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Abstract

Cholestatic liver disease is a disease that causes liver damage and fibrosis owing to bile stasis. It is represented by primary
biliary cholangitis (PBC) and primary sclerosing cholangitis (PSC), but the pathophysiological pathways that cause bile
stasis in both diseases are different. The pathogenesis of the disease is still unclear, although autoimmune mechanisms have
been postulated and partially elucidated. Although the disease may progress slowly with only mild liver dysfunction, it may
progress to liver cirrhosis or liver failure, which require liver transplantation. As a medical treatment, ursodeoxycholic acid
is widely used for PBC and has proved to be very effective against disease progression in cases of PBC. On the other hand,
its efficacy is limited in cases of PSC, and the research and development of various drugs are underway. Furthermore, the
clinical course of both diseases is quite variable, making the design of clinical trials fairly difficult. In this review, we present
the general natural history of PBC and PSC, and provide information on the latest drug therapies currently available and

those that are under investigation.

Both primary biliary cholangitis and primary sclerosing
cholangitis are slow progressive chronic liver diseases
that are caused by bile duct destruction and fibrosis lead-
ing to cirrhosis.

However, the pathogenesis of the disease is often
unclear, the cause is unknown, and effective treatments
are limited.

In this review, promising treatments for cholestatic liver
disease are described based on the latest findings and
their perspectives.
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Primary biliary cholangitis (PBC), previously called pri-
mary biliary cirrhosis, and primary sclerosing cholangitis
(PSC) are both slow progressive chronic cholestatic liver
diseases. PBC is mainly characterized by the granulomatous
destruction of small intrahepatic bile ducts [1, 2], whereas
PSC is characterized by inflammation and fibrosis of the
intrahepatic and extrahepatic bile ducts, which lead to mul-
tiple bile duct stenoses [3, 4] (Fig. 1). In addition, many
patients with PSC have concomitant inflammatory bowel
disease (IBD), which is the strongest clinical risk factor
[5, 6]. PSC has been suggested to be a cytotoxic disorder,
as T cells are involved in the destruction of bile ducts [7].
Both PBC and PSC have autoimmune triggers for bile duct
damage, and may lead to cirrhosis and liver failure after a
certain period of time [8, 9]. Although some aspects of the
pathogenesis have been clarified, PSC remains an intractable
disease with limited effective treatment options. The prog-
nosis of patients with liver failure is particularly poor, and
there is no effective treatment other than liver transplanta-
tion; therefore, early diagnosis and therapeutic interventions
are necessary. The development of new therapeutic agents
by pharmaceutical companies is gradually progressing as the
need for treatment becomes evident. This paper outlines the
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Fig. 1 Clinical picture of PBC
and PSC. a Cholangiography

of the PSC by ERCP. There

are multiple stenoses in the

bile duct (yellow arrowhead,
diverticulum-like outpunching;
orange arrowhead, band-like
stricture). b Histopathology of
PSC obtained by liver biopsy.
There is “onion-skin fibrosis”
around intrahepatic small bile
ducts. ¢ Histopathology of PBC
obtained by liver biopsy. The
findings of chronic non-suppu-
rative destructive cholangitis.
ERCP endoscopic retrograde
cholangiopancreatography, PBC
primary biliary cholangitis, PSC
primary sclerosing cholangitis

treatment options for PBC and PSC, citing the most recent
literature. The aim of this review is to present the latest treat-
ment options based on the pathogenesis of PBC and PSC.

2 Natural History and Prognosis
2.1 Primary Biliary Cholangitis (PBC)

This condition has been recognized since at least 1851 and
was named “primary biliary cirrhosis” in 1949 [10]. As cir-
rhosis is a feature only of advanced disease, a change in its
name to “primary biliary cholangitis” was proposed by a
patient advocacy group in 2014. PBC is a chronic liver dis-
ease that progresses over decades and has a high potential
to cause cirrhosis. At initial diagnosis, most patients have
both asymptomatic liver dysfunction and antimitochondrial
antibodies [11, 12]. In terms of natural history, at onset,
there is a silent phase with no liver dysfunction and only
minute changes in liver histology, followed by a long period
of asymptomatic liver dysfunction and, eventually, cirrho-
sis and end-stage liver failure. For patients diagnosed with
cirrhosis, the median time to liver transplantation or death
is 6-10 years without any intervention [13-16]. The use of
ursodeoxycholic acid (UDCA) significantly improves sur-
vival in the majority of patients with PBC, with some reports
suggesting a median survival time of 16-20 years [17, 18].
However, although the use of UDCA improves liver dys-
function, approximately one-third of patients are still at risk
of progression to cirrhosis [11].
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2.2 Primary Sclerosing Cholangitis (PSC)

The natural course of PSC varies. At initial diagnosis,
10-60% of patients are asymptomatic and are often diag-
nosed incidentally with hepatic biochemical abnormalities
on blood tests [19-22]. In advanced cases, liver fibrosis
may occur and lead to cirrhosis and liver failure [23, 24].
In the absence of drug treatment, liver transplantation
is the only treatment for liver failure [25, 26]. Survival
after the diagnosis of PSC without liver transplantation
has been reported to be between 10 and 20 years [4, 19,
27-31], with variation by region and study period [32].
Patients with PSC are also at risk of biliary cancer dur-
ing the course of the disease [4, 33-35]. The incidence
of cholangiocarcinoma from PSC is 0.5-1%/year, with a
median time to development of carcinoma before the onset
of cirrhosis of 6 years [4]. Moreover, there are cases of
hepatic dysfunction alone, which does not cause cirrhosis
or carcinogenesis, with the degree of progression of PSC
being variable [32].

3 Current Pharmacological Treatment

3.1 PBC

PBC treatment is mainly based on bile acid approaches
and therapy [36]. Other approaches, such as
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immunosuppressants, have been studied, but there is a
lack of evidence and immunosuppressants are not used
in clinical practice. The progression of PBC is slow; thus,
the endpoint of trials and studies are mainly not death or
liver transplantation, but beneficial effects indicated by
accepted surrogate biochemical parameters, such as alka-
line phosphatase (ALP) and bilirubin levels.

3.1.1 Ursodeoxycholic Acid (UDCA)

Lifetime UDCA is the first-line therapy for PBC. Its use is
recommended by the American Association for the Study
of Liver Diseases (AASLD) [37] as well as the European
Association for the Study of the Liver (EASL) [38]. UDCA
accounts for approximately 1-3% of bile acids and is the
predominant bile acid in drug therapy. The concentration of
UDCA in bile correlates with improved serum liver function
tests [39-42].

The recommended dosage in the AASLD guidance and
EASL guidelines is 13—15 mg/kg/day. A study comparing
three different dosages of UDCA (5-7 mg/kg/day, 13-15
mg/kg/day, and 23-25 mg/kg/day) showed that dosages of
13-15 mg/kg/day induce better biochemical responses and
are more cost-effective [43]. Additionally, there is no need
for dosage adjustment in patients with concomitant other
liver or renal diseases.

UDCA acts via multiple mechanisms owing to its choler-
etic, cytoprotective, anti-inflammatory, and immune-modu-
latory properties [39]. In clinical practice, it also improves
biochemical indices, delays histological progression, and
improves survival without transplantation [43-45]. It is a
safe drug at the recommended dose. Side effects are infre-
quently reported, such as weight gain of approximately 3
kg in the first 12 months, hair thinning, and diarrhea and
bloating.

3.1.2 Obeticholic Acid (OCA)

Obeticholic acid (OCA) is the second-line therapy for PBC,
approved by the Food and Drug Administration in May
2016, for use in combination with UDCA for those who
have inadequate response to at least 1 year of treatment with
UDCA, or as monotherapy for patients who are intolerant
to UDCA. OCA is a farnesoid X receptor (FXR), which is
a nuclear “ligand-activated” receptor abundantly expressed
in tissues involved in the enterohepatic circulation of bile
acids. Through FXR activation, OCA modulates bile acid
synthesis, absorption, transport, secretion, and metabolism,
with a net effect of choleresis [39, 45].

Studies examining the efficacy of OCA in patients with
PBC are still ongoing, and the benefit of OCA in patients
with decompensated liver disease has not yet been estab-
lished. Based on trial results [46, 47], the recommended

starting dosage for patients with preserved synthetic function
and well-compensated PBC is 5 mg daily. After 3 months,
the dosage can be increased to 10 mg daily if liver function
tests remain abnormal and the patient tolerates the medica-
tion well. The most common side effect is pruritis, which
may be severe and require treatment with an antihistamine or
bile-acid binding resin, temporary treatment interruption, or
dose reduction. Other side effects include fatigue, abdominal
pain, and rash, but these are relatively rare.

3.2 PSC

Although there have been numerous clinical trials for PSC,
no drugs have been shown to improve long-term outcomes.
In addition, the natural course of PSC has not been eluci-
dated, and the design of clinical trials is still under discus-
sion. As with PBC, it is impossible to use death or liver
transplantation as the primary endpoint in clinical trials.
Therefore, some kind of primary endpoint must be estab-
lished, and most clinical trials of new compounds use a
decrease in serum ALP level as the endpoint. The reason
for this is that prognosis is better in patients with decreased
ALP at 1 year after the start of UDCA treatment [48]. How-
ever, ALP alone is not sufficient to verify efficacy, and the
importance of pathological findings of liver fibrosis [49],
a noninvasive assessment of liver fibrosis [50], and new
prognostic models are being discussed. The combination
of pathological findings, ALP levels, and transient elastog-
raphy is the most promising surrogate endpoint. However,
the results of a consensus process by the International PSC
Study Group concluded that there are currently no biomark-
ers that can be used as a true measure of clinical efficacy and
that there are insufficient data at this time [51]. One of the
reasons why it is difficult to establish surrogate endpoints is
that the natural history of PSC is diverse, and the diseases
diagnosed as PSC are not homogeneous but rather a mixture
of multiple disease groups. It is expected that the natural
history of PSC will be clarified to establish an appropriate
primary endpoint.

3.2.1 UDCA

The most frequently used drug for PSC is UDCA. The
administration of UDCA often improves serum biliary
enzyme levels [52], and numerous clinical trials have been
conducted in patients with PSC. Although these studies have
shown a biochemical improvement effect, the long-term
improvement in the prognosis of patients with PSC has not
yet been clarified. Moreover, a previous article reported that
the long-term prognosis is worsened by the administration
of a high dosage of UDCA (> 28 mg/kg/day), and adverse
events were also more frequent [53]. Therefore, guide-
lines, such as the American Society of Hepatology Clinical
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Practice Guidelines (2010), American College of Gastro-
enterology Guidelines (2015), and European Hepatology
Society Clinical Practice Guidelines (2009), have not uni-
fied policies regarding UDCA recommendations for patients
with PSC. The long-term prognostic improvement effect of
UDCA will remain uncertain until clinical trials with well-
defined endpoints are conducted. There is no evidence yet
that UDCA worsens prognosis at standard dosages of 13-15
mg/kg/day, and there is no other alternative currently. It has
recently been confirmed that the long-term prognosis is good
in cases in which ALP is reduced by the administration of
UDCA [48]. As of now, it seems appropriate to use UDCA
as the first-line drug in clinical practice.

3.3 Overlap Syndrome with Autoimmune Hepatitis

PBC and PSC are rarely associated with autoimmune hepa-
titis (AIH), which is also known as “overlap syndrome.”

PBC-AIH occurs in 1-3% of patients with PBC [54], and
PSC-AIH occurs in 1.4-8% of patients with PSC [55-57]. In
both cases, corticosteroids and immunosuppressive agents
are available as treatment options for AIH, but there have
been few reports and a low level of evidence regarding the
recommended treatment and no optimal treatment guideline.
In PBC-AIH overlap syndrome, the combination of corticos-
teroid and UDCA is often used [S8—60] because of reported
cases of poor prognosis from patients treated with UDCA
alone. A meta-analysis comparing the combination of cor-
ticosteroid (with or without immunosuppressive agent) and
UDCA, UDCA alone, and corticosteroid with or without
immunosuppressive agent found biochemical improvement
and higher transplant-free survival with the combination
[61]. However, caution is needed with the use of corticos-
teroids for PBC because of the risk of worsening osteopo-
rosis. Similar to PBC-AIH, there have been reports that the
combination therapy of corticosteroids and UDCA is effec-
tive in patients with the overlap syndrome of PSC-AIH [62,
63]. However, due to the lack of evidence from randomized
controlled trials, the PSC guidelines of AASLD recommend
corticosteroids and other immunosuppressive agents, but the
efficacy of these agents remains unclear [64].

4 Symptoms and Management
of Complications

Complications of cholestatic liver disease can affect the
extrahepatic organs. In particular, the most common patholo-
gies associated with chronic cholestatic liver disease include
deficiency of fat-soluble vitamins, metabolic bone disease,
dyslipidemia, pruritus, and various diseases associated with
portal hypertension. Although many of the complications
can be evaluated by clinical and imaging studies, pruritus
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without jaundice can only be evaluated by visual examina-
tion, such as scratch marks or specific questioning.

4.1 Metabolic Bone Disease

Metabolic bone disease is a common complication in
patients with cholestatic liver disease. In 80% of cases,
especially in patients with advanced PBC or PSC, there
is a decrease in bone mineral density, and the condition is
diagnosed as osteopenia or osteoporosis [49]. Therefore, it
is advisable to administer calcium (1200 mg/day) and vita-
min D; (1000-2000 IU/day cholecalciferol) to patients with
PBC and PSC unless there is a condition that contraindicates
this, such as renal stones. In patients who meet the criteria
for osteoporosis, bisphosphonates should be considered to
restore bone mass. Bisphosphonates are safe, but gastroin-
testinal disturbances occur rarely [50].

4.2 Pruritus

It was reported that pruritus is present in more than 80%
of patients with cholestatic liver disease [43]. Although
pruritus is not directly related to prognosis, it can have a
variety of effects, such as decreased concentration, sleep
disturbance, decreased work capacity, and decreased appe-
tite, significantly reducing the patient’s quality of life. The
potent neuronal activator lysophosphatidic acid (LPA)
and its forming enzyme autotaxin (ATX) may be potential
mediators of cholestatic pruritus. ATX activity correlated
with itch severity and effectiveness of several anti-pruritic
therapeutic interventions in cholestatic patients [65]. The
ATX-LPA signaling axis may represent a key element in
the pathogenesis of pruritus in chronic cholestatic liver
diseases [51]. Bile acid-binding resins, such as cholesty-
ramine or colestipol (4—16 g/day), are generally used for
pruritus caused by cholestatic liver disease. Other treatments
include the antibiotic rifampin (150-600 mg/day), the opioid
antagonist naloxone (25-50 mg), and the selective serotonin
reuptake inhibitor sertraline (75-100 mg/day). In addition,
bezafibrate, a peroxisome proliferator-activated receptor
(PPAR) agonist, is known to reduce pruritus by reducing
bile congestion and damage. A randomized controlled trial
reported that bezafibrate (400 mg/day) was effective in
improving symptoms in patients with cholestatic diseases
with severe pruritus [66].

4.3 Dyslipidemia

Patients with cholestatic liver disease frequently have abnor-
mal lipid profiles. Physical findings may include yellow
spots around the eyelids, called xanthelasma, and around
the palms of the hands, soles of the feet, and tendons, called
xanthomas. Statins and fibrates can be used safely in patients
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with cholestatic liver disease [67]. Bile acid-binding resins
also have the potential to improve dyslipidemia [68, 69].

4.4 Fat-Soluble Vitamin Deficiency

Patients with cholestatic liver disease are prone to fat-soluble
vitamin deficiency because bile plays an important role in
the absorption of fat-soluble vitamins in the intestinal tract
[51]. In particular, patients with PBC or PSC with bile sta-
sis, such as bilirubin above 2 mg/dL, should be evaluated
for fat-soluble vitamins annually. If there is fat-soluble vita-
min deficiency at that time, vitamin replacement therapy is
necessary.

5 New Therapeutic Targets

5.1 PBC

Although there are only limited treatment options for PBC
available today, novel agents are under investigation in
clinical trials. Generally speaking, therapeutic options tar-
get what could be considered as the “upstream” immune
response, “midstream” biliary injury, and “downstream”
fibrotic processes [70].

The main target of therapeutic approaches is “midstream”
biliary injury and cholestasis, which have central roles in
disease progression. As anti-cholestatic agents, FXR, PPAR,
and fibroblast growth factor 19 (FGF19) agonists are being
investigated (Table 1).

Table 1 Therapeutic targets for PBC

5.1.1 Farnesoid X Receptor Agonists

In addition to the aforementioned OCA, tropifexor, cilofexor,
and EDP-305 have been studied as semi-synthetic bile acid
and non-bile acid FXR agonists. In a phase II study in
patients with PBC, liver biochemical tests (ALP, alanine
aminotransferase [ALT], aspartate aminotransferase [AST],
and gamma-glutamyl transpeptidase [YGTP]) were signifi-
cantly improved from baseline after 12 weeks in the 1 mg or
2.5 mg of EDP-305 treatment groups compared with the pla-
cebo group [71]. Tropifexor and cilofexor are also in phase
II trials, respectively [72, 73].

5.1.2 Peroxisome Proliferator-Activated Receptor Agonists

PPARSs are members of the nuclear receptor superfamily of
ligand-activated transcription factors and contain three iso-
types encoded by PPARa (NRIC1), PPARB/S (NRIC2), and
PPARy (NRIC3) genes [74]. Each gene exhibits isoform-
specific distribution patterns and functions in tissues [75].
Fenofibrate is classified as a PPARa agonist, and bezafibrate
is considered a pan-PPAR agonist with a similar affinity for
the three isoforms. Although the evidence for fenofibrate on
PBC treatment is low [76-78], bezafibrate as PBC treatment
is supported by a randomized controlled trial (BEZURSO
trial) [79], and in patients with an inadequate response to
UDCA, the addition of bezafibrate (400 mg/day) is associ-
ated with a significantly higher percentage of normalization
of ALP, AST, ALT, total bilirubin (T-bil), albumin, and pro-
thrombin time at 24 months compared with placebo. Seladel-
par is a selective PPARS agonist. In a phase II randomized
controlled trial of patients with an inadequate response to

Drug Target Trial design Patients Duration  Outcome

EDP-305 [71] FXR Randomized, placebo-controlled 68 12 weeks  20% median decrease in ALP at 12 weeks

Fenofibrate [76] PPAR Open-label 10 8 weeks 32% median decrease in ALP at 8 weeks

Fenofibrate [77] PPAR Open-label 22 3 months  68% of the patients reached a normal ALP level at 3
months

Bezafibrate [79] PPAR Randomized, placebo-controlled 100 24 months 31% of the patients reached a normal level of T-bil, ALP,
AST, ALT, and albumin

Seladelpar [80] PPAR Randomized, placebo-controlled 70 12 weeks  53% median decrease in ALP at 12 weeks

Elafibranor [81] PPAR Randomized, placebo-controlled 45 12 weeks  40% median decrease in ALP at 12 weeks

NGM282 [82] FGF19  Randomized, placebo-controlled 45 4 weeks 15% median decrease in ALP at 4 weeks

Rituximab [83] CD20 Open-label 6 52 weeks  14% median decrease in ALP at 36 weeks

Ustekinumab [85] IL-12/23 Open-label 20 28 weeks  12% median decrease in ALP at 28 weeks

Abatacept [86] CD80/86 Open-label 16 24 weeks  No significant change in ALP

Setanaxib NOX4 Randomized, placebo-controlled 92 6 weeks 17% median decrease in ALP and 23% median decrease

in yGTP

ALP alkaline phosphatase, ALT alanine aminotransferase, AST aspartate aminotransferase, FGF19 fibroblast growth factor 19, FXR farnesoid
X receptor, IL interleukin, NOX4 anti-NOX4 antibody, PBC primary biliary cholangitis, PPAR peroxisome proliferator-activated receptor, T-bil

total bilirubin, yGTP gamma-glutamyl transpeptidase
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UDCA, compared with those in the placebo group, ALP
levels were significantly lower in the group treated with
seladelpar (50 mg, 200 mg/day), but ALT levels increased
and the trial was interrupted [80]. Subsequent additional
validation showed that elevated ALT levels were not related
to seladelpar, and a phase III randomized controlled trial
(ENHANCE study) is currently underway. Elafibranor is a
dual PPAR/S agonist and was evaluated in a phase II study
in PBC. The addition of elafibranor (80 mg and 120 mg) to
the treatment of patients who had an inadequate response to
UDCA significantly decreased serum ALP and T-bil levels
at 12 weeks compared with placebo, and there was no wors-
ening of pruritus or pruritus sensation [81].

5.1.3 Fibroblast Growth Factor 19 Agonists

FGF19 is an endocrine hormone induced in the intestine by
FXR activation, and the administration of FGF19 inhibits an
enzyme that catalyzes the rate-limiting step in the bile acid
synthesis pathway and protects against liver damage. As an
FGF19 agonist, a synthetic analog NGM282 was developed
and tested in randomized, double-blind, placebo-controlled
trials in PBC [82]. The absolute values of ALP and transam-
inases were decreased from baseline after 28 days in the
NGM282 treatment group compared with the placebo group.

5.1.4 Immunosuppressive Agents

Therapeutic agents that target “upstream’ immune response,
rituximab [83, 84], ustekinumab [85], abatacept [86], and
baricitinib, were studied in PBC. Rituximab, an antibody
against CD20 antigen on the surface of B cells, is thought
to be effective in improving the condition of PBC. The
results of a clinical trial showed that rituximab significantly
improved ALP levels, but the effect was limited. Usteki-
numab, an anti-interleukin-12/23 monoclonal antibody,

Table 2 New therapeutic targets for PSC

improved ALP levels at 28 weeks, but the effect was lim-
ited. Abatacept, which targets CD80/86, did not significantly
improve ALP levels in an open-label trial.

5.1.5 Anti-fibrotic Drugs

Setanaxib is an anti-fibrotic agent that targets “downstream”
fibrotic processes and has been evaluated in a multicenter,
randomized, double-blind, placebo-controlled, phase II
study in PBC. After 6 weeks, serum ALP and yGTP levels
decreased significantly in a setanaxib dose-dependent man-
ner, and no significant side effects were observed.

5.2 PSC

The treatment of PSCs is challenging and complex. There
have been studies using various immunosuppressive and
anti-inflammatory drugs and antibiotics in patients with
PSC, including UDCA, glucocorticoids, cyclosporine,
methotrexate, etanercept, and vancomycin (Table 2). How-
ever, treatments that have been tested have not proven to be
beneficial.

5.2.1 Norursodoxycholic Acid

Norursodoxycholic Acid (norUDCA), a homolog of UCDA,
is an artificially synthesized bile acid with a shorter side
chain structure than UDCA. Compared to UDCA, norUDCA
is less susceptible to conjugation by taurine and glycine and
is therefore easily reabsorbed by bile duct cells after being
discharged into bile as a bile acid. Due to this function, it
is expected to have protective effects on the bile ducts and
liver. In a randomized controlled trial for patients with PSC,
norUDCA significantly reduced serum ALP levels compared
with those in the placebo group and was regarded safe with
no changes in adverse events [87]. The use of norUDCA

Drug Target Trial design Patients Duration Outcome

NorUDCA [87] Bile acid Randomized, placebo-controlled 161 16 weeks Improvement in serum ALP

OCA [89] FXR Randomized, placebo-controlled 76 24 weeks Improvement in serum ALP

Budesonide [91]  Glucocorticoid Open-label 21 1 year Slight improvement in serum ALP and AST at 1
year

Methotrexate [93] Folic acid Randomized, placebo-controlled 24 2 years  No significant change in ALP

Etanercept [95] TNFa Open-label 10 6 months No significant change in T-bil

Infliximab [96] TNFa Randomized, placebo-controlled 24 1 year No significant change in ALP

Vancomycin [99] Antibiotics Open-label 14 - Improvement in serum ALT and yGTP

Probiotics [101]  Probiotics Randomized, placebo-controlled 14 3 months No significant change in ALP, yGTP, AST, and ALT

ALP alkaline phosphatase, ALT alanine aminotransferase, AST aspartate aminotransferase,

FXR farnesoid X receptor, norUDCA norursodeoxy-

cholic acid, OCA obeticholic acid, PSC primary sclerosing cholangitis, 7-bil total bilirubin, TNFo tumor necrosis factor-a, yGTP gamma-gluta-

myl transpeptidase
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in patients with PSC is promising, and a phase III study is
underway [88].

5.2.2 OCA

As mentioned above, OCA is an FXR-selective agonist and
has proven to be effective in patients with PBC with inad-
equate response to UDCA. In patients with PSC who were
evaluated in a randomized, double-blind, placebo-controlled,
phase II study, ALP levels were significantly lower in those
treated with 5-10 mg OCA compared with the placebo
group at 24 weeks [89]. The drug was well tolerated despite
the moderate side effect of pruritus, and further studies are
needed.

5.2.3 Bezafibrate

Bezafibrate is often used for patients with PSC for whom
UDCA is inadequately effective. Bezafibrate, a PPAR
agonist, is indicated for dyslipidemia. Prospective studies
have shown that it has a short-term biochemical improve-
ment effect on PSC, such as a decrease in hepatic enzymes
[90]. However, the effect of improving long-term progno-
sis is still unclear, and research investigating long-term
efficacy is expected. Rhabdomyolysis may occur as a side
effect, and caution should be exercised in patients with renal
dysfunction.

5.2.4 Glucocorticoids

As budesonide is a corticosteroid with high affinity for
receptors involved in hepatic metabolism and is effec-
tive against diseases with immunological involvement, it
was presumed to be effective in PSC. In a pilot study of
21 patients treated with oral budesonide, there was a slight
improvement in serum ALP and AST levels, but significant
femoral neck bone loss was observed [91]. Patients with PSC
tend to have bone loss that can cause osteoporosis, which
may be exacerbated by glucocorticoid therapy [92].

5.2.5 Immunosuppressive Agents

Immunosuppressive agents are presumed to contribute to
improvement because immunological responses contribute
to the pathogenesis of PSC as well as PBC, and clinical tri-
als have been conducted with these agents. In a prospective,
placebo-controlled, double-blind study of methotrexate in
PSC, only a decrease in serum ALP was observed in the
methotrexate-treated group, but there were no significant
changes in liver histological results, endoscopic retrograde
cholangiopancreatography (ERCP) findings, or liver func-
tion tests [93]. In recent years, there have been no reports
demonstrating the efficacy of methotrexate for the treatment

of PBC, and there are no prospects for it as a treatment
option. In a case report, the combination of cyclosporine and
methylprednisolone resulted in significant improvement in
cholangiography and pancreatography, although the patient
also received UDCA [94]. Immunosuppressants alone have
not been shown to be effective in patients with PSC.

5.2.6 Anti-tumor Necrosis Factor Agents

Tumor necrosis factor is released by Kupffer cells in the liver
and it is speculated to be involved in liver damage in PSC.
In a pilot study of 10 patients, etanercept was ineffective
[95], and in a double-blind, placebo-controlled study of 24
patients, infliximab also showed no effect [96].

5.2.7 Antibiotics

Since immune mechanisms in the intestine and toxins
released by enteric bacteria are involved in the pathogenesis
of PSC, the use of antibiotics in the treatment of PSC has
received much attention. Especially in patients with compli-
cated IBD, the use of antibiotics may reduce the exposure of
pathogens to the biliary epithelium by decreasing the num-
ber of Escherischia coli and endotoxins. The rationale that
antibiotics may be applied in the treatment of PSC relies
on studies in rats with a similar condition to PSC owing
to an increase in enteric bacteria [97]. Oral vancomycin is
barely absorbed systemically, concentrates in the gut, and
decreases cytokine release from T cells [98]. Because of
this effect, there have been studies reporting improvements
in PSC symptoms with oral vancomycin. An observational
study found that oral vancomycin improves liver biochemi-
cal tests (ALT and yGTP) and symptoms in children with
PSC, particularly in those without cirrhosis [99]. In addi-
tion, a randomized controlled trial of adult patients with
PSC showed that oral vancomycin significantly reduced ALP
levels compared with that in the placebo group, indicating
acceptable efficacy [100]. Further studies of vancomycin
treatment for PSC are expected.

5.2.8 Probiotics

As probiotics are beneficial bacteria that regulate the intesti-
nal microflora and have been shown to be useful for patients
with IBD, it was presumed that they would also be useful
for PSC with frequent complications of IBD. A randomized,
placebo-controlled study of probiotics in patients with PSC
showed no benefit to PSC symptoms (fatigue, pruritus, or
frequency of stools), liver biochemistry, or liver function
[101]. Recently, the mechanism by which the gut microbiota
activates T helper 17 (T17) cells in the liver and causes an
excessive immune response in the liver in patients with PSC
was studied [102]. In mice, elimination of intestinal bacteria
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by antimicrobial administration has been shown to attenuate
the Ty 17 response, and it is expected that new therapeutic
and diagnostic agents targeting intestinal bacteria will be
developed in the future.

6 Discussion

Both PSC and PBC are slow progressive chronic liver dis-
eases caused by bile duct destruction and fibrosis leading
to cirrhosis. However, the pathogenesis of the disease is
unclear, the cause is unknown, and effective treatments
are limited. In this review, we described promising treat-
ments for cholestatic liver disease based on the latest
findings and their perspectives (Fig. 2). In both PBC and
PSC, UDCA is widely used as the standard first-line treat-
ment. In PBC, drug treatments such as PPAR agonists, bile
acid inhibitors, anti-fibrotic drugs, and anti-inflammatory
drugs are used. The results suggest that these drugs are
useful in improving the condition of the disease. Various
drugs, such as immunosuppressants, antibacterials, and
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glucocorticoids, have been tested in clinical trials for PSC,
but the efficacy of these drugs has not been confirmed.
PSC is a chronic disease with a long-term course that var-
ies widely from case to case. This makes it difficult to
use true endpoints such as death or liver transplantation
in clinical trials, which hinders the development of drug
therapies. Recently, the mechanism of liver inflammation
caused by intestinal bacteria has been elucidated in basic
research, and there are high expectations for the develop-
ment of new drugs for PSC targeting intestinal bacteria. As
there are still few effective treatments for cholestatic liver
disease, we hope to prove the efficacy of the drugs under
development and expect to see long-term clinical effects.
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