of PBC
Although the treatment of PBC patients non-
responders to UDCA has improved significantly 
in recent times, not all patients benefit from the 
treatment. Therefore, new therapeutic options for 
the treatment of PBC are being sought. Clinical 
research is focusing on several groups of drugs:

 • PPAR agonists
 • non-steroidal FXR agonists
 • FGF-19 modulators
 • inhibition of nicotinamide adenine dinu-

cleotide phosphate oxidase (NOX)1 and 4
 • nor-UDCA.96

The identification of three isoforms of PPAR and 
their different places of expression led to the 
development of non-fibrate PPAR agonists as a 
selective ligand targeting each isoform of PPAR.

Seladelpar is a selective PPARδ-agonist. PPARδ 
in contrast to PPARα is expressed not only in 
hepatocytes but also in cholangiocytes, hepatic 
stellate cells, and Kupffer cells, which could 
potentiate the anti-inflammatory effect of seladel-
par. Seladelpar at a dose of 2–200 mg/day, the 
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ALP value decreases by more than half. 
Hepatotoxicity has been observed at doses of 50 
and 200 mg; doses of 2, 5, and 10 mg/day are 
safe.97,98 Treatment with seladelpar results in a 
composite response (decrease in ALP < 1.67× 
ULN and a concomitant decrease in ALP by at 
least 15% compared to pre-treatment levels; and 
normalization of serum bilirubin) after 1 year of 
treatment in 57.1% of patients on 5 mg daily, 
78.2% of patients on 10 mg daily, and only 12.5% 
of patients on placebo (p < 0.0001); normaliza-
tion of ALP occurred in 5.4% of patients on the 
lower dose and 27.3% of patients on the higher 
dose, the difference was statistically significant for 
seladelpar 10 mg daily compared to placebo. 
Treatment with seladelpar led to a decrease in 
aminotransferases.99 After 24 months of treat-
ment, the number of patients responding to sela-
delpar increased from 66% to 79% and the 
number of patients with normalization of ALP 
levels increased from 26% to 42%.100 Seladelpar 
relieves itching and lowers bile acid and IL-31 
levels.101 Seladelpar at a dose of 5/10 mg also 
improves sleep and fatigue in patients with 
PBC.102 Seladelpar 10 mg daily was superior to 
placebo in achieving biochemical response after 
1 year of treatment (61.7% vs 20.0%; p < 0.001) 
in a phase III clinical trial. ALP normalization 
was seen in 25% of patients in the seladelpar 
group but in none in the placebo group. The 
reduction in pruritus was greater in patients 
treated with seladelpar compared to placebo.103

Elafibranor is a PPARα/δ agonist; at a dose of 80 mg 
daily, it led to a 48% decrease in ALP, and at a dose 
of 120 mg to a 41% decrease in ALP after 12 weeks 
of treatment. Therapeutic response at the end of 
follow-up was defined as in the previous study: after 
12 weeks, 67% of patients with a lower dose of elafi-
branor and 79% of patients with a higher dose 
achieved this. Treatment with elafibranor resulted 
in a reduction in the intensity of pruritus.104 In the 
phase III clinical trial, 51% of patients treated with 
elafibranor and only 4% of patients in the placebo 
group achieved a biochemical response after 1 year 
of treatment (p < 0.001). Normalization of ALP was 
found in 15% of patients in the elafibranor group 
but in no patients in the placebo group (p = 0.002). 
Greater pruritus reduction was seen in the elafi-
branor group compared to placebo.105

Saroglitazar is a PPARα/γ agonist. PPARγ exerts 
anti-inflammatory activity in Kupffer cells  
and anti-fibrotic activity in hepatic stellate cells; 

however, in hepatocytes, its activation is steato-
genic.106 In a phase II study, it led at a dose of 2 
or 4 mg daily to a prompt decrease in ALP after 
16 weeks of treatment. One limitation of the study 
was hepatotoxicity, which resolved after discon-
tinuation of treatment.107

The non-steroidal FXR agonists cilofexor and 
tropifexor are being developed to increase FXR 
potency and selectivity and to overcome the OCA-
associated clinical side effects, especially pruritus 
and atherogenic dyslipidemia. Cilofexor and 
tropifexor led to an improvement in cholestasis; 
however, the mentioned side effects appear to be 
dose-dependent class effects of all FXR agonists.96

Aldafermin modulates FGF-19 activity. It acts 
on two receptor complexes—FGFR1c-KLB and 
FGFR4-KLB. Activation of the FGFR1c-KLB 
receptor leads to a reduction in hepatic steatosis 
and a reduction in insulin resistance. Activation 
of the FGFR4-KLB receptor strongly suppresses 
the expression of CYP7A1, which encodes the 
first and rate-limiting enzyme in the de novo syn-
thesis of bile acids.108 A 4-week treatment with 
Aldafermin at a dose of 0.3 mg and at a dose of 
3 mg/day led to a decrease in ALP levels of at 
least 15% in about half of the patients. No wors-
ening of pruritus was observed in patients; the 
limiting factor of treatment was gastrointestinal 
discomfort.109

NOXs are transmembrane enzymes that transfer 
electrons from NADPH in the cytoplasm across 
the cell membrane, leading to the formation of 
reactive oxygen species (ROS). The NOX family 
consists of seven members, NOX1–5 and 
DUOX1–2. These enzymes differ in terms of 
enzyme complex composition, tissue, cellular and 
subcellular distribution, activation mechanisms, 
and the subtype of ROS they produce.110 Setanaxib 
is the first dual NOX1/4 inhibitor in its class to 
block NOX1/4 activity, thereby reducing the pro-
duction of ROS and blocking their harmful fibrotic 
effects. It is currently in a phase IIb/III clinical trial 
in patients with PBC.111 It improves not only chol-
estasis but also fatigue in patients with PBC.96,112

Nor-UDCA is a derivate of UDCA, which repairs 
the defective HCO3

− secretion.109

A summary of targets for PBC treatment is shown 
in Figure 4. Drugs in clinical development for 
PBC are presented in Table 4.
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Table 4. The drugs in clinical development for PBC.

Drug Mechanism of action Design Duration Results References

Cilofexor Non-steroidal FXR agonist Phase II 12 Weeks Improvement of cholestasis 113

Tropifexor Non-steroidal FXR agonist Phase II 4 Weeks Improvement of GGT 114

Seladelpar PPAR agonist Phase II
Phase III

52 Weeks
12 Months

Improvement of cholestasis
Biochemical response
Normalization of ALP
Reduction of pruritus

98,103

Elafibranor PPAR agonist Phase II
Phase III

12 Weeks
52 Weeks

Improvement of cholestasis
Biochemical response
Normalization of ALP
No impact on pruritus

104,105

Saroglitazar PPAR agonist Open label study 16 Weeks Improvement of cholestasis 107

Aldafermin FGF-19 mimetic Phase II 28 Days Improvement of cholestasis 109

Nor-UDCA Bile acid Phase II Initiated  

Senataxib NOX1 and 4 inhibitor Phase II 24 Weeks Improvement of cholestasis 112

ALP, alkaline phosphatase; FGF-19, fibroblast growth factor 19; FXR, farnesoid X receptor; GGT, gamma glutamyl 
transferase; NADPH, nicotinamide adenine dinucleotide phosphatase; NOX, nicotinamide adenine dinucleotide phosphate 
oxidase; PBC, primary biliary cholangitis; PPAR, peroxisome proliferator-activated receptor; UDCA, ursodeoxycholic acid.

Figure 4. Targets for PBC treatment.
BA, bile acids; FGF-19, fibroblast growth factor 19; FXR, farnesoid X receptor; HCO3, bicarbonate; NOX, nicotinamide adenine 
dinucleotide phosphate oxidase; OCA, obeticholic acid; PBC, primary biliary cholangitis; PPAR, peroxisome proliferator-
activated receptor; UDCA, ursodeoxycholic acid.
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Optimistically, other drugs, apart from non-ste-
roidal FXR agonists, do not cause or exacerbate 
pruritus. However, the limiting factor is hepato-
toxicity or gastrointestinal distress, which forces 
clinical researchers to find the optimal dose of the 
drug.

PPAR agonists were more effective than other 
drugs in a meta-analysis of 23 clinical trials evalu-
ating second-line treatment of UDCA-refractory 
PBC.115

Treatment of PBC in special groups of 
patients
UDCA treatment in PBC patients does not need 
to be interrupted during pregnancy; it is safe dur-
ing pregnancy and after delivery.116

Treatment of PBC in patients with advanced liver 
cirrhosis is not effective; the only chance for these 
patients is liver transplantation.117,118 Cyclosporine 
A and azathioprine reduce; however, tacrolimus 
and mycophenolate mofetil increase the risk of 
PBC recurrence after liver transplantation. 
Patients with PBC recurrence in the transplanted 
liver have worse survival compared to patients 
without PBC recurrence.119 Long-term prophy-
lactic administration of UDCA after liver trans-
plantation more than two times reduces the risk 
of PBC recurrence, approximately three times 
reduces the risk of graft loss, and more than two 
times decreases the risk of liver-associated mor-
tality. It also reduces the risk of general 
mortality.120

Conclusion
UDCA treatment should be initiated immedi-
ately after the diagnosis of PBC. Almost three-
fourths of patients achieve a therapeutic response; 
about one-third of patients have a complete ther-
apeutic response. Patients who respond to UDCA 
have a better prognosis than patients who do not 
respond; however, in some patients, the histologi-
cal findings worsen despite the biochemical 
response. In non-responders, second-line treat-
ment of PBC should be considered in addition to 
UDCA. The only approved second-line treat-
ment is OCA; treatment with fibrates is effective 
but not approved for PBC. Second-line therapy 
improves the prognosis of PBC patients who do 
not respond to UDCA. In advanced cirrhosis, 
liver transplantation is required.
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Appendix

Abbreviations
ALBI albumin–-bilirubin score
ALP alkaline phosphatase
ALT alanine aminotransferase
AMA M2 antimitochondrial M2 antibodies
ANA antinuclear antibodies
anti-gp210 anti-glycoprotein-210 antibodies
anti-sp100  anti-sp100 nuclear antigen antibodies
AST aspartate aminotransferase
AUROC  the total area under the receiver oper-

ating characteristic curve
CD4 cluster of differentiation 4
CYP7A1 cholesterol 7 alpha-hydroxylase
DUOX1–2  dual oxidases 1–2
FGF-19  fibroblast growth factor 19
FGFR1c fibroblast growth factor receptor 1c
FGFR4 fibroblast growth factor receptor 4
FXR farnesoid X receptor
GGT gamma-glutamyltransferase
HCC hepatocellular carcinoma
HCO3

− bicarbonate ion
HDL-C high-density lipoprotein cholesterol
IgM immunoglobulin M
IL-2 interleukin-2
KLB β-Klotho
LDL-C low-density lipoprotein cholesterol
M2  branched-chain alpha-keto acid 

dehydrogenase complex

NADPH  nicotinamide adenine dinucleotide 
phosphatase

NF-κB  nuclear factor kappa-light-chain-
enhancer of activated B cells

NLR neutrophil-to-lymphocyte ratio
NOX  nicotinamide adenine dinucleotide 

phosphate oxidase
NOX 1  nicotinamide adenine dinucleotide 

phosphate oxidase 1
NOX 4  nicotinamide adenine dinucleotide 

phosphate oxidase 4
OCA obeticholic acid
PBC primary biliary cholangitis
POISE  phase III study of obeticholic acid in 

patients with primary biliary 
cirrhosis

PPAR  peroxisome proliferator-activated 
receptor

PPARα  peroxisome proliferator-activated 
receptor alpha

PPARβ/δ  peroxisome proliferator-activated 
receptor beta or delta

PPARγ  peroxisome proliferator-activated 
receptor gamma

ROS reactive oxygen species
sCD163  soluble scavenger receptor for hapto-

globin–hemoglobin complexes
Th1 type 1 T helper
UDCA ursodeoxycholic acid
ULN upper limit of the normal

Visit Sage journals online 
journals.sagepub.com/
home/tag

 Sage journals

https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag

