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Abstract

Patients suffering from cholestasis often report experiencing a debilitating, unrelenting itch. In
contrast to conditions, such as urticaria, in which histamine primarily drives itch (pruritus),
cholestatic pruritus is multifactorial and more difficult to treat. Existing therapies are not always
effective and have undesirable adverse effect profiles. Here, we conducted a systematic literature
review to evaluate conventional treatment strategy, current pathophysiologic understanding, and
the role of new therapies in the context of cholestatic pruritus. We discuss novel findings
implicating bile acids, lysophosphatidic acid, and bilirubin as potential important mediators of
cholestatic itch. New therapies that aim to remove or modulate pruritogens have been supported in
observational cohort studies and randomized controlled trials. Although these new therapies show
promise, further research is needed to confirm the pathophysiology of cholestatic pruritus so that
targeted therapy can be developed.
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Pruritus is a debilitating symptom reported among 80% to 100% of patients with cholestatic
liver disease, including primary biliary cholangitis, primary sclerosing cholangitis, and
intrahepatic cholestasis of pregnancy.! Cholestatic pruritus is severe. Although there is no
primary rash associated with cholestatic pruritus, patients who have cholestatic itch often
present with secondary lesions from scratching in an attempt to alleviate pruritus. Patients
consider pruritus one of the most distressing symptoms of their cholestatic disease and
report a significant decrease in quality of life as a result of pruritus.2 Refractory pruritus,
experienced by 5% to 10% of patients with cholestatic disease, can lead to sleep deprivation,
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depression, and suicidal ideation.23 Managing cholestatic pruritus is challenging because
the underlying pathogenic mechanisms are unclear, leading to few evidence-based
guidelines.#

Recent research into the etiology of cholestatic pruritus offers novel therapeutic targets and
strategies that may help patients who have refractory pruritus. The following review
examines the current literature on the pathogenesis of cholestatic pruritus and evaluates
available treatment options, which include cholestyramine, rifampin, opioid antagonists, and
sertraline. This review will also cover experimental treatments for cholestatic pruritus such
as phototherapy, cannabinoids, albumin dialysis, plasmapheresis, nasobiliary drainage,
charcoal hemoperfusion, fibrate therapy, and ileal bile acide—transporter inhibitors (IBATS).

METHODS

RESULTS

We conducted a literature search with studies from the EMBASE, PubMed, Ovid
MEDLINE, and Cochrane databases. Key words cholestasis, cholestatic, itch, and pruritus
were used for primary initial review (Fig 1). All results were checked for relevance, and
clinical studies were evaluated. Only studies focused on the treatment of pruritus in
cholestatic disease were included in the review. We focused on novel treatments that are
currently being applied to clinical settings. Randomized controlled trials (RCTSs),
observational cohort studies, and multi-patient case series were included in our analysis;
single-patient case reports were excluded. None of the study or report authors was contacted
for further data collection or confirmation. Relevant studies were evaluated based on the
change in pruritus as measured by that study’s scale as the main outcome. Level of evidence
and strength of recommendation were determined with the Strength of Recommendation
Taxonomy system.®

Our search yielded 521 reports containing our specific key words. Only primary sources
addressing chronic cholestatic itch were included in the study. Ultimately, 21 primary
sources were included to evaluate treatments for cholestatic pruritus. Traditional treatment
methods, such as cholestyramine, rifampin, opioid antagonists, and sertraline, were the focus
of 13 sources, whereas the other 8 sources presented outcomes on newer experimental
therapies.

Pathogenesis

The pathogenesis of cholestatic pruritus is diverse, complex, and not clearly delineated.
Although several groups have proposed a model in which a single systemic pruritogen
mediates itch,6-12 it is more likely that several pruritogens are involved. A more
comprehensive model of cholestatic pruritus would include independent contributions of bile
acids, lysophosphatidic acid (LPA), endogenous opiates, and progesterone derivatives, all of
which are often elevated in cholestasis.1® Notably, the circulating levels of these agents do
not correlate well with itch severity, suggesting a complex interplay between multiple
(known and unknown) pruritogens.1# In contrast, histamine—perhaps the most widely
known and best understood pruritogen—does not appear to mediate cholestatic pruritus.
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Histaminergic itch is generally accompanied by edema and erythema, neither of which are
observed with cholestatic pruritus.1518 Additionally, patients do not benefit from widely
used antihistamines, underscoring the challenges in treating cholestatic pruritus.*17

Bile acids constitute a major component of bile and are, therefore, clear candidate
pruritogens for cholestatic itch. During cholestasis, bile acids diffuse into both the systemic
circulation and skin. Bile acids independently elicit itch when injected into mice and appear
to act by binding and activating TGRS, a receptor expressed on itch-encoding sensory
neurons.18 Treatments aimed at reducing bile acids can be effective in treating cholestatic
pruritus.*19 Serum bile acids are not always elevated in cholestatic pruritus, and pruritus
does not correlate well with serum bile salt concentrations,13:20

LPA has also been identified as a potential causative pruritogen in cholestatic disease.
Research into autotaxin (ATX), an enzyme that produces most LPA, supports the hypothesis
that the ATX-LPA signaling axis contributes to cholestatic pruritus. Both LPA and ATX
concentrations are often elevated in pruritic cholestatic patients compared with
concentrations in nonpruritic cholestatic patients. The elevation of ATX is specific to
cholestatic pruritus and is not observed in pruritus associated with noncholestatic diseases.
213 Unique among proposed pruritogens, ATX activity correlates with cholestatic itch
severity. Directly injecting LPA into mice induces itch.13 The pregnane X receptor agonist
rifampin, among its many other effects, downregulates ATX transcription in vitro and
appears to alleviate cholestatic itch.2! Despite these associations, there is still no clear
consensus on the definitive etiology of cholestatic pruritus.413.22

Endogenous opioid peptides are widely considered to mediate a component of cholestatic
itch. In the late 1980s, Thornton and Losowsky'2 reported that the opiate antagonist
nalmefene triggered opiate-like withdrawal in cholestatic patients. Subsequently, they
observed elevated levels of Met-enkephalin in cholestatic plasma.23 In animal models, x-
opioid receptor agonists elicited scratching, whereas x-opioid receptor agonists conversely
decreased itch.24 The mechanisms by which opioid peptides elicit itch are not entirely clear
but appear to influence sensation in part by modulating the activity of other pruritogens. For
example, the opioid antagonist naloxone significantly decreased bile acid—associated itch
despite having no known activity against TGR5.18

More recent evidence implicates the heme metabolite bilirubin as an additional potential
pruritogen in cholestatic itch. Along with bile acids and LPA, bilirubin is a major component
of bile and is the underlying cause of jaundice in patients with cholestasis, because bilirubin
is itself yellow. Bilirubin appears to specifically bind and activate 2 members of the Mas-
related G-protein—coupled receptor (Mrgpr) family of receptors, mouse Mrgpral and
human MRGPRX4.25 Mrgrpr receptors are G-proteine coupled receptors expressed on itch-
encoding sensory neurons and are major mediators of non-histaminergic pruritus.26:27 In
several mouse models of cholestasis, specifically deleting either Mrgpral or Blvra, the gene
that encodes the principal bilirubin-producing enzyme, attenuates itch. Whether bilirubin is
itself a pruritogen has remained unclear because (as with other pruritogens) plasma bilirubin
does not correlate well with itch severity. However, it appears that skin bilirubin is a stronger
predictor of itch burden than plasma bilirubin.2® This finding is consistent with the anatomic
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distribution of itch sensory neurons and suggests that it might be worthwhile to explore
whether skin concentrations of other potential pruritogens might similarly correlate better
with itch severity than plasma concentrations.

Studies of cholestatic pruritus are listed in in Table | with outcomes. Treatment doses and
adverse effects are listed in Table 1.

Cholestyramine.—Cholestyramine is the current first-line therapy for cholestatic pruritus.
An anion exchange resin, cholestyramine alleviates symptoms by binding and sequestering
systemic bile salts. Various case series and RCTs found that cholestyramine is successful in
significantly reducing pruritus symptoms and serum bile acids, with 75% of patients
reporting symptom relief.28-30 However, a meta-analysis of RCTs found insufficient data to
confirm cholestyramine’s efficacy.3! There are also conflicting data as to whether bile acids
are the etiologic pruritogen in these patients. Nevertheless, cholestyramine is still considered
the first-line medication to manage pruritus of cholestasis. Adverse effects include
gastrointestinal symptoms such as constipation, diarrhea, and bloating.30-32:33

Rifampin.—Second-line therapy aims to alter the metabolism of specific pruritogens.
Rifampin is considered when cholestyramine is contraindicated or insufficiently effective.
As a pregnane X agonist, rifampin downregulates ATX, leading to less formation of the
potential pruritogen LPA.3435 Various RCTs have found significant improvements in
pruritus with rifampin (300-600 mg/d).35-37 A meta-analysis of 5 RCTs with short-term
rifampin therapy indicated that 77% of patients reported complete relief from pruritus and
20% of patients reported partial relief.3* Long-term therapy beyond 6 months can be
effective but carries an increased risk of hepatotoxicity. In fact, hepatotoxicity was found in
13% of treated patients within 2 months.38 Thus, liver function tests and blood counts
should be monitored consistently with rifampin therapy.3° Other adverse effects include
nephrotoxicity, hemolysis, and orange discoloration of body fluids.35:36.38

Opioid antagonists.—Opioid antagonists such as naltrexone and naloxone are
therapeutic options that significantly reduce pruritus. Both oral and intravenous
administration of opioid receptor antagonists have been effective in reducing pruritus
severity in patients with cholestasis in RCTs, with all patients reporting some symptom
relief.8:31.40-45 However, opioid antagonists are associated with significant adverse effects
mimicking opioid withdrawal symptoms such as tachycardia, hypertension, piloerection, and
abdominal pain. Furthermore, tolerance can result from increased expression of opioid
receptors decreasing the efficacy of antipruritic therapy over time. Long-term use and
increasing doses have the potential to lead to chronic pain syndrome, so appropriate patient
risks need to be evaluated before opioid antagonist therapy is prescribed,31:40.46

Sertraline.—When all preceding therapies fail to alleviate symptoms, sertraline is
commonly administered. Sertraline, a selective serotonin reuptake inhibitor, is an
antidepressant that also alters potential pruritic pathways involving serotonin. An RCT
reported antipruritic effects independent of the antidepressant effect, with 91% of patients
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reporting symptom improvement.#”48 Sertraline is generally considered to have a favorable
adverse effect profile, which includes dizziness, insomnia, nausea, and gastrointestinal
symptoms.49

Phototherapy.—Ultraviolet B phototherapy was found to alleviate pruritus in an
observational case series of 13 patients with symptoms refractory to the aforementioned
traditional treatments. Patients were treated 3 times a week, with treatment cessation if there
was no improvement after 13 treatments. With an average of 23 treatments of 8 weeks, 92%
of patients reported reduced levels of pruritus. Reported adverse effects included 1 case of
erythema and 1 case of paresthesia at the treatment site upon retreatment.>0

Dronabinol.—Cannabinoid treatment has been reported to be efficacious in a case series
for patients with refractory pruritus secondary to cholestatic liver disease.5 Three patients
who had failed to gain relief from the aforementioned treatments had decreased pruritus,
improvement in sleep, and overall improvement in quality of life with dronabinol treatment.
One patient experienced ataxia, which resolved when doses were reduced. However,
frequent dosing may be necessary because the antipruritic effects of dronabinol are limited
to 4 to 6 hours.??

Albumin dialysis.—Albumin dialysis is a relatively invasive therapy option, but it may
provide relief by binding and sequestering pruritogens, such as bile acids and bilirubin.20 A
prospective cohort study found a significant improvement in pruritus in 95% of participants.
52 Only 1 treatment was required for 75% of participants, although others received up to 4
treatments over 4 years, depending on their symptoms. Studies reported no significant
infections, bleeding, or other adverse effects. Platelet count and hemoglobin level were
temporarily reduced after treatment, but levels were found to return to baseline within a
month without any clinical consequences.>2Patients also reported feeling cold during the
first hour of treatment, but this was also temporary.20

Plasmapheresis.—Plasmapheresis therapy provides relief by removing systemic
pruritogens. Although this is generally well tolerated and effective in patients for a
considerable period of time, it is an invasive therapy.13:°3 A prospective cohort study
reported significant improvements in pruritus, with patient-rated scores out of 10 dropping
from 8.3 t03.1 (P< .0001).53 Patients had 1 to 6 hospital admissions and received 2 to 4
plasmapheresis treatments at each admission. The mean time between admissions was 9.8
months. There were no adverse effects reported in that study apart from difficulty inserting
the central venous catheter in 1 patient.>3

Nasobiliary drainage.—Nasobiliary drainage can be used to reduce serum ATX levels
and alleviate pruritus by endoscopically placing a nasobiliary catheter into the common bile
duct during endoscopic cholangiopancreatography, allowing bile to drain through the nose
into a bag. An RCT found that drainage alleviated symptoms in 90% of patients, with
significant reductions in pruritus; however, symptom relief was temporary.5* Only 1
treatment was required for 93% of participants; 2 patients had a second treatment. The mean
treatment duration was 7 days. Pancreatitis was a common complication of nasobiliary
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drainage experienced by 31% of patients, because this treatment entailed having endoscopic
cholangiopancreatography.®*

Charcoal hemoperfusion.—Charcoal hemoperfusion is an invasive option that involves
extracorporeal filtration of the blood, similar to dialysis. It provides significant, but
temporary, relief that can be accompanied by dialyzer reactions including pain, fever,
nausea, and hypotension.®® In an RCT,%° 69% of participants experienced significant
symptom improvement, but 15% did not complete the study because of the dialyzer
reactions. Sessions were administered 3 times a week for 3.5 to 4 hours, with a median of 5
treatment sessions.

Fibrate therapy.—Fibrate therapy has also been found to have an antipruritic effect in
patients with cholestatic disease, although the mechanism of action is still unclear.6:57 A
prospective cohort study found significant improvements in pruritus with complete or partial
symptom relief in 98% of participants.56 However, this relief is temporary, and pruritus
quickly returns with treatment cessation.>8

IBAT inhibitors.—IBAT inhibition is also being explored as a treatment for cholestatic
pruritus because it reduces the enterohepatic recirculation of bile acids.33 An RCT found
that pruritus was significantly alleviated with IBAT inhibitors compared with placebo, which
correlated with decreased levels of bile acids and decreased ATX activity.>® Diarrhea is a
common adverse effect of IBAT inhibitors experienced by 33% of patients, which may limit
their clinical use for many patients.33

DISCUSSION

Once pruritus is determined to be secondary to cholestatic disease, a stepwise strategy
should be used for pharmacologic therapy. Pruritus can be alleviated in most patients
through pharmacologic therapy, but novel and invasive options are also available for
refractory pruritus. Multimodal approaches combining therapies may be effective in
refractory cases, although further research is needed to evaluate this. Regardless of therapy
choice, patients affected by pruritus should be counseled to use moisturizing ointments and
take steps to minimize additional complications from scratching. Despite various medical
options, complete symptom relief may be hard to attain, in part because of the adverse
effects associated with many therapies (Table I1). Invasive therapy options may be effective
in some patients, but they also are accompanied by increased costs and risks.

If the standard therapies fail to provide relief of pruritus symptoms, experimental approaches
should be considered. When possible, these patients should be transferred to centers with
specialists focused on experimental salvage therapies aimed at relieving cholestatic pruritus.
Given the uncertain evidence for many newer therapies, they should be only used as a last
resort after thorough discussion of risks and benefits with the patient.

Finally, in severely debilitating refractory cases of pruritus, liver transplantation may be an
option. Transplantation improves pruritus and fatigue, but it should be considered only if
pruritus is refractory to all standard and experimental therapies.3°
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CONCLUSION

Given the debilitating nature of cholestatic pruritus, it is imperative that clinicians work with
patients to manage their symptoms and prevent severe sequelae. Many of the challenges
associated with managing cholestatic pruritus result from the lack of understanding of how
pruritogenic pathways lead to symptoms. As new developments in the pathogenesis
elucidate the etiology of cholestatic pruritus, more effective treatment strategies can be
developed. Although further investigation is necessary before experimental therapies can be
incorporated into the primary guidelines, these options should be considered for patients
with refractory pruritus. As options continue to grow, additional RCTs will be necessary.

Abbreviations used:

ATX autotaxin

IBAT ileal bile acidetransporter

LPA lysophosphatidic acid

RCT randomized controlled trial
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CAPSULE SUMMARY

. Chronic, intractable pruritus is often reported as the most debilitating
symptom of cholestatic disease.

. Emerging evidence-based therapies, including cholestyramine, rifampin,
opioid antagonists, sertraline, and phototherapy, can be used clinically to aid
in the management of refractory cholestatic pruritus.
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Fig 1.

Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow

diagram.
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