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Primary biliary cholangitis: Personalizing second-line
therapies
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Abstract

Primary biliary cholangitis (PBC) is an enigmatic, autoimmune disease

targeting the small intralobular bile ducts resulting in cholestasis and

potentially progression to biliary cirrhosis. Primarily affecting middle-aged

women, the diagnosis of PBC is typically straightforward, with most patients

presenting with cholestatic liver tests and the highly specific antimitochon-

drial antibody. For decades, the foundational treatment of PBC has been

ursodeoxycholic acid, which delays disease progression in most patients but

has no impact on PBC symptoms. Large cohort studies of patients with PBC

have established the benefit of maximizing the reduction in serum alkaline

phosphatase levels with ursodeoxycholic acid and the need to add second-

line agents in patients who do not achieve an adequate response. Advances

in the understanding of bile acid physiology have led to the development of

new agents that improve cholestasis in patients with PBC and are predicted

to reduce the risk of disease progression. Obeticholic acid, the first second-

line therapy to be approved for PBC, significantly improves liver biochemis-

tries and has been associated with improved long-term clinical outcomes but

is limited by its propensity to induce pruritus. Elafibranor and seladelpar are

peroxisome proliferator-activated receptor agonists recently approved for

use in patients with PBC, whereas bezafibrate and fenofibrate are available

as off-label therapies. They also have shown biochemical improvements

among patients with an inadequate response to ursodeoxycholic acid but

may improve symptoms of pruritus. Herein, we review the patient features to

consider when deciding whether a second-line agent is indicated and which

agent to consider for a truly personalized approach to PBC patient care.
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INTRODUCTION

Primary biliary cholangitis (PBC) is an immune-medi-
ated cholestatic disease that results from a complex
interaction of genetic susceptibility and environmental
exposures. Loss of tolerance to mitochondrial autoan-
tigens and marked innate, humoral, and cellular
responses lead to T-cell–mediated destruction of
interlobular bile ducts, with progressive cholestasis,
fibrosis, and, eventually, biliary cirrhosis.[1] In the
presence of chronic cholestasis, the diagnosis of PBC
can be confirmed by the presence of antimitochondrial
antibodies or PBC-specific antinuclear antibodies, such
as anti-sp100 and anti-gp210, with a liver biopsy
reserved for those who are seronegative or for whom
a co-existing or alternative diagnosis is being
considered.[2]

Clinically, the disease manifests primarily by fatigue
and pruritus. While most patients are asymptomatic at
the time of diagnosis, these symptoms will afflict up to
70% of patients at some point in their lives. Fatigue, the
most disabling symptom in PBC, is often associated
with cognitive impairment, in addition to social and
emotional dysfunction.[3–5] Pruritus is also pervasive,
causing sleep deprivation, worsening fatigue, and
precipitating depression and social isolation.[6,7] More-
over, sicca symptoms are present in up to a third of
patients.[8,9]

While PBC affects men and women of all races and
ethnicities, it disproportionally affects middle-aged
females.[10,11] A recent claims-based study in the United
States revealed an estimated 105,506 individuals
diagnosed with PBC, providing an adjusted prevalence
of 40.9 per 100,000 adults.[12]

Globally, the prevalence of PBC has been
increasing.[13] Such worldwide increase in prevalence
is attributed to earlier disease diagnosis due to wide-
spread access to a highly specific serologic marker, an
increased awareness among clinicians, and the availa-
bility of a very effective first-line therapy. However,
several lingering shortcomings continue to impact our
capacity to properly treat people living with PBC,
including a slow uptake and implementation of guideline
recommendations, especially regarding the evaluation
of response to therapy, limited efficacy of available
second-line therapies, and poor recognition of the
negative impact of symptoms on quality of life, leading
to inadequate management.

Implementation of ursodeoxycholic acid (UDCA) at
doses of 13–15 mg/kg/d as first-line therapy in the late
1990s has forever changed the disease course, slowing
down the progression of fibrosis and development
of portal hypertension, thus improving long-term
survival.[14] The adjusted 10-year risk of hepatic
decompensation (ascites, variceal hemorrhage, or
HE), HCC, and liver-related deaths was 19%, 10%,
and 35%, respectively, in the 1970s, and improved to

6%, 2%, and 6%, respectively, in the 2000s.[15]

Accordingly, the number of liver transplants done for
PBC has dropped worldwide.[16] Unfortunately, how-
ever, UDCA does not help control the symptoms of
PBC, which remains an enormous unmet need.
Furthermore, a sizeable proportion of patients fail to
demonstrate a robust biochemical response to UDCA or
are intolerant to UDCA and continue to progress toward
cirrhosis and its complications.[17] Second-line therapy
is indicated to rescue this group of patients. Until very
recently, the only second-line therapy approved by the
US Food and Drug Agency (FDA) was obeticholic acid
(OCA), with fibrates used as off-label options. In the
summer of 2024, new milestones were accomplished
when the FDA granted accelerated approvals for the
first peroxisome proliferator-activated receptor (PPAR)
agonists, elafibranor and seladelpar, as second-line
therapy in patients with PBC.

GOALS OF CARE

The 2 overarching goals in caring for people living with
PBC are (1) preventing disease progression to prolong
life without a liver transplant and (2) improving their
quality of life (Figure 1).

It is striking that electronic health records-based
studies have consistently shown critical gaps in the care
of patients diagnosed with PBC. For instance, in the
United States, the Fibrotic Liver Disease Consortium
found that only 70% of patients with PBC were receiving
the approved first-line treatment with UDCA.[11] Notably,
males and African American patients were significantly
less likely to receive treatment compared to females
and White patients, respectively. Similarly, a national
audit of the UK-wide care of people living with PBC
identified several important shortfalls: although 90% of
patients were receiving UDCA, nearly one-third were on
suboptimal doses (<13 mg/kg/d).[18] Moreover, only
half of patients with insufficient response to UDCA were
receiving second-line therapy. This is very similar to
data reported by Meloni and colleagues, who found that
roughly 50% of Mayo Clinic patients with PBC and
eligible for second-line therapy were left untreated.[19]

Another important gap evident through the above-
mentioned UK national audit was the lack of proper
symptom management. Nearly 40% of patients had not
been assessed for fatigue in the preceding 24 months.
Along the same lines, data from TARGET-PBC in the
United States have shown under-reporting, under-
rating, and under-treatment of pruritus in people living
with PBC.[6] To improve quality of life, one must address
symptoms of PBC. The most important predictor of poor
PBC-related quality of life is social dysfunction, which is
directly related to the presence of symptoms.[4] Fatigue,
anxiety, depression, itching, and poor sleep all contrib-
ute to social isolation. Younger patients are at increased
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risk and consistently report poorer global PBC-related
quality of life. This association may be explained by
insufficient coping skills and a lack of support networks
in that age group. In other words, younger age at
diagnosis predicts not only poorer response to UDCA
and increased risk for disease progression but also
more frequent debilitating symptoms and poorer quality
of life.

RISK STRATIFICATION

One key development in the past decade has been the
understanding that a subgroup of UDCA-treated
patients are at higher risk of disease progression, and
the recognition that serum alkaline phosphatase (ALP)
levels while on UDCA treatment predict risk of liver
transplant or death independent of serum bilirubin
levels.[17] Along these lines, various response criteria
have been published to date, ranging from simple
binary criteria to sophisticated mathematical models,
such as the GLOBE PBC and the UK-PBC risk

scores.[2,20,21] Beyond utilization of ALP as a “reason-
ably likely to predict surrogate endpoint” in clinical trials,
this allows for easy prognostication in clinical practice.
Rather than identifying patients in need of a life-saving
liver transplant procedure, the goal is early identification
of insufficient responders to UDCA, considered at-risk
for disease progression.

Timing

Practice guidance documents endorsed by the Ameri-
can Association for the Study of Liver Diseases and
European Association for Study of the Liver recommend
assessing for response to UDCA treatment after
12 months of therapy, at which point a second-line
therapy should be considered.[2,22] Large real-world
evidence studies indicate that response to UDCA can
be estimated at an earlier timepoint, such as within
6 months of starting UDCA,[23] or even prior to treatment
initiation.[24,25] Since we now have improved therapeutic
options for those insufficient responders, it becomes

Quality of Life

Two Pillars of Care

Treatment

Ample access to UDCA 

Timely Assessment of response 
to UDCA

Continuous symptom 
assessment and management

Fatigue, anxiety, depression, 
itching and poor sleep lead to 

social dysfunction

Tailor PBC therapy according to 
presence of symptoms

Identification of individuals at 
high risk for progression

Initiation of second-line therapy 
when indicated

Continued monitoring for 
biochemical response 

F IGURE 1 Goals of care in PBC. The 2 main pillars of PBC management are disease-specific treatment and improvement of quality of life.
Implementation of existing guidelines is needed to close the gap in care. Ample access to UDCA, prescribed at the correct dose, and timely
assessment of biochemical response are indispensable. Upon risk stratification, a decision can be made regarding second-line therapies, and the
choice of drug will be based on individual characteristics and personal preference. Biochemical assessment must continue even after initiation of
second-line drugs as a response is not universal, and some patients may require further treatment intensification. While using pharmacotherapy to
modify the progression of PBC, clinicians should continuously address symptoms: fatigue and pruritus, especially, can be very pervasive and
significantly impair quality of life. Additionally, the choice of second-line drug must take symptoms into consideration, as some therapies may
exacerbate pruritus while others will improve it (PPAR agonists). Abbreviations: PBC, primary biliary cholangitis; UDCA, ursodeoxycholic acid.
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even more relevant to make a timely assessment. We
suggest evaluation of response can be made at
6–12 months after treatment initiation and should
continue throughout the course of the disease.

How to evaluate response to UDCA

While real-world evidence data are accumulating that in
high-risk patients, even minimal ALP elevations can be
associated with worse decompensation-free survival,
these findings cannot be generalized to the entire
population of people living with PBC. Among the various
response criteria (Supplemental Table S1, http://links.
lww.com/HEP/J631),[26–32] utilizing a combination of
ALP < 1.5–1.67 times the upper limit of normal (xULN)
and bilirubin within normal limits, as in the modified
Toronto criteria, has attracted attention due to ease
of use.

Therefore, clinicians must use their judgment in
combining various biochemical parameters with other
nonmodifiable variables to identify individuals more
likely to benefit from adding a second-line therapy.
Readily available mathematical models such as the
GLOBE PBC (https://www.globalpbc.com/globe) and
UK PBC (https://www.uk-pbc.com/resources/tools/risk-
calculator/) can estimate the risk of death or transplant
after 1 year of UDCA treatment and can also assist in
the decision-making process in clinical practice.

Concept of “deep response” versus
“adequate response” to UDCA

Thus far, the definition of an adequate response to
UDCA has been based on any of the previously
published binary response criteria, with most clinical
trials utilizing the POISE criteria (ALP < 1.67x ULN, with
at least 15% reduction from baseline, and total bilirubin
≤ULN) as a surrogate endpoint. However, as our
knowledge about the relationship between ALP and
prognosis in PBC evolves, a new concept of “deep
response” has emerged.

First, the Global PBC Study Group demonstrated that
patients reaching bilirubin levels ≤ 0.6x ULN had an
11% improvement in 10-year transplant-free survival
compared with patients with bilirubin >0.6x ULN, and
that patients with normal ALP had the highest survival
rates (93% at 10 y and 84% at 15 y), significantly
improved compared to those with ALP 1–1.67x ULN
(86% at 10 y and 76% at 15 y) or ALP > 1.67x ULN
(85% at 10 y and 74% at 15 y).[33] In patients with
bilirubin >0.6x ULN, normalizing ALP improved sur-
vival to rates similar to those with bilirubin ≤ 0.6x ULN.

Second, proteomics studies evaluating markers of
disease activity, grouped as chemokines, chemokine
modulators, cell surface and structural proteins, and

metabolic factors, showed that any ongoing elevation in
ALP was associated with some degree of ongoing
disease activity, even in patients considered adequate
responders to UDCA.[34] These findings suggest that if
our goal is to completely control disease activity in PBC,
the goal of therapy should be to normalize both ALP and
bilirubin.

Lastly, Corpechot et al[35] compared the complica-
tion-free survival gain in patients with a normal ALP
(<1.0 ULN) to those with a mildly elevated ALP
(1.0–1.5 X ULN) within a group of UDCA responders
according to Paris II criteria (ALP <1.5x ULN, AST
<1.5x ULN and normal bilirubin). While the investiga-
tors identified a significant gain in absolute complica-
tion-free survival of 7.6 months at 10 years for the
overall cohort, the greatest benefit was observed
among patients with liver stiffness measurement
≥10 kPa and age ≤62 years, who had a 10-year
absolute complication-free survival gain of 52.8 months.

Thus, while it appears that a high-risk group could
possibly benefit from normalizing ALP, this cannot be
generalized for the entire population of people living
with PBC. Further research is needed to confirm that
these benefits are real and outweigh the risks associ-
ated with overtreatment, including cost and adverse
effects from medications.[36]

How to identify high-risk individuals

Aside from ALP and bilirubin, other variables associated
with increased hazards of liver transplantation or death
include the presence of advanced fibrosis at the time of
diagnosis,[37] a liver stiffness measurement by vibration-
controlled transient elastography > 9.6–11 kPa,[38–40]

enhanced liver fibrosis score (ELF) > 9.8[41] and serum
GGT > 3.2x ULN.[42]

In most studies, younger age at the time of diagnosis
is associated with an increased risk for disease
progression. Specifically, in the UK-PBC cohort, youn-
ger age at diagnosis was associated with lower
likelihood of meeting UDCA response criteria and
higher probability of being symptomatic with pruritus
and fatigue.[43] This was also shown in the Global PBC
cohort, with individuals older than 65 years having a
5.5-fold increase in the odds of response to UDCA and
a much lower risk of liver transplant or death compared
to those younger than 45 years (HR 14.6 vs. 1.4).[44]

Whether or not gender affects response to UDCA is
more controversial; analysis of the Global PBC cohort
did not show any significant association between
gender and response to UDCA or transplant-free
survival. Diagnosis of PBC is typically delayed in males,
which leads to a more advanced disease at the time of
diagnosis.[43] It is more likely that the fibrosis stage
affects prognosis in this case, as opposed to
gender alone.
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Likewise, specific ethnicities such as Hispanics and
First Nations in Canada have more advanced diseases
at the time of diagnosis and have been linked to poor
response to UDCA.[45,46] In fact, Hispanic individuals
with PBC have the highest waitlist mortality and lowest
rates of liver transplantation.[47]

SECOND-LINE THERAPIES

Despite the established efficacy and safety of UDCA as
a first-line treatment for PBC, up to 40% of patients do
not achieve an adequate biochemical response, and
even fewer achieve normalization of their ALP. Treat-
ments targeting the underlying immune mechanisms of
disease have to date been unsuccessful.[48–51] In
contrast, therapies that target cholestasis have demon-
strated additional benefits in biochemistries predicted to
improve clinical outcomes. Specifically, these include
the farnesoid X receptor (FXR) agonist OCA and PPAR
agonists fenofibrate, bezafibrate, elafibranor, and sela-
delpar; when available, a summary of their phase 3 trial
findings is shown in Table 1.

Obeticholic acid

FXR is a nuclear receptor expressed in the liver,
intestine, adrenal glands, and kidneys that binds to bile
acids and regulates the transcription of numerous genes,
including those involved in bile acid homeostasis.[56] FXR
can reduce bile acid synthesis by direct action in
hepatocytes or indirectly by activation in intestinal
epithelial cells, where FXR induces FGF 19, which then
interacts with the FGF receptor 4 on hepatocytes to
reduce bile acid synthesis (Figure 2). Chenodeoxycholic
acid is the most potent natural ligand for FXR; OCA is a
derivative of chenodeoxycholic acid with approximately
100 times greater potency.[57] Results of 2 phase 2
studies and the phase 3 POISE study have demon-
strated that OCA given to patients with an inadequate
response to, or unable to tolerate, UDCA produces
significant biochemical improvements that are expected
to result in improved clinical outcomes (Table 1).[52,58] A
major limitation of OCA has been its propensity to induce
pruritus, which led to 10% of patients treated with 10 mg
discontinuing treatment in the POISE study and at least
similar rates in real-world studies.[18,59–61]

Based on the results of the POISE study, OCA
received accelerated approval by the FDA and condi-
tional approval by the European Medicines Agency. Due
to reports of severe liver injury in patients with advanced
cirrhosis, the FDA included a black box warning
excluding its use in advanced cirrhosis, including those
with evidence of portal hypertension.[62–64] The COBALT
study, a confirmatory trial required for OCA to receive full
approval, was designed to validate the efficacy of OCA to

reduce clinical outcomes in patients with advanced PBC
but was terminated due to futility in recruitment.[65]

Despite this failure, patients from the POISE study who
were treated with OCA for 5–6 years in the initial 52-week
double-blind period and/or open-label long-term exten-
sion had better transplant-free and hepatic decompen-
sation-free survival compared to matched patients from 2
large cohorts of patients with PBC treated only with
UDCA (Table 2).[58]

Recently, the European Medicines Agency recom-
mended revoking the conditional marketing authorization
of OCA [https://www.ema.europa.eu/en/news/ema-rec-
ommends-revoking-conditional-marketing-authorisation-
ocaliva], and the FDA is scheduled to review OCA for full
approval in October 2024. In view of the challenges in
conducting post-marketing confirmatory trials in PBC,
stronger guidance is needed from regulatory agencies in
the design of robust real-world studies that could be
accepted as evidence of drug effectiveness.[68] It is
anticipated that similar challenges will be faced by all new
agents seeking conversion from accelerated/conditional
to full approval.

PPAR agonists

PPARs are also nuclear receptors that are activated by
a variety of ligands to regulate the transcription of
multiple genes involved in metabolic processes, includ-
ing bile acid homeostasis (Figure 2).[69] PPARs consist
of 3 primary isoforms, PPARα, PPARδ, and PPARγ,
which differ in tissue expression, ligand binding,
and genes that are induced, but regardless of
PPAR specificities, multiple PPAR agonists have
demonstrated anticholestatic effects in patients with
PBC. These include the PPARα-specific agonists
fenofibrate[70] and pemafibrate,[71] PPARδ-specific ago-
nist seladelpar,[55] dual PPARα/δ agonist elafibranor,[54]

dual PPARα/γ agonist saroglitazar,[72] and the pan-
PPAR agonist bezafibrate.[53] A particular advantage of
PPAR agonists over FXR agonists is their ability to
improve rather than exacerbate cholestatic pruritus.

Fibrates are hypolipidemic agents that increase
phospholipid output into the bile, reduce the cytotoxicity
of hydrophobic bile acids, and suppress bile acid
synthesis through an FXR-independent mechanism.[73]

Initial studies demonstrated that bezafibrate monother-
apy and dual therapy with UDCA were effective in
improving and maintaining liver biochemistries, includ-
ing in patients with an incomplete response to
UDCA.[74,75] Similar results have been demonstrated
with fenofibrate in patients with an incomplete response
to UDCA,[70] although high-quality studies are lacking.
As an example, an open-label study including 48
patients randomized to either UDCA/fenofibrate or
UDCA alone for 12 months found that 20% of patients
on combination therapy achieved normalization of ALP,
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TABLE 1 Phase 3 studies of second-line treatments for primary biliary cholangitis

Study POISE[52] BEZURSO[53] ELATIVE[54] RESPONSE[55]

Agent Obeticholic acid Bezafibrate Elafibranor Seladelpar

Arms Placebo
5–10 mg
10 mg

Placebo
400 mg

Placebo
80 mg

Placebo
10 mg

Duration of double-blind
period

12 mo 24 mo 52–104 wk 12 mo

Target FXR Pan-PPAR PPARα/δ PPARδ

Baseline ALP (active
treatment groups)

326±116
316± 104

242 (186–344) 321.9±150.9 314.6± 123.0

Inclusion criteria ALP >1.67x ULN ALP or AST >1.5x ULN or TB >
ULN (Paris 2)

ALP >1.67x ULN ALP >1.67x ULN

Primary outcome ALP <1.67x ULN with at least 15% reduction
from baseline and normal TB at 12 mo

Normal ALP, AST, ALT, total
bilirubin, albumin, and INR at
24 mo

ALP <1.67x ULN with at least 15%
reduction from baseline and
normal TB at 12 mo

ALP < 1.67x ULN with at least 15%
reduction from baseline and
normal TB at 12 mo

Response rate (%) 46
47

31 51 61.7

Response benefit over
placebo (%)

36
37

31 47 41.7

ALP normalization (%) 67 15 25

ALP reduction (%) 33
39

60 40.6±5.3 42.4

Abbreviations: INR, international normalized ratio; FXR, farnesoid X receptor; PPAR, peroxisome proliferator-activated receptor; TB, total bilirubin; ULN, upper limit of normal.
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GGT, and bilirubin levels compared to 0% on UDCA
alone; 12.5% were intolerant and one discontinued
fenofibrate due to ALT elevation >10x ULN.[76] Further,
a single-center study suggested improved rates of
decompensation-free and transplant-free survival
among patients using a combination of fenofibrate/
UDCA as opposed to UDCA alone (Table 2).[66]

A phase 3 study (BEZURSO) investigated bezafi-
brate 400 mg daily in patients with PBC and incomplete
biochemical response defined by Paris II criteria, with a
primary endpoint that included normalization of ALP,
AST, ALT, total bilirubin, albumin, and international

normalized ratio at 24 months.[53] (Table 1) Thirty-one
percent of patients receiving bezafibrate achieved the
primary endpoint, and 67% had normalization of their
ALP, while in placebo-treated patients, none achieved
the primary endpoint, and only 2% normalized their
ALP. Improvements in liver stiffness by vibration-
controlled transient elastography, ELF score, and
pruritus measured by a visual analog scale were also
reported. Myalgias and increases in aminotransferases
>5x ULN occurred in 20% and 6% of bezafibrate-
treated patients, respectively, compared to 10% and 2%
of placebo-treated patients. While pruritus was not a key

MDR3

Bile Acids

FGF 19

Cholesterol Up regulation

FXR

Down 
regulation

Biliary tract 

Immune cells 

Hepatic stellate cells

Portal venous 
system 

CYP7A

PPAR

FGFR4

OSTα
/β

MRP3

MRP4

NTCP

OST α/β
IB

AT
Enterocyte

BSEP

F IGURE 2 Therapeutic pathways in PBC. In hepatocytes, activation of the nuclear receptor FXR reduces BA uptake by downregulating the
NTCP transporter and inhibits BA synthesis by downregulating the rate-limiting enzyme CYP7A1. Concurrently, FXR promotes the export of BA
through the BSEP transporter. FXR (eg, OCA) and PPAR agonists (eg, fibrates, elafibranor, saroglitazar, and seladelpar) enhance phospholipid
secretion via MDR3, thereby protecting cells from BA toxicity. Beyond their role in BA homeostasis, FXR and PPAR agonists exert anti-inflammatory
effects by downregulating the NF-κB signaling pathway and modulating the activity of innate and adaptive immune cells. They also exhibit anti-fibrotic
properties by reducing HSC activity. At the basolateral membrane of hepatocytes, the transporters OSTα/β, MRP3, and MRP4 facilitate the efflux of
BA. MRP3 plays a crucial role in the liver’s response to cholestasis, exporting retained BA and conjugated organic anions, including bilirubin, out of
hepatocytes. Under cholestatic conditions, the expression of MRP3 is upregulated, enhancing protection against the accumulation of cytotoxic BA. In
the intestine, BAs are absorbed through the IBAT and effluxed via OSTα/β. FXR-induced FGF19 circulates back to the liver to further suppress BA
synthesis. IBAT inhibitors (eg, volixibat, linerixibat, and maralixibat) prevent BA reabsorption in the ileum, while FGF19 analogs (eg, aldafermin) offer
metabolic benefits without the oncogenic risks associated with endogenous FGF19. Abbreviations: FGF, fibroblast growth factor; FXR, farnesoid X
receptor; IBAT, ileal bile acid transporter; MRP, multidrug resistance protein 3 and 4; NTCP, sodium taurocholate co-transporting polypeptide; OSTα/
β, organic solute transporter alpha/beta; PPAR, peroxisome proliferator-activated receptor.
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TABLE 2 Real-world studies assessing the impact of second-line therapy on survival and the need for liver transplantation

Drug Population n/N Comparisons Follow-up Key findings

Fenofibrate (FF)[66] Single center, patients
with PBC with
inadequate response
to UDCA

n= 120, of whom 46
had FF added to
treatment

FF + UDCA vs. UDCA UDCA + FF had mean
follow-up of 4.9 y, vs.
3.9 in UDCA group

Combination therapy was associated
with improved transplant-free and
decompensation-free survival

Nearly 20% discontinued FF due to
adverse events, including 2 patients
with a rise in bilirubin

Bezafibrate (BZF)[67] All patients with PBC
who started UDCA
treatment after the
year 2000

n: (UDCA): 3162
N (BZF + UDCA): 746

BZF + UDCA vs. UDCA In the UDCA-BZF
group, the mean
time of exposure to
BZF was 5.3 (3.8) y.

Combination therapy was associated
with a significant decrease in all-cause
and liver-related mortality or need for
LT

The NNTs with combination therapy to
prevent 1 additional death or LT over
5, 10, and 15 y were 29 (95% CI:
22–46), 14 (10–22), and 8 (6–15),
respectively.

Discontinuation rate for BZF is 5.9% vs
0.7% for UDCA

Obeticholic acid (OCA)[58] PBC with inadequate
response to UDCA

n (Global PBC
controls): 1381

n (UK-PBC controls):
2135

N (OCA): 209

OCA-treated patients from the
POISE trial and its open-label

extension vs. external controls from
Global PBC and UK-PBC registries

6 y OCA-treated patients had significantly
greater transplant-free survival
compared to both controls

The risk of LT, death, or hepatic
decompensation was reduced by 58%
compared to the global PBC control
group

Abbreviations: BZF, bezafibrate; LT, liver transplant; n, number of patients in control arm; N, number of patients in treatment arm; NNT, number needed to treat; OCA, obeticholic acid; PBC, primary biliary cholangitis; UDCA,
ursodeoxycholic acid.
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endpoint in BEZURSO, it was specifically investigated
in the FITCH trial, in which bezafibrate led to a greater
than 50% reduction in moderate-to-severe pruritus in
55% of included patients with PBC.[77] Furthermore,
nationwide real-world study in Japan, where bezafibrate
has been used for decades as a second-line agent in
PBC, demonstrated a significant improvement in trans-
plant-free survival among patients with incomplete
response to UDCA receiving combination UDCA/beza-
fibrate as opposed to UDCA alone (Table 2).[67]

Bezafibrate is currently not commercially available in
the United States.

The newer, nonfibrate PPAR agonists elafibranor
and seladelpar have also demonstrated efficacy in the
phase 3 ELATIVE and RESPONSE trials, respectively
(Table 1).[54,55] Both had similar study designs to the
POISE trial, including the composite primary endpoint of
an ALP <1.67 x ULN, reduction in ALP >15%, and
normal total bilirubin at 12 months. Although these were
not head-to-head comparisons, the biochemical
responses were similar in magnitude. Both studies also
investigated changes in pruritus among patients with
baseline moderate-to-severe pruritus defined as a
patient-reported score of 4 or greater on a numeric
rating scale of 0 to 10, with 0 being no itch and 10 being
the worst itch imaginable. Interestingly, in both trials,

approximately 40% of patients reported moderate-
to-severe itch at entry, reflecting the significance of this
symptom within this high-risk group of patients. Notably,
seladelpar demonstrated a significant improvement in
pruritus in the subpopulation of patients with numeric
rating scale ≥4, whereas elafibranor only had a trend
toward improvement. Both drugs led to improvements in
the pruritus domains of PBC-40 and on 5D-itch scores.
DILI and myalgias were rare in both studies.

While these studies were not specifically designed to
evaluate the impact of treatment on fatigue, in an
uncontrolled study with seladelpar, itching resolution
was associated with improved sleep and lower PBC-40
fatigue scores.[78]

THERAPIES IN DEVELOPMENT

Novel approaches to treating PBC are in development
and may offer additional avenues to treat patients in
specific settings. Setanaxib is a nitrous oxide 1/4 inhibitor
with antifibrotic effects in mouse models of PBC. In a
phase 2a trial, it failed to demonstrate improvements in
GGT (primary endpoint) but did reduce ALP (secondary
endpoint) significantly.[79] Interestingly, setanaxib treat-
ment was also associated with improvements in

Individualized risk 
stratification

Biochemical
      response to UDCA

Age
Liver stiffness
Fibrosis stage
ELF

Symptom assessment

Pruritus
Sleep disturbance 

Comorbidities and 
drug interactions
Consider osteoporosis  

      & fracture risk
Chronic kidney disease
Use of anticoagulants, 

      statins, and birth 
      control pills

Patient preferences
Cost
Ease of use
Potential side effects

F IGURE 3 Personalizing care in primary biliary cholangitis. Framework for personalized care in primary biliary cholangitis. When choosing a
second-line therapy, clinicians must consider the individual patient’s risk for an adverse clinical outcome as well as presence/absence of
symptoms, especially pruritus, which can be exacerbated by obeticholic acid and potentially improved by the peroxisome proliferator-activated
receptor agonists. Furthermore, the decision-making process should include patient’s comorbidities and life expectancy as well as the potential for
drug-drug interactions. Other factors, including payer’s coverage and cost-effectiveness data, will eventually emerge and affect patients’ choices.
Abbreviations: ELF, enhanced liver fibrosis; UDCA, ursodeoxycholic acid.
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fatigue.[80] A phase 2b study (NCT05014672) is currently
underway for patients with advanced fibrosis based on a
liver stiffness by vibration-controlled transient elastog-
raphy ≥8.8 kPa, based on a post hoc analyses of the
phase 2a trial, suggesting that the greatest benefits were
among those with higher baseline liver stiffness. In
Europe, a phase 2 trial of norucholic acid (formerly known
as nor-ursodeoxycholic acid) was terminated early due to
failure to meet the endpoint at interim analysis (EudraCT:
EUCTR2021-001431-56-NL).

While prior therapeutic approaches targeting the
underlying immunologic mechanisms of PBC have
been unsuccessful, new technologies that use nano-
particles coated with specific autoantigens and specif-
ically suppress autoreactive T cells hold immense
promise. This technology has demonstrated effective-
ness in animal models of PBC[81] and in patients with
celiac disease.[82] A phase 2a study of CNP-104
(NCT05104853), a biodegradable nanoparticle encap-
sulating the PDC-E2 antigen to which the antimitochon-
drial antibody and autoreactive T cell of PBC react, is
currently underway.

STRATEGIES TO PERSONALIZE
CARE

Personalized care of patients with PBC must consider
several factors, including (1) risk of clinical outcomes,
(2) presence of PBC-related symptoms, (3) comorbid-
ities and concomitant medication use, (4) drug safety
profile, (5) cost-effectiveness, and (6) patient prefer-
ence. For the individual patient, risk stratification should
incorporate not only the biochemical response to
treatment but also the patient’s overall life expectancy
based on age, comorbid conditions, and fibrosis stage.
A more aggressive approach to treatment might be
considered in a young patient with advanced fibrosis,
even with near normal ALP, whereas an elderly patient
with other comorbid conditions and no evidence of
fibrosis might receive no benefit from adding second-
line therapies (Figure 3).

At this time, given the well documented benefit in
improving transplant-free survival and the excellent
safety profile, UDCA remains the preferred first-line
agent for individuals diagnosed with PBC.[22,62,83] After

PBC Diagnosis

Start UDCA 13-15 
mg/kg/day and stage 

with LSM
Intolerant to UDCA

6-12 months treatment ALP < 1.5x ULN

Normalized ALP 
and TB

Risk stratify

Continue UDCA

Add second line therapy:
 • Obeticholic acid*
 • Elafibranor
 • Seladelpar
 • Fenofibrate**
 • Bezafibrate***
 • Clinical trial

No

No

Yes

Yes

Low Risk: early 
stage, age > 65

High Risk: 
advanced fibrosis, 
ELF > 9.8, age < 65

F IGURE 4 Proposed treatment algorithm in PBC. Upon diagnosis of PBC, patients should be started on treatment with ursodeoxycholic acid
(UDCA) at 13–15 mg/kg/d. Response to UDCA should be evaluated after 6–12 months of therapy (and regularly during follow-up), at which point a
determination is made regarding the need to add second-line therapy. We propose using an ALP threshold of 1.5x the upper limit of normal (ULN)
as a reasonable goal that can be easily implemented in clinical practice. If ALP >1.5x ULN, or if the patient is intolerant to UDCA, consider adding
a second-line therapy or referring for clinical trial participation. Available second-line therapies include approved medications obeticholic acid,
elafibranor, and seladelpar, and off-label use of bezafibrate and fenofibrate. ALP normalization is not necessarily beneficial for all patients, as it
carries the risk of overtreatment and an increased rate of adverse effects. Normalizing ALP is more likely to benefit those individuals with
advanced fibrosis (stage 3–4 disease), ELF score > 9.8, increased liver stiffness >10 kPa, and patients younger than 65 years of age. Notably, all
currently available second-line therapies are contraindicated in decompensated cirrhosis. *Obeticholic acid is also contraindicated in advanced
cirrhosis (splenomegaly/thrombocytopenia/hyperbilirubinemia) or in the presence of portal hypertension. Obeticholic acid can significantly
exacerbate pruritus and should be avoided in those with uncontrolled itching. **Fenofibrate is an off-label therapy, not Food and Drug Agency
approved for the treatment of PBC. ***Bezafibrate is an off-label therapy, not Food and Drug Agency approved for the treatment of PBC, and not
commercially available in the United States. Abbreviations: ELF, enhanced liver fibrosis; LSM, liver stiffness measurement; PBC, primary biliary
cholangitis; TB, total bilirubin; UDCA, ursodeoxycholic acid; ULN, upper limit of normal.
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initiation of UDCA, biochemical response should be
evaluated at 6–12 months using one of the well-
validated criteria (Supplemental Table S1, http://links.
lww.com/HEP/J631). Generally, failure to lower the ALP
below 150–200 IU is considered an insufficient
response and an addition of a second-line agent should
be discussed at that point. Even if the ALP is below this
level, the presence of variables associated with an
increased risk for progression, including younger age,
advanced fibrosis stage, and liver stiffness measure-
ment >10 kPa, a second-line therapy ought to be
strongly considered. Although normalization of ALP has
been proposed as a new target for treatment, current
phase 3 trials have not included patients with mildly
elevated ALP levels (normal to 1.5–1.67 times ULN),
and their efficacy in this patient population remains
unknown. A proposed treatment algorithm is presented
in Figure 4, and a comparison of the pros and cons of
the various available drugs is shown in Table 3.

In the absence of any head-to-head trials and lack of
a network meta-analysis for comparative effectiveness,
the evidence to support one agent over another is
limited. PPAR agonists have been suggested to have
higher rates of ALP normalization compared to OCA
and are clearly preferable in patients with pruritus,
whereas OCA may have a more pronounced impact on
transaminases.[18] However, among PPAR agonists,
benefits appear largely comparable (Table 1). Studies
are ongoing to determine if there is a benefit in initiating
dual therapy with UDCA and OCA at diagnosis for high-

risk patients (OPERA- EudraCT number 2022-000050-
28). Along the same lines, early initiation of dual therapy
with UDCA and a PPAR agonist is also being
considered. A recent study randomized treatment-naive
patients in an open-label fashion to receive UDCA alone
versus UDCA with fenofibrate for 12 months.[84] More
patients achieved biochemical response according to
various established criteria, and rates of ALP normal-
ization were higher, for the UDCA/fenofibrate group,
with similar rates of adverse events in both groups.
While early initiation of dual therapy may seem like an
attractive approach, additional studies are needed to
identify patients better suited for this new strategy.

The role of triple therapy (UDCA/OCA/PPAR agonist) is
also under evaluation. Early results from a phase 2a trial of
adding bezafibrate with or without OCA demonstrated that
the reduction in ALP among patients with an incomplete
response to UDCA was greatest, and the rate of deep
biochemical remission highest, with the combination of
bezafibrate and OCA compared to bezafibrate alone.[85]

Real-world studies also support this pharmacological
synergy, consistently showing improved odds of achieving
biochemical response and symptom improvement after
the addition of the third drug (Table 4).[86–88]

Regardless of drug selection, caution is advised in the
setting of cirrhosis. OCA is contraindicated in patients
with any evidence of portal hypertension and in decom-
pensated cirrhosis. Elafibranor and seladelpar are also
contraindicated in patients with decompensated cirrho-
sis, although early data suggest safety in Child A

TABLE 3 Pros and cons of currently available therapies in PBC

Pros Cons

Obeticholic acid - Phase 3 data available
- 40% treatment benefit over placebo using POISE criteria
- Real-world evidence suggests lower rates of decompensation,
liver transplantation, or death

- Can cause pruritus
- Potential for hepatotoxicity in advanced cirrhosis
- Cost
- Unsuccessful confirmatory trial

Elafibranor - Phase 3 data available
- 47% treatment benefit over placebo using POISE criteria
-15% ALP normalization rate
- Possible benefit in patients with moderate to severe pruritus

- Cost
- Confirmatory trials not yet complete
- No real-world evidence
- 4% fracture rate reported

Seladelpar - Phase 3 data available
- 42% treatment benefit over placebo using POISE criteria
- 25% ALP normalization rate
- Benefit in patients with moderate to severe pruritus
- Durability and safety data available for up to 5 y

- Cost
- Confirmatory trials not yet complete
- No real-world evidence
- 4% fracture rate reported

Bezafibrate - Phase 3 data available
- 30% normalized all liver chemistries vs. 0 in placebo arm
- > 60% ALP normalization rate
- Real-world evidence suggests lower rates of liver transplant or
death

- Benefit in patients with moderate to severe pruritus
- Inexpensive

- Not approved by FDA or EMA
- Not available in the United States

Fenofibrate - Nearly 50% reduction in ALP from baseline
- May have a positive impact on pruritus
- Inexpensive

- No phase 3 data
- Not approved by FDA or EMA
- Most data come from retrospective studies
- Potential for hepatotoxicity

Abbreviations: EMA, European Medicines Agency; FDA, Food and Drug Agency.
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cirrhosis. Interestingly, an increased rate of bone
fractures was noted with both elafibranor and seladelpar
when compared to placebo. Fenofibrate and bezafibrate,
which are currently used off-label, are discouraged in the
setting of decompensated cirrhosis.[62] Other safety
concerns and potential drug-drug interactions should be
reviewed prior to treatment initiation (Supplemental Table
S2, http://links.lww.com/HEP/J631).

FUTURE OPTIONS

Triple therapy + ileal bile acid transporter
inhibitor

The addition of an ileal bile acid transporter (IBAT)
inhibitor could potentially provide benefits beyond the
dual and triple therapies discussed. While IBAT inhibitors
were not primarily developed as disease-modifying
agents, preclinical studies suggest that certain IBAT
inhibitors may protect against cholestatic injury.

In bile duct ligation mouse models, systemic IBAT
inactivation lowered the total bile acid pool size,
increased renal bile acid excretion, and reduced markers
of cholestasis, namely ALP and bilirubin levels.[89] In a
subsequent study, combination of the IBAT inhibitor
linerixibat with the FXR agonist cilofexor or the FGF19
analog aldafermin led to a reduction in inflammation and
fibrogenesis, which was confirmed by gene expression
analysis.[90] Therefore, it is expected that the combination
of IBAT inhibition with a drug that reduces bile acid
synthesis will lead to improvement of pruritus and
protection against cholestatic liver injury while mitigating
the gastrointestinal side effects associated with interrup-
tion of the enterohepatic bile acid circulation.

CONCLUSIONS

Formulating a personalized plan of care for people living
with PBC requires thorough baseline assessment and
risk stratification, as well as continued monitoring of liver
biochemistries and noninvasive markers of fibrosis for
response to treatment. UDCA is a cornerstone of
treatment and remains the first-line therapy of choice.
Therefore, the first step to improve overall survival is to
diagnose early and facilitate universal access to UDCA.
The availability of FDA-approved OCA, elafibranor, and
seladelpar, as well as off-label agents such as
fenofibrate and bezafibrate, affords the clinician with
the ability to intensify treatment for patients with
insufficient response to UDCA who remain at significant
risk for adverse outcomes, while simultaneously adjust-
ing for and managing symptoms. At present, the lack of
comparative effectiveness data precludes ranking these
options, and choice will be based on the individual
patient profile—disease stage, presence of symptomsT
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and comorbidities, potential drug-drug interactions,
patient preference, and drug availability and affordabil-
ity. Importantly, none of the available therapies is
recommended for patients with decompensated cirrho-
sis nor evaluated in the population with recurrent PBC
post-liver transplantation, both of which remain major
unmet needs. Ongoing studies evaluating triple therapy
with UDCA/OCA/PPAR agonists suggest a synergistic
effect and improved safety profile. Future clinical trials
should evaluate novel combination therapies to identify
the most effective and well-tolerated treatment regi-
mens capable of providing deep and durable responses
in patients with PBC and to explore possible disease-
modifying effects of IBAT inhibition. However, confir-
mation of a survival benefit with recently approved and
upcoming second-line therapies is likely to require
studying large real-world cohorts.
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