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� An algorithmwas created for suspected progressive
familial intrahepatic cholestasis.

� Licensed inhibitors of ileal bile acid transporters are
recommended for first-line treatment.

� Genetic testing is recommended to confirm geno-
type while treatment is initiated.

� Patient referral to an experienced centre is also
recommended.
https://doi.org/10.1016/j.jhepr.2023.100949
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This opinion paper outlines a consistent approach to
the contemporaneous diagnosis, monitoring, referral
and management of children with progressive familial
intrahepatic cholestasis. This should assist physicians
given the recent developments in genetic diagnosis
and the availability of effective drug therapy. This
manuscript will also help to raise awareness of current
developments and educate health planners on the
place for new drug therapies in progressive familial
intrahepatic cholestasis.
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Opinion paper on the diagnosis and treatment of progressive
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Background & Aims: Progressive familial intrahepatic cholestasis (PFIC) relates to a group of rare, debilitating, liver disorders
which typically present in early childhood, but have also been reported in adults. Without early detection and effective
treatment, PFIC can result in end-stage liver disease. The aim of the paper was to put forward recommendations that promote
standardisation of the management of PFIC in clinical practice.
Methods: A committee of six specialists came together to discuss the challenges faced by physicians in the management of
PFIC. The committee agreed on two key areas where expert guidance is required to optimise care: (1) how to diagnose and
treat patients with a clinical presentation of PFIC in the absence of clear genetic test results/whilst awaiting results, and (2)
how to monitor disease progression and response to treatment. A systematic literature review was undertaken to con-
textualise and inform the recommendations.
Results: An algorithm was developed for the diagnosis and treatment of children with suspected PFIC. The algorithm rec-
ommends the use of licensed inhibitors of ileal bile acid transporters as the first-line treatment for patients with PFIC and
suggests that genetic testing be used to confirm genotype whilst treatment is initiated in patients in whom PFIC is suspected.
The authors recommend referring patients to an experienced centre, and ensuring that monitoring includes measurements of
pruritus, serum bile acid levels, growth, and quality of life following diagnosis and during treatment.
Conclusions: The algorithm presented within this paper offers guidance to optimise the management of paediatric PFIC. The
authors hope that these recommendations will help to standardise the management of PFIC in the absence of clear clinical
guidelines.
Impact and implications: This opinion paper outlines a consistent approach to the contemporaneous diagnosis, monitoring,
referral and management of children with progressive familial intrahepatic cholestasis. This should assist physicians given the
recent developments in genetic diagnosis and the availability of effective drug therapy. This manuscript will also help to raise
awareness of current developments and educate health planners on the place for new drug therapies in progressive familial
intrahepatic cholestasis.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Progressive familial intrahepatic cholestasis (PFIC) refers to a
group of rare, autosomal recessive liver disorders caused by
defects in bile constitution/formation, typically presenting as
intrahepatic cholestasis in early childhood.1,2 PFIC is caused by
mutations in the genes coding for proteins mainly involved in
hepatocellular transport and maintenance.2 Historically, PFIC
subtypes have been determined by which protein is affected.2,3,4
Keywords: PFIC; diagnosis; treatment; IBAT inhibitor.
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However, these subtypes are constantly evolving as new muta-
tions in different genes are identified, so the nomenclature has
moved towards naming based on the deficiency of the respective
gene product (Table 1).2,3,4 In children, the clinical presentation
of PFIC can include: jaundice, pruritus, elevated serum bile acid
(SBA) values, malabsorption, and failure to thrive.1 PFIC can be a
debilitating condition that significantly impacts quality of life,
and can result in end-stage liver disease and need for trans-
plantation.2 As such, early detection and effective intervention
are imperative for the prevention of disease progression.

The estimated incidence of PFIC ranges between 1 per 50,000
and 1 per 100,000 births,3 which has made it challenging to
collect and share data on best practice. The historical lack of
effective treatment options and differences in diagnostic and
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Table 1. Overview of genes associated with PFIC and their related histological and phenotypic characteristics.1–14.

Protein deficiency Mutated gene Histological characteristics Phenotypic characteristics

FIC15 ATP8B1 � Canalicular cholestasis
� Giant cell transformation
� Ductular paucity
� Lobular disarray

� Early infancy
� Low GGT
� Jaundice
� Pruritus
� Hepatosplenomegaly
� Hearing loss
� Diarrhoea
� Poor growth

BSEP6 ABCB11 � Canalicular cholestasis
� Hepatocellular disarray
� Lobular and portal fibrosis

� Early infancy
� Low GGT
� Hepatocellular carcinoma/cholangiocarcinoma
� Jaundice
� Pruritus
� Hepatomegaly
� Poor growth

MDR37 ABCB4 � Portal fibrosis
� Bile duct proliferation
� Mild giant cell hepatitis

� Later in childhood/young adulthood
� High GGT
� Hepatocellular carcinoma/cholangiocarcinoma
� Jaundice
� Pruritus
� Hepatosplenomegaly
� Portal hypertension
� Reduced bone density

TJP28 TJP2 � Intracellular cholestasis
� Giant cell transformation

� Early infancy
� Low GGT
� Hepatocellular carcinoma/cholangiocarcinoma
� Jaundice
� Pruritus
� Rapid progression

FXR9 NR1H4 � Intralobular cholestasis
� Hepatocellular ballooning
� Giant cell transformation
� Fibrosis

� Early infancy
� Normal GGT
� Rapid progression
� Vitamin K independent coagulopathy
� Hyperammonaemia

OSTa-OSTb10 SLC51A � Not reported � Early infancy
� High GGT
� Diarrhoea

USP5311 USP53 � Not reported � Early infancy/later in childhood
� Low GGT
� Pruritus
� Hypocalcaemia
� Hearing loss

KIF1212 KIF12 � Not reported � Early infancy/later in childhood
� High GGT

MYO5B13 MYO5B � Hepatocellular cholestasis
� Portal and lobular fibrosis
� Giant cell transformation
� Abnormal BSEP and MDR3 staining

� Early infancy
� Low GGT
� Hepatomegaly
� Pruritus
� Diarrhoea
� Poor growth
� Microvillus inclusion disease and intestinal failure

LSR14 LSR � Not reported � Early infancy
� Low GGT
� Pruritus

WDR83OS11 WDR83OS � Not reported � Later in childhood
� Microcephaly
� Dysmorphic facies
� Genital abnormalities

GGT, gamma-glutamyltransferase; n.a., not applicable; PFIC, progressive familial intrahepatic cholestasis.
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Table 2. IBAT inhibitors in development.40–52

IBAT inhibitor Approved indication Target indication(s)

Odevixibat PFIC (EU and US)40

Alagille
syndrome (US)41

Biliary atresia42

Maralixibat Alagille syndrome
(EU and US)43

PFIC44

Biliary atresia45

Elobixibat Chronic
constipation (Japan)46

Non-alcoholic
steatohepatitis47

Non-alcoholic
fatty liver disease47

Linerixibat n.a. Type 2 diabetes48

Cholestasis49

Primary
biliary cholangitis50

Volixibat n.a. Non-alcoholic
steatohepatitis51

Primary sclerosing
cholangitis52

IBAT, ileal bile acid transporter; PFIC, progressive familial intrahepatic cholestasis;
n.a., not applicable.
disease monitoring practices have been barriers to optimising
clinical practice.

Diagnosis of PFIC has traditionally been made via clinical
assessment (including symptoms, family history, laboratory
investigation, liver ultrasound and liver biopsy); however, gene
sequencing is now widely accepted as the gold standard for
diagnostic confirmation.15 In addition to direct gene analysis via
Sanger sequencing, three methods of next-generation
sequencing have been reported in the literature for PFIC diag-
nosis.15,16,17,18 Targeted gene panel analysis involves sequencing
several selected cholestasis-associated genes in a single analysis,
and is frequently used alongside clinical diagnosis when a spe-
cific PFIC genotype is suspected.15,18 This method of next-
generation sequencing offers a more time efficient and less
costly method of genetic diagnosis compared with other next-
generation sequencing techniques.15 The diagnostic yield of tar-
geted gene panel sequencing varies widely in the published
literature, from 28.1% to 68%, which is thought to be due to pa-
tient selection criteria and the number of genes utilised in the
panel.15,16,17,18 Whole-exome and whole-genome sequencing are
typically utilised in cases of complex phenotype, or when genetic
diagnosis via targeted gene panel sequencing has been incon-
clusive.17 Despite considerable advances in genetic testing, some
challenges remain. It can be difficult to predict variant patho-
genicity, as genetic screening may not identify unknown path-
ogenic variants associated with PFIC; moreover, phenotype and
genotype correlations are not always consistent, thus interpre-
tation of molecular findings is an ongoing process.15,18,19

Medical treatment, in combination with dietary supplemen-
tation (including fat-soluble vitamins, lipids and caloric supple-
mentation), is usually the first-line treatment choice for patients
with all types of PFIC to prevent the consequences of chronic
cholestasis.2 Historically, physicians have faced the challenge of
the absence of an approved pharmaceutical treatment for pa-
tients with PFIC. Ursodeoxycholic acid (UDCA) is the most widely
reported, off-label, medical treatment administered to patients
with PFIC.1,20 UDCA is minimally effective, but is associated with
few adverse events.2 Initial improvements in clinical symptoms
are often not sustained, with some patients experiencing relapse
and disease progression, and requiring surgical manage-
ment.2,20,21,22 Rifampicin is another commonly prescribed, off-
label, antipruritic drug, often used in combination with UDCA,
which has demonstrated little success in terms of sustained
symptomatic responses.1,23,24 Other historical treatments
(mostly off-label and repurposed based on efficacy trials in other
cholestatic diseases) that have been associated with limited
success and which do not modify the course of disease include:
sertraline, cholestyramine (licensed for cholestatic pruritus in
certain countries), antihistamines, sodium 4-phenylbutyrate and
naltrexone.1,20,25,26

Following failure of medical treatment, surgical management
in the form of biliary diversion or liver transplantation is usually
required. Biliary diversion, which disrupts the enterohepatic
circulation of bile acids, can be carried out in three different
ways: partial external biliary drainage, partial internal biliary
drainage, or ileal exclusion.1,27 Whilst generally considered a
successful treatment for patients with PFIC (lowering SBAs,
attenuating pruritus intensity, and prolonging native liver sur-
vival in many cases),1,28,29,30,31 not all patients respond. A meta-
analysis of 424 children with PFIC who underwent partial
external biliary diversion, partial internal biliary diversion or
ileal exclusion reported that pruritus resolved following biliary
JHEP Reports 2024
diversion in 59.5% of the studied cohort, but that 27% went on to
require liver transplantation.27 Current literature suggests that
this varied response to biliary diversion may be influenced by
PFIC type and genotype; patients with PFIC2 were more likely
than patients with PFIC1 or PFIC3 to develop severe liver dis-
ease, or hepatocellular carcinoma, and require liver trans-
plantation.27 In those with PFIC2, genotype is a strong predictor
of response to biliary diversion,32 with 10-year native liver
survival ranging from 22% to 75%, depending on genotype.33

Reported complications associated with biliary diversion
include stoma-related complications, malabsorption, diarrhoea,
recurrent pruritus and progressive disease resulting in the need
for liver transplantation.1,27 Transplantation is indicated for pa-
tients with end-stage liver disease or those with significant
symptoms (including pruritus) who have not responded to other
treatment methods.1 Liver transplant considerations specific to
PFIC include the risk of antibody-induced BSEP deficiency in
PFIC2, and the possibility of residual disease characterised by
severe diarrhoea and progressive steatosis in PFIC1.1,34,35

A novel class of drugs, ileal bile acid transporter (IBAT) in-
hibitors, have been developed to combat intrahepatic chole-
stasis.36,37,38 IBAT inhibitors offer a non-surgical approach to
achieving disruption of the enterohepatic circulation of bile
acids.39 Several IBAT inhibitors are in development for a range of
indications (Table 2). In 2021, odevixibat received approval for
the treatment of patients over the age of 6 months with PFIC in
the EU, followed shortly by approval in the US and UK for the
treatment of pruritus in patients over the age of 3 months with
PFIC.40 Clinical trial results with IBAT inhibitors have demon-
strated normalisation of SBA values, reduction in pruritus
severity, and subjectively reported improvements in quality of
life for patients.36,37,38 In a randomised placebo-controlled phase
III clinical trial investigating children with PFIC1 or PFIC2, ode-
vixibat led to significant improvements in both pruritus (55% vs.
30%; p = 0.0038) and SBA response (33% vs. 0%; p = 0.003), as
defined by a >−70% reduction from baseline in fasting serum bile
acids or serum bile acids <−70 lmol/L after 24 weeks of treatment
(Table 3).37 Clinically significant reductions in pruritus were also
reported in a phase II study assessing the efficacy and safety of
maralixibat in children diagnosed with PFIC1 or PFIC2, at week
13 compared to baseline (-0.8 vs. -1.0; p = 0.002).38
3vol. 6 j 100949



Table 3. Clinical results from the phase III odevixibat trial.37

Placebo
(n = 20)

Odevixibat
40 lg/kg/day (n = 23)

Odevixibat
120 lg/kg/day (n = 19)

Odevixibat,
all doses (n = 42)

Serum bile acid response (%) 0% 43% 21% 33%
Proportion of positive
pruritus assessments (%)

30% 58% 52% 55%

Mean change from
baseline to week 24 in ObsRO
scratching score

-0.25 NR NR -1.11

Most common adverse events (%) Pyrexia (25%) Diarrhoea/frequent bowel
movements (29%)

Pyrexia (26%) and
upper respiratory tract

infection (26%)

Diarrhoea/frequent bowel
movements (31%)

ObsRO, observer reported outcome; NR, not reported. The phase III randomised-controlled trial recruited 62 patients with either PFIC1 or PFIC2 (median age, 3.2 years) who
received placebo (n = 20), or odevixibat at either 40 lg/kg/day (n = 23) or 120 lg/kg/day (n = 19) for 24 weeks.
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Results from the Natural Course and Prognosis of PFIC and
Effect of Biliary Diversion (NAPPED) Consortium have shown that
just one protein-truncating mutation in BSEP is associated with a
severe disease course, low responsiveness to biliary diversion,
and reduced response to IBAT inhibitors.33 This is corroborated
by the results of the maralixibat phase II study which showed
that no patients with a protein-truncating mutation within the
ABCB11 gene achieved a SBA response following maralixibat
treatment.38 Patients with biallelic truncating mutations in
ABCB11 were excluded from the odevixibat phase III trial.37

Progression of PFIC can vary widely between individuals,2 and
several biomarkers have been reported as surrogate indicators of
disease progression.28,30,31,32,36,37,38,53,54 Notably, a decrease in
SBA levels has been shown to correlate with reduction in pru-
ritus severity.55 In addition, elevated circulating values have also
been linked with poor native liver survival in children.28 In pa-
tients with PFIC1, native liver survival at 15 years was shown to
be threefold greater in patients with SBA values below 194 lmol/
L than in those with elevated values above this threshold.28 Both
SBA concentrations and pruritus intensity have been used as
primary efficacy outcome measures to assess treatment response
in clinical trials,36,37,38 with response to treatment being defined
as a normalisation of SBAs and the absence of, or improvement
in, pruritus intensity.

Sleep disturbance, growth retardation, total and conjugated
bilirubin levels, and poor quality of life have all been associated
with PFIC, and lend themselves to use as markers of disease
progression.29,30,36,38,53,56,57 Other biomarkers cited in the liter-
ature include markers of fibrosis, including APRI (aspartate
aminotransferase-to-platelet ratio index) and FIB-4 (fibrosis-4
index).53 Validated tools to monitor some of these markers have
been developed, such as ItchRO(Observer) and PRUCISION for
pruritus and sleep disturbance.53,58 In addition, a liver histology
scoring system for BSEP deficiency has also been described for
monitoring microscopic changes in clinical practice and as a
surrogate endpoint in clinical trials.54

The authors identified a clear unmet need to optimise the
treatment pathway for patients with PFIC, given the historical
lack of consensus regarding diagnosis, treatment, and moni-
toring. As such, the authors put forward their expert opinions to
promote the standardisation of the management of PFIC in
clinical practice, based on their own experience and the pub-
lished literature.

Materials and methods
The following recommendations were developed by six Euro-
pean specialists with extensive experience in the management of
PFIC in paediatric and adult settings. The committee met twice
JHEP Reports 2024
(on the 29th September 2022 and 6th December 2022) to discuss
the core challenges faced by physicians in the diagnosis and
management of PFIC. During the first meeting, the committee
agreed on two key areas where expert guidance is required to
optimise the care of patients with PFIC, these were:

B How to diagnose and treat patients with a clinical presen-
tation of PFIC in the absence of clear genetic test results/
whilst awaiting genetic testing results.

B How to monitor disease progression in patients with PFIC.

At the second meeting, the committee discussed how these
concerns could be addressed using their own clinical expertise.

Literature searches were conducted on 3rd January 2023, us-
ing the PubMed database, to contextualise and inform any expert
recommendations and elucidate the current understanding in
the field. Three search strategies (Table S1) were defined and
agreed by the committee to answer the following questions:

1. When does genetic testing for PFIC currently take place?
2. What are the diagnostic clinical biomarkers that indicate

disease progression for PFIC?
3. What is the current treatment pathway for PFIC?

Titles and abstracts identified through the searches were
reviewed independently by two reviewers (CC and LD). Studies
were included if they were: 1) related to PFIC and addressed the
question, 2) a clinical study, 3) published in the past 5 years.
Studies were excluded if they were: 1) a non-peer-reviewed
paper, 2) related to other intrahepatic conditions other than
PFIC, 3) not primary research, 4) not written in English. Data
extraction was then carried out by one reviewer (CC).

Results
The authors proposed a diagnostic and treatment algorithm for
children with suspected PFIC (Fig. 1) to help to guide clinical
practice.

In neonates and infants with unexplained jaundice and pre-
dominant conjugated hyperbilirubinaemia, structured in-
vestigations according to an established protocol should be
undertaken to exclude biliary atresia or other causes of neonatal
jaundice.59 Patients with unexplained pruritus (with or without
jaundice) are advised to undergo: 1) clinical assessment to quan-
tify bilirubin, SBAs, gamma-glutamyltransferase (GGT) and fat-
soluble vitamin levels, and 2) an abdominal ultrasound scan to
exclude obstructive causes of cholestasis, such as amass or stones.

Thepanel agreed that adiagnosis of PFIC shouldbe suspected in
cholestatic patientswithelevatedSBAsand lowGGTvalues (Fig.1).
4vol. 6 j 100949



Pruritus
improved

Continue IBAT inhibitor
treatment at current dosage

Check SBAs and reassess when
genetic testing results available

Increase IBAT
inhibitor dosage

Increase odevixibat dose to
120 μg/kg/day for another 12 weeks

Pruritus
improved

Discontinue IBAT
inhibitor treatment

Initiate serial trials of UDCA,
rifampicin, sertraline,

ondansetron, cholestyramine,
phenobarbitone, naltrexone,

diphenhydramine, hydroxyzine

No improvement
in pruritus

Probable PFIC Possible PFIC

≥1 genetic
variant in a
PFIC gene

No genetic
variants in a
PFIC gene

Consider
whole genome

sequencing

Suspected PFIC
Initiation of treatment with an

IBAT inhibitor: odevixibat
(40 μg/kg/day) for 12 weeks

Send for genetic analysis of
cholestasis-associated genes

Unexplained pruritus ± jaundice 
Clinical assessment and ultrasound scan

Start nutritional support

Elevated SBAs
and low GGT

Elevated SBAs
and high GGT

Suspected PFIC3
In infants exclude
biliary atresia and
other causes of

neonatal cholestasis

In older children
exclude autoimmune

liver disease and
primary sclerosing

cholangitis

Initiation of treatment
with an IBAT inhibitor:

odevixibat
(40 μg/kg/day) for

12 weeks

Send for genetic analysis
 of cholestasis-associated

 genes

No improvement
in pruritus

Fig. 1. Proposed diagnosis and treatment algorithm for patients with unexplained pruritus and/or jaundice in conjunction with elevated SBAs. GGT,
gamma-glutamytransferase; IBAT, ileal bile acid transporter; PFIC, progressive familial intrahepatic cholestasis; SBA, serum bile acids; UDCA, ursodeoxycholic
acid; USS, ultrasound scan.
For such patients with clinical and biochemical factors highly
suggestive of a PFIC diagnosis, the authors propose that empirical
treatment with an IBAT inhibitor can be initiated as confirmatory
genetic testing via targeted gene panels is requested. Treatment
with an IBAT inhibitor should also be considered if PFIC3 is sus-
pected in cholestatic patients with elevated GGT (provided dif-
ferential diagnoses with urgent treatment requirements are
excluded). Presently, odevixibat is the only approved IBAT inhib-
itor for patients with PFIC and can be initiated at a recommended
dose of 40 lg/kg/day for an initial 12-week period. If the patient
shows a clinical and/or biochemical improvement after treatment
initiation, the authors recommend continuing odevixibat treat-
ment. The authors suggest that an adequate response to IBAT in-
hibitor therapy is defined as a >70% fall in SBAs, or a >−1 reduction in
pruritus score. The authors note that there are several tools
JHEP Reports 2024
available tomonitor pruritus,57,58 for example the PRUCISION tool,
and recommend that the pruritus score is quantified ahead of
treatment initiation so that response to treatment can be
monitored.

If genetic screening, via gene panel diagnostics, identifies one
or more genetic variants associated with cholestasis, then
this would be supportive of a PFIC diagnosis. If no indicative
mutations are observed yet the index of suspicion remains
high, whole-exome sequencing should be considered whilst
continuing to treat the patient with odevixibat. The authors note
that IBAT inhibitor treatment may not be available to all physi-
cians. If it is not possible to access treatment through tertiary or
quaternary centre referral, then alternative therapies (pharma-
cological or surgical) may be explored in conjunction with a
specialist liver unit.
5vol. 6 j 100949
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For any patients who experience a partial improvement or no
improvement in pruritus 12 weeks after initiation of odevixibat
treatment, the odevixibat dose can be increased to 120 lg/kg/day
for a further 12 weeks, following agreement with the patient and
their parent or caregiver. If the increased dosage does not
improve pruritus, then treatment should be discontinued. In this
case, treatment with serial trials of UDCA, rifampicin, sertraline,
ondansetron, cholestyramine, phenobarbitone, naltrexone,
diphenhydramine and hydroxyzine should be considered. Sur-
gical biliary diversion should be considered if the patient fails to
respond to pharmacological intervention. Such therapeutic de-
cisions need to be decided by an expert team or medical centre,
in agreement with the caregiver.

The committee agreed that diagnosis of PFIC is just the start of
a patient’s journey and emphasised that monitoring for well-
being and disease progression is critically important. Monitoring
treatment effectiveness and attenuating progression towards
end-stage liver disease are the main goals of these assessments.
Assessing liver function, pruritus, SBAs, fat-soluble vitamins,
liver stiffness, growth, and quality of life is recommended for
patients with suspected PFIC, based on synthesis of the literature
and the authors’ own clinical experience. Clinical assessment,
including liver biochemistry, fat-soluble vitamin levels and SBA
levels, as well as monitoring of patient growth, is recommended,
with an arbitrary frequency recommendation of every 3–6
months. Pruritus and quality of life surveys should be conducted
by the patient/caregiver. An ultrasound scan of the liver, and
assessment of liver stiffness as a surrogate marker of fibrosis/
cirrhosis should be considered every 6–12 months. For those
with established cirrhosis, surveillance ultrasound scans and
alpha-fetoprotein levels should be checked every 6 months, in
line with guidelines for hepatocellular carcinoma.60 If, after
treatment and dose escalation, the patient does not present any
clinical improvement, the authors recommend considering other
medical treatment options on a case-by-case basis, such as a liver
transplantation (based on the patient’s clinical condition, e.g.
end-stage liver disease or intractable pruritus).
Discussion
Based on the published literature,15 and their own clinical exper-
tise, the authors agree that genetic testing is the gold standard for
PFIC diagnosis. However, they also understand from clinical
experience that there can be barriers to genetic testing, such as
cost implications, delays in result turnaround time, patients
without genetic confirmation of PFIC, and complex cases where
genotype and phenotype do not correspond.15,18 To meet these
potential challenges, the proposed algorithm suggests that init
ially patients should be assessed clinically, with treatment
JHEP Reports 2024
initiated in patients with clinical and biochemical factors sug-
gestiveof a PFIC diagnosis. Genetic testing is recommendedduring
treatment initiation to genetically confirm diagnosis, without
delaying the start of treatment. The decision-making process on
whether to start treatment with an IBAT inhibitor or not should
consider the clinical conditions of the patient, the severity of the
symptoms and the turnaround time of genetic or confirmatory
testing.

The proposed algorithm recommends the initiation of treat-
ment with the IBAT inhibitor odevixibat40 following clinical
diagnosis. It should be remembered that the treatment land-
scape is evolving, with additional IBAT inhibitors in the pipe-
line,40–43 and research into other treatments such as gene
therapy is ongoing.28 As such, the algorithm will need to be
dynamic, with reassessment as new data become available.
However, the authors hope that the algorithm will offer physi-
cians the confidence to start their patients on the most appro-
priate treatment as early as possible, without relying on off-label
treatments, which often have limited efficacy.1,20,21,22,23,24,25,26

With a progressive disease such as PFIC, it is important to
continually monitor patients following treatment initiation to
determine if an adequate response has been achieved. The au-
thors suggest that the most appropriate markers to use are
pruritus, SBAs, growth, and quality of life. In addition, liver
synthesis and development of fibrosis/cirrhosis with associated
complications should be monitored. The literature review high-
lighted a number of diagnostic tools that may enable effective
monitoring of a patient’s quality of life and levels of pruritus,
including PRUCISION and ItchRO(Observer)53,58 which have been
validated and could be used within clinical practice. New bio-
markers are emerging (such as the potential to monitor disease
progression by assessing markers of fibrosis54); however, further
research into their clinical utility is required. Given these com-
plexities, we recommend that children with suspected PFIC
should be referred to, and discussed with, a specialist centre.

Whilst this paper focusses on paediatric presentations of PFIC,
the authors note that further research and guidance is required
for adult patients with idiopathic cholestasis. The authors also
recognised that transitional care from paediatric to adult ser-
vices, whilst also beyond the scope of this paper, is an important
area for further expert guidance. Transitional care is a difficult,
often stressful, time for patients, in which it is essential for
paediatric physicians to be transparent and set realistic expec-
tations of the process to both patients and parents/carers. This is
an area that needs further focus and clear guidance to stan-
dardise the approach and improve patient experience.

In summary, it is hoped that the content of this paper can be
used as a supporting reference for the management of PFIC that
will help to standardise the care of patients in clinical practice.
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Search 
#no 

Topic Search Terms 

1 Disease “PFIC” OR 
“Progressive familial intrahepatic cholestasis” OR 
“Byler’s disease” OR 
“Byler” 

2 Genetic testing “Genetic testing” OR 
“Genetic test” OR 
“Testing” OR 
“Test” OR 
“Screening” OR 
“Screen” OR 
“Genetic” OR 
“Gene” OR 
“Genes” OR 
“FIC1” OR 
“PFIC1” OR 
“BSEP” OR 
“PFIC2” OR 
“MDR3” OR 
“PFIC3” OR 
“TJP2” OR 
“PFIC4” OR 
“FXR” OR 
“PFIC5” OR 
“MYO5B” OR 
“PFIC6” OR 
“ATP8B1” OR 
“ABCB11” OR 
“ABCB4” OR 
“TJP2” OR 
“NR1H4” OR 
”USP53” OR 
“PFIC7” OR 
”KIF12” OR 
“PFIC8” 

3 Biomarkers of disease 
progression 

“Serum bile acids” OR 
“Bile acids” OR 
“Bile” OR 
“Bilirubin” OR 
“Conjugated bilirubin” OR 
“Biomarker” OR 
“Biomarkers” OR 
“Serum biomarker” OR 
“Diagnosis” OR 
“Disease progression” OR 
“Disease progress” OR 
“Progression” OR 
“Predict” OR 
“Prediction” OR 
“Predictive” OR 
“Indicate” OR 
“Indicator” 

4 Treatment landscape “Treatment” OR 
“Treat” OR 
“Treating” OR 
“IBAT inhibitor” OR 
“Ileal bile acid transport inhibitor” OR 
“Ileal bile acid transport inhibitors” OR 
“Therapeutic” OR 
“Medication” OR 
“guidelines” OR 
“guide” OR 
“Recommend” OR 
“Recommended” OR 
“Consensus” OR 
“Position” OR 
“Case series” OR 
“Case” OR 
“Case reports” 

5 Genetic testing in PFIC 1 AND 2 
6 Biomarkers of disease 

progression 
1 AND 3 

7 PFIC pathway 1 AND 4 
8 Date of literature search 03/01/2023 

Table S1. Literature search terms and literature search strategy 
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