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Aim: Progressive familial intrahepatic cholestasis (PFIC) comprises a group of rare, heterogeneous genetic
liver disorders characterized by impaired bile formation and cholestasis. Historically, treatment focused
on supportive management and symptomatic relief, but disease-specific therapies, including ileal bile
acid transporter inhibitors, have recently become available. This systematic review updates previous
evidence on the epidemiology, natural history, psychosocial and economic burden of PFIC, and summarizes
evidence on the efficacy, safety and cost-effectiveness of therapies used primarily in patients with PFIC
type 2 (bile salt export pump [BSEP] deficiency). Materials & methods: Twenty-seven databases and
supplementary literature sources were searched in February 2021 and updated in January 2025. Studies
were selected to address five review questions. Due to substantial heterogeneity in study populations, PFIC
subtypes, outcome definitions and study designs, findings were synthesized narratively. Results: A total of
114 publications were included. Findings relating to epidemiology, natural history, psychosocial burden
and economic burden were broadly consistent with previous reviews and highlighted the substantial
impact of PFIC on children and their caregivers. Many patients treated with maralixibat and odevixibat
demonstrated improvements in pruritus, serum bile acid concentrations, quality of life and markers
of liver health, particularly those with PFIC2/BSEP deficiency. However, treatment responses varied
across studies and genotypes, and long-term data remain limited. Only a small amount of economic
evidence was identified. Conclusion: PFIC is associated with significant clinical and psychosocial burden.
Ileal bile acid transporter inhibitors provide a novel, targeted, nonsurgical treatment option for many
patients: current evidence supports improvements in pruritus and serum bile acid control, particularly in
PFIC2/BSEP deficiency; however, treatment responses are heterogeneous and additional long-term clinical
and economic evidence is needed.
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Background
Progressive familial intrahepatic cholestasis (PFIC) refers to a group of rare, heterogeneous genetic liver disorders
caused by variants in bile constitution/formation [1]. The disease is characterized by an early onset of intrahepatic
cholestasis (i.e., reduced or blocked bile flow) due to impaired hepatocytic bile salt excretion, bile micelle formation
or bile duct dysfunction with clinical features of pruritus, malabsorption and rapid progression to liver failure [2].
PFIC is the cause of 10–15% of cholestatic liver diseases in children, and up to 15% of pediatric liver transplantation
(LT) indications [3]. Although its exact prevalence is unknown, the disease is estimated to affect 1 in every 50,000
to 100,000 births [2,3].
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PFIC types are determined by which gene/protein is affected, with diagnosis typically based on clinical presenta-
tion, laboratory findings and liver histology, and confirmed with genetic testing [4]. The most common PFIC types
are PFIC 1 (FIC1 deficiency), PFIC 2 (bile salt export pump [BSEP] deficiency) and PFIC 3 (MDR3 deficiency).
Manifestations of PFIC range from mild to severe. Milder disease typically manifests with mild pruritus (which
is also present in severe disease), alongside jaundice, failure to thrive (defined as poor growth and weight gain
due to impaired fat absorption), fat-soluble vitamin deficiency and delayed puberty. Some patients also present
with extrahepatic manifestations, which can include hearing loss, pancreatitis, kidney stones and diarrhea [5,6]. The
quality of life (QoL) of children and their families is significantly impaired due to PFIC, with abrasions, cutaneous
mutilation, scarring and sleep disturbance some of the most debilitating symptoms [7].

Several earlier literature reviews have explored various aspects of PFIC, including its epidemiology, etiology,
clinical features, diagnosis and treatment methods, burden and prognosis [3–5,7]. These previous reviews discussed
historical standard of care, consisting only of supportive management and symptomatic relief, but the emergence of
specific treatment options necessitates a new review to summarize their efficacy and safety [8,9]. Herein, we present
a systematic review of published literature which serves not only as an update to the research questions investigated
by Baker et al. focused on the natural history and burden of PFIC [7], but also summarizes new evidence on the
efficacy and cost-effectiveness of therapeutic options used to treat individuals with the most prevalent form of the
disease, PFIC 2.

Materials & methods
This systematic review was conducted in accordance with methodological recommendations from the Cochrane
Handbook for Systematic Reviews of Interventions [10], and the Centre for Reviews and Dissemination (CRD)
guidance for undertaking reviews in healthcare [11]. The review was reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [12]. A review protocol was not prospectively
registered.

Separate search criteria were defined in the population, interventions, comparisons, outcomes and study design
(PICOS) structure for five distinct review questions, which guided the identification and selection of studies. These
criteria are presented in Supplementary Tables 1–5. The review questions were:

• What is the epidemiology encompassing the prevalence, incidence, etiology, risk factors and natural history of
PFIC?

• What is the psychosocial burden associated with PFIC for both patients and caregivers?
• What is the economic burden associated with PFIC?
• What is the efficacy and safety of standard of care (SoC) and novel treatments for BSEP deficiency?
• What comparative economic evidence is available to support the cost-effectiveness of PFIC therapies?

To improve transparency, findings for each review question are presented in separate sections of the Results and
Discussion. The number of included publications contributing to each review question is reported to facilitate
interpretation of the relative strength of evidence across domains. Given the rarity of PFIC and the differing
objectives of the included studies, evidence was synthesized narratively rather than quantitatively.

Twenty-seven databases and supplementary literature sources were searched from inception to February 2021
to retrieve relevant publications. Searches across databases and websites were updated in January 2025 to retrieve
additional published literature. English language only restrictions were placed during study selection, and publica-
tion date limits were placed on the January 2025 search update (for further details on database search strategies, see
Supplementary Materials). The bibliographies of included articles and review publications were hand-searched for
further relevant studies.

Two reviewers independently screened articles for inclusion according to prespecified inclusion criteria at
title/abstract and full text stage (see Supplementary Materials). Data extraction and quality assessment of included
studies were performed by one reviewer, with all data items validated by a second reviewer. Any discrepancies
between reviewers at screening, extraction, or quality assessment stages were resolved through consensus or consul-
tation with a third reviewer. Data from the included studies were extracted, stored and analyzed using Microsoft
Excel. The extracted items were study characteristics, patient baseline characteristics (where applicable), study
arms compared, outcomes assessed (e.g., outcome definitions, methods of assessment), follow-up time and results
(e.g., numbers, percentages and effect sizes with CI, where applicable). The methodological quality of observational
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studies was assessed using the Critical Appraisal Skills Programme checklist [13], and the Cochrane Risk of Bias
(ROB)-2 tool was used to appraise randomized controlled trials (RCTs) [14]. Economic assessments were appraised
using the NICE checklist for economic evaluations [15]. Studies which reported QoL estimates were appraised using
a checklist adapted from the NICE Technical Support Document (TSD) 9 [16]. See Supplementary Materials for
full details of these risk of bias assessments.

Overall, the methodological quality of the included studies was variable. Observational studies were frequently
limited by small sample sizes, retrospective study designs and the absence of comparator groups. RCTs generally
demonstrated lower risk of bias, although some concerns remained regarding sample size and generalizability because
of the rarity of PFIC and the exclusion of certain patient subgroups. These limitations should be considered when
interpreting treatment efficacy and long-term outcome findings.

A narrative synthesis of all included studies was performed across all systematic literature reviews (SLRs). Meta-
analysis was not undertaken because of substantial heterogeneity across studies. Sources of heterogeneity included
differences in PFIC type, genotype distribution, intervention type, outcome definitions, response thresholds,
follow-up duration and study design. In particular, clinical studies employed different definitions of serum bile
acid response and pruritus improvement and enrolled patient populations with differing disease severity and
genetic backgrounds. Consequently, quantitative pooling of results was considered inappropriate and findings were
synthesized narratively. The data were summarized using text and where relevant, accompanying tables. A thorough
analysis by the aforementioned reviewers controlled for the possibility of inclusion of the same participants from
various studies, with the exception of inclusion of open-label extension trials.

Results
A total of 2818 titles and abstracts were retrieved from the literature searches and 24 from other sources, including
346 duplicates. From these, full papers were obtained for 348 citations. After further review, 234 papers were
excluded.

One hundred and fourteen publications were selected for inclusion across the five review questions (epidemiology
question: 59; HRQoL question: 13; clinical question: 57; cost and resource use question: 4; economic evaluation
question: 3). Several publications met the inclusion criteria for more than one of the epidemiology, HRQoL, and/or
clinical evidence review questions. As such, the sum of the publications extracted for each review question (135
records) exceeds the total number of individual publications. The study selection process is detailed in Figure 1.

Review question 1: What is the epidemiology encompassing the prevalence, incidence, etiology,
risk factors & natural history of PFIC?
A total of 59 studies were selected for inclusion in response to the epidemiology and natural history review question.
The target outcomes were prevalence, incidence, etiology, risk factors, clinical manifestations and mortality. Davit-
Spraul et al. estimated the global prevalence of PFIC at birth to vary between 1 per 50,000 and 1 per 100,000 [3].
None of the identified studies provided responses to the research question regarding the incidence of PFIC at a
national level, although the reported prevalence of PFIC in Taiwan is 0.059 per 100,000 persons [17].

Etiology & risk factors

In the current literature, PFIC types are defined by the deficiency of the respective genetic variants in genes coding
for the proteins mainly involved in hepatocellular transport and maintenance [18]. Their etiology characterizations
are as follows [19]:

• PFIC 1: homozygous/compound heterozygous variants of the ATP8B1 gene, leading to familial intrahepatic
cholestasis-associated protein type 1 (FIC1) deficiency.

• PFIC 2: variant ABCB11 gene, which encodes the BSEP, a protein responsible for transporting bile salts against
their concentration gradient.

• PFIC 3: variant ABCB4 gene, which encodes a multidrug-resistant class III glycoprotein (MDR3).
• PFIC 4: tight junction protein 2 (TJP2) deficiency caused by a loss-of-function variant in the TJP2ZO-2 gene.
• PFIC 5: FXR deficiency due to variants in the NR1H4 gene.
• PFIC 6: OSTα-OSTβ complex deficiency due to a homozygous mutation in the SLC51A gene.
• PFIC 7: variants in the USP53 gene prompting deficiencies in inactive ubiquitin carboxyl-terminal-hydrolase-53.
• PFIC 8: deficiencies in microtubule motor protein due to variants in the KIF12 gene.

10.57264/cer-2026-0047



Systematic Review Horslen, Vogel, Terner-Rosenthal, Zadok & D’Antiga

Total records screened at title/abstract: 723

Full publication assessed: 202 Full publication assessed: 146

Total included publications: 59Total included publications: 55

Total number of included studies: 114 records

Total records screened at title/abstract: 1774

Supplementary sources/
handsearching/
reference checking
Total: 9 records

Excluded full papers, 
Total: 147
Population not relevant (n = 98)
Intervention/comparator not
relevant (n = 0)
Outcomes not relevant (n = 28)
Study design not relevant (n = 18)
Duplicate/language (n = 3)

Excluded full papers, 
Total: 87
Population not relevant (n = 11)
Intervention/comparator not
relevant (n = 33)
Outcomes not relevant (n = 23)
Study design not relevant (n = 14)
Duplicate/language (n = 6)

Excluded references at 
title/abstract
Total: 521 records excluded

Excluded references at 
title/abstract
Total: 1628 records 
excluded

Supplementary sources/
handsearching/
reference checking
Total: 15 records

Electronic databases
765 records prior to 
de-duplication
Duplicate removes: 52
Total: 714 records after
de-duplication

Electronic databases
2053 records prior to 
de-duplication
Duplicate removes: 294
Total: 1759 records after
de-duplication

Figure 1. Study selection process for review inclusion.

• PFIC 9: Zinc Finger FYVE-Type Containing 19 deficiency caused by a variant in the ZFYVE19 gene.
• PFIC 10: Myosin-Vb deficiency caused by variants in the MYO5B gene.
• PFIC 11: driven by mutations in SEMA7A gene that encodes for Semaphorin-7A.
• PFIC 12: prompted by a variant in VPS33B gene, encoding the vacuolar sorting-associated protein 33B.
• PFIC 13: caused by mutations in the PSKH1 gene, which results in a hepatorenal ciliopathy.

A family history of PFIC or related liver diseases is heavily associated with PFIC; consanguinity and a history of
intrahepatic cholestasis of pregnancy (ICP) are also risk factors. Fifteen publications reported on these risk factors,
which are described in Table 2.

Clinical course

The clinical course of PFIC was described across 52 studies. PFIC can vary from early onset of severe liver disease to
episodic late-onset occurrence; clinical manifestations vary by PFIC type [36]. However, several signs and symptoms
are associated across most types due to bile acid build-up in the liver and bloodstream, including cholestasis, but
also pruritus and jaundice. Common features of PFIC also include hepatomegaly and splenomegaly as a result of
liver inflammation and fibrosis due to bile acid retention; greasy stools; diarrhea and fat-soluble vitamin deficiencies
due to impaired fat absorption; and failure to thrive and fatigue due to chronic ill-health [37]. Depending on the
PFIC type, affected individuals can be at risk of developing hepatocellular carcinoma (HCC), liver failure and
death.

Concerning the timing of clinical presentation, studies of patients with PFIC of different types found that PFIC
types 1, 2 and 5 presented clinical features in infancy, while PFIC 3 presented in later childhood, and individuals
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Table 1. PedsQL outcomes for individuals with progressive familial intrahepatic cholestasis following liver
transplant or partial external biliary diversion, through child-self and parent-proxy reporting.
PedsQL domain (mean ± SD) LT, child-self LT, parent-proxy PEBD, child-self PEBD, parent-proxy p-value

Total score 77 ± 16 84 ± 13 80 ± 14 81 ± 17 ns

Physical health 81 ± 18† 88 ± 11 91 ± 11† 88 ± 13 0.07

Psychosocial health 77 ± 17 82 ± 16 76 ± 15 79 ± 19 ns

Emotional functioning 77 ± 24 82 ± 22 65 ± 23 76 ± 16 ns

Social functioning 81 ± 23 87 ± 20 82 ± 11 83 ± 23 ns

School functioning 72 ± 17 79 ± 14 82 ± 16 83 ± 15 ns

LT: Liver transplant; ns: Not stated; PEBD: Partial external biliary diversion; PedsQL: Pediatric quality of life inventory; SD: Standard deviation.
†Physical health, p = 0.007 for LT child-self vs PEBD child-self.
Source: Wassman et al. (2018) [20].

with PFIC 4 had varied ages of presentation from infancy to adolescence [23,28,38]. In one study, patients with FIC1,
BSEP or TJP2 variants, who also had low gamma–glutamyl transferase (GGT) levels, presented with early onset of
clinical symptoms within the first 6 months of life [39].

Cholestasis is the hallmark presentation of PFIC, but its severity and age of onset varies by type [36,40,41]. In
Davit-Spraul et al. the onset of cholestasis (usually before 3 months of age) appeared earlier in individuals with
PFIC 2 than PFIC 1, as did early signs of fat soluble vitamin deficiencies. Many children with PFIC 2 within this
study were found to progress quickly to liver failure (LF) and/or HCC [27].

In a retrospective study which investigated the clinical presentation of children with PFIC in Saudi Arabia, 22
out of 27 patients with PFIC 2 presented with jaundice, 3 with pruritus, and 6 with rickets within the first 2 years of
life [23]. All 5 patients with PFIC 1 presented with jaundice and hepatomegaly, and most experienced extrahepatic
symptoms during disease progression (e.g. diarrhea, splenomegaly, poor growth) [23]. Additionally, out of 16 patients
with PFIC 3, 5 presented with jaundice, 4 with pruritus, and 1 with rickets [23]. In a different retrospective study
of 10 patients with PFIC 3, all presented with hepatosplenomegaly, and 6 presented with pruritus. At follow-up, 2
patients were reported as ‘stable with good liver function’, but 5 had progressive liver disease [38].

Intractable pruritus that severely impacts patient QoL and is refractory to medical or surgical intervention is
considered the leading indication for LT in individuals with PFIC [42]. The accumulation of serum bile acids (sBA)
can lead to severe pruritus and present significant morbidity for patients and their caregivers. Relief of pruritus is
often the primary objective for early medical intervention [42]. Depending on type, PFIC can also be associated with
other fatal liver complications such as cirrhosis, portal hypertension and HCC. Extrahepatic manifestations can
also occur, such as failure to thrive, splenomegaly, growth retardation, rickets and cholangitis [21,24,28,36,38,39,43–45].
In Davit-Spraul et al., LT was performed on patients with PFIC 1 due to severe cholestasis without signs of LF or
HCC [27].

Since its start in 2017, the NAtural course and Prognosis of PFIC and Effect of biliary Diversion (NAPPED)
consortium has provided insight into the natural history, genotype–phenotype associations and associations between
treatments and long-term outcome in individuals with PFIC 1 or PFIC 2 [41]. The consortium currently comprises
68 referral centers from all over the globe [46]. As of 1 May 2020, the NAPPED cohort consisted of 130 patients
with PFIC 1 and 264 patients with PFIC 2. Less than half of these patients reached adulthood with their native
liver. In the study, sBA concentrations of ≤102 μmol/l or ≥75% reduction following surgical biliary diversion
(SBD) in patients with BSEP deficiency were identified as key predictors of native liver survival (NLS)/transplant-
free survival [47]. Survival analyses reported overall NLS for individuals with PFIC 1 or PFIC 2 to be between
44% and 32% at 18 years, respectively [46,47]. In PFIC 1 patients, high levels of sBAs at presentation and after
SBD were negatively associated with poor NLS (10 years, sBAs <194 μmol/l: 49%; sBAs ≥194 μmol/l: 15%;
p = 0.03) [46]. Alternatively, a post-SBD sBA level of <65 μmol/l tended to be associated with prolonged NLS
(p = 0.05) [46]. Results from individuals with BSEP deficiency in the NAPPED study demonstrated that achieving
sBA ≤102μmol/l or a ≥75% reduction following SBD was a predictive of NLS for ≥15 years (both p < 0.001) [47].
Notably, NLS is a poor indicator of disease progression, since most patients with PFIC are transplanted not because
of end-stage liver disease, but for QoL/extrahepatic issues (pruritus, malabsorption, poor growth): these are
indications that depend on individual physician/family decision and local transplant feasibility.
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Table 2. Summary of studies reporting on progressive familial intrahepatic cholestasis risk factors in the
literature review.
Risk factor Study, year Country Study design Notes Ref.

Consanguinity Abaalkhail
et al., 2023

Saudi Arabia Retrospective study of
hospital records

Investigated 83 patients with PFIC, and
reported consanguinity in 89.47% of
patients with PFIC 2 and 85.71% of patients
with PFIC 3.

[21]

Al-Lawati et al.,
2009

Oman Retrospective study of
hospital records

[22]

Al-Mehaidib
et al., 2013

Saudi Arabia Retrospective study of
hospital records

[23]

Alsohaibani
et al., 2023

Saudi Arabia Retrospective study of
hospital records

Of 54 patients with PFIC for whom data on
consanguineous marriage was available,
87% had parents married to second-degree
relatives.

[24]

Aydogdu et al.,
2007

Turkey Retrospective study of
hospital records

[25]

Colombo et al.,
2011

Italy Case series Among 28 patients with PFIC 3, 11% had
parental consanguinity.

[26]

Davit-Spraul
et al., 2010

France Retrospective study of
hospital records

Of 57 families with children with PFIC, 20
were reported as being consanguineous.

[27]

Mehta et al.,
2022

India Retrospective study of
hospital records

Of 13 PFIC cases, third-degree
consanguinity was present in seven, and
second-degree consanguinity was present
in one.

[28]

Naveh et al.,
1997

Israel Longitudinal cohort study [29]

Pfister et al.,
2021

Germany Retrospective study of
hospital records

Among 48 patients with bile salt export
pump deficiency, 21% were from
consanguineous families.

[30]

Ruth et al., 2018 United States Longitudinal cohort study [31]

Shagrani et al.,
2017

Saudi Arabia Retrospective study of
hospital records

[32]

Zahmatkeshan
et al., 2010

Iran Retrospective study of
hospital records

[33]

Family history of
PFIC or associated
liver diseases

Abaalkhail
et al., 2023

Saudi Arabia Retrospective study of
hospital records

A positive family history of PFIC was
observed in 61.8% of identified cases.

[21]

Agarwal et al.,
2016

India Retrospective study of
hospital records

A family history of cholestasis was present
in first-order relatives in four cases, and
second-order relatives in three cases of PFIC
2.

[34]

Al-Lawati et al.,
2009

Oman Retrospective study of
hospital records

[22]

Al-Mehaidib
et al., 2013

Saudi Arabia Retrospective study of
hospital records

[23]

Aydogdu et al.,
2007

Turkey Retrospective study of
hospital records

[25]

Bull et al., 2018 Various Retrospective cohort study [35]

Davit-Spraul
et al., 2010

France Retrospective study of
hospital records

Of 62 children with PFIC, four siblings in
four different families were reported to
have died of similar liver diseases.

[27]

Mehta et al.,
2022

India Retrospective study of
hospital records

[28]

Naveh et al.,
1997 [29]

Israel Longitudinal cohort study [29]

Pfister et al.,
2021

Germany Retrospective study of
hospital records

Among 48 patients with bile salt export
pump deficiency, 27% had affected
siblings, and 10% had a family history of
early death from cholestatic cirrhosis.

[30]

Shagrani et al.,
2017

Saudi Arabia Retrospective study of
hospital records

[32]

Zahmatkeshan
et al., 2010

Iran Retrospective study of
hospital records

[33]

ICP: Intrahepatic cholestasis of pregnancy; PFIC: Progressive familial intrahepatic cholestasis.
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Table 2. Summary of studies reporting on progressive familial intrahepatic cholestasis risk factors in the
literature review (cont.).
Risk factor Study, year Country Study design Notes Ref.

History of ICP Agarwal et al.,
2016

India Retrospective study of
hospital records

Described significant antenatal history of
cholestasis in 32% of PFIC 2 cases and 100%
of PFIC 3 cases. In the case of male siblings
with PFIC 3, a history of ICP was reported in
both mother and aunts.

[34]

Davit-Spraul
et al., 2010

France Retrospective study of
hospital records

Documented two cases of ICP in individuals
from families with heterozygous carriers of
PFIC 2-associated variants.

[27]

ICP: Intrahepatic cholestasis of pregnancy; PFIC: Progressive familial intrahepatic cholestasis.

Review question 2: What is the psychosocial burden associated with PFIC for both patients &
caregivers?
The QoL of patients with PFIC and their caregivers was evaluated across 13 publications using the Pediatric
Quality of Life Inventory (PedsQL), Care-related Quality of Life (CarerQoL)-7 dimension (D) or CarerQoL –
visual analogue scale (VAS). None of these studies reported health state utility values (HSUVs) associated with
PFIC management or treatment.

The PedsQL questionnaire outputs a total score (summarizing patient functioning in physical, emotional,
social and school domains) and a family impact (FI) total score (comprising physical, emotional, social, and
cognitive functioning, as well as communication, worry, daily activities and family relationship domains) [48]. This
questionnaire uses a 0–100 scale, with a higher score indicating better QoL [49]. The minimal clinically important
difference is 4–5 points [49].

The HRQoL of individuals with PFIC following surgical intervention (LT or partial external biliary diversion
[PEBD]) compared with healthy children was quantified by Wassman et al. using PedsQL 4.0 child-self and
parent-proxy reports (with no statistical analysis) [20]. Results showed no significant difference in PedsQL between
individuals with PFIC after LT and those after PEBD except for a marginal difference in physical functioning/health
(p = 0.07) (Table 1). Other than a lower patient school functioning score after LT (p = 0.01), there were no differences
in PedsQL between healthy children and those with LT or native liver after PEBD [20].

The HRQoL of 49 patients with PFIC in the Childhood Liver Disease Research & Education Network
(ChiLDREN) prospective study was reported in Kamath et al. demonstrating that the HRQoL of children with
Alagille syndrome (ALGS) only significantly differs from those with PFIC in the physical score domain (73 vs 79,
p = 0.038), and also that parents of ALGS patients perceive their child to have at least marginally lower HRQoL
in all domains except school function [50].

The PICTURE study investigated the impact of PFIC 1 or PFIC 2 on the HRQoL of caregivers in Germany, the
UK and the US from September 2020 to March 2021, using the validated CarerQoL-7D and CarerQoL-VAS [51].
Most caregivers reported caregiving-related mental (73%) and physical (64%) health problems, as well as relational
problems with their child (95%). CarerQoL-7D and CarerQoL-VAS scores were both lower for caregivers of
patients with PFIC 2 compared with PFIC 1, suggesting a greater burden of illness for this type [51].

A cross-sectional survey of informal caregivers of patients with ALGS or PFIC (n = 12) completed prior to
maralixibat initiation demonstrated that caregiving impacts sleep quality (83.3% of caregivers), finances (75%),
productivity (50%) and mental health (25% and 58% of caregivers experienced borderline to abnormal depression
or anxiety, respectively) [52].

Review question 3: What is the economic burden associated with PFIC?
Four publications provided evidence on the cost and/or resource use associated with living with PFIC, in Germany,
Japan, Turkey and India [25,53,54]. Pfister reported that in Germany, PFIC patients spent an average total of
68.72 days in hospital across a 40-year period, with a plurality of hospital visits lasting between 3 and 6 days.

In Hori et al., the mean (SD) number of days spent in the hospital during the study period after LT for PFIC 1
and PFIC 2 patients in Japan was 70.7 (42.8) days, with results ranging between 29 and 189 days, while the mean
(SD) operating time required for LT in patients with PFIC was 525.4 (57.4) min. Operations ranged in length
from 402 to 636 min. The mean (SD) number of liver needle biopsies required per patient after receiving a LT was
8.3 (5.1) times/recipient, with this outcome ranging from 3 to 23 liver needle biopsies per recipient [53].

10.57264/cer-2026-0047
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Patients with PFIC in Turkey were reported to have been discharged from the hospital between 20 and 61 days
after LT [25]. In India, patients with PFIC (types 1–4) who received LT were reported to have remained in the
hospital for a median duration of 21 days post-LT surgery [54].

Review question 4: What is the efficacy & safety of SoC & novel treatments for BSEP deficiency?
Standard of care management of PFIC (prior to approval of IBAT inhibitors)

Prior to the approval of ileal bile acid transporter (IBAT) inhibitors (discussed in the next section of this manuscript),
therapeutic choices in PFIC were restricted to nondefinitive, nonspecific therapies used to address the signs and
symptoms of the underlying disease. The objectives of these therapies are often to provide relief from pruritus,
improve the individual’s nutritional status, correct any vitamin deficiencies and treat complications of advanced
liver disease such as ascites and variceal bleeding if present [40]. Simple measures such as keeping the skin moisturized
and trimming the fingernails are helpful to provide symptomatic relief [40]. Supportive measures are geared toward
improving nutritional deficiencies and managing complications of advanced liver disease.

Nutritional management is the first step in the physician’s treatment plan to ensure the patient’s growth and
manage malabsorption [42]. Patients with PFIC are often treated with caloric, fat and vitamin supplementation
(vitamins A, D, E and K), with most of the fat being medium chain triglycerides [5,40,42].

Pharmacologic treatment (supportive medication), which aims to relieve pruritus, slow disease progression,
ensure continuity of patient growth and treat the complications of advanced liver disease, is typically a physician’s
next priority [42]. Due to the intensity of pruritus, supportive medication is often started alongside or soon after
nutritional therapy [42]. This includes off-label treatment for PFIC with oral ursodeoxycholic acid (UDCA),
a hydrophilic bile acid which alters the ratio of circulating hydrophilic to hydrophobic bile acids. Symptom
management for cholestatic pruritus include using rifampicin, a nuclear pregnane X receptor agonist often used
in combination with UDCA in early stages to manage symptoms and improve liver function; antihistamines such
as chlorpheniramine as initial therapy to improve sleep with limited ability to improve sleep in patients with
cholestatic pruritus; cholestyramine bile acid sequestrants, which are licensed to treat cholestatic pruritus in certain
countries and used to prevent bile acid reabsorption; sertraline, a serotonin reuptake inhibitor which reduces the
severity and duration of pruritus; sodium 4-phenylbutyrate, an oral histone deacetylase inhibitor used to improve
liver function in PFIC 2; and naltrexone, an opioid antagonist used to decrease opioid-mediated neurotransmission
associated with cholestatic pruritus [5,18,42,55]. UDCA is minimally effective in patients with certain PFIC types
and is associated with limited adverse events [18]. The link between PFIC type and response to UDCA is vague.
Wanty et al. highlighted that response varies from patient to patient and is not associated with a particular PFIC
type, although other evidence has shown that there is a tendency for a better response to UDCA in patients with
PFIC 1 or PFIC 2 with missense variations, along with a high rate of response in patients with PFIC 3 [27,56].
Rifampicin is likewise associated with minimal success in terms of sustained symptomatic response [18].

If medical treatment (including IBAT inhibitors, which are discussed in the next section) fails because of
intractable pruritus, growth failure or nutritional deficiencies, non-transplant surgical interventions may be con-
sidered. The goal of surgery in PFIC is to bypass enterohepatic circulation and/or decrease reabsorption of bile
salts [5,42]. Biliary diversion procedures, including PEBD, partial internal biliary diversion (PIBD) or ileal exclusion
(IE) can be used to delay or avert the need for LT [5,42]. Although these are generally considered to be successful
treatments for patients with PFIC, they do not offer universal benefit as some patients exhibit refractory pruritus or
progress to ESLD despite invasive treatment [7,18,25,42]. Potential QoL-related disadvantages associated with biliary
diversion procedures include living with stoma-related issues such as dehydration and leakage [55]. For patients who
develop ESLD with severe complications or severe therapy-resistant pruritus in the absence of complications or
ESLD, the next therapy would be LT [55].

In Agarwal et al. medical management involved a step-up algorithm in which patients began treatment on
UDCA and added-on treatments step-wise if no improvements were seen, in the following order: cholestyramine,
rifampicin, naltrexone and ondansetron [34]. Four out of 19 patients (between January 2011 and July 2015) on
medical management received SBD, while 4 patients received LT, 1 of whom underwent LT post-SBD. Similarly,
Davit-Spraul et al. reported that 9 out of 32 patients treated with UDCA underwent SBD, 15 patients either
underwent LT or were awaiting LT, and that of the 12 patients who received UDCA alone (without subsequent
surgical intervention), 1 died during the follow-up time [27].
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Twelve studies included in this review reported outcomes for SBD. Of these, 3 were based on the NAPPED
database. Felzen et al. analyzed data from the global NAPPED database to determine outcomes based on variants
present in patients with PFIC 2, reporting that the percentage of patients who obtained a post-SBD serum bile acid
(sBA) <102 μmol/l was highest in BSEP1/BSEP1 (92% vs 17% in BSEP1/BSEP3 and 60% in BSEP1/BSEP2,
p = 0.001) [57]. In Van Wessel et al., 61 patients with PFIC underwent SBD from the global NAPPED database
(47 underwent PEBD, 13 underwent IE and one underwent gallbladder-colic diversion). SBD was associated with
a 90% decrease in median sBA and a 56% decrease in median bilirubin [47]. In 51 patients with PFIC reported
on by Van Wessel et al. (2019), SBD was associated with a 91% decrease in sBA [58]. NAPPED demonstrated that
an sBA decrease below <102 μmol/l, or a reduction of at least 75% in sBA levels following SBD, are markers for
better long-term NLS [47]. The therapeutic objective of SBD is conceptually similar to that of IBAT inhibition,
namely reduction of enterohepatic bile acid circulation and hepatic bile acid exposure. In the NAPPED cohort,
successful SBD was associated with approximately 90% reductions in serum bile acid concentrations, and post-
SBD achievement of serum bile acid concentrations ≤102 μmol/L or ≥75% reduction from baseline was strongly
associated with improved NLS. These observations provide an important benchmark for evaluating pharmacologic
approaches that target similar biological pathways [47,58].

LT is indicated for patients who develop ESLD or significant symptoms such as pruritus which are refractory
to other treatment methods [18,55]. Nonetheless there are no standard criteria to refer PFIC patients to LT, making
it an inconsistent index of liver disease progression. Considerations for a LT include the risk of residual disease
characterized by severe diarrhea and progressive steatosis (FIC1 deficiency) and concerns with antibody-induced
BSEP deficiency (BSEP deficiency) [18]. Twelve identified publications provided evidence on LT outcomes in
patients with PFIC. Pfister et al. reported that transplanted patients showed a decrease in sBA, although 9 of the
22 patients who underwent LT had undergone SBD previously [59]. Bull et al. (2018) reported that 4 of the 33
(12%) patients with PFIC 2 who underwent LT required re-transplantation during a median post-LT follow-up of
3.6 years [35]. In Siebold et al., of the 6 patients with PFIC 2 who underwent LT, 1 patient had persistent growth
failure following transplantation [60].

Pharmacological interventions for PFIC 2

Investigations of interventions for the management of cholestatic liver diseases in children have evolved to include
modalities that target the FXR-FGF19 signalling axis (e.g., FXR agonists, FGF19 mimetics, obeticholic acid),
cholehepatic drugs (e.g., nor-UDCA) or enterohepatic blockers (e.g., IBAT inhibitors) [61]. In recent years, IBAT
inhibitors have gained recognition as non-surgical therapeutic alternatives to standard of care management for the
treatment of PFIC.

Mechanism of IBAT inhibitors
Procedures for SBD have been developed to interrupt the enterohepatic circulation and reduce the intrahepatic
accumulations of bile acids, but SBD complications (e.g., stoma-related complications, malabsorption, diarrhea,
recurrent pruritus and progressive disease) may lead to additional long-term progressive issues [18,61]. IBAT is an
integral regulator of the bile acid pool size in animals and humans, meaning that IBAT inhibition prevents the
intestinal reabsorption of bile acids: it targets the ileal re-uptake of bile acids to reduce the total bile acid pool size
and hepatic exposure to bile acids [61]. In PFIC, disrupted secretion of bile acids leads to their accumulation in
the liver, which is thought to underlie pruritus and liver-damaging inflammation [61]. Therefore, IBAT inhibitors
present a non-surgical approach for the treatment of PFIC.

Approval of IBAT inhibitors in PFIC
In July 2021, the EMA approved the IBAT inhibitor odevixibat (Bylvay) for the treatment of PFIC in patients
aged ≥6 months. In the same year, odevixibat received approval by the US FDA for the treatment of cholestatic
pruritus in patients with PFIC aged ≥3 months with PFIC at recommended oral liquid doses of 40 μg/kg once
daily up to 120 μg/kg/day, administered orally in the morning with (EU and US) or without (EU) food [62–64].

In 2024, the FDA approved the IBAT inhibitor maralixibat (Livmarli™) to treat cholestatic pruritus in patients
with PFIC aged ≥12 months and afterward received approval by the EMA for the treatment of PFIC in patients
≥3 months of age in liquid oral doses up to 570 μg/kg twice daily, as tolerated [65–67]. In 2025, a new tablet
formulation of maralixibat in 10, 15, 20 and 30 mg dosage strengths was approved by the FDA, allowing
prescription flexibility and convenience for physicians and older patients [68].
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Clinical trials of IBAT inhibitors in PFIC
The systematic review of published literature identified five key multinational clinical trials of maralixibat and
odevixibat (see Table 3).

In the long-term INDIGO study, 280 μg/kg maralixibat was administered orally, once daily to 33 patients with
PFIC 1/2 (PFIC 2, n = 25) for 72 weeks, with twice daily dosing permitted from Week 72 on in the extension
period [69,70]. Fourteen of the 33 enrolled participants were male (42%) and 26 (79%) were White. The median
age was 3.0 years (range: 1–13) [71]. Of the enrolled patients with nontruncated BSEP variant (n = 19; median
age 4.1 years, range 1–13; 32% male), 7 achieved sBA control (reduction in sBAs of >75% from baseline or
concentrations <102 μmol/l), remained on-study as of Week 237 and were liver transplant-free for more than
5 years [70].

MARCH-PFIC was a double-blind, placebo-controlled, Phase III, 26-week study of maralixibat up to 570 μg/kg
orally twice daily (BID) in 93 patients. The study had the largest variation of PFIC types studied to date (including
FIC1, BSEP, MDR3, TJP2 or MYO5B deficiencies) [75]. The BSEP cohort included 31 patients, with 50% of
maralixibat-treated and 35.3% of placebo-treated patients being male. The primary efficacy end point was the mean
change in average morning Itch-Reported Outcome (Observer) (ItchRO[Obs]) severity score between baseline and
Weeks 15–26 in the BSEP cohort. ItchRO(Obs) is a 0–4 scale, where 0 = no itch, 1 = mild, 2 = moderate,
3 = severe and 4 = very severe [94]. In the Phase III open-label extension study for patients who completed the
MARCH-PFIC trial, long-term maintenance of response was assessed in patients originally randomized to receive
maralixibat 570 μg/kg BID in MARCH-PFIC and continued with treatment in MARCH-ON, and also in
patients who received placebo in the MARCH-PFIC study and switched to open-label maralixibat 570 μg/kg BID
in MARCH-ON for up to 2 years [83].

Sixty-two patients with PFIC 1 or PFIC 2 enrolled in the double-blind, Phase III PEDFIC 1 trial were randomized
to receive odevixibat 40 μg/kg (n = 23), odevixibat 120 μg/kg (n = 19) or placebo (n = 20) once daily. Two primary
end points were evaluated: proportion of positive pruritus assessments using the Albireo observer-reported outcome
(ObsRO) PRUCISION instrument (≤1 reduction from baseline) and proportion of patients with sBA response
(reduction in sBAs ≥70% from baseline or concentrations ≤70 μmol/l) [8]. 79% of patients completed the 24-
week treatment period [8,89]. In the intervention arm (odevixibat all-doses; n = 42), the median (interquartile range
[IQR]) age was 3.2 (1.3–6.1), 45% were male and 71% had a PFIC 2 type. In the placebo arm (n = 20) the median
(IQR) age was 2.8 (0.8–4.5), 60% were male and 75% had a PFIC 2 type. As such, most participants had BSEP
deficiency [8].

The PEDFIC 2 trial comprised two cohorts including 69 patients at interim analysis. Cohort 1 was PFIC 1 or
PFIC 2 patients formerly in the PEDFIC 1 trial (1A: formerly received odevixibat; 1B formerly received placebo)
and Cohort 2 consisted of newly enrolled patients with PFIC of any type [92,93]. At the 24-week interim data cut-off
(15th July 2020), the mean (SD) age, % male, and n (%) PFIC type 2 at baseline were: 4.6 (3.6) years, 47%, and
24 (71%) for Cohort 1A (n = 34); 4.3 (4.0) years, 63%, and 14 (74%) for Cohort 1B (n = 19); and 7.9 (4.9) years,
44%, and 7 (44%) for Cohort 2 (n = 16) [92].

Impact of IBAT inhibitors on pruritus
The mean change in observer-rated pruritus (ItchRO) was a primary efficacy end point across the MARCH-PFIC,
MARCH-ON, PEDFIC 1 and PEDFIC 2 trials, but a key secondary efficacy end point in the INDIGO study.

In the Phase 2 INDIGO study, ItchRO data were recorded at Weeks 48 and 242. By Week 48, the mean change
in ItchRO from baseline in the all BSEP deficiency group (t-BSEP and nt-BSEP) (n = 22) was -1.1 (95% CI: -1.44,
-0.67), p < 0.001 [69]. By Week 242, for ItchRO (n = 8), this was -1.7 (95% CI: -2.60, -0.86), p = 0.002 [69]. sBA
responders (n = 7) experienced a greater mean change from baseline in ItchRO score by Week 240: -2.0 (SE: 0.3;
p = 0.016) compared with nonresponders [70].

In MARCH-PFIC, for patients with nt-BSEP deficiency, the LSM change from baseline in morning ItchRO
was -1.7 (95% CI: -2.3, -1.2) for maralixibat-treated patients compared with -0.6 (95% CI: -1.1, -0.1) for placebo-
treated patients. Likewise, a statistically significant between-group difference in morning ItchRO from baseline was
identified (LSM: -1.1 [95% CI: -1.8, -0.3]; p = 0.0063) [75,76].

Improvements in pruritus severity while on maralixibat treatment were reported to have continued up to Week
52 in the MARCH-ON extension study for 20 of 30 patients who continued with maralixibat treatment (-2.13;
p < 0.0001) and up to Week 26 for 15 of 24 patients who transitioned from placebo to maralixibat (-1.05;
p = 0.0017) [83].
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Table 3. Summary of progressive familial intrahepatic cholestasis 2 clinical studies of ileal bile acid transporter inhibitors
in the literature review.
Study name – NCT number
(sample size)
Risk of bias assessment
References

Intervention Study design End point(s) Refs.

INDIGO – NCT02057718
(n = 33)
Unclear risk of bias
Key source: Loomes et al.
(2022)
Some secondary sources:
Thompson et al. (2017),
Thompson et al. (2019),
Thompson et al. (2020),
Zhao et al. (2020), and
Zhao et al. (2022)

Participants received oral
doses of maralixibat
(LUM001) up to twice a day
(BID). Maralixibat doses were
escalated from 14 to
280 g/kg/day over 13 weeks
(depending on tolerability)
and maintained for 59 weeks.
In the extension period,
dosing was increased to
280 μg/kg twice daily.

Five-part open-label, Phase II
study: a 4-week dose
escalation period, a 4-week
stable dosing period, a
5-week stable dosing period,
a 59-week long-term
exposure period, and an
optional follow-up treatment
period for eligible
participants who continue
treatment

Primary end point(s): change from baseline in Fasting
serum bile acid (sBA) Level
Secondary end point(s):

• Change from baseline in pruritus as measured by
ItchRO(Obs)

• Change from baseline in pruritus as measured by
ItchRO(Pt)

• Change from baseline in alanine aminotransferase (ALT)
• Change from baseline in total bilirubin
• Change from baseline in direct bilirubin

[69–74]

MARCH – NCT03905330,
EudraCT, 2019-001211-22
(n = 93)
Low risk of bias
Key source: Miethke et al.
(2024)
Some secondary sources:
Miethke et al. (2023),
Ekong et al. (2023),
Miethke et al. (2023),
Gonzalez-Peralta et al.
(2023), Thompson et al.
(2023), D’Antiga et al.
(2023), the MARCH-PFIC
trial and D’Antiga et al.
(2024)

Participants received oral
doses of maralixibat
(recommended dose of 570
microgram per kilogram
[mcg/kg]) orally twice daily
30 minutes before a meal for
26 weeks with starting dose
285 μg/kg orally once daily in
the morning, then increased
to 285 μg/kg twice daily, then
428 μg/kg twice daily and
then escalated to 570 μg/kg
twice daily, as tolerated; or
placebo matched maralixibat
oral solution twice daily for
26 weeks.

Multicenter, randomized,
double-blind,
placebo-controlled Phase III
study of individuals with PFIC.
The all-PFIC cohort combined
the BSEP cohort with
participants with biallelic
FIC1, MDR3, TJP2 or MYO5B
deficiencies without previous
surgery but regardless of bile
acids. The full cohort had no
exclusions.

Primary end point(s): Change from baseline in pruritus as
measured by ItchRO(Obs)

• Change in total sBA level in the primary cohort (PFIC 2)
Secondary end point(s):

• Change in the average morning ItchRO(Obs) severity
score in PFIC 1, Nt-PFIC 2, PFIC 3, PFIC 4 and PFIC 6

• Change in total sBA level in participants with PFIC (PFIC 1,
PFIC 2, PFIC 3, PFIC 4 and PFIC 6)

• Proportion of ItchRO(Obs) responders in the primary
cohort

• Proportion of sBA responders in the primary cohort
• Proportion of ItchRO(Obs) responders PFIC (PFIC 1, PFIC 2,

PFIC 3, PFIC 4 and PFIC 6)
• Proportion of sBA responders PFIC (PFIC 1, PFIC 2, PFIC 3,

PFIC 4 and PFIC 6)

[9,75–82]

MARCH-ON –
NCT04185363
(n = 90)
Unclear risk of bias
Key sources: Miethke et al.
(2024), Miethke et al.
(2024), Miethke et al.
(2024), Aqul et al. (2024),
Ovchinsky et al. (2023) and
Miethke et al. (2023)

Participants who received oral
doses of maralixibat or
placebo in the MARCH-PFIC
trial continued or switched to
receive maralixibat (up to the
recommended dose of 570
mcg/kg) twice daily in the
extension study.

Open-label, long-term
extension study for 104 weeks

Primary end point(s):
• Change from baseline in pruritus as measured by

ItchRO(Obs)
Secondary end point(s):

• Change from baseline over time in serum bile acid (sBA)
levels

• Change from baseline over time in bilirubin levels
• Change from baseline over time in height and weight

z-scores
• Incidence of treatment-emergent adverse events (TEAEs)

[83–88]

PEDFIC 1 – NCT03566238
(n = 62)
Low risk of bias
Key source: Thompson
et al. (2022)
Some secondary sources:
Grammatikopoulos et al.
(2024), Nomden et al.
(2023) and the PEDFIC 1
trial

Participants were randomized
to receive odevixibat
40 μg/kg per day, odevixibat
120 μg/kg per day or
placebo. Treatment was
administered by patients or
their caregivers once per day
for up to 24 weeks.

24-week, randomized,
double-blind, completed,
Phase III study of individuals
diagnosed with PFIC 1 or PFIC
2

Primary end point(s):
• Proportion of positive pruritus assessments at the

participant level over the 24-week treatment period
based on the Albireo observer-reported outcome (ObsRO)
Instrument

• Percentage of participants experiencing at least a 70%
reduction in fasting s-BA concentration or reaching a level
≤70 μmol/l
Secondary end point(s):

• Bile acid reduction
• Change in pruritus
• Change in fasting serum bile acids (s-BA)
• Change in serum ALT concentration
• Change in growth
• Proportion of patients achieving meaningful reduction in

caregiver-reported observed scratching
• Change in sleep disturbances
• Change in patient-reported itch severity
• Number of patients undergoing biliary diversion surgery

or being listed for LT

[8,89–91]

ALT: Alanine aminotransferase; APRI: AST to platelet ratio index; AST: Aspartate aminotransferase; BID: twice a day; BSEP: Bile salt export pump; FIC1: Familial intrahepatic cholestasis
1; ItchRO(Obs): Itch-Reported Outcome (Observer); ItchRO(Pt): Itch-Reported Outcome (Patient); LT: Liver transplantation; MELD: Model for end-stage liver disease; MDR3: Multidrug
resistance protein 3; Nt-PFIC: Non-traditional progressive familial intrahepatic cholestasis; ObsRO: Observer-reported Outcome; PELD: Pediatric end-stage liver disease; PFIC: Progressive
familial intrahepatic cholestasis; s-BA: Serum bile acids; TJP2: Tight junction protein 2; TEAE: Treatment-emergent adverse event.
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Table 3. Summary of progressive familial intrahepatic cholestasis 2 clinical studies of ileal bile acid transporter inhibitors
in the literature review (cont.).
Study name – NCT number
(sample size)
Risk of bias assessment
References

Intervention Study design End point(s) Refs.

PEDFIC 2 – NCT03659916
(n = 116)
High risk of bias
Key source: Thompson
et al. (2023)
Secondary source: PEDFIC
2 trial

Two cohorts of patients
received odevixibat
120 μg/kg per day.

Open-label extension study of
PEDFIC 1. Initially patients
could withdraw from PEDFIC
1 due to intolerable
symptoms after 12 or more
weeks of treatment and enrol
early into PEDFIC 2; however,
this provision was removed
with the last PEDFIC 1
protocol amendment on June
24, 2019. The trial included
two cohorts of patients –
Cohort 1 comprised children
from PEDFIC 1, and Cohort 2
comprised new patients (any
age).

Primary end point(s): Change in pruritus
Secondary end point(s):

• Proportion of positive pruritus assessments at the patient
level over the 72-week treatment period using the
Albireo ObsRO instrument

• Change from baseline in serum bile acids
• Proportion of individual AM/PM assessments meeting the

definition of a positive pruritus assessment at the patient
level using the Albireo ObsRO instrument

• All-cause mortality
• Number of patients undergoing biliary diversion surgery
• Number of patients undergoing LT
• Change in growth
• Change in AST to platelet ratio idex (APRI) score
• Change in Fib-4 score
• Change in pediatric end-stage liver disease (PELD)/model

for end-stage liver disease (MELD) score
• Change in use of antipruritic medication

[92,93]

ALT: Alanine aminotransferase; APRI: AST to platelet ratio index; AST: Aspartate aminotransferase; BID: twice a day; BSEP: Bile salt export pump; FIC1: Familial intrahepatic cholestasis
1; ItchRO(Obs): Itch-Reported Outcome (Observer); ItchRO(Pt): Itch-Reported Outcome (Patient); LT: Liver transplantation; MELD: Model for end-stage liver disease; MDR3: Multidrug
resistance protein 3; Nt-PFIC: Non-traditional progressive familial intrahepatic cholestasis; ObsRO: Observer-reported Outcome; PELD: Pediatric end-stage liver disease; PFIC: Progressive
familial intrahepatic cholestasis; s-BA: Serum bile acids; TJP2: Tight junction protein 2; TEAE: Treatment-emergent adverse event.

In the PEDFIC-1 trial, statistically significant improvements in pruritus were observed for odevixibat-treated
patients compared with placebo over the 24-week treatment period based on the Albireo ObsRO instrument:
LSM proportion of positive pruritus assessments (PPAs) at patient level: 55% versus 30%; mean difference (MD)
between arms: 25% (95% CI: 8.5, 41.5); p = 0.0038 [8].

Interim results published for patients with BSEP deficiency in the PEDFIC 2 trial showed the PPA (SE) based
on the Albireo ObsRO from Weeks 0–24 for odevixibat-treated patients as 36 (8) for Cohort 1A (n = 19), 72 (10)
for Cohort 1B (n = 8) and 41 (28) (n = 3) for Cohort 2 [92].

Impact of IBAT inhibitors on cholestasis
Following 240 weeks of treatment in the INDIGO study, sBA response (reduction in sBAs of >75% from baseline
or concentrations <102 μmol/l) was achieved in 7 patients with nt-BSEP, 6 during once daily dosing, and 1
after switching to twice daily dosing [69]. These patients were regarded as sBA responders [69]. Notably, durable
treatment responses were observed predominantly among patients with nontruncating BSEP variants. By Week
240, no patients with truncating BSEP variants remained in the study population, whereas seven patients with
nontruncating variants achieved sustained serum bile acid control and remained transplant-free beyond 5 years.
These findings suggest that residual BSEP function may be an important determinant of long-term treatment
response [69,70].

Patients with nt-BSEP deficiency on maralixibat (n = 14) in the MARCH-PFIC trial by Week 26 experienced
a least-squares mean change (LSM) from baseline in total sBA of -176 μmol/l (95% CI: -257, -94; p = 0.001)
compared with 11 μmol/l (95% CI: -58 to 80; p = 0.74) for patients on the placebo arm (n = 17) [75,76]. Likewise,
5/11 maralixibat-treated patients, compared with 1/17 placebo-treated patients were sBA responders from Week
18 to Week 26 [75].

The long-term maintenance of sBA response for patients originally randomized in the MARCH-PFIC trial to
receive maralixibat or placebo, and continued on treatment or switched to open-label maralixibat in the MARCH-
ON study, respectively, was assessed at Week 104 [84]. Thirteen evaluated patients on the maralixibat-maralixibat
arm experienced a greater reduction in in sBA compared with the 18 patients on the placebo-maralixibat arm:
-166 μmol/l versus -71 μmol/l [84].

Following 24 weeks of treatment in PEDFIC 1, the percentage of patients in the odevixibat all-doses combined
arm with sBA response was significantly higher than the placebo arm: 14 of 42 (33%) patients versus 0 of 20
patients (absolute proportional difference: 33.3% [95% CI: 8.6, 49.6]) [8].
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Interim results published for patients with BSEP deficiency in the PEDFIC 2 trial showed an sBA change from
baseline (CFB) (SE) to Weeks 22–24 for odevixibat-treated patients in Cohort 1A (n = 16) as -15 (15) μmol/l,
-167 (65) μmol/l for Cohort 1B (n = 8) and -96 (49) μmol/l for Cohort C (n = 4) [92].

Impact of IBAT inhibitors on HRQoL
In the INDIGO study, the mean change in PedsQL score from baseline in the all BSEP cohort (n = 18) at Week
72 was 7 (95% CI: -2.4, 16.8), p = 0.131. At Week 240, this was 22 (95% CI: 7.4, 36.7), p = 0.009 for nt-BSEP
patients (n = 8) [69]. sBA responders who remained on maralixibat >5 years experienced improvement in QoL as
assessed using the PedsQL questionnaire [70]. At Week 240, the mean PedsQL score for 7 sBA responders was 85.3,
which was a mean (SE) change of 23.6 (6.9), p = 0.047 from baseline [70].

The mean change from baseline in PedsQL total score for maralixibat-treated pruritus responders (n = 21)
in MARCH-PFIC was 22.4, compared with -2.2 for nonresponders (n = 12) (between arm difference: 24.6,
p = 0.0014). For placebo-treated pruritus responders (n = 8), the mean change from baseline was 9.8, compared
with 11.1 for nonresponders (n = 23) (between arm difference: -1.4, p = not significant) [95]. Clinically meaningful
improvements from baseline scales were experienced by maralixibat-treated pruritus responders (n = 21) across all
HRQoL scales [95].

In Thompson et al., the caregivers of patients with PFIC 1 and PFIC 2 in the PEDFIC 1 trial (NCT03566238)
treated with placebo, odevixibat 40 mg/kg/day, or odevixibat 120 mg/kg/day completed a PedsQL questionnaire.
Results demonstrated greater improvements in mean PedsQL total scores for patients treated with odevixibat
compared with placebo (7.8 vs 0.5) [48]. In a pooled analysis of odevixibat-treated patients across PEDFIC 1 and
PEDFIC 2, 30 patients were judged to be sBA responders (N = 81) while 51 were nonresponders [96]. Caregiver-
reported scores indicated substantial reductions in the proportion of days patients with PFIC experienced scratching
with bleeding, required soothing, or needed assistance falling asleep among sBA responders compared with non-
responders (-47%, -76%, -75% vs 3%, -24%, -35%) [96].

Impact of IBAT inhibitors on liver health
Due to the lack of agreed criteria to refer a patient with PFIC to LT, looking at modifications of liver parameters is
the most reliable way to evaluate the effect of IBAT on liver health.

Among sBA responders in the INDIGO study who continued maralixibat treatment for over 5 years (n = 7),
a trend toward improvement in liver health parameters was observed by Week 240 [69]. In addition, 100% of
maralixibat-treated sBA responders remained transplant-free following >5 years of treatment, compared with none
of the sBA nonresponders (p < 0.001) [69].

• Mean alanine transaminase (ALT) U/l: 23.7; mean (SE) change from baseline: -34.1 (15.7); p = 0.08
• Mean aspartate aminotransferase (AST) U/l: 28.9; mean (SE) change from baseline: -33.3 (11.6); p = 0.016
• Mean bilirubin mg/dl: 0.7; mean (SE) change from baseline: -0.1 (0.3); p = 0.78
• Mean direct bilirubin mg/dl: 0.1; mean (SE) change from baseline: -0.4 (0.2); p = 0.06

In the MARCH-PFIC study, maralixibat-treated patients within the BSEP cohort experienced greater reductions
in total and direct bilirubin, ALT and AST levels compared with those in the placebo arm. While these changes
suggest a trend toward improved liver health outcomes with maralixibat, a statistically significant difference was not
observed by Week 26 [75]. A sub-analysis of data from MARCH-PFIC and MARCH-ON demonstrated significant
correlations between reductions in sBA and ALT, AST, total bilirubin and direct bilirubin (all p < 0.001) for
maralixibat-treated patients [85]. In contrast, no such correlations were observed in placebo-treated patients [85].

• Total bilirubin (mg/dl) LSM (95% CI) difference between maralixibat and placebo arms: -2.0 (-6.0, 2.0).
• Direct bilirubin (mg/dl) LSM (95% CI) difference between maralixibat and placebo arms: -1·8 (-5.0, 1.4).
• ALT (U/l) LSM (95% CI) difference between maralixibat and placebo arms: 12 (-44, 68).
• AST (U/l) LSM (95% CI) difference between maralixibat and placebo arms: 28 (-42, 98).

In the PEDFIC 1 trial, at Week 24 reductions from baseline in serum ALT for patients with PFIC on the
odevixibat all-doses arm was greater compared with the placebo arm: mean (SE) -26.7 (79.1) U/l versus 3.7 (16.4)
U/l [92]. In a pooled analysis of odevixibat-treated patients, sBA responders and sBA and/or pruritus responders
experienced notable improvements in liver health parameters compared with nonresponders [96].
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• ALT (U/l) mean (SE) CFB to week 72
• sBA responder (n = 12): -141 (63)
• sBA nonresponder (n = 9): 37 (29)
• sBA and/or pruritus responder (n = 16): -99 (51)
• sBA and/or pruritus nonresponder (n = 5): 44 (49)

• AST (U/l) mean (SE) CFB to week 72
• sBA responder (n = 12): -59 (14)
• sBA nonresponder (n = 9): 35 (30)
• sBA and/or pruritus responder (n = 16): -35 (18)
• sBA and/or pruritus nonresponder (n = 5): 33 (46)

• Total bilirubin (μmol/l) mean (SE) CFB to week 72
• sBA responder (n = 12): -13(5)
• sBA nonresponder (n = 9): 5(10)
• sBA and/or pruritus responder (n = 16): -13(5)
• sBA and/or pruritus nonresponder (n = 5): 20(10)

Differential response across PFIC subtypes
Although evidence is strongest for PFIC2/BSEP deficiency, emerging data suggest that IBAT inhibition may provide
clinical benefit across additional PFIC subtypes. MARCH-PFIC included patients with FIC1, BSEP, MDR3, TJP2
and MYO5B deficiencies and demonstrated improvements in pruritus and serum bile acid concentrations in
multiple genetic subgroups. However, response rates varied considerably and patient numbers within individual
PFIC subtypes were small. Consequently, while IBAT inhibitors have demonstrated broad therapeutic potential,
additional subtype-specific studies are needed to better characterize treatment effectiveness across the spectrum of
PFIC disorders [77,86].

Review question 5: What comparative economic evidence is available to support the
cost-effectiveness of PFIC therapies?
A total of three health technology assessments (HTA) with cost–utility analyses in odevixibat for treating PFIC in
patients aged 6 months or older were identified [42,97,98]. In these evaluations, odevixibat was compared with the
current SoC [42,97] or PEBD [98] using data from the NAPPED natural history study and PEDFIC 1 and PEDFIC
2 trials to inform efficacy and/or HRQoL data. All three submissions employed the use of a cohort-level state
transition, semi-Markov model comprising seven different health states: pruritus response, with or without serum
bile acid response; loss of pruritus response, with or without loss of serum bile acid response; post-PEBD, pruritus
response with or without serum bile acid response; post-PEBD, loss of pruritus response, with or without loss of
serum bile acid response; LT; post-LT and death.

A submission to the Canadian Agency for Drugs and Technologies in Health (CADTH), now operating as
Canada’s Drug Agency used a Canadian publicly funded healthcare payer to extrapolate a lifetime horizon and
report on cost-effectiveness outcomes, although the approach to costs/outcomes discounting in 2024 Canadian
dollars was unclear [97]. A submission to NICE employed a National Health Service and Prescribed Specialized
Services perspective in England and Wales to estimate cost-effectiveness outcomes, using a 3.5% discount rate
for costs and outcomes over a lifetime horizon (maximum age of 100 years) [42]. Similarly, a Scottish Medicines
Consortium (SMC) submission used a societal perspective in its cost–utility analyses for a 96-year (maximum patient
age of 100 years) time horizon to report on cost-effectiveness outcomes; however, discounting for costs/outcomes
in 2022 pound sterling was again unclear [98].

The cost-effectiveness outcomes for the NICE (HST 17) and SMC (SMC2411) submissions were not available
due to commercial in confidence agreements between the manufacturer and agency. Odevixibat was recommended
to be prescribed within the SMC’s ultra-orphan pathway while further evidence on its effectiveness would be
generated and an updated submission made after 3 years [98]. A confidential commercial discount for odevixibat
was agreed with NICE and the drug was recommended for the treatment of patients with PFIC [42]. The Canada’s
Drug Agency recommended that odevixibat be reimbursed with conditions [97].

Evidence regarding the cost-effectiveness of IBAT inhibitors remains limited. Available data are restricted to a
small number of model-based health technology assessments that rely heavily on clinical trial data and assumptions
regarding long-term disease progression. Although reimbursement recommendations have been issued in several
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jurisdictions, many cost-effectiveness results remain confidential and substantial uncertainty remains regarding long-
term clinical benefits, health utility gains and lifetime economic value [42,97,98]. Additional real-world effectiveness
and health-related QoL data are needed to strengthen future economic evaluations.

In addition, in November 2024 and July 2025, maralixibat received reimbursement recommendation for the
treatment of individuals aged 3 months or older by the French agency, Haute Autorité de Santé (HAS) and the
Dutch agency, Zorginstituut Nederland (ZIN), respectively [99,100].

Discussion
Summary of findings
This review identified 114 publications reporting on the epidemiology, disease burden, and treatment approaches
of PFIC. Previous systematic reviews in PFIC have presented qualitative synthesis on the epidemiology or natural
history of PFIC and its humanistic or economic burden [4,5,7]. However, those reviews were published prior to the
approval of pharmacological treatment options for patients with PFIC of all types. The data presented here show
that PFIC can be a debilitating condition. Its main clinical presentations include cholestasis, pruritus and jaundice,
fat-soluble vitamin deficiency, failure to thrive and delayed puberty. These symptoms may feature in infancy or
later childhood, depending on the PFIC type. These clinical features are often the treatment targets in off-label
medical management.

Concerning the epidemiology and natural history review question, although the global prevalence of PFIC has
been estimated to be between 1:50,000 to 100,000, there is generally a dearth of information on national incidence
and prevalence rates of PFIC [3]. The etiology of PFIC and risk factors associated with the disease have been reported
on by published observational and clinical evidence. While PFIC was initially characterized in White populations,
observational studies of individuals with different PFIC types in Turkey [25], Oman [22], Iran [33], Israel [29], India [28]

and Saudi Arabia [21,23,24,32] have been described, documenting its occurrence across diverse ethnic groups. These
findings may further investigations on genetic variants that modulate disease risk, onset, progression and treatment
response, thereby enhancing a broader understanding of PFIC pathophysiology.

Reviewing studies which provided responses to the burden of illness questions revealed a lack of published
HSUVs associated with PFIC treatment and/or management. The limited published evidence demonstrates that
children with PFIC experience a lower QoL compared with healthy controls, is often associated with worsened
QoL, often requires prolonged hospital stays, and is often associated with burdensome surgical interventions which
may leave the individual with further QoL decrements, such as stoma-related problems.

Prior to the approval of IBAT inhibitors, therapeutic choices in PFIC were restricted to nondefinitive, non-
specific therapies used to address the signs and symptoms of the underlying disease. These include supportive
nutritional management to improve nutritional deficiencies and manage advancing liver complications; nonspe-
cific supportive medication to relieve the intensity of pruritus, e.g., off-label UDCA, rifampicin, antihistamines,
bile acid sequestrants and surgical intervention following the failure of medical management. Although surgical
interventions such as SBD and LT are considered effective in reducing intrahepatic bile accumulation, they often
fail to address recurrent pruritus, growth failure or nutritional deficiencies and result in further detrimental QoL
impacts (e.g. complications associated with presence of a stoma. Although some patients not responding to SBD
may not respond to IBAT inhibitors either, there is the need for effective, nonsurgical treatment alternatives such
as IBAT inhibitors.

Five clinical investigations of IBAT inhibitors were identified in the literature: INDIGO [69], MARCH-
PFIC [75,76], MARCH-ON [83,87], PEDFIC 1 [8,89] and PEDFIC 2 [92,93]. INDIGO, PEDFIC 1 and PEDFIC
2 were limited to patients with PFIC 1 and PFIC 2, but MARCH-PFIC and MARCH-ON included patients
with PFIC of all types. Collectively, these trials demonstrated that IBAT inhibition is effective for sBA control,
pruritus reduction, liver health markers, QoL and growth improvement in many patients, while being gener-
ally well-tolerated medications with manageable safety profiles. However, the strongest evidence currently exists
for PFIC2/BSEP deficiency, and treatment responses vary according to genotype and PFIC subtype. Evidence
supporting effectiveness across all PFIC forms remains comparatively limited.

While the review of clinical evidence focused primarily on BSEP deficiency, findings from MARCH-PFIC
demonstrated that maralixibat produced sustained improvements in pruritus, sBA response, NLS, QoL and growth
parameters across PFIC types, underscoring the broader therapeutic potential of IBAT inhibition in diverse PFIC
populations. Long-term maralixibat treatment, spanning from MARCH-PFIC to its extension study MARCH-
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ON, consistently demonstrated durable improvements in pruritus severity, sBA reduction and a trend toward
improvements liver health parameters [69].

Using the NAPPED threshold for transplant-free survival, maralixibat-treated patients achieved an sBA response
across all PFIC types in MARCH-PFIC, and long-term maralixibat treatment optimized NLS to beyond 5 years in
sBA responders [9,69]. In patients who respond well to maralixibat, long-term treatment may be the better option,
with SBD or LT reserved for poor responders [59,70].

Data from the PEDFIC 1 and PEDFIC 2 trials demonstrated the sustained effectiveness of odevixibat-treatment
in significantly reducing sBA levels and pruritus scores, with noted improvements in growth, sleep, patient QoL and
liver health parameters. Across IBAT inhibitor trials, the most frequently reported TEAEs were gastrointestinal in
nature, typically mild/moderate in severity. These events were consistent with the mechanism of IBAT inhibition
and largely transient, as confirmed by long-term extension studies.

While IBAT inhibitors have demonstrated clinically meaningful improvements in pruritus and serum bile acid
concentrations, response rates remain modest and not all patients derive benefit. Importantly, many studies excluded
or underrepresented patients with truncating BSEP variants, who represent approximately 20% of PFIC2 cases
and generally have more severe disease. Furthermore, many efficacy conclusions rely on surrogate end points such
as serum bile acid concentrations and pruritus scores rather than long-term clinical outcomes including cirrhosis
progression, hepatic decompensation, transplantation or survival. Consequently, longer-term follow-up studies
remain necessary [8,69,70,75].

Evidence regarding the cost-effectiveness of IBAT inhibitors remains limited. Available data are primarily derived
from a small number of health technology assessments using model-based economic evaluations informed by clinical
trial and natural history data. Although reimbursement recommendations have been issued in several jurisdictions,
many economic results remain confidential and considerable uncertainty remains regarding long-term clinical
outcomes, durability of treatment effect and lifetime economic value [42,97–100]. Additional real-world effectiveness
and health utility data are needed to reduce these uncertainties.

Strengths & limitations
The content of any SLR is dependent on both the methods employed and the quality of the included research.
The strengths of the present review lie in that it followed rigorous recommendations and methodologies [10,11]. To
identify as many relevant studies as possible and reduce the risk of publication bias, highly sensitive search strategies
were used and a broad range of information sources were searched: electronic databases, HTA websites, clinical trial
registries, conference proceedings, systematic reviews and other grey literature sources. To minimize bias and errors
and increase transparency, the main Ovid strategies were peer assessed by a senior reviewer and the screening stages
of the review process were performed independently by two reviewers. Data were extracted to permit quantitative
synthesis, and although it was not possible to complete this due to significant heterogeneity, the data collection
strategy enabled clear identification of the weaknesses of the studies’ methodological quality.

Interpretation of the findings presented in this review should be considered in light of the quality of the
underlying evidence. Many epidemiological and burden of illness studies were retrospective and observational
in nature and frequently involved small patient populations. Similarly, although RCT evidence exists for IBAT
inhibitors, the available studies were conducted in rare disease populations, resulting in limited sample sizes
and restricted opportunities for subgroup analyses. Also, many long-term outcome conclusions are derived from
extension studies and observational follow-up data which may limit the generalizability.

This review has several limitations. PFIC is a rare genetic disease which poses several challenges to clinical
research, such as patient recruitment and treatment comparison to relevant SoC arms. Most of the identified
IBAT inhibitor clinical trials had relatively small sample sizes and studies investigating the use of SoC-produced
retrospective, single arm data without a control arm. Additionally, some conference abstracts with pooled analyses
or population/outcome-based exploratory analyses that did not meet the clinical evidence review criteria were
excluded.

Interpretation of the available evidence is complicated by substantial heterogeneity across studies. Important
sources of variability include PFIC subtype, genotype, age at presentation, baseline disease severity, prior surgical
interventions and differences in outcome definitions. In particular, evidence from the NAPPED consortium and
recent IBAT inhibitor trials suggests that treatment response in PFIC2 varies according to residual BSEP function.
Patients with nontruncating ABCB11 variants appear more likely to achieve meaningful reductions in serum bile
acids and maintain NLS than patients with truncating variants. Similar genotype-dependent differences have
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been observed following SBD in analyses from the NAPPED consortium [46,47,57]. These findings highlight the
importance of genotype-specific assessment when evaluating treatment outcomes and prognosis in PFIC2. An
additional limitation is that many IBAT inhibitor studies excluded or underrepresented patients with truncating
BSEP variants, who generally have more severe disease and poorer treatment responsiveness. Consequently, the
effectiveness estimates reported in current clinical trials may not fully reflect outcomes observed across the broader
PFIC2 population.

Furthermore, outcome definitions varied considerably between studies, including differences in thresholds used
to define serum bile acid response and pruritus improvement. These factors limit direct comparison across studies
and precluded quantitative synthesis.

Some review questions yielded only a few results for inclusion in this review: for instance, only four studies
reported on the economic burden of living with PFIC. Though this is to be expected given the rarity of PFIC, it
does limit the certainty with which conclusions can be drawn for these review questions.

Finally, the possibility of publication bias remains a potential problem for all systematic reviews. Although a
statistical assessment of publication bias in this review was not undertaken, we employed several routes in our
search strategy to encourage the identification and selection of relevant published and unpublished studies and thus
minimize this risk.

Research recommendations
This SLR identified a broad range of studies; consequently, this review has focused on key areas of interest that best
illustrate the impact of PFIC and the landscape of PFIC treatments. Although many studies were identified, some
gaps in the evidence base were apparent. The review revealed a dearth of evidence on incidence and prevalence rates
of PFIC across the globe. Also, despite the well-known burden of PFIC on healthcare resources, there is paucity of
published cost and resource use literature. Likewise, the available HRQoL evidence does not focus on highlighting
and/or quantifying caregiving burden, which could be impaired due to the high morbidity and mortality associated
with PFIC. Further research in this area is therefore required. Likewise, clinical trials designed to collect HSUVs
associated with PFIC treatment are needed to resolve uncertainties in economic modeling and cost–utility analyses.
To aid any future network meta-analyses, an agreed set of standardized efficacy outcomes measures and thresholds
for response and pruritus should be available: currently, high heterogeneity between studies and outcomes measures
limits the ability to make these comparisons. Although the review of clinical evidence focused on BSEP deficiency
as it is the most prevalent form of the disease, IBAT inhibitors have been approved for use across all PFIC types.

Conclusion
This review provides an updated synthesis of evidence regarding the epidemiology, burden of illness and treatment
landscape of PFIC. The available evidence demonstrates that PFIC imposes substantial clinical, psychosocial and
healthcare burdens on affected children and their caregivers. IBAT inhibitors represent an important therapeutic
advance by providing a targeted, nonsurgical treatment option capable of reducing serum bile acid concentrations
and improving pruritus in many patients. However, treatment responses are heterogeneous, evidence remains
strongest for PFIC2/BSEP deficiency and long-term clinical outcome data remain limited. Continued research is
required to better characterize treatment effectiveness across PFIC subtypes, understand genotype-specific responses
and evaluate long-term clinical and economic outcomes.
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Summary points

• Progressive familial intrahepatic cholestasis (PFIC) is associated with a high impact on quality of life, both for
patients and their caregivers.

• Before the introduction of ileal bile acid transporter (IBAT) inhibitors, standard of care treatment for PFIC
consisted nondefinitive, nonspecific therapies.

• IBAT inhibitors offer the first targeted pharmacologic treatment for PFIC, reducing the need for invasive surgical
interventions or early liver transplantation.

• Robust trial data demonstrate that IBAT inhibitors provide clinically and statistically significant reductions in
serum bile acids and pruritus, two key markers of disease severity and progression.

• Long-term treatment with IBAT inhibitors is associated with improved liver enzyme profiles and extended native
liver survival, delaying or avoiding the need for transplant.

• Patients experience clinically meaningful improvements in activities of daily living, sleep and fatigue, while
caregivers report reduced mental, emotional and financial strain after IBAT administration.

• IBAT inhibitors are generally safe for long-term use, with mostly mild, transient gastrointestinal side effects.
• Health technology assessments in multiple countries support the cost-effectiveness of IBAT inhibitors, with

positive reimbursement decisions across Europe and North America, although the volume of this evidence
remains limited.

• Clinical trials and observational studies demonstrate that IBAT inhibitors can improve pruritus and serum bile acid
levels in many patients with PFIC; however, treatment responses vary by genotype and PFIC subtype, and
additional long-term evidence remains necessary.
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99. Haute Autorité de Santé. Haute Autorité de Santé. LIVMARLI (maralixibat) - Progressive intrahepatic cholestasis (PFIC). Opinions on
Drugs. [Accessed July 2025]. (2024).
https://www.has-sante.fr/jcms/p 3556731/en/livmarli-maralixibat-progressive-intrahepatic-cholestasis-pf ic

100. Zorginstiuut Nederland. Zorginstituut Nederland. Advice - reimburse maralixibat (Livmarli R©) for the treatment of rare and serious liver
disease. [Accessed July 2025]. (2025).

10.57264/cer-2026-0047 J. Comp. Eff. Res. (2026) e260047

https://classic.clinicaltrials.gov/show/NCT03566238
https://classic.clinicaltrials.gov/show/NCT03659916
https://www.has-sante.fr/jcms/p_3556731/en/livmarli-maralixibat-progressive-intrahepatic-cholestasis-pfic


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


