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Abstract: Patients with chronic cholestatic liver diseases often experience itch and struggle
with this symptom. We discuss the mechanism of itch in patients with chronic cholestatic
liver diseases, such as primary biliary cholangitis (PBC) and others, and their therapies,
including ileal bile acid transporter (IBAT) inhibitors. In patients with PBC, there are high
serum/plasma concentrations of multiple factors, including bile salts, bilirubin, endoge-
nous opioids, lysophosphatidic acid (LPA), autotaxin, and histamine. Bile salts, bilirubin,
LPA, and autotaxin affect itch mediators in the skin and sensory nerves, while the endoge-
nous opioid balance affects mediators in the spinal cord. Itch is sensitized by both the
peripheral and central nervous systems. Both mechanisms are involved in itch in patients
with chronic cholestatic liver disease. Although IBAT inhibitors have been approved for
use in pediatric cholestatic conditions, such as progressive familial intrahepatic cholestasis
and Alagille syndrome, IBAT inhibition seems to be a promising treatment for chronic
refractory itch in patients with PBC. A traditional non-systematic review results in this
narrative review. Multidisciplinary cooperation, involving hepatologists, dermatologists,
and pharmacists, could provide better treatment for PBC patients suffering from refractory
itch. In conclusion, we summarized the existing knowledge on itch caused by chronic
cholestatic liver diseases, especially in PBC with a focus on the mechanisms and therapies.
This narrative review provides the mechanisms and therapeutic options for itch in patients
with chronic cholestatic liver diseases.

Keywords: autotaxin; ileal bile acid transporter inhibitors; liver diseases; primary biliary
cholangitis; pruritus

1. Introduction
Chronic itch, namely pruritus, is caused by various clinical manifestations and diseases

such as dermatological, hepatobiliary, renal, endocrine, metabolic, hematological, malig-
nant, neurological, psychological, and other disorders [1]. Chronic itch can adversely affect
the quality of life. It is important to avoid chronic itch when primary changes are treated.

In total, 200 (88.9%) out of 225 patients with primary biliary cholangitis (PBC) self-
reported pruritus of any severity [2]. Compared with patient-reported measures, itch in
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PBC is often under-recorded in medical records (88/225 (39.1%) vs. 120/225 (53.3%)), and
is associated with lower patients’ health-related quality of life. The reasons why itch is
under-recorded are considered as follows: (1) Physicians may be unfamiliar with available
guidelines for recognizing and treating pruritus; (2) It is possible that the management of
PBC in clinical practice could be recorded in medical records, but associated conditions such
as pruritus/itch were not; (3) It is possible that many PBC patients do not recall having their
pruritus evaluated or discussing itch with their providers, etc. [2]. Therefore, it is possible
that physicians may be unaware of their itch, resulting in potential under-treatment.

Chronic itch is one of the most common symptoms associated with PBC [3], affecting
up to 75% of patients at some point during their disease course [4], although the severity
of PBC does not always seem to correlate with symptoms [5]. Non-overweight patients
with PBC tend to experience symptoms, such as itching or fatigue. Gungabissoon et al.
reported that 139 (6.8%) of 1963 patients with PBC had pruritus as a symptom of interest [4].
Itch remains under-treated, highlighting a need for treatments specifically indicated for
cholestatic itch. A total of 170 (81%) of 211 PBC patients who completed a patient-reported
outcome (PRO) survey reported pruritus, and 70 (33%) had never received treatment
for their itch [6]. Thus, the fact that itch in PBC is undertreated may be partly due to
the ineffectiveness of current treatments, poor tolerance, or the lack of FDA-approved
medications for itch.

Although patients with chronic non-cholestatic liver disease suffer from itch [7–12],
we focus on itch in patients with chronic cholestatic liver disease. Underlying liver disease,
aspartate aminotransferase levels equal to or greater than 60 U/L, and comorbid diabetes
are risk factors associated with pruritus in patients with chronic liver disease.

Thus, patients with chronic cholestatic liver disease often suffer from itch. This
narrative review results from a traditional and non-systematic literature review, using
PubMed. This review summarizes the existing knowledge on chronic itch caused by
chronic cholestatic liver diseases, especially PBC, which is an autoimmune liver disease,
with a focus on the underlying mechanisms and treatment.

2. Mechanism of Chronic Itch in Patients with Liver Diseases
In patients with chronic liver diseases, itch is sensitized by both the peripheral and

central nervous systems [13,14]. Itch is a sensation, which emanates from the skin and is
transferred through peripheral nerve fibers to the central nervous system [13].

In patients with PBC, there are high serum/plasma concentrations of multiple factors,
including bile salts, bilirubin, endogenous opioids, lysophosphatidic acid (LPA), autotaxin,
and histamine. Bile salts, bilirubin, LPA, and autotaxin affect itch mediators in the skin and
sensory nerves, while endogenous opioid balance affects mediators in the spinal cord [13].

Bile salts are able to bind to the Takeda G protein-coupled receptor 5 (TGR5; G protein-
coupled bile acid receptor 19), which is expressed by neurons in the dorsal root ganglia. Bile
acids can activate these neurons and sensory nerves as well [15]. Bile acids activate TGR5
on sensory nerves, stimulating the release of neuropeptides in the spinal cord that transmit
itch [14]. However, this pathway seems to be completely deactivated in the rodent model of
cholestasis [16]. Bile acids and bilirubin are ligands for the Mas-related G protein-coupled
receptor X4 (MRGPRX4) and play a role in cholestatic itch [17]. MRGPRX4 is the only bile
acid receptor expressed on the membranes of human itch neurons. MRGPRX4 is expressed
in human dorsal root ganglion neurons and co-expresses with the itch H1 histamine
receptor (H1R) [18] (Figure 1). Yu et al. reported that human TGR5 is not expressed in
human dorsal root ganglions [18]. A recent study demonstrated that 3-sulfated bile acids
are elevated in cholestatic patients with itch and the cryo-electron microscopy structure of
MRGPRX4 [19]. Interaction between MRGPRX4 and transient receptor potential ankyrin
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1 (TRPA1)/transient receptor potential vanilloid 1 (TRPV1) channels may be involved in
chronic itch symptoms.
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Obeticholic acid is a farnesoid X receptor (FXR) agonist used for the treatment of pa-
tients with PBC and results in the accumulation of bile acids. Obeticholic acid regulates the
de novo synthesis of primary bile acids. Primary bile acids are synthesized from cholesterol,
and FXR-dependent inhibition of de novo bile acid synthesis could lead to the accumulation
of cholesterol [20]. However, pruritus, constipation, diarrhea, and hyperlipidemia were
major adverse events [20]. Further studies are needed. Bilirubin elicits an itch sensation by
directly stimulating peripheral nerve fibers [21]. LPA and its enzyme autotaxin are also
associated with itch [22]. Hepatocyte autotaxin expression, which results in increased LPA
levels, activation of hepatic stellate cells (HSCs), and amplification of profibrotic signals,
promotes liver fibrosis and hepatocarcinogenesis, suggesting that autotaxin/LPA is the
causative link in cirrhosis and hepatocellular carcinoma (HCC) [23–25]. The autotaxin/LPA
pathway plays a role in pathogenesis and pruritus in chronic cholestatic liver diseases,
including PBC. Serum autotaxin levels may serve as a predictive marker for liver-related
events in Japanese patients with PBC [26]. LPA is an itch mediator, and dorsal root ganglion
neurons directly respond to LPA depending on TRPA1/TRPV1 [27] (Figure 1).

The liver accumulates and excretes opioids, and damage to the liver elevates plasma
opioid levels and µ-opioid activity [28]. The µ-opioid receptor agonist morphine induces
itch, while the µ-opioid receptor antagonist naloxone inhibits morphine-induced itch and
chronic cholestasis-related itch [29,30]. In contrast, the κ-opioid receptor has been shown
to suppress pruritus. The κ-opioid receptor agonist nalfurafine hydrochloride suppressed
pruritus induced by the intracisternal administration of morphine [29,31]. There are several
itch mediators, sensitizers, and desensitizers [31,32]. Thus, opioid receptors play a role in
modulating pruritus (Figure 1).

In contrast, central itch is associated with the activation of the µ-opioid receptor, while
peripheral itch is induced by the activation of mast cells that release histamine, which
binds to histamine receptors H1R and H4R around borders between the epidermis and
dermis, subsequently activating TRPA1, TRPV1, and C fibers in the dorsal root [27,32].
Further scratching exacerbates C-fiber activation, creating a feedback loop that intensifies
the sensation of itch. Thus, both the peripheral and central nervous systems are involved
in the mechanisms of action of chronic itch in liver diseases (Figure 1). Although the most
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commonly utilized treatments for itch are antihistamines, these treatments are largely
ineffective for histamine-resistant itch. Both histamine and non-histamine pathways are
also important for the mechanism of itch.

3. Treatment for Chronic Itch in Patients with Primary Biliary Cholangitis

The first standard therapy for PBC patients is ursodeoxycholic acid (UDCA), which
could lead to an improvement in liver dysfunction and symptoms such as fatigue and
itching [33–40]. UDCA is especially effective for patients with an early stage of PBC.
UDCA replaces hydrophobic bile acids with hydrophilic bile acids, stimulates the biliary
secretion of bile acids into the biliary tract, improves enterohepatic circulation, and prevents
hepatocytes from apoptosis.

UDCA has lowering effects on aminotransferase, gamma-glutamyl transpeptidase,
alkaline phosphatase, total cholesterol, as well as IgM. The proportion of patients with
chronic itch requiring the use of cholestyramine was significantly lower at 2 years than at
baseline [41].

Among fibrates, bezafibrate combined with UDCA improved the short-term efficacy
of Japanese patients with PBC [42–44]. Bezafibrate is a ligand of peroxisome proliferator-
activated receptor alpha, which is involved in immune function. However, with the use
of bezafibrate, concentrations of the principal serum bile acids did not change signifi-
cantly because bezafibrate is generally used in the combination with UDCA [42]. Itching
improved in some PBC patients treated with the combination of bezafibrate and UDCA
for 6 months [43]. Bezafibrate improves the elevation of alkaline phosphatase levels in
PBC patients with a refractory response to UDCA [44–46]. Adherence to medication may
also be a more important contributor to the efficacy of the combination therapy of UDCA
and bezafibrate.

In total, 3162 (81%)/3908 PBC patients received UDCA only, while 746 (19%)/3908
received UDCA and bezafibrate over 17,360 and 3932 patient-years, respectively. Dur-
ing follow-up, 183 deaths (89 liver-related) and 21 liver transplantations were registered.
Exposure to combination therapy was associated with a significant decrease in all-cause
and liver-related mortality or the need for liver transplantations (adjusted hazard ratios:
0.3253, 95% CI 0.1936–0.5466, and 0.2748, 95% CI 0.1336–0.5655, respectively; p < 0.001 for
both), resulting in an improved prognosis in the combination of bezafibrate and UDCA
group [46]. The addition of bezafibrate to UDCA was associated with improved prognosis
for the long-term periods [47,48].

A meta-analysis demonstrated that combination therapy with UDCA and fenofibrate
was more effective in reducing alkaline phosphatase than UDCA monotherapy [49,50].
Fibrates appear to be safe and well tolerated in patients with PBC, with a low frequency of
adverse events [51]. Fibrates can significantly improve pruritus symptoms in a subset of
patients with PBC [52].

Pemafibrate, which is safer for patients with chronic kidney disease than bezafibrate,
also demonstrates efficacy in patients with PBC [53,54]. Further studies about the effect
of pemafibrate on chronic itch are needed. In four cases that switched from bezafibrate to
pemafibrate, alkaline phosphatase level significantly decreased (p = 0.031), and γ-glutamyl
transferase level tended to decrease (p = 0.063) over the 3 months after the addition of
pemafibrate [53]. The addition of pemafibrate is effective in PBC patients with dyslipidemia
who are resistant to UDCA monotherapy [54]. The efficacy of the addition of pemafibrate
to UDCA should be examined in PBC patients without dyslipidemia.

Obeticholic acid, an FXR agonist, has been shown to improve the elevation of alkaline
phosphatase in PBC patients who have not responded well enough to UDCA [55]. Obeti-
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cholic acid is derived from the primary human chenodeoxycholic acid. Phase 3 clinical
trials demonstrated that obeticholic acid, administered with ursodiol or as monotherapy
for 12 months in PBC patients, resulted in decreases from baseline in alkaline phosphatase
and total bilirubin levels compared with placebo groups [56]. Obeticholic acid has been
approved as one of the second-line therapies for PBC patients. Although most PBC patients
with pruritus can be effectively managed to minimize discontinuation of obeticholic acid,
pruritus is the most common side effect, limiting treatment at higher doses [57,58].

Some PBC patients with chronic itch additionally seem to use antipruritic medica-
tion (53.3%, 120/225), bile acid sequestrants (12.9%, 29/225), sertraline (13.8%, 31/225),
rifampin (rifampicin) (3.1%, 7/225), naltrexone/naloxone (5.8%, 13/225), antihistamines
(42.7%, 96/225), or other medications (2.2%, 5/225) [2]. Evidence of corticosteroids or
mycophenolate is limited, although some evidence of azathioprine and cyclosporine ex-
ists [59,60]. Of course, antihistamines and antibiotics are also effective as needed [34].

Antagonists of the µ-opioid receptor, such as naltrexone and naloxone, are effective
for cholestasis-associated itch [61,62]. Rifampin (standardized mean difference (SMD)
−1.62, 95% CI −3.05 to −0.18) and opioid antagonists (SMD −0.68, 95% CI −1.19 to −0.17)
significantly reduced cholestasis-related pruritus [61]. Similarly, the use of the κ-opioid
receptor agonist nalfurafine hydrochloride could play a role in the treatment of chronic
severe itch [63,64]. Serum autotaxin levels did not decrease along with the improvement in
pruritus from nalfurafine treatment in PBC patients [63]. Nalfurafine hydrochloride is effec-
tive for chronic itch in patients undergoing hemodialysis [64]. Nalfurafine hydrochloride
should be avoided in patients with acute exacerbation or chronic hepatic failure. The com-
bination of nalfurafine hydrochloride and antihistamine is more effective accordingly [34].
Here, multidisciplinary cooperation, involving hepatologists, dermatologists, pharmacists,
and others, may also be important for seeing and treating PBC patients with refractory itch
across many different fields [65,66].

4. Emerging Therapies
4.1. Ileal Bile Acid Transporter (IBAT) Inhibitors for Itch in Patients with Chronic Cholestatic Liver
Diseases, Such as Primary Biliary Cholangitis and Others
4.1.1. Mechanism of IBAT Inhibitors

Recently, inhibitors of the ileal bile acid transporter (IBAT: apical sodium-dependent
bile acid transporter (ASBT)) have been noticed as a novel class of agents in the treatment
options of chronic itch and others [67]. IBAT functions as a symporter that uses the natural
osmotic sodium gradient to actively cotransport conjugated bile acids into the cell cytosol.
The primary site of bile acid reabsorption occurs in the terminal ileum, where IBAT is
overexpressed by nearly 50-fold [68]. IBATs are efficacious, reabsorbing roughly 95% of
bile acids in the small bowel [69]. Conjugated bile acid uptake is mediated by IBAT in the
ileum [68]. The Na+/bile acid cotransport system is a major regulator of serum cholesterol
homeostasis [70].

IBAT is a bile acid sodium symporter protein that is encoded by the solute carrier
(SLC) family 10 member 2 (SLC10A2, also known as the apical sodium-dependent bile acid
transporter (ASBT)) gene in humans [71]. SLC10A2 mutations can cause primary bile acid
malabsorption, and the ileal Na+/bile acid cotransporter’s role is important in the intestinal
reclamation of bile acids [72].

IBAT inhibitors target the ileal re-uptake of bile acids, prevent the enterohepatic recir-
culation of bile acids, and reduce the total bile acid pool size and exposure of the liver [62].
IBAT inhibitors have been approved for use in pediatric cholestatic conditions, progressive
familial intrahepatic cholestasis, and Alagille syndrome [73–76]. Cholestyramine was the
only US FDA-approved drug for cholestatic pruritus until the FDA approved IBAT in-
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hibitors for use in progressive familial intrahepatic cholestasis and Alagille syndrome [73].
Both cholestyramine and IBAT inhibitors decrease the bile acid pool [73] (Figure 2).
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4.1.2. Therapies for Intrahepatic Cholestasis of Pregnancy

Intrahepatic cholestasis of pregnancy is one of the unique liver diseases during preg-
nancy [77]. The diagnosis of intrahepatic cholestasis of pregnancy is based on a serum
bile acid level of more than 10 µmol/L in the presence of pruritus, in general, during the
second or third trimester. Serum bile acid levels correlate with the risk of stillbirth, with the
highest risk in 18 (3.44%) of 524 patients with a serum bile acid level equal to or more than
100 µmol/L (vs. 3 (0.13%) of 2310 patients with intrahepatic cholestasis of pregnancy of less
than 40 µmol/L and 4 (0.28%) of 1412 patients with intrahepatic cholestasis of pregnancy
of 40–99 µmol/L; p < 0.0001) [78].

Treatment should be offered with oral ursodeoxycholic acid in a daily divided dosage
to total 10–15 mg/kg/day, to improve itch, serum bile acid levels, serum alanine amino-
transferase levels, and decrease outcomes, including preterm birth and stillbirth [79].
Cholestyramine and rifampin could be used as additional treatments for itch [77].

After 35 weeks gestation, an elective early delivery should be planned at the stage
of pregnancy with post-prandial serum bile acid concentrations equal to or more than
100 µmol/L, to reduce the risk of fetal death [80].

It was reported that placental mRNA expression of bile acid transporters, including
SLC10A2, SLCOA1, and ATP-binding cassette (ABC) subfamily C member 2 (ABCC2),
was positively correlated with bile acid concentrations in intrahepatic cholestasis of preg-
nancy [81]. Placental SLC10A2 mRNA was also correlated with maternal body mass
index. The use of IBAT inhibitors should currently be avoided because their safety during
pregnancy has not yet been established.

4.1.3. IBAT Inhibitors for Children with Chronic Cholestatic Liver Diseases

In Alagille syndrome and progressive familial intrahepatic cholestasis, which are
rare inherited cholestatic liver diseases, disruption of secretion of bile acids results in the
accumulation in the liver, leading to underlined pruritus and exacerbated liver damage [76].
One method to decrease pathological bile acid accumulation in the body is surgical biliary
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diversion, which interrupts the enterohepatic circulation, using diverting bile acids to
an external stoma. Another new method is the non-surgical inhibition of IBAT by IBAT
inhibitors. These methods could normalize serum bile acids and reduce itch and inflam-
mation of the liver, resulting in the improvement of quality of life in patients with Alagille
syndrome or progressive familial intrahepatic cholestasis [76].

In children with Alagille syndrome, maralixibat, an apical, sodium-dependent, and
bile acid transport inhibitor, is the first IBAT inhibitor that has shown durable and clinically
meaningful improvements in cholestasis [74]. Significant improvements in pruritus were
seen with maralixibat at week 48 of the ICONIC study, which is a phase 2 study featuring
a 4-week double-blind, placebo-controlled, and randomized drug withdrawal period in
children with Alagille syndrome experiencing moderate-to-severe pruritus, and these are
associated with an improved health-related quality of life [82]. Odevixibat could be an
efficacious non-surgical intervention to improve pruritus, reduce serum bile acids, and
enhance the standard of care in patients with Alagille syndrome [83].

Positive phase 3 results for odevixibat were reported for progressive familial intra-
hepatic cholestasis [75]. Odevixibat was well tolerated, and the most common treatment-
emergent adverse event was diarrhea or frequent bowel movements [84]. In children with
progressive familial intrahepatic cholestasis, odevixibat effectively reduced pruritus and
serum bile acids [85]. Bile acid synthesis in the liver, enterohepatic circulation of bile acids,
and the mode of action of IBAT inhibitors are illustrated in ref [84].

4.1.4. IBAT Inhibitors for Adults with Chronic Cholestatic Liver Diseases, Such as PBC

The change in total serum bile acid (TSBA), according to the area under the TSBA
concentration curve over 24 h (AUC0-24), correlates significantly with and can be predictive
of pruritus improvement in PBC patients treated with linerixibat [86]. In patients with PBC,
chronic itch is associated with an elevation in serum bile acid and autotaxin, which decrease
after modification via IBAT inhibition. In PBC patients with pruritus, a 14-day treatment
with IBAT inhibitor GSK2330672 demonstrated efficacy in reducing the pruritus severity
without serious adverse events [87]. Linerixibat had a non-significant effect on itch in the
primary intent-to-treat analysis, but this was associated with a significant dose-dependent
reduction in itch in the per-protocol population [88]. Primary sclerosing cholangitis (PSC)
is also frequently associated with pruritus. IBAT inhibitors for itch in PSC patients seem
useful and improve their quality of life [89].

The recent development of IBAT inhibitors for patients with PBC and chronic itch
sheds new light on the treatment of chronic itch in these patients [90–94]. The 2-week
administration of GSK2330672, an IBAT inhibitor, had an effect on the fecal microbiomes in
PBC patients. GSK2330672 increased the relative abundance of Firmicutes (p = 0.033) and
Clostridia (p = 0.04) and reduced Bacteroidetes (p = 0.033) and Bacteroidia (p = 0.04) [92]. As
the gut–liver axis plays a role in the homeostasis of the liver, the gut microbiome interplays
with a diverse spectrum of hepatic changes, including steatosis, inflammation, fibrosis,
cholestasis (including itch), and tumorigenesis [95].

IBAT inhibitors are used for the treatment of chronic constipation and cholestatic pru-
ritus caused by PBC and NASH [86,96]. Nonalcoholic fatty liver disease and steatohepatitis
are associated with gut microbiota [97,98]. Treatment with an IBAT inhibitor significantly
improved hepatic steatosis in high-fat diet mice, and fecal microbiome transplantation us-
ing stool from high-fat diet plus IBAT inhibitor mice prevented hepatic steatosis caused by
a high-fat diet [99,100]. Table 1 shows the IBAT inhibitors for various diseases. Of interest,
common adverse events are diarrhea and abdominal pain. As constipation exacerbates
hepatic encephalopathy, it may be useful for patients with PBC and hepatic encephalopathy
to use IBAT inhibitors. Further studies will be needed at this point.
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Table 1. Representative ileal bile acid transporter inhibitors for various diseases or their itch.

Drugs Diseases Critical Metrics Common Adverse
Events (AEs) References

Maralixibat Alagille syndrome

From baseline to week 48,
serum bile acid (−96 µmol/L,
−162 to −31) and pruritus

(−1.6 pts, −2.1 to −1.1)
improved (phase 2 study)

Diarrhea, abdominal
pain [74]

Odevixibat
Progressive familial

intrahepatic
cholestasis

Odevixibat significantly
reduced pruritus and serum

bile acid levels (phase 3 study)

Diarrhea, frequent
bowel movements [75]

Maralixibat Alagille syndrome

Significant improvements in
pruritus, associated with
improved health-related

quality of life (phase 2 study)

N/A [76,82]

Odevixibat Alagille syndrome

Odevixibat resulted in
significantly greater reductions
in mean serum bile acids from
baseline, which was associated
with mean scratching scores at
weeks 21–24 (phase 3 study)

Diarrhea (29%),
pyrexia (23%) [83]

Odevixibat
Progressive familial

intrahepatic
cholestasis

Odevixibat reduced pruritus
and serum bile acids vs.
placebo (phase 3 study)

Diarrhea, frequent
bowel movements,

fever
[85]

Linerixibat
(GSK2330672)

Primary biliary
cholangitis

GSK2330672 produced
significantly greater reduction

from baseline in the 0 to
10 numerical rating scale (NRS)

(−23%, p = 0.037), Primary
biliary cholangitis −40 itch

domain, (−14%, p = 0.034), and
5-D itch scale (−20%,

p = 0.0045) vs. placebo.
(phase 2a study)

Diarrhea [87]

Linerixibat Primary biliary
cholangitis

Linerixibat effect on itch was
associated with a significant
dose-dependent reduction in

itch (phase 2b study)

Diarrhea [88]

A4250 Primary biliary
cholangitis

Remarkable improvement
in pruritus

Abdominal pain,
diarrhea [91]

Maralixibat Primary sclerosing
cholangitis

Maralixibat was associated
with reduced serum bile acid
levels, which are associated

with significant improvement
in pruritus

Diarrhea [89]

Volixibat
(SHP626)

Nonalcoholic
steatohepatitis

SHP626 increased mean total
fecal BA excretion about
~1.6–3.2 times in healthy
volunteers and ~8 times

in patients with
T2DM vs. placebo.

Mild or moderate
gastrointestinal
adverse events

[84]

N/A, not available.



Int. J. Mol. Sci. 2025, 26, 1883 9 of 16

Representative clinical trials and their comparative efficacy are shown in Table 1.

4.2. Ileal Stem Cell Transplantation

Ileal stem cell transplantation may also be useful for itch of chronic cholestatic liver
diseases [101,102]. The area of peak IBAT function was found to be located in the terminal
ileum in rodents [102]. Ileal stem cell clusters were used to establish a new zone of bile acid
uptake and IBAT expression in a jejunal segment in adult Lewis rats [101].

5. Other Treatments for Itch in Chronic Cholestatic Liver Diseases
Ultraviolet B (UVB) phototherapy appears to be a promising and well-tolerated treat-

ment for cholestasis-associated pruritus or PBC-associated pruritus [103,104]. Liver trans-
plantation for pruritus is highly effective, but fatigue does not disappear in the majority of
the patients, although these two common symptoms are generally observed in patients with
PBC and liver transplantation [105]. Patients transplanted for PBC suffer more frequently
from acute and late cellular rejections. Long-term administration of UDCA following liver
transplantation has a beneficial effect on the recurrence of PBC [105].

Biological therapies were also performed [106], and pruritus was improved in 60% of
patients at 12 months [107]. Depletion of B cells with the anti-CD20 monoclonal antibody
rituximab influences the induction, maintenance, and activation of both B and T cells,
providing a potential mechanism for the treatment of patients with PBC and an incomplete
response to UDCA [106]. Selective B-cell depletion with rituximab was safe and associated
with a significant decrease in antimitochondrial antibody production [107].

Cholestyramine, one of the anion-exchange resins, brings improvement in the itch in
PBC patients [108]. Cholestyramine sequesters bile acids in a resin complex for excretion
to decrease bile acid reabsorption in the distal small bowel [109]. Bile acid sequestrant
cholestyramine eliminates pruritogens, resulting in the improvement of itch [110]. As
a result of decreased reuptake of bile acids in the distal small bowel, cholestyramine
decreased the accumulation of bile acids [109]. Thus, despite its ability to alleviate itch in
some patients, complete resolution of chronic itch is rare. Adverse events are malabsorption
of cholestyramine fats and fat-soluble vitamins [109].

Rifampin is occasionally used for the treatment of cholestatic itch and improves chronic
itch in some patients with chronic liver diseases [109]. Rifampin is also useful for short-
term relief of itch in PBC patients [111]. Rifampin significantly reduced itch intensity and
autotaxin activity, which are specific to itch caused bycholestasis, in patients with itch not
responding to bile salt sequestrants [112]. Rifampin also inhibited autotaxin expression in
human hepatoblastoma HepG2 cells and hepatoma cells overexpressing the pregnane X
receptor (PXR) [112]. The beneficial antipruritic action of rifampin partly depends on the
PXR-dependent transcriptional inhibition of autotaxin expression.

Representative treatments for patients with PBC and itch are shown in Table 2.
The diagnosis and treatment of PBC have developed, and the prognosis for PBC has

recently improved, resulting from the earlier diagnosis [113,114]. Recently, patients with
PBC have been characterized by older age at diagnosis, an increase in male-to-female ratio,
higher response rates of UDCA, and longer survival, resulting from the early recognition of
this disease [113]. A machine learning prediction model for treatment responders in PBC
patients with refractory itch may be useful and provide new strategies [115,116]. Recently,
the molecular mechanism of enterohepatic recirculation of bile acids has been elucidated;
further studies are needed regarding this point [117,118]. Elafibranor and seladelpar are
peroxisome proliferator-activated receptor agonists recently approved for use in patients
with PBC [119–121]. Seladelpar decreased serum interleukin-31 (IL-31), which is a cytokine
known to mediate pruritus, and bile acids, resulting in the improvement of pruritus in PBC
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patients [122]. Further studies on itch in chronic cholestatic liver disease are currently in
progress [90,121,123–125].

Table 2. Treatments for patients with primary biliary cholangitis and itch.

Drugs References

Ursodeoxycholic acid [33–41]
Bezafibrate [42–48]
Fenofibrate [49–52]
Pemafibrate [53,54]

Obeticholic acid [55–58]
Cholestyramine [108–110]

Rifampin [111,112]
Naltrexone/Naloxone [61,62]

Nalfurafine hydrochloride [34,62,63]
IBAT inhibitors [87–89,91]

Ultraviolet B phototherapy [103,104]
Liver transplantation [105]

IBAT, ileal bile acid transporter.

6. Future Perspectives
In patients with PBC, there are high serum/plasma concentrations of multiple factors,

including bile salts, bilirubin, endogenous opioids, LPA, autotaxin, and histamine. Bile
salts, bilirubin, LPA, and autotaxin affect itch mediators in the skin and sensory nerves, and
the endogenous opioid balance affects mediators in the spinal cord. Itch is sensitized by
both the peripheral and central nervous systems. Both mechanisms are involved in chronic
itch in patients with liver diseases. IBAT inhibition seems to be a promising treatment for
chronic refractory itch in patients with PBC.

7. Conclusions
This review summarized the existing knowledge on itch caused by chronic cholestatic

liver diseases, especially PBC, with a focus on the underlying mechanism and treatment.
This narrative review provided the mechanism and therapeutic options for itch in patients
with chronic cholestatic liver disease, who struggle with this symptom. Multidisciplinary
cooperation, involving hepatologists, dermatologists, and pharmacists, is important for
seeing and treating PBC patients with refractory itch.

Author Contributions: Conceptualization, T.K. and R.S.-T.; methodology, T.K.; software, T.K.; valida-
tion, T.K., R.S.-T. and K.K.; formal analysis, T.K.; investigation, T.K.; resources, T.K.; data curation,
T.K.; writing—original draft preparation, T.K., R.S.-T., H.K., A.T., K.K. and S.T.; writing—review and
editing, T.K., R.S.-T., N.K., H.A., T.Y. (Tomoaki Yoshida), K.H., A.S., T.Y. (Takeshi Yokoo), H.K., A.T.,
K.K. and S.T.; visualization, T.K.; supervision, K.K. and S.T.; project administration, T.K.; funding
acquisition, T.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.



Int. J. Mol. Sci. 2025, 26, 1883 11 of 16

References
1. Butler, D.C.; Berger, T.; Elmariah, S.; Kim, B.; Chisolm, S.; Kwatra, S.G.; Mollanazar, N.; Yosipovitch, G. Chronic Pruritus: A

Review. JAMA 2024, 331, 2114–2124. [CrossRef] [PubMed]
2. Gungabissoon, U.; Smith, H.T.; von Maltzahn, R.; Logie, J.; Fairburn-Beech, J.; Ma, L.; P, D.; McGirr, A.; Hunnicutt, J.N.; Rowe,

C.L.; et al. Pruritus in primary biliary cholangitis is under-recorded in patient medical records. BMJ Open Gastroenterol. 2024, 11,
e001287. [CrossRef] [PubMed]

3. Kimura, N.; Setsu, T.; Arao, Y.; Sakai, N.; Watanabe, Y.; Abe, H.; Kamimura, H.; Sakamaki, A.; Yokoo, T.; Kamimura, K.; et al.
Cumulative risk of developing a new symptom in patients with primary biliary cholangitis and its impact on prognosis. JGH
Open 2022, 6, 577–586. [CrossRef] [PubMed]

4. Gungabissoon, U.; Gibbons, D.C.; Requena, G.; Ribeiro de Souza, A.; Smith, H. Disease burden of primary biliary cholangitis and
associated pruritus based on a cross-sectional US claims analysis. BMJ Open Gastroenterol. 2022, 9, e000857. [CrossRef] [PubMed]

5. Kanda, T.; Yokosuka, O.; Imazeki, F.; Hirasawa, Y.; Ikeuchi, T.; Mikata, R.; Zhang, K.Y.; Kurihara, T.; Arai, M.; Fukai, K.; et al.
Body mass index in Japanese patients with autoimmune liver disease: Overweight patients with primary biliary cirrhosis tend to
be asymptomatic. Hepatogastroenterology 2007, 54, 1758–1760. [PubMed]

6. Mayo, M.J.; Carey, E.; Smith, H.T.; Mospan, A.R.; McLaughlin, M.; Thompson, A.; Morris, H.L.; Sandefur, R.; Kim, W.R.; Bowlus,
C.; et al. Impact of Pruritus on Quality of Life and Current Treatment Patterns in Patients with Primary Biliary Cholangitis. Dig.
Dis. Sci. 2023, 68, 995–1005. [CrossRef] [PubMed]

7. Lu, M.; Rupp, L.B.; Melkonian, C.; Trudeau, S.; Daida, Y.G.; Schmidt, M.A.; Gordon, S.C. Persistent pruritus associated with
worse quality of life in patients with chronic hepatitis. Liver Int. 2024, 44, 577–588. [CrossRef] [PubMed]

8. Oeda, S.; Takahashi, H.; Isoda, H.; Komukai, S.; Imajo, K.; Yoneda, M.; Ono, M.; Hyogo, H.; Kawaguchi, T.; Fujii, H.; et al. Infection
phase is a predictor of pruritus in patients with hepatitis B virus infection. Biomed. Rep. 2019, 11, 63–69. [CrossRef] [PubMed]

9. Kanda, T.; Sasaki-Tanaka, R.; Matsumoto, N.; Arima, S.; Kanezawa, S.; Honda, M.; Totsuka, M.; Ishii, T.; Masuzaki, R.; Ogawa, M.;
et al. Muscle Cramps in Outpatients with Liver Diseases in Tokyo, Japan. Medicina 2023, 59, 1506. [CrossRef] [PubMed]

10. Raslan, H.M.; Ezzat, W.M.; Abd El Hamid, M.F.; Emam, H.; Amre, K.S. Skin manifestations of chronic hepatitis C virus infection
in Cairo, Egypt. East Mediterr. Health J. 2009, 15, 692–700. [CrossRef] [PubMed]

11. Lu, Y.H.; Lu, C.K.; Chen, C.H.; Hsieh, Y.Y.; Tung, S.Y.; Chen, Y.H.; Yen, C.W.; Tung, W.L.; Chang, K.C.; Chen, W.M.; et al.
Comparison of 8- versus 12-weeks of glecaprevir/pibrentasvir for Taiwanese patients with hepatitis C and compensated cirrhosis
in a real-world setting. PLoS ONE 2022, 17, e0272567. [CrossRef] [PubMed]

12. Oeda, S.; Takahashi, H.; Yoshida, H.; Ogawa, Y.; Imajo, K.; Yoneda, M.; Koshiyama, Y.; Ono, M.; Hyogo, H.; Kawaguchi, T.; et al.
Prevalence of pruritus in patients with chronic liver disease: A multicenter study. Hepatol Res. 2018, 48, E252–E262. [CrossRef]
[PubMed]

13. Hashimoto, T.; Yosipovitch, G. Itching as a systemic disease. J. Allergy Clin. Immunol. 2019, 144, 375–380. [CrossRef] [PubMed]
14. Mahmoud, O.; Oladipo, O.; Mahmoud, R.H.; Yosipovitch, G. Itch: From the skin to the brain–Peripheral and central neural

sensitization in chronic itch. Front. Mol. Neurosci. 2023, 16, 1272230. [CrossRef] [PubMed]
15. Alemi, F.; Kwon, E.; Poole, D.P.; Lieu, T.; Lyo, V.; Cattaruzza, F.; Cevikbas, F.; Steinhoff, M.; Nassini, R.; Materazzi, S.; et al. The

TGR5 receptor mediates bile acid-induced itch and analgesia. J. Clin. Investig. 2013, 123, 1513–1530. [CrossRef] [PubMed]
16. Cipriani, S.; Renga, B.; D’Amore, C.; Simonetti, M.; De Tursi, A.A.; Carino, A.; Monti, M.C.; Sepe, V.; Zampella, A.; Fiorucci, S.

Impaired Itching Perception in Murine Models of Cholestasis Is Supported by Dysregulation of GPBAR1 Signaling. PLoS ONE
2015, 10, e0129866. [CrossRef] [PubMed]

17. Yu, H.; Wangensteen, K.; Deng, T.; Li, Y.; Luo, W. MRGPRX4 in Cholestatic Pruritus. Semin. Liver Dis. 2021, 41, 358–367. [CrossRef]
[PubMed]

18. Yu, H.; Zhao, T.; Liu, S.; Wu, Q.; Johnson, O.; Wu, Z.; Zhuang, Z.; Shi, Y.; Peng, L.; He, R.; et al. MRGPRX4 is a bile acid receptor
for human cholestatic itch. Elife 2019, 8, e48431. [CrossRef] [PubMed]

19. Yang, J.; Zhao, T.; Fan, J.; Zou, H.; Lan, G.; Guo, F.; Shi, Y.; Ke, H.; Yu, H.; Yue, Z.; et al. Structure-guided discovery of bile acid
derivatives for treating liver diseases without causing itch. Cell 2024, 187, 7164–7182.e18. [CrossRef] [PubMed]

20. Ng, C.H.; Tang, A.S.P.; Xiao, J.; Wong, Z.Y.; Yong, J.N.; Fu, C.E.; Zeng, R.W.; Tan, C.; Wong, G.H.Z.; Teng, M.; et al. Safety and
tolerability of obeticholic acid in chronic liver disease: A pooled analysis of 1878 individuals. Hepatol. Commun. 2023, 7, e0005.
[CrossRef] [PubMed]

21. Meixiong, J.; Vasavda, C.; Green, D.; Zheng, Q.; Qi, L.; Kwatra, S.G.; Hamilton, J.P.; Snyder, S.H.; Dong, X. Identification of a
bilirubin receptor that may mediate a component of cholestatic itch. Elife 2019, 8, e44116. [CrossRef] [PubMed]

22. Kremer, A.E.; Martens, J.J.; Kulik, W.; Ruëff, F.; Kuiper, E.M.; van Buuren, H.R.; van Erpecum, K.J.; Kondrackiene, J.; Prieto, J.;
Rust, C.; et al. Lysophosphatidic acid is a potential mediator of cholestatic pruritus. Gastroenterology 2010, 139, 1008–1018.e1.
[CrossRef] [PubMed]

https://doi.org/10.1001/jama.2024.4899
https://www.ncbi.nlm.nih.gov/pubmed/38809527
https://doi.org/10.1136/bmjgast-2023-001287
https://www.ncbi.nlm.nih.gov/pubmed/38538090
https://doi.org/10.1002/jgh3.12789
https://www.ncbi.nlm.nih.gov/pubmed/35928695
https://doi.org/10.1136/bmjgast-2021-000857
https://www.ncbi.nlm.nih.gov/pubmed/35973742
https://www.ncbi.nlm.nih.gov/pubmed/18019712
https://doi.org/10.1007/s10620-022-07581-x
https://www.ncbi.nlm.nih.gov/pubmed/35704252
https://doi.org/10.1111/liv.15803
https://www.ncbi.nlm.nih.gov/pubmed/38082499
https://doi.org/10.3892/br.2019.1224
https://www.ncbi.nlm.nih.gov/pubmed/31338192
https://doi.org/10.3390/medicina59091506
https://www.ncbi.nlm.nih.gov/pubmed/37763625
https://doi.org/10.26719/2009.15.3.692
https://www.ncbi.nlm.nih.gov/pubmed/19731785
https://doi.org/10.1371/journal.pone.0272567
https://www.ncbi.nlm.nih.gov/pubmed/35980912
https://doi.org/10.1111/hepr.12978
https://www.ncbi.nlm.nih.gov/pubmed/28877392
https://doi.org/10.1016/j.jaci.2019.04.005
https://www.ncbi.nlm.nih.gov/pubmed/31004615
https://doi.org/10.3389/fnmol.2023.1272230
https://www.ncbi.nlm.nih.gov/pubmed/37849619
https://doi.org/10.1172/JCI64551
https://www.ncbi.nlm.nih.gov/pubmed/23524965
https://doi.org/10.1371/journal.pone.0129866
https://www.ncbi.nlm.nih.gov/pubmed/26177448
https://doi.org/10.1055/s-0041-1730923
https://www.ncbi.nlm.nih.gov/pubmed/34161994
https://doi.org/10.7554/eLife.48431
https://www.ncbi.nlm.nih.gov/pubmed/31500698
https://doi.org/10.1016/j.cell.2024.10.001
https://www.ncbi.nlm.nih.gov/pubmed/39476841
https://doi.org/10.1097/HC9.0000000000000005
https://www.ncbi.nlm.nih.gov/pubmed/36757421
https://doi.org/10.7554/eLife.44116
https://www.ncbi.nlm.nih.gov/pubmed/30657454
https://doi.org/10.1053/j.gastro.2010.05.009
https://www.ncbi.nlm.nih.gov/pubmed/20546739


Int. J. Mol. Sci. 2025, 26, 1883 12 of 16

23. Kaffe, E.; Katsifa, A.; Xylourgidis, N.; Ninou, I.; Zannikou, M.; Harokopos, V.; Foka, P.; Dimitriadis, A.; Evangelou, K.; Moulas,
A.N.; et al. Hepatocyte autotaxin expression promotes liver fibrosis and cancer. Hepatology 2017, 65, 1369–1383. [CrossRef]
[PubMed]

24. Shao, X.; Uojima, H.; Setsu, T.; Okubo, T.; Atsukawa, M.; Furuichi, Y.; Arase, Y.; Hidaka, H.; Tanaka, Y.; Nakazawa, T.; et al.
Usefulness of autotaxin for the complications of liver cirrhosis. World J. Gastroenterol. 2020, 26, 97–108. [CrossRef] [PubMed]

25. Ogawa, M.; Tsuchiya, A.; Watanabe, T.; Setsu, T.; Kimura, N.; Matsuda, M.; Hoshiyama, Y.; Saito, H.; Kanazawa, T.; Shiotani, M.;
et al. Screening and follow-up of chronic liver diseases with understanding their etiology in clinics and hospitals. JGH Open 2020,
4, 827–837. [CrossRef] [PubMed]

26. Iwadare, T.; Kimura, T.; Yamashita, Y.; Okumura, T.; Wakabayashi, S.I.; Kobayashi, H.; Sugiura, A.; Yamazaki, T.; Shimamoto,
S.; Igarashi, K.; et al. Serum Autotaxin Levels Predict Liver-Related Events in Patients with Primary Biliary Cholangitis: A
Long-Term Multicenter Observational Study. Clin. Transl. Gastroenterol. 2024, 15, e00779. [CrossRef] [PubMed]

27. Kittaka, H.; Uchida, K.; Fukuta, N.; Tominaga, M. Lysophosphatidic acid-induced itch is mediated by signalling of LPA5 receptor,
phospholipase D and TRPA1/TRPV1. J. Physiol. 2017, 595, 2681–2698. [CrossRef] [PubMed]

28. Tajiri, K.; Shimizu, Y. Recent advances in the management of pruritus in chronic liver diseases. World J. Gastroenterol. 2017, 23,
3418–3426. [CrossRef] [PubMed]

29. Bergasa, N.V.; Talbot, T.L.; Alling, D.W.; Schmitt, J.M.; Walker, E.C.; Baker, B.L.; Korenman, J.C.; Park, Y.; Hoofnagle, J.H.; Jones,
E.A. A controlled trial of naloxone infusions for the pruritus of chronic cholestasis. Gastroenterology 1992, 102, 544–549. [CrossRef]
[PubMed]

30. Umeuchi, H.; Togashi, Y.; Honda, T.; Nakao, K.; Okano, K.; Tanaka, T.; Nagase, H. Involvement of central mu-opioid system in
the scratching behavior in mice, and the suppression of it by the activation of kappa-opioid system. Eur. J. Pharmacol. 2003, 477,
29–35. [CrossRef] [PubMed]

31. Kuraishi, Y.; Nagasawa, T.; Hayashi, K.; Satoh, M. Scratching behavior induced by pruritogenic but not algesiogenic agents in
mice. Eur. J. Pharmacol. 1995, 275, 229–233. [CrossRef] [PubMed]

32. Lay, M.; Dong, X. Neural Mechanisms of Itch. Ann. Rev. Neurosci. 2020, 43, 187–205. [CrossRef] [PubMed]
33. Poupon, R.; Chrétien, Y.; Poupon, R.E.; Ballet, F.; Calmus, Y.; Darnis, F. Is ursodeoxycholic acid an effective treatment for primary

biliary cirrhosis? Lancet 1987, 1, 834–836. [CrossRef] [PubMed]
34. Kamimura, K.; Yokoo, T.; Kamimura, H.; Sakamaki, A.; Abe, S.; Tsuchiya, A.; Takamura, M.; Kawai, H.; Yamagiwa, S.; Terai, S.

Long-term efficacy and safety of nalfurafine hydrochloride on pruritus in chronic liver disease patients: Patient-reported outcome
based analyses. PLoS ONE 2017, 12, e0178991. [CrossRef] [PubMed]

35. Matsuzaki, Y.; Tanaka, N.; Osuga, T.; Aikawa, T.; Shoda, J.; Doi, M.; Nakano, M. Improvement of biliary enzyme levels and itching
as a result of long-term administration of ursodeoxycholic acid in primary biliary cirrhosis. Am. J. Gastroenterol. 1990, 85, 15–23.
[PubMed]

36. Poupon, R.E.; Balkau, B.; Eschwège, E.; Poupon, R. A multicenter, controlled trial of ursodiol for the treatment of primary biliary
cirrhosis. UDCA-PBC Study Group. N. Engl. J. Med. 1991, 324, 1548–1554. [CrossRef] [PubMed]

37. Poupon, R.E.; Poupon, R.; Balkau, B. Ursodiol for the long-term treatment of primary biliary cirrhosis. The UDCA-PBC Study
Group. N. Engl. J. Med. 1994, 330, 1342–1347. [CrossRef] [PubMed]

38. Poupon, R.E.; Bonnand, A.M.; Chrétien, Y.; Poupon, R. Ten-year survival in ursodeoxycholic acid-treated patients with primary
biliary cirrhosis. The UDCA-PBC Study Group. Hepatology 1999, 29, 1668–1671. [CrossRef] [PubMed]

39. Azemoto, N.; Kumagi, T.; Abe, M.; Konishi, I.; Matsuura, B.; Hiasa, Y.; Onji, M. Biochemical response to ursodeoxycholic acid
predicts long-term outcome in Japanese patients with primary biliary cirrhosis. Hepatol. Res. 2011, 41, 310–317. [CrossRef]
[PubMed]

40. Corpechot, C.; Chazouillères, O.; Belnou, P.; Montano-Loza, A.J.; Mason, A.; Ebadi, M.; Eurich, D.; Chopra, S.; Jacob, D.; Schramm,
C.; et al. Long-term impact of preventive UDCA therapy after transplantation for primary biliary cholangitis. J Hepatol. 2020, 73,
559–565. [CrossRef] [PubMed]

41. Poupon, R.E.; Eschwège, E.; Poupon, R. Ursodeoxycholic acid for the treatment of primary biliary cirrhosis. Interim analysis of a
double-blind multicentre randomized trial. The UDCA-PBC Study Group. J. Hepatol. 1990, 11, 16–21. [CrossRef] [PubMed]

42. Kurihara, T.; Niimi, A.; Maeda, A.; Shigemoto, M.; Yamashita, K. Bezafibrate in the treatment of primary biliary cirrhosis:
Comparison with ursodeoxycholic acid. Am. J. Gastroenterol. 2000, 95, 2990–2992. [CrossRef] [PubMed]

43. Kanda, T.; Yokosuka, O.; Imazeki, F.; Saisho, H. Bezafibrate treatment: A new medical approach for PBC patients? J. Gastroenterol.
2003, 38, 573–578. [CrossRef] [PubMed]

44. Akbar, S.M.; Furukawa, S.; Nakanishi, S.; Abe, M.; Horiike, N.; Onji, M. Therapeutic efficacy of decreased nitrite production by
bezafibrate in patients with primary biliary cirrhosis. J. Gastroenterol. 2005, 40, 157–163. [CrossRef] [PubMed]

45. Lens, S.; Leoz, M.; Nazal, L.; Bruguera, M.; Parés, A. Bezafibrate normalizes alkaline phosphatase in primary biliary cirrhosis
patients with incomplete response to ursodeoxycholic acid. Liver Int. 2014, 34, 197–203. [CrossRef] [PubMed]

https://doi.org/10.1002/hep.28973
https://www.ncbi.nlm.nih.gov/pubmed/27981605
https://doi.org/10.3748/wjg.v26.i1.97
https://www.ncbi.nlm.nih.gov/pubmed/31933517
https://doi.org/10.1002/jgh3.12406
https://www.ncbi.nlm.nih.gov/pubmed/33102751
https://doi.org/10.14309/ctg.0000000000000779
https://www.ncbi.nlm.nih.gov/pubmed/39466702
https://doi.org/10.1113/JP273961
https://www.ncbi.nlm.nih.gov/pubmed/28176353
https://doi.org/10.3748/wjg.v23.i19.3418
https://www.ncbi.nlm.nih.gov/pubmed/28596678
https://doi.org/10.1016/0016-5085(92)90102-5
https://www.ncbi.nlm.nih.gov/pubmed/1732125
https://doi.org/10.1016/j.ejphar.2003.08.007
https://www.ncbi.nlm.nih.gov/pubmed/14512095
https://doi.org/10.1016/0014-2999(94)00780-B
https://www.ncbi.nlm.nih.gov/pubmed/7539379
https://doi.org/10.1146/annurev-neuro-083019-024537
https://www.ncbi.nlm.nih.gov/pubmed/32075517
https://doi.org/10.1016/S0140-6736(87)91610-2
https://www.ncbi.nlm.nih.gov/pubmed/2882236
https://doi.org/10.1371/journal.pone.0178991
https://www.ncbi.nlm.nih.gov/pubmed/28604788
https://www.ncbi.nlm.nih.gov/pubmed/1967512
https://doi.org/10.1056/NEJM199105303242204
https://www.ncbi.nlm.nih.gov/pubmed/1674105
https://doi.org/10.1056/NEJM199405123301903
https://www.ncbi.nlm.nih.gov/pubmed/8152446
https://doi.org/10.1002/hep.510290603
https://www.ncbi.nlm.nih.gov/pubmed/10347106
https://doi.org/10.1111/j.1872-034X.2011.00782.x
https://www.ncbi.nlm.nih.gov/pubmed/21426448
https://doi.org/10.1016/j.jhep.2020.03.043
https://www.ncbi.nlm.nih.gov/pubmed/32275981
https://doi.org/10.1016/0168-8278(90)90265-S
https://www.ncbi.nlm.nih.gov/pubmed/1975819
https://doi.org/10.1111/j.1572-0241.2000.03220.x
https://www.ncbi.nlm.nih.gov/pubmed/11051391
https://doi.org/10.1007/s00535-002-1102-7
https://www.ncbi.nlm.nih.gov/pubmed/12825134
https://doi.org/10.1007/s00535-004-1518-3
https://www.ncbi.nlm.nih.gov/pubmed/15770399
https://doi.org/10.1111/liv.12290
https://www.ncbi.nlm.nih.gov/pubmed/23998489


Int. J. Mol. Sci. 2025, 26, 1883 13 of 16

46. Reig, A.; Sesé, P.; Parés, A. Effects of Bezafibrate on Outcome and Pruritus in Primary Biliary Cholangitis with Suboptimal
Ursodeoxycholic Acid Response. Am. J. Gastroenterol. 2018, 113, 49–55. [CrossRef] [PubMed]

47. Tanaka, A.; Hirohara, J.; Nakano, T.; Matsumoto, K.; Chazouillères, O.; Takikawa, H.; Hansen, B.E.; Carrat, F.; Corpechot, C.
Association of bezafibrate with transplant-free survival in patients with primary biliary cholangitis. J. Hepatol. 2021, 75, 565–571.
[CrossRef] [PubMed]

48. Honda, A.; Tanaka, A.; Kaneko, T.; Komori, A.; Abe, M.; Inao, M.; Namisaki, T.; Hashimoto, N.; Kawata, K.; Takahashi, A.;
et al. Bezafibrate Improves GLOBE and UK-PBC Scores and Long-Term Outcomes in Patients with Primary Biliary Cholangitis.
Hepatology 2019, 70, 2035–2046. [CrossRef] [PubMed]

49. Zhang, Y.; Li, S.; He, L.; Wang, F.; Chen, K.; Li, J.; Liu, T.; Zheng, Y.; Wang, J.; Lu, W.; et al. Combination therapy of fenofibrate
and ursodeoxycholic acid in patients with primary biliary cirrhosis who respond incompletely to UDCA monotherapy: A
meta-analysis. Drug Des. Devel. Ther. 2015, 9, 2757–2766. [CrossRef] [PubMed]

50. Guoyun, X.; Dawei, D.; Ning, L.; Yinan, H.; Fangfang, Y.; Siyuan, T.; Hao, S.; Jiaqi, Y.; Ang, X.; Guanya, G.; et al. Efficacy and safety
of fenofibrate add-on therapy in patients with primary biliary cholangitis refractory to ursodeoxycholic acid: A retrospective
study and updated meta-analysis. Front. Pharmacol. 2022, 13, 948362. [CrossRef] [PubMed]

51. Carrion, A.F.; Lindor, K.D.; Levy, C. Safety of fibrates in cholestatic liver diseases. Liver Int. 2021, 41, 1335–1343. [CrossRef]
[PubMed]

52. Shen, N.; Pan, J.; Miao, H.; Zhang, H.; Xing, L.; Yu, X. Fibrates for the treatment of pruritus in primary biliary cholangitis: A
systematic review and meta-analysis. Ann. Palliat. Med. 2021, 10, 7697–7705. [CrossRef] [PubMed]

53. Joshita, S.; Umemura, T.; Yamashita, Y.; Sugiura, A.; Yamazaki, T.; Fujimori, N.; Matsumoto, A.; Tanaka, E. Biochemical and
plasma lipid responses to pemafibrate in patients with primary biliary cholangitis. Hepatol. Res. 2019, 49, 1236–1243. [CrossRef]
[PubMed]

54. Yamaguchi, M.; Asano, T.; Arisaka, T.; Mashima, H.; Irisawa, A.; Tamano, M. Effects of pemafibrate on primary biliary cholangitis
with dyslipidemia. Hepatol. Res. 2022, 52, 522–531. [CrossRef] [PubMed]

55. Giannini, E.G.; Pasta, A.; Calabrese, F.; Labanca, S.; Marenco, S.; Pieri, G.; Plaz Torres, M.C.; Strazzabosco, M. Second-Line
Treatment for Patients with Primary Biliary Cholangitis: A Systematic Review With Network Meta-Analysis. Liver Int. 2025, 45,
e16222. [CrossRef] [PubMed]

56. Nevens, F.; Andreone, P.; Mazzella, G.; Strasser, S.I.; Bowlus, C.; Invernizzi, P.; Drenth, J.P.; Pockros, P.J.; Regula, J.; Beuers, U.;
et al. A Placebo-Controlled Trial of Obeticholic Acid in Primary Biliary Cholangitis. N. Engl. J. Med. 2016, 375, 631–643. [CrossRef]
[PubMed]

57. Silveira, M.G.; Lindor, K.D. Obeticholic acid and budesonide for the treatment of primary biliary cirrhosis. Expert Opin.
Pharmacother. 2014, 15, 365–372. [CrossRef] [PubMed]

58. Pate, J.; Gutierrez, J.A.; Frenette, C.T.; Goel, A.; Kumar, S.; Manch, R.A.; Mena, E.A.; Pockros, P.J.; Satapathy, S.K.; Yimam, K.K.;
et al. Practical strategies for pruritus management in the obeticholic acid-treated patient with PBC: Proceedings from the 2018
expert panel. BMJ Open Gastroenterol. 2019, 6, e000256. [CrossRef] [PubMed]

59. Wallace, K.; Cowie, D.E.; Konstantinou, D.K.; Hill, S.J.; Tjelle, T.E.; Axon, A.; Koruth, M.; White, S.A.; Carlsen, H.; Mann, D.A.;
et al. The PXR is a drug target for chronic inflammatory liver disease. J. Steroid Biochem. Mol. Biol. 2010, 120, 137–148. [CrossRef]
[PubMed]

60. Oo, Y.H.; Neuberger, J. Options for treatment of primary biliary cirrhosis. Drugs 2004, 64, 2261–2271. [CrossRef] [PubMed]
61. Tandon, P.; Rowe, B.H.; Vandermeer, B.; Bain, V.G. The efficacy and safety of bile Acid binding agents, opioid antagonists, or

rifampin in the treatment of cholestasis-associated pruritus. Am. J. Gastroenterol. 2007, 102, 1528–1536. [CrossRef] [PubMed]
62. Grady, J. Scratching the Itch: Management of Pruritus in Cholestatic Liver Disease. AASLD Family of Websites: Liver Fellow Net-

work. Available online: https://www.aasld.org/liver-fellow-network/core-series/clinical-pearls/scratching-itch-management-
pruritus-cholestatic (accessed on 26 December 2024).

63. Yagi, M.; Tanaka, A.; Namisaki, T.; Takahashi, A.; Abe, M.; Honda, A.; Matsuzaki, Y.; Ohira, H.; Yoshiji, H.; Takikawa, H.; et al. Is
patient-reported outcome improved by nalfurafine hydrochloride in patients with primary biliary cholangitis and refractory
pruritus? A post-marketing, single-arm, prospective study. J. Gastroenterol. 2018, 53, 1151–1158. [CrossRef] [PubMed]

64. Yamana, Y.; Kanda, T.; Matsumoto, N.; Honda, M.; Kumagawa, M.; Sasaki, R.; Kanezawa, S.; Mizutani, T.; Yamagami, H.;
Masuzaki, R.; et al. Efficacy of Glecaprevir/Pibrentasvir for Real-World HCV Infected Patients in the Northern Part of Tokyo,
Japan. J. Clin. Med. 2021, 10, 5529. [CrossRef] [PubMed]

65. Andrade, L.F.; Haq, Z.; Abdi, P.; Diaz, M.J.; Levy, C.; Yosipovitch, G. Association of Liver Disease and Chronic Pruritus: A
Case-Control Study. Liver Int. 2024. Online ahead of print. [CrossRef] [PubMed]

66. Hashimoto, T.; Okuno, S. Practical guide for the diagnosis and treatment of localized and generalized cutaneous pruritus (chronic
itch with no underlying pruritic dermatosis). J. Dermatol. 2025, 52, 204–220. [CrossRef] [PubMed]

67. Sutton, H.; Sokol, R.J.; Kamath, B.M. IBAT inhibitors in pediatric cholestatic liver diseases: Transformation on the horizon?
Hepatology 2024. Online ahead of print. [CrossRef] [PubMed]

https://doi.org/10.1038/ajg.2017.287
https://www.ncbi.nlm.nih.gov/pubmed/29016567
https://doi.org/10.1016/j.jhep.2021.04.010
https://www.ncbi.nlm.nih.gov/pubmed/33882268
https://doi.org/10.1002/hep.30552
https://www.ncbi.nlm.nih.gov/pubmed/30737815
https://doi.org/10.2147/DDDT.S79837
https://www.ncbi.nlm.nih.gov/pubmed/26045661
https://doi.org/10.3389/fphar.2022.948362
https://www.ncbi.nlm.nih.gov/pubmed/36110537
https://doi.org/10.1111/liv.14871
https://www.ncbi.nlm.nih.gov/pubmed/33751787
https://doi.org/10.21037/apm-21-1304
https://www.ncbi.nlm.nih.gov/pubmed/34353058
https://doi.org/10.1111/hepr.13361
https://www.ncbi.nlm.nih.gov/pubmed/31077509
https://doi.org/10.1111/hepr.13747
https://www.ncbi.nlm.nih.gov/pubmed/35072975
https://doi.org/10.1111/liv.16222
https://www.ncbi.nlm.nih.gov/pubmed/39720853
https://doi.org/10.1056/NEJMoa1509840
https://www.ncbi.nlm.nih.gov/pubmed/27532829
https://doi.org/10.1517/14656566.2014.873404
https://www.ncbi.nlm.nih.gov/pubmed/24382005
https://doi.org/10.1136/bmjgast-2018-000256
https://www.ncbi.nlm.nih.gov/pubmed/30815273
https://doi.org/10.1016/j.jsbmb.2010.04.012
https://www.ncbi.nlm.nih.gov/pubmed/20416375
https://doi.org/10.2165/00003495-200464200-00001
https://www.ncbi.nlm.nih.gov/pubmed/15456326
https://doi.org/10.1111/j.1572-0241.2007.01200.x
https://www.ncbi.nlm.nih.gov/pubmed/17403073
https://www.aasld.org/liver-fellow-network/core-series/clinical-pearls/scratching-itch-management-pruritus-cholestatic
https://www.aasld.org/liver-fellow-network/core-series/clinical-pearls/scratching-itch-management-pruritus-cholestatic
https://doi.org/10.1007/s00535-018-1465-z
https://www.ncbi.nlm.nih.gov/pubmed/29663077
https://doi.org/10.3390/jcm10235529
https://www.ncbi.nlm.nih.gov/pubmed/34884231
https://doi.org/10.1111/liv.16126
https://www.ncbi.nlm.nih.gov/pubmed/39422498
https://doi.org/10.1111/1346-8138.17565
https://www.ncbi.nlm.nih.gov/pubmed/39663861
https://doi.org/10.1097/HEP.0000000000001032
https://www.ncbi.nlm.nih.gov/pubmed/39052914


Int. J. Mol. Sci. 2025, 26, 1883 14 of 16

68. The Human Protein Atlas. SLC10A2. Available online: https://www.proteinatlas.org/ENSG00000125255-SLC10A2 (accessed on
26 December 2024).

69. Nakahara, M.; Furuya, N.; Takagaki, K.; Sugaya, T.; Hirota, K.; Fukamizu, A.; Kanda, T.; Fujii, H.; Sato, R. Ileal bile acid-binding
protein, functionally associated with the farnesoid X receptor or the ileal bile acid transporter, regulates bile acid activity in the
small intestine. J. Biol. Chem. 2005, 280, 42283–42289. [CrossRef] [PubMed]

70. Kramer, W.; Girbig, F.; Glombik, H.; Corsiero, D.; Stengelin, S.; Weyland, C. Identification of a ligand-binding site in the Na+/bile
acid cotransporting protein from rabbit ileum. J. Biol. Chem. 2001, 276, 36020–36027. [CrossRef] [PubMed]

71. Oelkers, P.; Kirby, L.C.; Heubi, J.E.; Dawson, P.A. Primary bile acid malabsorption caused by mutations in the ileal sodium-
dependent bile acid transporter gene (SLC10A2). J. Clin. Investig. 1997, 99, 1880–1887. [CrossRef] [PubMed]

72. Montagnani, M.; Love, M.W.; Rössel, P.; Dawson, P.A.; Qvist, P. Absence of dysfunctional ileal sodium-bile acid cotransporter
gene mutations in patients with adult-onset idiopathic bile acid malabsorption. Scand. J. Gastroenterol. 2001, 36, 1077–1080.
[CrossRef] [PubMed]

73. Vander Does, A.; Levy, C.; Yosipovitch, G. Cholestatic Itch: Our Current Understanding of Pathophysiology and Treatments. Am.
J. Clin. Dermatol. 2022, 23, 647–659. [CrossRef] [PubMed]

74. Gonzales, E.; Hardikar, W.; Stormon, M.; Baker, A.; Hierro, L.; Gliwicz, D.; Lacaille, F.; Lachaux, A.; Sturm, E.; Setchell, K.D.R.;
et al. Efficacy and safety of maralixibat treatment in patients with Alagille syndrome and cholestatic pruritus (ICONIC): A
randomised phase 2 study. Lancet 2021, 398, 1581–1592. [CrossRef] [PubMed]

75. Ray, K. Positive phase III results for odevixibat for progressive familial intrahepatic cholestasis. Nat. Rev. Gastroenterol. Hepatol.
2022, 19, 556. [CrossRef] [PubMed]

76. Kamath, B.M.; Stein, P.; Houwen, R.H.J.; Verkade, H.J. Potential of ileal bile acid transporter inhibition as a therapeutic target in
Alagille syndrome and progressive familial intrahepatic cholestasis. Liver Int. 2020, 40, 1812–1822. [CrossRef] [PubMed]

77. Kothari, S.; Afshar, Y.; Friedman, L.S.; Ahn, J. AGA Clinical Practice Update on Pregnancy-Related Gastrointestinal and Liver
Disease: Expert Review. Gastroenterology 2024, 167, 1033–1045. [CrossRef] [PubMed]

78. Ovadia, C.; Seed, P.T.; Sklavounos, A.; Geenes, V.; Di Ilio, C.; Chambers, J.; Kohari, K.; Bacq, Y.; Bozkurt, N.; Brun-Furrer, R.;
et al. Association of adverse perinatal outcomes of intrahepatic cholestasis of pregnancy with biochemical markers: Results of
aggregate and individual patient data meta-analyses. Lancet 2019, 393, 899–909. [CrossRef] [PubMed]

79. Ovadia, C.; Sajous, J.; Seed, P.T.; Patel, K.; Williamson, N.J.; Attilakos, G.; Azzaroli, F.; Bacq, Y.; Batsry, L.; Broom, K.; et al.
Ursodeoxycholic acid in intrahepatic cholestasis of pregnancy: A systematic review and individual participant data meta-analysis.
Lancet Gastroenterol. Hepatol. 2021, 6, 547–558. [CrossRef] [PubMed]

80. European Association for the Study of the Liver. EASL Clinical Practice Guidelines on the management of liver diseases in
pregnancy. J. Hepatol. 2023, 79, 768–828. [CrossRef] [PubMed]

81. Ontsouka, E.; Epstein, A.; Kallol, S.; Zaugg, J.; Baumann, M.; Schneider, H.; Albrecht, C. Placental Expression of Bile Acid
Transporters in Intrahepatic Cholestasis of Pregnancy. Int. J. Mol. Sci. 2021, 22, 10434. [CrossRef] [PubMed]

82. Kamath, B.M.; Goldstein, A.; Howard, R.; Garner, W.; Vig, P.; Marden, J.R.; Billmyer, E.; Anderson, A.; Kirson, N.; Jacquemin,
E.; et al. Maralixibat Treatment Response in Alagille Syndrome is Associated with Improved Health-Related Quality of Life. J.
Pediatr. 2023, 252, 68–75.e5. [CrossRef] [PubMed]

83. Ovchinsky, N.; Aumar, M.; Baker, A.; Baumann, U.; Bufler, P.; Cananzi, M.; Czubkowski, P.; Durmaz, Ö.; Fischer, R.; Indolfi,
G.; et al. Efficacy and safety of odevixibat in patients with Alagille syndrome (ASSERT): A phase 3, double-blind, randomised,
placebo-controlled trial. Lancet Gastroenterol. Hepatol. 2024, 9, 632–645. [CrossRef] [PubMed]

84. Al-Dury, S.; Marschall, H.U. Ileal Bile Acid Transporter Inhibition for the Treatment of Chronic Constipation, Cholestatic Pruritus,
and NASH. Front. Pharmacol. 2018, 9, 931. [CrossRef] [PubMed]

85. Thompson, R.J.; Arnell, H.; Artan, R.; Baumann, U.; Calvo, P.L.; Czubkowski, P.; Dalgic, B.; D’Antiga, L.; Durmaz, Ö.; Fischler,
B.; et al. Odevixibat treatment in progressive familial intrahepatic cholestasis: A randomised, placebo-controlled, phase 3 trial.
Lancet Gastroenterol. Hepatol. 2022, 7, 830–842. [CrossRef] [PubMed]

86. Karatza, E.; Swift, B.; Carreño, F.; Mukherjee, S.; Casillas, L.; Lennie, J.; Fettiplace, J.; McLaughlin, M.M.; Kremer, A.E. Serum bile
acid change correlates with improvement in pruritus in patients with primary biliary cholangitis receiving linerixibat. Liver Int.
2024, 44, 2293–2302. [CrossRef] [PubMed]

87. Hegade, V.S.; Kendrick, S.F.; Dobbins, R.L.; Miller, S.R.; Thompson, D.; Richards, D.; Storey, J.; Dukes, G.E.; Corrigan, M.; Oude
Elferink, R.P.; et al. Effect of ileal bile acid transporter inhibitor GSK2330672 on pruritus in primary biliary cholangitis: A
double-blind, randomised, placebo-controlled, crossover, phase 2a study. Lancet 2017, 389, 1114–1123. [CrossRef] [PubMed]

88. Levy, C.; Kendrick, S.; Bowlus, C.L.; Tanaka, A.; Jones, D.; Kremer, A.E.; Mayo, M.J.; Haque, N.; von Maltzahn, R.; Allinder, M.;
et al. GLIMMER: A Randomized Phase 2b Dose-Ranging Trial of Linerixibat in Primary Biliary Cholangitis Patients with Pruritus.
Clin. Gastroenterol. Hepatol. 2023, 21, 1902–1912.e13. [CrossRef] [PubMed]

https://www.proteinatlas.org/ENSG00000125255-SLC10A2
https://doi.org/10.1074/jbc.M507454200
https://www.ncbi.nlm.nih.gov/pubmed/16230354
https://doi.org/10.1074/jbc.M104665200
https://www.ncbi.nlm.nih.gov/pubmed/11447228
https://doi.org/10.1172/JCI119355
https://www.ncbi.nlm.nih.gov/pubmed/9109432
https://doi.org/10.1080/003655201750422693
https://www.ncbi.nlm.nih.gov/pubmed/11589382
https://doi.org/10.1007/s40257-022-00710-2
https://www.ncbi.nlm.nih.gov/pubmed/35900649
https://doi.org/10.1016/S0140-6736(21)01256-3
https://www.ncbi.nlm.nih.gov/pubmed/34755627
https://doi.org/10.1038/s41575-022-00667-x
https://www.ncbi.nlm.nih.gov/pubmed/35879356
https://doi.org/10.1111/liv.14553
https://www.ncbi.nlm.nih.gov/pubmed/32492754
https://doi.org/10.1053/j.gastro.2024.06.014
https://www.ncbi.nlm.nih.gov/pubmed/39140906
https://doi.org/10.1016/S0140-6736(18)31877-4
https://www.ncbi.nlm.nih.gov/pubmed/30773280
https://doi.org/10.1016/S2468-1253(21)00074-1
https://www.ncbi.nlm.nih.gov/pubmed/33915090
https://doi.org/10.1016/j.jhep.2023.03.006
https://www.ncbi.nlm.nih.gov/pubmed/37394016
https://doi.org/10.3390/ijms221910434
https://www.ncbi.nlm.nih.gov/pubmed/34638773
https://doi.org/10.1016/j.jpeds.2022.09.001
https://www.ncbi.nlm.nih.gov/pubmed/36096175
https://doi.org/10.1016/S2468-1253(24)00074-8
https://www.ncbi.nlm.nih.gov/pubmed/38670135
https://doi.org/10.3389/fphar.2018.00931
https://www.ncbi.nlm.nih.gov/pubmed/30186169
https://doi.org/10.1016/S2468-1253(22)00093-0
https://www.ncbi.nlm.nih.gov/pubmed/35780807
https://doi.org/10.1111/liv.15982
https://www.ncbi.nlm.nih.gov/pubmed/38780109
https://doi.org/10.1016/S0140-6736(17)30319-7
https://www.ncbi.nlm.nih.gov/pubmed/28187915
https://doi.org/10.1016/j.cgh.2022.10.032
https://www.ncbi.nlm.nih.gov/pubmed/36343847


Int. J. Mol. Sci. 2025, 26, 1883 15 of 16

89. Bowlus, C.L.; Eksteen, B.; Cheung, A.C.; Thorburn, D.; Moylan, C.A.; Pockros, P.J.; Forman, L.M.; Dorenbaum, A.; Hirschfield,
G.M.; Kennedy, C.; et al. Safety, tolerability, and efficacy of maralixibat in adults with primary sclerosing cholangitis: Open-label
pilot study. Hepatol. Commun. 2023, 7, e0153. [CrossRef] [PubMed]

90. Komori, A.; Kugiyama, Y. Hard-to-treat autoimmune hepatitis and primary biliary cholangitis: The dawn of a new era of
pharmacological treatment. Clin. Mol. Hepatol. 2025, 31, 90–104. [CrossRef] [PubMed]

91. Al-Dury, S.; Wahlström, A.; Wahlin, S.; Langedijk, J.; Elferink, R.O.; Ståhlman, M.; Marschall, H.U. Pilot study with IBAT inhibitor
A4250 for the treatment of cholestatic pruritus in primary biliary cholangitis. Sci. Rep. 2018, 8, 6658. [CrossRef] [PubMed]

92. Hegade, V.S.; Pechlivanis, A.; McDonald, J.A.K.; Rees, D.; Corrigan, M.; Hirschfield, G.M.; Taylor-Robinson, S.D.; Holmes, E.;
Marchesi, J.R.; Kendrick, S.; et al. Autotaxin, bile acid profile and effect of ileal bile acid transporter inhibition in primary biliary
cholangitis patients with pruritus. Liver Int. 2019, 39, 967–975. [CrossRef] [PubMed]

93. Karpen, S.J.; Kelly, D.; Mack, C.; Stein, P. Ileal bile acid transporter inhibition as an anticholestatic therapeutic target in biliary
atresia and other cholestatic disorders. Hepatol. Int. 2020, 14, 677–689. [CrossRef] [PubMed]

94. Von Maltzahn, R.; Mayo, M.J.; Smith, H.T.; Thompson, A.; Das, S.; de Souza, A.R.; Lisi, E.; Levy, C.; McLaughlin, M.M.; Jones,
D. Relationship between pruritus and sleep in participants with primary biliary cholangitis in the Phase 2b GLIMMER trial. J.
Patient Rep. Outcomes 2024, 8, 60. [CrossRef] [PubMed]

95. Yan, S.; Yin, X.M. Gut microbiome in liver pathophysiology and cholestatic liver disease. Liver Res. 2021, 5, 151–163. [CrossRef]
[PubMed]

96. Hegade, V.S.; Kendrick, S.F.; Dobbins, R.L.; Miller, S.R.; Richards, D.; Storey, J.; Dukes, G.; Gilchrist, K.; Vallow, S.; Alexander,
G.J.; et al. BAT117213: Ileal bile acid transporter (IBAT) inhibition as a treatment for pruritus in primary biliary cirrhosis: Study
protocol for a randomised controlled trial. BMC Gastroenterol. 2016, 16, 71. [CrossRef] [PubMed]

97. Kanda, T.; Goto, T.; Hirotsu, Y.; Masuzaki, R.; Moriyama, M.; Omata, M. Molecular Mechanisms: Connections between
Nonalcoholic Fatty Liver Disease, Steatohepatitis and Hepatocellular Carcinoma. Int. J. Mol. Sci. 2020, 21, 1525. [CrossRef]
[PubMed]

98. Kanezawa, S.; Moriyama, M.; Kanda, T.; Fukushima, A.; Masuzaki, R.; Sasaki-Tanaka, R.; Tsunemi, A.; Ueno, T.; Fukuda, N.;
Kogure, H. Gut-Microbiota Dysbiosis in Stroke-Prone Spontaneously Hypertensive Rats with Diet-Induced Steatohepatitis. Int. J.
Mol. Sci. 2023, 24, 4603. [CrossRef] [PubMed]

99. Matsui, M.; Fukunishi, S.; Nakano, T.; Ueno, T.; Higuchi, K.; Asai, A. Ileal Bile Acid Transporter Inhibitor Improves Hepatic
Steatosis by Ameliorating Gut Microbiota Dysbiosis in NAFLD Model Mice. mBio 2021, 12, e0115521. [CrossRef] [PubMed]

100. Yoshinobu, S.; Hasuzawa, N.; Nagayama, A.; Iwata, S.; Yasuda, J.; Tokubuchi, R.; Kabashima, M.; Gobaru, M.; Hara, K.; Murotani,
K.; et al. Effects of Elobixibat, an Inhibitor of Ileal Bile Acid Transporter, on Glucose and Lipid Metabolism: A Single-arm Pilot
Study in Patients with T2DM. Clin. Ther. 2022, 44, 1418–1426. [CrossRef] [PubMed]

101. Avansino, J.R.; Chen, D.C.; Hoagland, V.D.; Woolman, J.D.; Haigh, W.G.; Stelzner, M. Treatment of bile acid malabsorption using
ileal stem cell transplantation. J. Am. Coll. Surg. 2005, 201, 710–720. [CrossRef] [PubMed]

102. Avansino, J.R.; Chen, D.C.; Hoagland, V.D.; Woolman, J.D.; Stelzner, M. Orthotopic transplantation of intestinal mucosal organoids
in rodents. Surgery 2006, 140, 423–434. [CrossRef] [PubMed]

103. Decock, S.; Roelandts, R.; Steenbergen, W.V.; Laleman, W.; Cassiman, D.; Verslype, C.; Fevery, J.; Pelt, J.V.; Nevens, F. Cholestasis-
induced pruritus treated with ultraviolet B phototherapy: An observational case series study. J. Hepatol. 2012, 57, 637–641.
[CrossRef] [PubMed]

104. Hussain, A.B.; Samuel, R.; Hegade, V.S.; Jones, D.E.; Reynolds, N.J. Pruritus secondary to primary biliary cholangitis: A review of
the pathophysiology and management with phototherapy. Br. J. Dermatol. 2019, 181, 1138–1145. [CrossRef] [PubMed]

105. Nevens, F. PBC-transplantation and disease recurrence. Best Pract. Res. Clin. Gastroenterol. 2018, 34–35, 107–111. [CrossRef]
[PubMed]

106. Tsuda, M.; Moritoki, Y.; Lian, Z.X.; Zhang, W.; Yoshida, K.; Wakabayashi, K.; Yang, G.X.; Nakatani, T.; Vierling, J.; Lindor, K.;
et al. Biochemical and immunologic effects of rituximab in patients with primary biliary cirrhosis and an incomplete response to
ursodeoxycholic acid. Hepatology 2012, 55, 512–521. [CrossRef] [PubMed]

107. Myers, R.P.; Swain, M.G.; Lee, S.S.; Shaheen, A.A.; Burak, K.W. B-cell depletion with rituximab in patients with primary biliary
cirrhosis refractory to ursodeoxycholic acid. Am. J. Gastroenterol. 2013, 108, 933–941. [CrossRef] [PubMed]

108. Smith, H.T.; de Souza, A.R.; Thompson, A.H.; McLaughlin, M.M.; Dever, J.J.; Myers, J.A.; Chen, J.V. Cholestatic Pruritus
Treatments in Primary Biliary Cholangitis and Primary Sclerosing Cholangitis: A Systematic Literature Review. Dig. Dis. Sci.
2023, 68, 2710–2730. [CrossRef] [PubMed]

109. Rodrigo, M.; Dong, X.; Chien, D.; Karnsakul, W. Cholestatic Pruritus in Children: Conventional Therapies and Beyond. Biology
2023, 12, 756. [CrossRef] [PubMed]

110. De Vloo, C.; Nevens, F. Cholestatic pruritus: An update. Acta Gastroenterol. Belg. 2019, 82, 75–82. [PubMed]
111. Ghent, C.N.; Carruthers, S.G. Treatment of pruritus in primary biliary cirrhosis with rifampin. Results of a double-blind, crossover,

randomized trial. Gastroenterology 1988, 94, 488–493. [CrossRef] [PubMed]

https://doi.org/10.1097/HC9.0000000000000153
https://www.ncbi.nlm.nih.gov/pubmed/37184523
https://doi.org/10.3350/cmh.2024.0821
https://www.ncbi.nlm.nih.gov/pubmed/39523716
https://doi.org/10.1038/s41598-018-25214-0
https://www.ncbi.nlm.nih.gov/pubmed/29704003
https://doi.org/10.1111/liv.14069
https://www.ncbi.nlm.nih.gov/pubmed/30735608
https://doi.org/10.1007/s12072-020-10070-w
https://www.ncbi.nlm.nih.gov/pubmed/32653991
https://doi.org/10.1186/s41687-024-00722-y
https://www.ncbi.nlm.nih.gov/pubmed/38862718
https://doi.org/10.1016/j.livres.2021.08.001
https://www.ncbi.nlm.nih.gov/pubmed/35355516
https://doi.org/10.1186/s12876-016-0481-9
https://www.ncbi.nlm.nih.gov/pubmed/27431238
https://doi.org/10.3390/ijms21041525
https://www.ncbi.nlm.nih.gov/pubmed/32102237
https://doi.org/10.3390/ijms24054603
https://www.ncbi.nlm.nih.gov/pubmed/36902037
https://doi.org/10.1128/mBio.01155-21
https://www.ncbi.nlm.nih.gov/pubmed/34225483
https://doi.org/10.1016/j.clinthera.2022.08.009
https://www.ncbi.nlm.nih.gov/pubmed/36117045
https://doi.org/10.1016/j.jamcollsurg.2005.06.270
https://www.ncbi.nlm.nih.gov/pubmed/16256913
https://doi.org/10.1016/j.surg.2006.03.012
https://www.ncbi.nlm.nih.gov/pubmed/16934605
https://doi.org/10.1016/j.jhep.2012.04.023
https://www.ncbi.nlm.nih.gov/pubmed/22613002
https://doi.org/10.1111/bjd.17933
https://www.ncbi.nlm.nih.gov/pubmed/30920648
https://doi.org/10.1016/j.bpg.2018.09.001
https://www.ncbi.nlm.nih.gov/pubmed/30343704
https://doi.org/10.1002/hep.24748
https://www.ncbi.nlm.nih.gov/pubmed/22006563
https://doi.org/10.1038/ajg.2013.51
https://www.ncbi.nlm.nih.gov/pubmed/23649186
https://doi.org/10.1007/s10620-023-07862-z
https://www.ncbi.nlm.nih.gov/pubmed/36933112
https://doi.org/10.3390/biology12050756
https://www.ncbi.nlm.nih.gov/pubmed/37237568
https://www.ncbi.nlm.nih.gov/pubmed/30888758
https://doi.org/10.1016/0016-5085(88)90442-8
https://www.ncbi.nlm.nih.gov/pubmed/3275568


Int. J. Mol. Sci. 2025, 26, 1883 16 of 16

112. Kremer, A.E.; van Dijk, R.; Leckie, P.; Schaap, F.G.; Kuiper, E.M.; Mettang, T.; Reiners, K.S.; Raap, U.; van Buuren, H.R.; van
Erpecum, K.J.; et al. Serum autotaxin is increased in pruritus of cholestasis, but not of other origin, and responds to therapeutic
interventions. Hepatology 2012, 56, 1391–1400. [CrossRef] [PubMed]

113. Takamura, M.; Matsuda, Y.; Kimura, N.; Takatsuna, M.; Setsu, T.; Tsuchiya, A.; Osaki, A.; Waguri, N.; Yanagi, M.; Takahashi, T.;
et al. Changes in disease characteristics of primary biliary cholangitis: An observational retrospective study from 1982 to 2016.
Hepatol. Res. 2021, 51, 166–175. [CrossRef] [PubMed]

114. Kimura, N.; Takamura, M.; Takeda, N.; Watanabe, Y.; Arao, Y.; Takatsuna, M.; Takeuchi, S.; Abe, H.; Setsu, T.; Kamimura, H.; et al.
Paris II and Rotterdam criteria are the best predictors of outcomes in patients with primary biliary cholangitis in Japan. Hepatol.
Int. 2021, 15, 437–443. [CrossRef] [PubMed]

115. Kimura, N.; Takahashi, K.; Setsu, T.; Goto, S.; Miida, S.; Takeda, N.; Kojima, Y.; Arao, Y.; Hayashi, K.; Sakai, N.; et al. Machine
learning prediction model for treatment responders in patients with primary biliary cholangitis. JGH Open 2023, 7, 431–438.
[CrossRef] [PubMed]

116. Gerussi, A.; Verda, D.; Bernasconi, D.P.; Carbone, M.; Komori, A.; Abe, M.; Inao, M.; Namisaki, T.; Mochida, S.; Yoshiji, H.; et al.
Machine learning in primary biliary cholangitis: A novel approach for risk stratification. Liver Int. 2022, 42, 615–627. [CrossRef]
[PubMed]

117. Jeyaraj, R.; Maher, E.R.; Kelly, D. Paediatric research sets new standards for therapy in paediatric and adult cholestasis. Lancet
Child Adolesc. Health 2024, 8, 75–84. [CrossRef] [PubMed]

118. Gabrielli, F.; Crepaldi, E.; Cavicchioli, A.; Rivi, M.; Costanzo, A.C.; Cursaro, C.; Andreone, P. Itching for Answers: A Comprehen-
sive Review of Cholestatic Pruritus Treatments. Biomolecules 2024, 14, 1227. [CrossRef] [PubMed]

119. Schattenberg, J.M.; Pares, A.; Kowdley, K.V.; Heneghan, M.A.; Caldwell, S.; Pratt, D.; Bonder, A.; Hirschfield, G.M.; Levy, C.;
Vierling, J.; et al. A randomized placebo-controlled trial of elafibranor in patients with primary biliary cholangitis and incomplete
response to UDCA. J. Hepatol. 2021, 74, 1344–1354. [CrossRef] [PubMed]

120. Hirschfield, G.M.; Shiffman, M.L.; Gulamhusein, A.; Kowdley, K.V.; Vierling, J.M.; Levy, C.; Kremer, A.E.; Zigmond, E.; Andreone,
P.; Gordon, S.C.; et al. Seladelpar efficacy and safety at 3 months in patients with primary biliary cholangitis: ENHANCE, a phase
3, randomized, placebo-controlled study. Hepatology 2023, 78, 397–415. [CrossRef] [PubMed]

121. Levy, C.; Bowlus, C.L. Primary biliary cholangitis: Personalizing second-line therapies. Hepatology 2024. Online ahead of print.
[CrossRef] [PubMed]

122. Kremer, A.E.; Mayo, M.J.; Hirschfield, G.M.; Levy, C.; Bowlus, C.L.; Jones, D.E.; Johnson, J.D.; McWherter, C.A.; Choi, Y.J.
Seladelpar treatment reduces IL-31 and pruritus in patients with primary biliary cholangitis. Hepatology 2024, 80, 27–37.
[CrossRef] [PubMed]

123. Heo, N.Y.; Kim, H. Epidemiology and updated management for autoimmune liver disease. Clin. Mol. Hepatol. 2023, 29, 194–196.
[CrossRef] [PubMed]

124. Li, H.; Liu, S.; Wang, X.; Feng, X.; Wang, S.; Zhang, Y.; Zhang, F.; Wang, L.; Xu, T.; Li, Y. Prediction of primary biliary cholangitis
among health check-up population with anti-mitochondrial M2 antibody positive. Clin. Mol. Hepatol. 2024. Online ahead of print.
[CrossRef] [PubMed]

125. Paik, W.H.; Park, J.K.; Chung, M.J.; Huh, G.; Park, C.H.; Lee, S.H.; Jeong, H.S.; Kim, H.J.; Park, D.H. Safety and efficacy of
HK-660S in patients with primary sclerosing cholangitis: A randomized double-blind phase 2a trial. Clin. Mol. Hepatol. 2025, 31,
119–130. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1002/hep.25748
https://www.ncbi.nlm.nih.gov/pubmed/22473838
https://doi.org/10.1111/hepr.13586
https://www.ncbi.nlm.nih.gov/pubmed/33126288
https://doi.org/10.1007/s12072-021-10163-0
https://www.ncbi.nlm.nih.gov/pubmed/33861397
https://doi.org/10.1002/jgh3.12915
https://www.ncbi.nlm.nih.gov/pubmed/37359114
https://doi.org/10.1111/liv.15141
https://www.ncbi.nlm.nih.gov/pubmed/34951722
https://doi.org/10.1016/S2352-4642(23)00259-6
https://www.ncbi.nlm.nih.gov/pubmed/38006895
https://doi.org/10.3390/biom14101227
https://www.ncbi.nlm.nih.gov/pubmed/39456160
https://doi.org/10.1016/j.jhep.2021.01.013
https://www.ncbi.nlm.nih.gov/pubmed/33484775
https://doi.org/10.1097/HEP.0000000000000395
https://www.ncbi.nlm.nih.gov/pubmed/37386786
https://doi.org/10.1097/HEP.0000000000001166
https://www.ncbi.nlm.nih.gov/pubmed/39707635
https://doi.org/10.1097/HEP.0000000000000728
https://www.ncbi.nlm.nih.gov/pubmed/38117036
https://doi.org/10.3350/cmh.2022.0387
https://www.ncbi.nlm.nih.gov/pubmed/36521451
https://doi.org/10.3350/cmh.2024.0416
https://www.ncbi.nlm.nih.gov/pubmed/39736267
https://doi.org/10.3350/cmh.2024.0629
https://www.ncbi.nlm.nih.gov/pubmed/39314133

	Introduction 
	Mechanism of Chronic Itch in Patients with Liver Diseases 
	Treatment for Chronic Itch in Patients with Primary Biliary Cholangitis 
	Emerging Therapies 
	Ileal Bile Acid Transporter (IBAT) Inhibitors for Itch in Patients with Chronic Cholestatic Liver Diseases, Such as Primary Biliary Cholangitis and Others 
	Mechanism of IBAT Inhibitors 
	Therapies for Intrahepatic Cholestasis of Pregnancy 
	IBAT Inhibitors for Children with Chronic Cholestatic Liver Diseases 
	IBAT Inhibitors for Adults with Chronic Cholestatic Liver Diseases, Such as PBC 

	Ileal Stem Cell Transplantation 

	Other Treatments for Itch in Chronic Cholestatic Liver Diseases 
	Future Perspectives 
	Conclusions 
	References

