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Introduction
Primary biliary cholangitis (PBC), previously known as primary 
biliary cirrhosis,1 is a cholestatic autoimmune disease that affects 
the liver. In PBC, T-cell activation against mitochondrial and nu-
clear antigens in biliary epithelial cells leads to the destruction of 
small- and medium-sized intralobular bile ducts. This results in 
progressive ductopenia, cholestasis, and fibrosis, with the potential 
to advance to cirrhosis and liver failure.2–4

PBC is a rare disease, with an average reported incidence of 3.0 
per 100,000 people/year and a prevalence of 21.1 per 100,000.5 It 
affects women more than men, at an estimated ratio of 6:1. The 
disease most often appears between the ages of 40 and 60 years.6 
The geographic distribution of PBC varies considerably, with the 
highest concentrations in Europe and North America. It is uncer-
tain how much the geographic disparity is due to true epidemio-
logic differences versus differences in disease recognition and re-
porting. Many studies demonstrate that the overall PBC prevalence 
has been increasing. Improved detection and survival are thought 

to play a role in this increase, but there is a possibility that disease 
incidence is truly increasing.2,5

PBC is most often diagnosed in asymptomatic patients by ab-
normalities detected on liver function tests obtained for unrelated 
reasons. To diagnose PBC, two out of three of the following are 
required: persistent elevation in alkaline phosphatase greater than 
1.5 times the upper limit of normal, the presence of anti-mitochon-
drial antibodies in titers of at least 1:40, and liver biopsy that dem-
onstrates a characteristic non-suppurative, asymmetric destruction 
of intralobular bile ducts.7

Patients who present with symptoms at the time of diagnosis 
usually complain of fatigue and pruritus. As the disease progress-
es, patients may develop further signs and symptoms of cholestatic 
liver disease that include jaundice, pale stools, dark urine, hepa-
tomegaly, abdominal pain, xanthomas and xanthelasmas, malab-
sorption with fat-soluble vitamin deficiencies, osteoporosis, and 
the sequelae of cirrhosis.2–4 Even in the absence of cirrhosis, PBC-
associated ductopenia can be severe enough to cause presinusoidal 
portal hypertension with associated esophageal varices, hepatic 
encephalopathy, and portopulmonary hypertension. The only ef-
fective treatment for these complications is a liver transplant.8

Current therapies
Although there is no cure for PBC, two medications are approved 
by the U.S. Food and Drug Administration (FDA) for treatment in 
the USA.

Ursodeoxycholic acid
Ursodeoxycholic acid (UDCA) was the first medication used to 
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treat PBC and remains first-line therapy currently. UDCA is a 
choleretic, hydrophilic bile acid that occurs naturally in humans. 
Originally, it was used to dissolve cholesterol gallstones.4,9

UDCA slows disease progression in PBC through several 
mechanisms. First, it stimulates hepatocyte and cholangiocyte se-
cretion that reduces cholestasis and prevents cytotoxic buildup of 
bile acids. It inhibits intestinal reuptake of bile acids by increas-
ing the hydrophilicity of the circulating bile acid pool that facili-
tates excretion, and decreases enterohepatic circulation. Finally, it 
demonstrates direct cytoprotective, anti-inflammatory, and immu-
nomodulatory effects in cholangiocytes.10,11

UDCA significantly improves biochemical markers of cholesta-
sis, delays histologic disease progression, and prolongs liver trans-
plant-free survival in patients with PBC.12–16 It is well-tolerated 
at the standard dose of 13–15 mg/kg/day. The most common side 
effect of UDCA is a change in bowel habits that rarely leads to 
treatment discontinuation.17

Response to UDCA treatment is variable, however. Several cri-
teria are used to evaluate the adequacy of the response to treat-
ment based on changes in biochemical markers at 1 year. Two of 
the most commonly used criteria are the UK-PBC score and the 
GLOBE score. Both scoring systems integrate levels of bilirubin, 
alkaline phosphatase (ALP), albumin, and platelets to predict the 
duration of transplant-free survival. The UK-PBC score addition-
ally includes levels of aspartate transaminase (AST) and alanine 
transaminase (ALT), while the GLOBE score incorporates age at 
baseline.2 Levels of ALP and total bilirubin levels are particularly 
effective surrogate markers for clinical outcomes of liver trans-
plantation or death. The most favorable prognoses occur in pa-
tients who achieve total bilirubin levels below 0.6 times the upper 
limit of normal and ALP within normal limits.13,18

Unfortunately, an estimated 40% of patients do not achieve a 
complete biochemical response with UDCA alone.18,19 Although 
incomplete UDCA responders still benefit from increased liver 
transplant-free survival compared to untreated patients with PBC, 
the magnitude of benefit is significantly less compared to that of 
complete responders.12 There is evidence that starting UDCA early 
can prevent symptom development in asymptomatic patients, but 
it has not been reliably shown to relieve symptoms that are already 
present.17,20

Obeticholic acid
Obeticholic acid (OCA) is a synthetic bile acid that through the 
activation of farnesoid X receptors in hepatocytes and enterocytes 
decreases bile synthesis and facilitates bile excretion.21 In the dou-
ble-blind, placebo-controlled POISE trial, 217 patients with PBC 
who were refractory to or unable to tolerate UDCA were admin-
istered OCA up to 10 mg per day, and 93% of the participants 
continued to receive background treatment with UDCA. The pri-
mary endpoints of the trial were a reduction in ALP to less than 
1.67 times the upper limit of normal, with a reduction of at least 
15% from baseline, and a normalization of total bilirubin levels. 
After 1 year, 46–47% of patients who received OCA achieved the 
primary endpoints versus 10% in the placebo group.22 As a result 
of this study, the FDA granted accelerated approval of OCA for the 
treatment of PBC in 2016, with the stipulation that further post-
marketing trials be conducted. Extensions of the POISE trial have 
demonstrated the lasting efficacy and safety of OCA at 3 years, 
as well as histologic evidence of disease stabilization or improve-
ment.23,24 A separate study using OCA as monotherapy for PBC 
found significant and sustained reductions in ALP with an agree-
able safety profile at 6 years.25

OCA is not without drawbacks. The most common side effect is 
clinical worsening of pruritus in 68–70% of patients who received 
10 mg daily; this was severe enough to result in treatment discon-
tinuation in 10–15% of participants in two different studies.22,25

The cost of OCA can be prohibitive as well. Even with an annual 
price reduction from over $69,000 in 2017 to an estimated $36,000 
currently, the price would still need to decrease by about half to 
be cost-effective at a willingness-to-pay threshold of $100,000 per 
quality-adjusted life year in PBC patients.26,27

Although OCA is generally safe for patients with mild to mod-
erate disease, there is evidence that those in the advanced stages 
of cirrhosis may experience clinical worsening and even death as-
sociated with the drug.28 The FDA issued its first warning on the 
use of OCA in these patients in 2017, followed by a recommended 
dose reduction for cirrhotics in 2018. In 2021, a formal contrain-
dication was issued against the use of OCA in patients with Child-
Pugh class B or C cirrhosis, citing 25 reported cases of liver injury 
as a direct result of use between 2016 and 2021.29

OCA has been shown to significantly improve the biochemical 
markers of PBC that can correlate with prolonged liver transplant-
free survival, allowing nearly 50% of patients with incomplete bio-
chemical response to UDCA alone to achieve a complete response. 
For those who cannot afford OCA, or cannot tolerate it, or are too 
advanced in their disease process to use it safely, alternative treat-
ments are needed.

Emerging therapies
Additional treatments for PBC are much needed; therefore, several 
classes of medications are currently being investigated. Although 
PBC is an autoimmune disease, studies looking at the use of im-
munomodulatory agents largely have failed to show clinical ef-
ficacy.30 Other agents, such as regulators of bile acid homeostasis, 
show potential but lack sufficient clinical data.30 The most promis-
ing emerging treatment for PBC is fibrates. Fibrates are a class of 
medications that are known for their lipid-lowering effects. They 
are currently FDA-approved for the treatment of certain dyslipi-
demias.

Mechanism of action of fibrates
Fibrates activate peroxisome proliferator-activated receptors 
(PPARs), of which there are three major recognized isoforms: 
PPAR-α, PPAR-δ/β, and PPAR-γ. PPAR-α is expressed primarily 
in the liver, heart, kidneys, and intestines; PPAR-δ/β is expressed 
ubiquitously throughout the body; PPAR-γ is expressed primar-
ily in adipose tissue.31,32 Once activated, PPAR receptors on the 
cell surface bind with retinoic X receptors, then translocate to the 
nucleus where they interact with PPAR response elements to alter 
gene expression.33 Each fibrate has a unique affinity for the vari-
ous PPAR subtypes. Of the two most commonly used fibrates for 
PBC, fenofibrate primarily acts on PPAR-α, while bezafibrate is a 
pan-PPAR agonist.34

Most of what we know about the mechanism of fibrates relates 
to their effects on lipid metabolism. Fibrates have been shown 
to increase low-density lipoprotein catabolism and lipolysis of 
triglyceride-rich lipoproteins, reduce the available fatty acid sub-
strate for use in triglyceride synthesis, and increase both high-den-
sity lipoprotein production and reverse cholesterol transport. The 
result of these various metabolic changes is an overall decrease in 
circulating triglyceride and cholesterol levels, a decrease in very 
low-density lipoproteins and an increase in high-density lipopro-
teins, all of which are salutary effects.35,36
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The mechanism by which fibrates alter physiology in patients 
with PBC is incompletely understood. Studies on fenofibrate sug-
gest that activation of PPAR-α causes simultaneous upregulation 
of genes that are involved in bile excretion and detoxification and 
downregulation of genes involved in bile acid synthesis. These 
effects are overall anti-cholestatic and anti-inflammatory. Bezafi-
brate, a pan-PPAR agonist, demonstrates the same effects, plus 
enhanced inhibition of bile acid synthesis through activation of 
the pregnane X receptor, as well as additional hypolipidemic, anti-
inflammatory, and anti-fibrotic effects, thought to be mediated by 
PPAR-γ (Fig. 1).34,37–39

Therapeutic potential of fibrates for PBC
There has been increasing interest in the therapeutic potential of 
fibrates in PBC over the last two decades. Studies conducted in 
the USA focus on fenofibrate, which is FDA-approved for treat-
ing dyslipidemia, whereas studies in Japan and Europe more often 
use bezafibrate. The most common dose for fenofibrate is 400 mg/
day, and for bezafibrate, it is 160 mg/day.30 A 2015 meta-analy-
sis of 269 patients in nine trials found that adjuvant therapy with 
bezafibrate produced a significantly greater improvement in liver 
chemistries, including ALP and total bilirubin, compared to UDCA 
alone.40 A separate 2015 meta-analysis found similar results in 102 
incomplete UDCA responders in six trials using fenofibrate as ad-
juvant therapy; 69% of patients achieved normalization of ALP or 
a reduction of baseline levels by more than 40%, which qualifies 
as full biochemical response according to the Barcelona criteria.41

The largest and most impressive study of fibrates in PBC is the 
double-blind, placebo-controlled BEZURSO trial published in 
2018. One hundred patients with incomplete UDCA response were 
randomized to receive adjuvant therapy with 400 mg of bezafibrate 
daily or placebo. They were followed for 24 months. The complete 

biochemical response was defined as normal levels in total bili-
rubin, ALP, liver transaminases, albumin, and prothrombin index. 
At the end of the trial, 31% of patients in the bezafibrate group 
achieved full biochemical response, compared to 0% in the pla-
cebo group. Normalization of ALP occurred in 67% of the bezafi-
brate group vs. 2% in the placebo group.42

In addition to biochemical improvement, there is evidence that 
fibrates may provide symptomatic benefit. Pruritus is one of the 
most common symptoms of PBC, and can appear at any point in 
the disease course. A study of 2,194 PBC patients found that nearly 
74% had experienced pruritus.43 Numerous trials investigating the 
biochemical effects of fibrates in PBC reported improvements in 
pruritus as a secondary endpoint.44–48 The randomized, placebo-
controlled FITCH trial, published in 2021, analyzed the effects of 
bezafibrate on pruritus as a primary endpoint in 74 patients with 
cholestatic diseases, such as PBC and primary or secondary scle-
rosing cholangitis. After just 21 days, 45% of patients who received 
bezafibrate had a greater than 50% subjective decrease in pruritus, 
compared to 10% in the placebo group (Table 1).22,41,42,49-55

The general safety of fibrates
Fibrates are well-tolerated in numerous studies, with a good overall 
safety profile. The majority of research has focused on the investi-
gation of their anti-lipidemic effects and whether these might cor-
relate to clinical cardioprotection. Two of the most noteworthy ran-
domized controlled trials using fenofibrate include the Fenofibrate 
Intervention and Event Lowering in Diabetes (FIELD) study that 
followed 9,795 participants for 5 years and the Action to Control 
Cardiovascular Risk in Diabetes (ACCORD) study of 5,518 par-
ticipants over 4.7 years. One of the largest randomized controlled 
trials involving bezafibrate is the Bezafibrate Infarction Prevention 
study, which followed 3,090 participants for 6.2 years.56–58

Fig. 1. Proposed mechanisms of action of fibrates in PBC. PBC, primary biliary cholangitis; PPAR, peroxisome proliferator-activated receptor; RXR, retinoic 
x receptor. (Created with BioRender.com).
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Gastrointestinal upset is the most common side effect of fibrates 
and occurs in up to 6.7% of fenofibrate users. Gastrointestinal up-
set causes approximately half of all adverse reactions; other side 
effects include rash, myalgias, and headaches.59,60 More rarely, fi-
brates have been associated with an increased risk of cholesterol 
gallstones, pancreatitis, venous thromboembolism, and pulmonary 
embolism, although all are uncommon.56–61 The most serious ad-
verse events from fibrates are renal dysfunction, myopathy, and 
liver injury. A systematic review of 37 studies involving 1,107 pa-
tients with cholestatic liver disease (PBC and primary sclerosing 
cholangitis), treated with both UDCA and fibrates, found that the 
types of adverse events experienced with these medications were 
the same as those reported in patients without cholestatic disease, 
and occurred at similar rates.62

A reversible increase in creatinine and a concomitant decrease 
in estimated glomerular filtration rate while on fibrate therapy has 
been widely reported. This is hypothesized to be due to PPAR-
mediated inhibition of vasodilatory prostaglandin production, al-
though there is evidence that PPAR activation may increase cre-
atinine production directly.63,64 A recent meta-analysis examined 
29 studies that administered fibrates to adults with chronic kidney 
disease or risk factors for chronic kidney disease. They found a 
mean increase in creatinine of 1.05 mg/dL and a mean decrease 
in the estimated glomerular filtration rate of −1.88 mL/min. These 
changes emerged early and remained stable with continued fibrate 
use, suggesting that prolonged therapy does not accentuate the ef-
fects. Cessation of fibrate therapy was sufficient to reverse these 
increases. The majority of patients had either normal kidney func-
tion or mild chronic kidney disease and were not at increased risk 
for renal failure with fibrate use. Albuminuria levels, an early and 
reliable marker of chronic kidney disease, actually decreased on 
average with fibrate use.65

Fibrates cause myopathy in fewer than 1% of users. Fenofi-
brate causes myopathy without rhabdomyolysis in approximately 
8.8 people per million prescriptions. It causes rhabdomyolysis in 
approximately 5.5 people per million prescriptions.66 Rates of 
myopathy and rhabdomyolysis in large clinical trials such as the 
FIELD, ACCORD, and Bezafibrate Infarction Prevention studies 
were low, and there was no significant difference in incidence be-
tween the control and fibrate groups.57–59 Studies using rat mod-
els suggest that increased beta-oxidation leads to mitochondrial 
dysfunction, which may contribute to fibrate-induced myopathy, 
but the underlying mechanism remains unclear.67 Certain fibrates 
are processed for elimination from the body by the same group of 
enzymes as most statins, and thus, co-administration can lead to 
higher plasma levels of both medications and increase the risk of 
myopathy. Fenofibrate, however, has not been shown to interfere 
with statin pharmacokinetics, and co-administration likely poses 
no risk.68

Fibrate-induced liver injury
Fibrates cause elevations in liver transaminases in 3–7% of pa-
tients. In general, these elevations are asymptomatic, do not impair 
hepatic function, do not exceed 3x the upper limit of normal, and 
levels usually normalize with continuation of treatment.59 Eleva-
tions above 3x the upper limit of normal occurred in less than 1% 
of fenofibrate and placebo users in the FIELD study and 1.9% of 
patients taking fenofibrate vs. 1.5% in the placebo group in the AC-
CORD study. Clinical hepatitis occurred in six patients per group 
in FIELD and in three patients in the fenofibrate group vs. 0 in the 
placebo group in ACCORD, which was not statistically signifi-
cant.56,57 Studies in both rat models and humans suggest that these Ta
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increases in ALT and AST are due to PPAR-α-mediated upregu-
lation in gene expression of these enzymes rather than reflective 
of hepatocyte injury.69–72 It is recommended that aminotransferase 
levels be monitored while on fibrate therapy and that therapy be 
discontinued if levels persist beyond 3x the upper limit of normal.

Rare but serious cases of fibrate-induced liver injury have been 
reported. The majority of data centers on fenofibrate and comes 
from individual case reports and reviews of national drug-induced 
liver injury registries.73 Time from the start of therapy to the onset 
of apparent injury can vary from as short as several days to as long 
as several years. Most reported cases demonstrate a hepatocellular 
injury pattern, with predominant elevations in ALT, reflective of 
hepatocyte lysis74–83; however, cases that demonstrate a cholestat-
ic pattern with predominantly high ALP and a mixed pattern have 
also been reported.84–93 Clinically, patients may experience a range 
of symptoms and signs, including abdominal pain, jaundice, and 
fatigue, or can be asymptomatic. In cases when fibrates were used 
for at least 6 months before the hepatic injury was detected, biopsy 
tends to show marked fibrosis or even cirrhosis79–81; those with 
onset of injury shorter than 6 months are more often characterized 
by cholestasis and ductopenia.91–93

Cessation of the fibrate is sufficient to alleviate symptoms and 
rapidly normalize liver biochemistries in as quickly as several 
days to several months. A smaller subset of cases presented with 
a prolonged injury and the recovery time was closer to 1 year.79,82 
In cases where a rechallenge was attempted, signs of injury re-
curred.76–78

Variability in timing, biochemical pattern of injury, clinical 
presentation, and histological characteristics make it difficult to 
identify a mechanism underlying fibrate-induced liver injury. Ad-
ditionally, much of the available data are affected by potentially 
confounding factors, such as medical comorbidities and poly-
pharmacy. The current thought, however, is that fibrate-induced 
liver injury is likely immunologic. This theory is supported by the 
fact that several cases have presented with clinical and histologic 
features similar to autoimmune hepatitis and showed biochemical 
markers such as smooth muscle antibodies, antinuclear antibodies, 
and elevated immunoglobulins that improved with fibrate cessa-
tion.79–83,94,95

Overall, the incidence of fibrate-induced liver injury is low; 
multicenter reviews and reviews of drug-induced liver injury reg-
istries in the USA and Spain found that fibrates are implicated 
in fewer than 1% of drug-induced liver injury cases.96–98 There 
have been no reports of acute liver failure attributed to fibrates 
and no cases of fibrate-induced liver injury that resulted in liver 
transplant.99,100 Of the case reports included in this paper, only one 
involved a patient with PBC.86

Conclusions
Fibrates such as fenofibrate and bezafibrate improve biochemical 
markers of disease in patients with PBC when added to UDCA 
therapy, with additional evidence of symptomatic benefit. Fibrates 
are inexpensive, widely available, and generally safe. Although 
potentially severe, instances of fibrate-induced liver injury are ex-
ceedingly rare and, in most cases, quickly reversible without last-
ing impact with cessation of the drug. Careful monitoring of liver 
chemistries while on fibrate therapy is likely sufficient to detect 
signs of injury and prevent further damage.

Despite a strong safety profile and evidence of biochemical 
and symptomatic benefits, the FDA specifically contraindicates 
fibrates for cholestatic diseases such as PBC. Like all medicines, 

fibrates certainly carry risk; however, when compared to patients 
without cholestatic disease, there has been no evidence to suggest 
that patients with PBC experience an increase in the frequency or 
severity of adverse effects from fibrates, including liver injury. In 
the absence of a cure and with so few treatment options available, 
efforts should be made to investigate further the mechanisms by 
which fibrates alter disease progression in PBC and how they can 
be maximized for safety and therapeutic efficacy.

The search for treatment options for PBC is ongoing. UDCA 
is an affordable, safe, and cost-effective first-line treatment that 
should be used for every individual diagnosed with PBC. In those 
patients who have a suboptimal response to UDCA alone, OCA 
may provide additional benefit, although potential side effects 
must be monitored closely, and the cost must be taken into consid-
eration. The most promising emerging therapy for PBC is fibrates. 
Fibrates are a safe and effective adjuvant treatment for PBC in in-
complete responders to UDCA. Those undergoing fibrate therapy 
should be followed closely for signs of liver injury.
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