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Summary

Drug development in primary biliary cholangitis (PBC) has led to the conditional approval of three second-line therapies, yet the
transition to full regulatory approval remains challenging due to (1) the reliance on liver biochemistry and non-invasive measures
of liver fibrosis as biomarkers of clinical outcomes, which are not accepted by regulatory authorities as validated efficacy
endpoints; (2) the limited integration of real-world data and real-world evidence to complement clinical trials; and (3) the absence
of harmonised and standardised use of patient-reported outcomes (PROs). To address these limitations, the European Asso-
ciation for the Study of the Liver (EASL) and the American Association for the Study of Liver Diseases (AASLD) commissioned an
international, multi-stakeholder consensus panel to conduct a modified Delphi process to review current evidence, identify
unmet research needs, and create a framework aligned with regulatory expectations to guide ongoing and future research in
PBC. A total of 62 panellists, including clinicians, methodologists, regulators, industry partners, and patient representatives, were
divided into three working groups and participated in regular online meetings, one in-person conference, and two online Delphi
voting rounds. Response rates across the two voting sessions were 88% and 60%, respectively. The Delphi process resulted in
agreement on 16 statements and 42 recommendations across the three thematic domains. Collectively, these consensus
recommendations provide a comprehensive and pragmatic framework to support and expand the existing regulatory pathway for
the development and approval of new therapies in PBC.
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Introduction receptor (PPAR) agonists seladelpar (Livdelzi®) and elafibranor
(Iqirvo®). These drugs received conditional approval from the
FDA and EMA based on improvements in biochemical markers,
mainly alkaline phosphatase (ALP) and total bilirubin.”'~"” These
biomarkers have demonstrated consistent associations with
clinical outcomes across multiple large-scale international co-
horts comprising thousands of patients, with no evidence to
date contradicting their prognostic value. However, the sup-
porting data are derived predominantly from retrospective an-
alyses of tertiary referral populations. Consequently, regulatory

Primary biliary cholangitis (PBC) is a chronic cholestatic liver
disease that can progress to cirrhosis and is marked by
debilitating symptoms that substantially impact quality of
life."™® The approval of ursodeoxycholic acid (UDCA) for PBC
by the US FDA in 1997 marked the beginning of a shift in
disease management, as routine treatment began to delay
disease progression.*® It nevertheless took many years for
confirrg?%tion and consensus on the benefit of UDCA for pa-
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implement and interpret results of data involving patient-
reported outcomes (PROs). Alongside these conditionally
approved agents, bezafibrate, a pan-PPAR agonist which is not
currently licensed for the treatment of PBC, is widely used off
label as add-on therapy, supported by both clinical trial data and
real-world evidence (RWE) of safety and biochemical effi-
cacy.?’® Its widespread use in routine practice, despite the
absence of formal regulatory approval, reflects the limitations of
the current licensing framework in PBC. Similarly, fenofibrate, a
PPAR-o agonist, is also used off label as add-on therapy,
especially in countries where bezafibrate is not available (e.g.
the United States).

Designing a confirmatory randomised controlled trial (RCT)
in PBC presents significant challenges. Once a therapy re-
ceives conditional approval and becomes commercially avail-
able, recruitment and retention become increasingly difficult:
patients and physicians will be reluctant to accept the placebo
randomisation when effective treatments are accessible,
particularly given the multi-year duration of confirmatory trials.
Functional unblinding often occurs given that ALP and total
bilirubin, used as endpoints in clinical trials, are also routinely
tested in clinical practice, and this may motivate participants to
crossover to commercially available drugs. Confirmatory trials
preferentially enrol patients with advanced disease to maxi-
mise event rates, yet these patients face greater short-term
risk from placebo exposure and may respond less well to
therapy, increasing the likelihood of false negative results.

The challenges of the current framework for drug approval in
PBC are exemplified by the COBALT study, a phase IV RCT,
designed at the request of the regulatory agencies to confirm the
effectiveness of OCA.”* While a detailed analysis of the COBALT
trial is beyond the scope of this document, it is important to note
that the study was discontinued prematurely due to recruitment
and retention difficulties, functional unblinding and placebo
crossover to commercially available OCA or off-label therapies.
Although real-world data (RWD) suggested OCA might have
improved survival,?>?® COBALT failed to show significant bene-
fits in primary outcomes. Concurrently, post-marketing safety
signals, including serious liver injury in patients with and without
cirrhosis, raised concerns about the overall benefit-risk profile of
OCA.?"72% As a result, OCA was withdrawn from the EU and US
markets at the end of November 2024 and September 2025,
respectively.®>®' There is great concern that the ongoing
confirmatory trials of seladelpar and elafibranor may ultimately
mirror the outcome of COBALT, and more broadly, that future
therapies targeting PBC and other rare liver diseases may
struggle to advance beyond conditional approval.

In response to these setbacks, the European Association
for the Study of the Liver (EASL) and the American Association
for the Study of Liver Diseases (AASLD), with the collaboration
of the Asociacion Latinoamericana para el Estudio del Higado
(ALEH) and the Society on Liver Disease in Africa (SOLDA), co-
hosted a multi-stakeholder conference in May 2025 to estab-
lish recommendations on three domains (1) the role of liver
biochemistry and non-invasive measures of liver fibrosis as
surrogates of clinical outcomes in PBC RCTs and real-world
studies; (2) the use of RWD and RWE to support the assess-
ment of safety and effectiveness of new therapies in PBC
RCTs; and (3) the harmonisation and implementation of PROs
for quality of life, pruritus and fatigue in PBC RCTs and real-
world studies. The statements and recommendations

resulting from this Delphi panel aim to provide a new frame-
work to support future drug approval in PBC.

Methods

Expert panel generation

A 12-person Steering Committee nominated a multi-
stakeholder consensus panel. It comprised 62 members,
including 36 expert clinicians, 4 EMA, 14 industry, and 8 pa-
tient representatives (Table S1). Representatives from the US
FDA were invited to participate in the consensus process.
However, due to travel limitations and other federal participa-
tion restrictions in place at the time, they were unable to
attend. For broad representation, and generalisability, panel-
lists included experts affiliated with major hepatology societies
worldwide (AASLD, EASL, ALEH and the Asian Pacific Asso-
ciation for the Study of the Liver [APASL]). The Steering
Committee identified three main topics and created three
dedicated working groups, one for each of the consensus
thematic domains. The consensus process used a modified
Delphi method®*™* to integrate existing evidence with input
from all stakeholder groups. Ideally, this model could provide a
framework useful for implementation in other rare autoimmune
liver diseases.

Literature review and evidence grading

Utilising the PICO format [P - Patient, Population, or Problem; |
- Intervention, Prognostic Factor, or Exposure; C - Comparison
or Intervention (if appropriate); O - Outcome] whenever
possible, the panel formulated eight key questions (Tables S2
and S3A-C). To address them, an extensive literature search
was conducted between March 18" and 26%, 2025, in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines. An updated
literature search was conducted on November 30", 2025,
targeting new publications since the first search date. The
following databases were queried: MEDLINE, Embase,
PubMed, Google Scholar, Web of Science, ClinicalTrials.gov,
and the Cochrane Database of Systematic Reviews. To ensure
comprehensive coverage, supplementary manual searches
were performed in the bibliographies of relevant systematic
literature reviews, international society guidelines, and abstract
books from major international conferences in addition to grey
literature sources. No restrictions were applied regarding lan-
guage or country of publication. The screening and selection
process was facilitated using the Covidence software.®® All
searches were led by the same core team [AM, MS and WW,
see acknowledgements] to ensure methodological consistency
and uniform application of inclusion criteria across groups.
Each working group also conducted an independent literature
search tailored to its specific PICO questions, Detailed search
strategies and PRISMA flow diagrams illustrating the study
selection process for each working group are available in
Figs. S1-S3; Table S4A-C. The quality of evidence was
graded using the Oxford Centre for Evidence-Based Medicine
(OCEBM,) criteria (Tables S5 and S6).

Development of recommendations and statements

All working groups convened approximately weekly for online
discussions to review the selected literature and jointly draft
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recommendations and statements. Recommendations are
actionable guidance based on available evidence and
designed to help end-users make informed decisions on how
to undertake specific actions.®® The grade of the recommen-
dations was defined according to the OCEBM criteria and is
reflected in the wording of the recommendations. Statements
provide factual information or clarification based on evidence
and expert opinion. The drafted recommendations and state-
ments were subsequently discussed in person by the full
consensus panel and then submitted to the Delphi panel for
formal review and voting.

Delphi process and analysis

All Delphi panel members participated in at least one working
group. Responses for each recommendation were recorded
using a three-point Likert-type scale reflecting the level of
agreement (i.e. agree, neutral, disagree). In addition, free-text
fields were provided to allow panellists to comment or pro-
pose edits, in accordance with established Delphi methodol-
ogy.®*** The Delphi voting rounds data were subjected to both
quantitative and qualitative analyses. Quantitative analysis
involved generating response frequencies into a three-point
Likert scale (agree, neutral, disagree) to evaluate the extent
of consensus for each statement. Neutral responses were
excluded from the denominator when calculating agreement
proportions. Qualitative analysis of the accompanying free-text
comments was independently conducted by chairs of each
working group and discussed in follow-up online meetings to
guide the revision of recommendations and statements.

Results

Delphi panel characteristics

The Delphi panel comprised 53 PBC experts, patient repre-
sentatives, industry and regulatory members from 18 coun-
tries. Representatives from the EMA took part in the
discussions solely in an observer/advisory capacity and did
not participate in the Delphi voting rounds or act in a regulatory
role. Industry participation was deliberately included to reflect
their substantial contribution to therapeutic development in
PBC. To ensure balanced representation, each industry orga-
nisation was limited to a single vote regardless of the number
of representatives participating in the discussion. Detailed
characteristics of the Delphi panel are provided in Table 1.

Response rates and panel participation

The first Delphi voting round was conducted between August 14
and September 10, 2025. Panel members voted on 16 state-
ments and 42 recommendations distributed across three the-
matic domains. A total of 44 experts participated, corresponding
to an 80% response rate. The first voting round generated 349
written comments, which were thematically reviewed and dis-
cussed by the working groups. Consensus was predefined as
>75% agreement among respondents. Statements achieving
50-75% agreement and/or >10% disagreement were ear-
marked for revision and resubmission. Following the first round,
a virtual meeting was held including at least one steering com-
mittee chair from each working group and the consensus chairs
(n = 6 participants) to refine the content of statements requiring
further review. The second voting round was conducted
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Table 1. Delphi panel characteristics.

Characteristic n (%)
Total panel members 53
Expert clinicians 34 (64%)
Industry representatives 8 (15%)
Patient representatives 8 (15%)
Regulatory representatives” 3 (6%)
Sex
Men 32 (60%)
Women 21 (40%)
Geographic region
Europe 29 (55%)
North America 18 (33%)
Asia-Pacific 3 (6%)
South America 2 (4%)
Africa 1 (2%)
Countries represented 18
Delphi voting participation
Round 1 respondents 44 (88%)"
Round 2 respondents 30 (60%)"
*Regulatory representatives contributed to discussions but did not participate in Del-

phi voting.
TDenominator excludes regulatory representatives; each industry organisation
permitted one vote regardless of number of individuals involved.

between 19 and 22 September 2025 for four recommendations
and one statement that met revision criteria. Thirty panel mem-
bers participated (response rate 68%), and neutral responses
were excluded from agreement calculations. The revised
statements were subsequently incorporated into the consensus
document, which underwent final review and approval by the
EASL and AASLD Governing Boards. Upon completion of the
Delphi process, the finalised statements and recommendations
were organised according to the three working group domains.
The following sections present the consensus statements and
recommendations, supporting rationale, and future research
priorities within each domain.

1. Surrogate endpoints in PBC clinical trials

Context: The primary endpoint in phase Ill PBC RCTs should
be a clinically meaningful outcome, defined as either a clinical
event relevant to the patient or an endpoint that directly
measures how a patient feels, functions or survives.>” How-
ever, the slow rate of disease progression in PBC limits the
feasibility of using hard clinical outcomes such as hepatic
decompensation, liver transplantation or death as primary
endpoints in phase Il RCTs. Surrogate endpoints are therefore
needed to support drug approval. However, to date, no
biomarker in PBC has met the evidentiary standard necessary
for recognition as a validated surrogate endpoint by regulatory
agencies.>®*™*! Although there are no standardised regulatory
criteria defining a formal validation pathway, a combination of
strong mechanistic rationale and evidence at the RCT level is
expected. Nonetheless, some biomarkers have been accepted
as surrogate endpoints in the absence of these criteria,
particularly where they lie directly in the disease pathway (e.g.
serum creatinine and glomerular filtration in chronic kidney
disease) or represent the disease process itself (e.g. sustained
virological response in hepatitis C). In PBC, RWE continues to
show an association between some biomarkers and clinical
outcomes, supporting their use as endpoints in clinical trials.
The purpose of this section is to critically evaluate the available
evidence, define acceptable thresholds for a pragmatic use of
biomarkers as endpoints in RCTs, and outline a research
agenda to move toward formal surrogate endpoint validation.
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1.1. What is the role of liver biochemistry as a biomarker in
PBC clinical trials?

Among liver biochemical parameters, ALP and total bilirubin
are the most extensively studied. ALP levels are strongly
related to disease pathogenesis**~*° and sustained reductions
in ALP and total bilirubin are consistently associated with lower
risk of hepatic decompensation, LT, and death in real-world
retrospective cohorts. These associations have been shown
in untreated natural history cohorts, in patients treated with
UDCA, and more recently in those receiving second-line
therapies.® %6 For this reason, regulatory agencies
recognise ALP and total bilirubin as reasonably likely pre-
dictors of clinical outcomes, supporting conditional approval
through accelerated pathways, although they have not yet
been formally validated as surrogate endpoints.®>®” To date,
RWE on the association between biochemical markers and
clinical outcomes under second-line therapy is derived from
studies of OCA and bezafibrate. Data for more recently
approved agents, seladelpar and elafibranor, are not yet
available owing to their shorter time in clinical use.

A systematic literature review identified 69 studies pub-
lished between 1995 and 2025 assessing the role of
biochemical markers in predicting clinically meaningful out-
comes in patients with PBC. The median sample size was 540
patients (range 63-4,845), with follow-up ranging from 2.5 to
10 years. Most studies included naive or UDCA-treated pa-
tients, but more recent studies also included patients on
second-line therapies, OCA and bezafibrate.®® Definitions of
clinically meaningful outcomes varied, although the most
common was a composite of liver transplantation and death
(all-cause or liver-related).

All studies assessing ALP or bilirubin at 12 months of UDCA
or second-line therapy reported significant associations with
clinical outcomes (multivariate analyses, p <0.05)%:8:46-4:
52,58-60.69-72 (Tgble S7A-C). In the largest international cohort
(n = 4,845), Lammers et al. demonstrated that the risk of poor
clinical outcomes increases with higher ALP (hazard ratio [HR]
2.49 for ALP >2.0x the upper limit of normal [ULN], p <0.001)
and total bilirubin (HR 5.06 for total bilirubin >1.0xULN, p
<0.001).*® These findings were independently confirmed in a
large UK nationwide cohort (n = 3,165) from both secondary
and tertiary centres. An additional fifteen studies examined
composite prognostic measures incorporating ALP and/or to-
tal bilirubin at 12 months and consistently predicted poor
clinical outcomes,5:%:49:51.60.73-80

The robustness of the evidence is limited by a substantial
overlap among study cohorts, particularly within follow-up
analyses derived from the Global PBC cohort which has
been used for eleven studies,*647-51753:58:59.71.7881 g4
heterogeneity in outcome definitions. However, the consis-
tency of findings in large international cohorts and the strong
mechanistic rationale linking ALP and total bilirubin with
cholestatic injury have supported their use as primary end-
points in PBC clinical trials for conditional/accelerated mar-
keting authorisation.**%?

Delphi panellists were asked to evaluate the use of liver
biochemical markers as endpoints in PBC clinical trials.
Agreement across statements was uniformly high, with 294%
consensus for all items. Specifically, there was complete
agreement (100%) that ALP and total bilirubin levels after 12
months of UDCA therapy are associated with clinical

outcomes, and near-complete agreement (96-98%) for corre-
sponding associations under second-line treatments. Similar
strong consensus (298%) supported the prognostic value of
albumin and platelet count, while 94% of panellists agreed that
evidence for AST (aspartate aminotransferase), ALT (alanine
aminotransferase), and GGT (gamma-glutamyliransferase) re-
mains insufficient (Table S7D-H). Overall, 90% endorsed the
recommendation that complete biochemical response (normal
ALP and bilirubin) or adequate biochemical response (ALP
<1.5-1.67xULN and normal bilirubin) should be considered
ideal or acceptable primary endpoints, respectively, in phase lll
PBC RCTs of at least 12 months’ duration, with eligibility
defined by baseline biochemistry at screening (Fig. 1). This is
supported by studies demonstrating that different thresholds
of ALP (1.5-1.67xULN) and total bilirubin have consistently
high discriminatory performance.’® However, more stringent
biochemical endpoints, i.e. complete response (ALP and total
bilirubin normalisation), offer stronger prognostic value.>>*®

Statements

1.1.1. ALP levels (< or >1xULN, 1.5xULN, 1.67xULN or 2
xULN) after 12 months of UDCA are associated with
clinical outcomes in patients with PBC (LoE 2, 100%
agreement).

1.1.2. ALP levels (< or >1xULN, 1.5xULN, 1.67xULN or 2
xULN) after 12 months of second-line treatment with
bezafibrate or OCA are associated with clinical out-
comes in patients with PBC (LoE 3, 98% agreement).

1.1.3. Total bilirubin levels (< or >0.6xULN, 1xULN or 2xULN)
after 12 months of UDCA are associated with clinical
outcomes in patients with PBC (LoE 2, 100%
agreement).

1.1.4. Total bilirubin levels (< or >0.6xULN or 1xULN) after 12
months of second-line treatment with bezafibrate or
OCA are associated with clinical outcomes in patients
with PBC (LoE 3, 96% agreement).

1.1.5. There is insufficient evidence to determine the impact
of AST, ALT and GGT on long-term clinical outcomes
(LoE 3, 94% agreement).

1.1.6. Albumin levels (< or >1x the lower limit of normal) after 6
to 12 months of UDCA are associated with clinical
outcomes in patients with PBC (LoE 2, 98%
agreement).

1.1.7. Circulating platelet count (< or >1x the lower limit of
normal) after 6 to 12 months of UDCA is associated
with clinical outcomes in patients with PBC (LoE 2,
100% agreement).

1.1.8. Inadequate biochemical response after 6 to 12 months
of UDCA - and at any time thereafter — is associated
with increased risk of poor clinical outcomes in patients
with PBC (LoE 2, 98% agreement).

1.1.9. Inadequate biochemical response after 12 months of
second-line treatment with bezafibrate, fenofibrate or
OCA is associated with increased risk of poor clinical
outcomes in patients with PBC (LoE 3, 96%
agreement).
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Recommendation

1.1.1.In phase lll PBC clinical trials (based on biochemical
inclusion criteria) of at least 12 months’ duration, a
complete biochemical response (normal ALP and
normal total bilirubin) or an adequate biochemical
response (ALP <1.5-1.67xULN and normal total bili-
rubin) should be considered ideal or adequate end-
points, respectively (LOoE 2, strong recommendation,
90% agreement).

1.2. Can non-invasive tests for liver fibrosis be considered
surrogate endpoints for clinical outcomes in PBC?

In addition to liver biochemistry, histological progression could
be used as a surrogate for clinically meaningful outcomes in
PBC. However, repeated liver biopsies carry procedural risks,
are poorly accepted by patients and are not part of routine
clinical management.’>' Moreover, while liver biopsy provides
valuable information at a population level, its accuracy for
tracking disease progression in individual patients remains
imperfect mainly because of sampling variability and inter-
observer heterogeneity. Non-invasive measures of liver
fibrosis offer a more feasible alternative for use in clinical trials.
Among these, liver stiffness measurement (LSM) by vibration-
controlled transient elastography (VCTE) is the most exten-
sively validated modality in PBC, with large retrospective co-
horts demonstrating good performance in identifying
advanced fibrosis and predicting clinical outcomes. As with
liver biopsy, LSM has important limitations. In particular, LSM
values can be influenced by factors other than fibrosis,
including inflammation, cholestasis, operator technique, and
patient habitus, and concerns remain regarding the repro-
ducibility and consistency of individual measurements across
centres and operators. Unlike histology, LSM does not allow
post-test reassessment of tissue, which has been highlighted
by regulatory agencies as a key challenge when considering its
use as a surrogate endpoint at the individual patient level.
Furthermore, much of the published evidence supporting the

response
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prognostic value of LSM derives from multiple analyses of
overlapping patient cohorts, while prospective data linking
changes in LSM to hard clinical outcomes remain limited,
representing an important unmet need in the field.

Despite these limitations, available data suggest that LSM
provides clinically meaningful prognostic information. Specif-
ically, LSM above 10 kPa at baseline and on treatment was
significantly associated with poor clinical outcomes, indepen-
dent of biochemical markers. Moreover, a 220% increase in
LSM over 1 year was associated with worse outcomes,
whereas a 220% decrease was associated with improved
outcomes.®* 798386 The optimal timing of assessment remains
uncertain. Although there is pressure to limit the double-blind
period to 12 months to minimise placebo exposure, particu-
larly if the endpoint is LSM stability (i.e. no increase), pro-
spective data from the Bezurso trial suggest that a 24-month
interval may be more appropriate, especially in patients with
early-stage disease.?’

Among non-invasive serum biomarkers of liver fibrosis, the
enhanced liver fibrosis (ELF) score is the most studied, as it
has been widely included in RCTs. The ELF score, based on
serum hyaluronic acid, procollagen type lll N-terminal peptide,
and tissue inhibitor of metalloproteinase, correlates with
fibrosis stage and has shown predictive value towards clinical
outcomes in PBC at baseline; however, its prognostic value
under treatment remains to be fully elucidated.®”**® Notably,
despite its inclusion in trial protocols, the ELF score is not
widely used in routine clinical practice. While non-proprietary
non-invasive tests of liver fibrosis, such as APRI (AST-to-
platelet ratio index) and FIB-4, have been evaluated in some
observational studies, they have not been utilised as second-
ary or exploratory endpoints in phase Ill RCTs. Therefore, their
role was not explored further in this consensus.

A systematic literature review identified 10 studies on LSM
and two studies on the ELF score, evaluating the association
between these tests and clinically meaningful outcomes in
PBC, published between 1995 and 2025 (Table S71 and J). The
median sample size was 426 patients (range: 102 to 3,284)
with follow-up ranging from 15 months to 7.3 years. All studies
included UDCA-treated patients. Definitions of clinically

Disease Clinical
modification outcome

e Decompensation
o LT
e Death

e Fibrosis stability

12+ months
(Phase Il RCT)

24+ months
(Phase IV confirmatory)

Years
(Long-term)

Fig. 1. Surrogate endpoint framework for PBC clinical trials. Schematic representation of the pathway from treatment initiation to clinical outcomes in PBC,
illustrating the role of surrogate endpoints at different stages of disease assessment. Biomarker response, assessed through reductions in ALP, normalisation of TB,
and composite scores, serves as an early endpoint measurable at 212 months in phase Il RCTs. Disease modification, assessed through changes in LSM by VCTE
and fibrosis stability, requires extended follow-up of 224 months in phase IV confirmatory trials. Clinical outcomes, including hepatic decompensation, LT, and death,
represent the ultimate endpoints but require years of follow-up. Arrows indicate the temporal relationship between treatment effects and measurable outcomes. ALP,
alkaline phosphatase; LSM, liver stiffness measurement; LT, liver transplantation; PBC, primary biliary cholangitis; RCT, randomised controlled trials; TB, total bili-
rubin; VCTE, vibration-controlled transient elastography.
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meaningful outcomes varied, but most studies included a
composite of liver decompensation, LT, and death (all-cause
or liver-related).

Delphi panellists were asked their opinion about the use of
LSM by VCTE and serum biomarkers of liver fibrosis as end-
points in PBC RCTs. Agreement was consistently high across
all statements, with 296% consensus on the prognostic value
of baseline and on-treatment LSM, including its predictive
ability independent of biochemical markers (98% agreement).
Panellists also agreed (96%) that baseline ELF score is asso-
ciated with clinical outcomes, although evidence for longitu-
dinal ELF dynamics and their correlation with biochemical
response was considered insufficient (98-100% agreement). In
addition, 92% supported the use of LSM by VCTE as a po-
tential endpoint in sufficiently long phase Ill RCTs, while 86%
endorsed combining biochemical response with stable or
decreased LSM as a composite endpoint. However, it should
be noted that trials incorporating LSM as an endpoint may
require longer durations than the 12-month minimum recom-
mended for biochemical endpoints alone, as fibrosis-related
changes are expected to occur more slowly, and the optimal
timeframe may vary depending on disease stage and inclu-
sion criteria.

Collectively, the panel agreed that strategies are needed to
strengthen the predictive ability of current surrogate markers
and support the marketing authorisation process for those
treatments already under investigation. These could include
the adoption of more stringent biochemical targets such as
normalisation of ALP and total bilirubin as well as their com-
bination with additional biomarkers into composite endpoints
including non-invasive fibrosis measures to better reflect dis-
ease progression. In parallel, the panel identified the formal
validation of liver biochemistry and non-invasive liver fibrosis
markers as surrogate endpoints as a research priority for future
therapeutic development.

Statements

1.2.1. Baseline and longitudinal on-treatment changes in
LSM measured by VCTE are associated with clinical
outcomes in patients with PBC (LoE 2, 98%
agreement).

1.2.2. LSM by VCTE is associated with clinical outcomes in
patients with PBC, independently of biochemical bio-
markers (LoE 2, 98% agreement).

1.2.3. There is poor evidence regarding the optimal timeframe
between subsequent LSM assessments (LoE 3, 98%
agreement).

1.2.4. Baseline ELF score is associated with clinical outcomes
in patients with PBC (LoE 3, 96% agreement).

1.2.5. There is insufficient data on the association of longitu-
dinal ELF scores with clinical outcomes in PBC (LoE 5,
100% agreement).

1.2.6. There is insufficient data on the association between
ELF and biochemical response to treatment in PBC
(LoE 5, 98% agreement).

Recommendations

1.2.1.In phase Il PBC clinical trials of appropriate duration,
LSM measured by VCTE may be considered a potential
surrogate of clinical outcomes (LoE 3, weak recom-
mendation, 92% agreement).

1.2.2.In phase Ill PBC clinical trials of appropriate duration
(minimum 24 months for early-stage disease), a
biochemical response combined with decreased or
stable LSM by VCTE should be considered as a com-
posite endpoint (LoE 2, strong recommendation,
86% agreement).

1.2.3. Treatment failure may be assessed by a combined
endpoint of inadequate biochemical response, LSM
progression, and/or hepatic decompensation (LoE 3,
weak recommendation, 98% agreement).

Research agenda

a) Definition and standardisation of LSM-based endpoints,
including thresholds, magnitude of meaningful changes, and
optimal timing of assessment across different dis-
ease stages.

b) Prospective evaluation of the ELF score under treatment for
predicting clinical outcomes.

c) Prospective assessment of transaminases and non-
proprietary liver fibrosis markers as predictors of clin-
ical outcomes.

d) Establishment of a structured framework for drug develop-
ment that integrates clinical safety and efficacy assessment
with biomarker validation into a unified approval pathway.

e) Conduct and publish subgroup analyses within long-term
confirmatory trials such as COBALT,?* stratifying by
responder status, disease stage and treatment history.

2. Use of real-world data and real-world evidence in PBC
Context: While the uses of RWD/RWE in PBC can be multiple —
including providing a deeper understanding of the natural
history of the disease, identifying risk factors and potential
surrogate endpoints, informing clinical trial design (power
calculations, eligibility criteria and endpoints), conducting post
marketing surveillance and elucidating various aspects of
disease burden - the purpose of this section is to address the
use of RWD/RWE to support causal inferences related to the
safety and effectiveness of new therapies in PBC. These
consensus statements are intended to support harmonised
methodological standards and promote regulatory-grade
research practices that can drive regulatory decisions. They
are grounded in regulatory guidance, published experience in
PBC, and discussions among all stakeholders.

2.1. What are the key design and reporting considerations
for RWE studies intended to support regulatory decisions
pertaining to confirmatory trials and post marketing trials
in PBC?

RCTs remain the conventional standard for evaluating thera-
peutic efficacy, yet in PBC they are often constrained by slow
disease progression, small patient populations, and ethical
concerns regarding prolonged placebo exposure. These
challenges have created a need to seek alternative pathways,
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including the use of RWD to generate RWE capable of
informing regulatory decisions.

Regulatory grade RWE is distinguished from exploratory
observational research by its reliance on “fit-for-use” data
sources — those that are relevant, reliable, and sufficiently
detailed to support causal inference — and prespecified pro-
tocols with transparent data provenance and analytic repro-
ducibility.®9? This need is particularly acute in PBC, where
therapies granted conditional approval based on surrogate
endpoints deemed reasonably likely to predict outcomes
require confirmatory evidence of long-term clinical benefit.?®
RWE therefore represents a pragmatic and ethically accept-
able pathway to complement traditional trials.

Methodological advances have demonstrated that external
control arms derived from RWD can supplement single-arm trials
when conventional randomised designs are not feasible — a
strategy already applied in rare disease contexts and increasingly
considered for rare liver diseases.’* % Key design elements —
including comparator selection, temporality, and approaches to
confounding adjustment —determine reliability, while frameworks
such as target trial emulation and registry-based or hybrid
prospective-retrospective designs provide structured method-
ologies to improve causal inference and reproducibility.”®

Regulatory agencies have recognised this evolving land-
scape. The FDA’s Real World Evidence Program, established
under the 21st Century Cures Act, and EMA guidance
explicitly support using RWE for evaluating new indications
and fulfilling post-approval requirements, provided that data
reliability and relevance are demonstrated.'>#>%¢°¢ Thijs
approach has precedent: in oncology, drugs such as blina-
tumomab and avelumab received accelerated approval based
on single-arm trials supplemented by RWD-derived external
control arms.'®”-'%8 Both the FDA and EMA emphasise pre-
specified study designs, judicious use of external control
arms, rigorous data quality standards, and early engagement
with regulators as essential.?®'°

Despite these advances, important limitations persist: RWD
sources vary in representativeness and completeness; un-
measured confounding threatens validity; and cross-system
heterogeneity adds complexity. These uncertainties under-
score the need for careful design, transparent reporting, and
formalised interaction with regulatory bodies when planning
real-world studies intended to support drug approval or label
expansion in PBC.%®

From the consensus discussions, two principles emerged.
First, engagement with regulatory authorities must occur early
and throughout the design and execution of real-world studies.
Second, in situations where RCTs are not feasible, well-
designed single-arm trials incorporating target trial emulation
frameworks and rigorously defined RWD-based external con-
trols can provide credible, regulatory-grade evidence of
treatment benefit in PBC. These principles directly underpin
the recommendations below.

Recommendations

2.1.1. Early and ongoing engagement with regulatory
agencies is strongly recommended for studies aiming
to support approval or label expansion (LoE 5; strong
recommendation, 100% agreement).
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2.1.2. When RCTs are not feasible, single-arm trial designs
that incorporate external control arms derived from
rigorously defined RWD should be considered accept-
able to support regulatory-grade evidence of safety and
effectiveness (LoE 3; strong recommendation, 100%
agreement).

2.2. Which data sources should be used for RWD studies
in PBC?

The choice of data sources is central to the credibility and
regulatory utility of RWE in PBC. Regulatory-grade RWE de-
pends on "fitness-for-use" — the degree to which data are
relevant, reliable, and sufficiently complete to address the
study objective.®%

Disease-specific registries provide the most granular and
clinically meaningful information on treatment exposure, lab-
oratory dynamics, and PROs. These registries — such as the
Global PBC and UK-PBC cohorts — have generated validated
prognostic and survival models*”*® and remain indispensable
for endpoint validation. Retrospective and prospective obser-
vational cohorts further demonstrate the feasibility of struc-
tured multicentre data (national and international) collection
with long-term follow-up.’®?7'% Together, these initiatives,
summarised in Table S8, constitute the empirical backbone of
PBC-focused RWE.

Electronic health records (EHRs) capture routine clinical
practice, comorbidities, laboratory values, and prescribing
patterns offering rich context for effectiveness and safety an-
alyses.'®® Claims databases complement these strengths by
providing population-level coverage, standardised coding, and
detailed information on healthcare utilisation and cost. They
are well suited to capturing hard clinical endpoints, such as
liver transplantation or hospitalisation for cirrhosis complica-
tions, though they lack granularity with respect to laboratory
and PRO data.'%®"%" Distributed data networks enable feder-
ated analyses across systems, enhancing representativeness
while preserving privacy.® %!

To ensure regulatory acceptability, endpoints and cova-
riates must be harmonised across data types and defined a
priori.8%°¢ Structured approaches to improve completeness —
such as prospective capture of safety variables, documenting
treatment decisions, linking registry and EHR data, and inte-
grating PROs - are necessary to close current knowledge gaps
and align with international data-governance standards pri-
oritising quality over volume.'%® """

Building on this context, the panel recognised that no single
data source is sufficient in isolation. While PBC benefits from
mature registry infrastructures that have shaped risk stratifica-
tion and endpoint development, registries alone may limit
generalisability by reflecting tertiary-centre practice. EHR and
claims databases are essential complements for capturing
treatment patterns and safety at scale, despite limitations in
laboratory and PRO availability. Distributed data networks offer
promise for future integration, provided cross-system harmo-
nisation and standardised coding are achieved. Optimal RWE
generation requires thoughtful alignment of data sources with
study aims, endpoint harmonisation, and proactive measures to
strengthen data quality and interoperability. These shared
conclusions form the basis of the recommendations that follow.
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Recommendations

2.1.3. RWD studies in PBC should utilise appropriate data
sources, which may include registries, EHRs, claims
databases, and distributed data networks, selected
based on the study objectives and fitness-for-use (LoE
5; strong recommendation, 98% agreement).

2.1.4. Endpoint definitions should be harmonised across data
sources and aligned with regulatory standards (LoE 5;

strong recommendation, 100% agreement).

2.1.5. The quality and utility of emerging and existing data
sources intended to generate regulatory-grade evi-
dence should be enhanced by structured approaches
addressing key knowledge gaps (LoE 5; strong
recommendation, 100% agreement).

2.3. How can we identify and control confounding and
various biases in RWD specifically in PBC studies?
Bias and confounding are pervasive challenges in RWD
studies and represent a primary barrier to generating
regulatory-grade evidence. Unlike random error, bias in-
troduces systematic distortion that can misrepresent causal
relationships. Because regulatory decisions depend on valid
causal inference, the identification, quantification, and mitiga-
tion of bias are central to RWE credibility in PBC.

PBC poses unique challenges in the identification and
mitigation of bias. As a rare, slowly progressive disease, it is
prone to confounding by indication, selection bias, and

missing data. Observational datasets may under- or over-
represent patients with advanced or symptomatic disease
depending on the data source, and treatment allocation is
frequently influenced by baseline risk factors. Other threats
include immortal time bias, exposure or outcome misclassifi-
cation from coding errors, and attrition bias from incomplete
follow-up."'>"""® Because clinical events such as decompen-
sation or transplantation are infrequent, even modest imbal-
ances can yield over- or underestimated effects (Table 2).

Methodological frameworks such as target trial emulation,
external control arms, and hybrid prospective-retrospective
designs highlight the need for explicit adjustment of time-
related biases and robust comparator definitions.’'®'%? Vali-
dation of automated case-finding algorithms against clinical
reference standards — such as EHR-based detection of cirrhosis
— is essential to ensure accurate population identification.'%%1°9
Regulatory agencies stress that internal validation of RWD
through benchmarking against registries, adjudicated out-
comes, or manual chart review is indispensable.®®®

Bias mitigation in data linkage represents an emerging fron-
tier. Tokenisation strategies linking de-identified patients across
datasets introduce the possibility of false matches (“collisions”)
and missed matches (“splits”).''*"?* Linkage methods must be
prespecified, justified, and quantitatively evaluated.'®"-'24

Post hoc investigation of unanticipated or inconclusive
findings is an essential component of scientific transparency.
PBC registry analyses have demonstrated regional variation in
laboratory practices and treatment uptake, emphasising the
importance of contextualising observed effects. Experience
from oncology RWD frameworks illustrates how systematic

Table 2. Biases relevant to real-world data studies in PBC and recommended mitigation strategies.

Type of Bias

Brief explanation

Statistical mitigation techniques

Examples in PBC

Selection bias

Confounding by
indication/channel-
ling bias

Immortal time bias

Information bias

Misclassification
bias

Inconsistent follow-
up timing

Symptom/PRO
documentation
bias

Missing data bias

Study population may not represent the
general PBC population

Sicker patients more likely to receive
certain treatments

Unaccounted time between cohort entry
and treatment initiation

Inaccurate or inconsistent data collection
leads to incorrect exposure or outcome
assessment

Incorrect categorisation of exposure or

outcome distorts associations

Uneven measurement schedules affect
outcome detection

Subjective symptoms may be under-
reported or inconsistently recorded.

Missing information, especially if non-
random (MNAR), leads to biased estimates

Population weighting; sensitivity analyses;
broader data sources®’:92:9%114-118

Propensity score matching/weighting; multivar-
iable adjustment®-9%118

Time-dependent Cox models; proper time
alignment; consistent index date
definitions®'+1097111

Validation studies; standardised data collection
protocols; algorithm validation against chart
reviewm,gs,mo,ns

Validated algorithms; sensitivity analyses; inde-
pendent adjudication committees®'-%2112-115.122

Modelling time-varying covariates; adjustment
for follow-up intensity; active comparator
design'®-122

Structured symptom tools; standardised PRO

instruments®!+92:109.110

Multiple imputation; sensitivity analyses for
MNAR'"!

Registries over-represent engaged patients;
ICD codes have suboptimal sensitivity/
specificity

Patients with progressive disease more likely
to initiate second-line therapy; access influ-
enced by insurance coverage

Using treatment initiation date as time zero
creates survival bias; match treated patients
with controls at equal time from cohort entry
Diagnostic algorithms require validation;
transplant waitlisting is more accurate and
proximal than transplantation itself as an
outcome

Comparing ITT and as-treated analyses crit-
ical for understanding early discontinuation
effects; adverse event detection challenging
without chart review

Patients with greater symptom burden have
more frequent visits; treated patients have
regular visits for prescription renewal, unlike
untreated patients

PROs may influence treatment initiation and
discontinuation decisions; intractable pruritus
may drive transplant listing independent of
biochemical response

Both greater and lesser disease severity can
increase missingness; prolonged gaps be-
tween visits common in asymptomatic stable
disease
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bias audits can refine effect estimates and improve future
trial emulation.’®®

The panel concluded that bias identification and mitigation
must be prespecified, reproducible, and transparently re-
ported. Internal validation through registry benchmarking or
chart review should be considered mandatory when using EHR
or claims data. Tokenisation must include quantitative error
assessment. Transparency in exploring residual bias was
viewed as a scientific obligation, especially in rare diseases
where every dataset informs future research (Fig. 2).

Recommendations
2.1.6. All real-world studies in PBC should pre-specify
anticipated biases (LoE 5; strong recommendation,
100% agreement).

2.1.7. Mitigation strategies should be pre-specified and
implemented to control for biases in studies utilising
RWD in PBC (LoE 5; strong recommendation, 100%
agreement).

2.1.8. EHR and claims-based datasets should be internally
validated - either through benchmarking against
clinical reference standards or via manual chart review
— to ensure accurate identification of the study pop-
ulation, exposures, outcomes, and covariates (LoE 2;
strong recommendation, 100% agreement).

2.1.9. If tokenisation is used to link de-identified patients
across datasets, the choice of token(s) should be
justified, and risk of linkage errors (e.g. collisions and
splits) should be quantified (LoE 5; strong recom-
mendation, 100% agreement).

2.1.10. When RWD analyses lead to unanticipated or incon-
clusive results, post hoc investigations of bias sources
should be encouraged and transparently reported to
support future studies and regulatory decision-making
(LoE 5; strong recommendation, 100% agreement).

Research agenda

a) Adapt target trial emulation and external control arm designs
for PBC, with clear strategies for comparator selection and
confounding control.

b) Strengthen registries, EHRs, claims, and distributed networks
with standardised endpoints and integrated PRO collection.

¢) Benchmark EHR/claims data against clinical standards, and
systematically identify, mitigate, and report key biases.

d) Refine tokenisation approaches, quantify linkage errors, and
promote transparent reporting for multi-source studies.

e) Ensuring that the variability in clinical care and practice
globally is included in the design and interpretation of RWD.

3. Patient-reported outcomes and symptoms assessment
in PBC

Context: The impact of PBC on quality of life is multifaceted,
encompassing symptoms such as fatigue and pruritus, as well as
broader physical, emotional, and functional limitations. It is
important to recognise that these symptoms can have a signifi-
cant impact on patients’ life experiences and quality of life and
warrant treatment irrespective of interventions to prevent disease
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progression. Thus, there is a need for harmonised approaches
considering the patient’s experience, to assess these outcomes
in both clinical trials and real-world settings. These consensus
statements aim to guide the selection and implementation of
outcome measures that are patient-centred, psychometrically
robust, and aligned with regulatory expectations. The routine in-
clusion of PROs in all clinical trials in PBC is essential — not only to
evaluate the efficacy of symptom-targeted therapies but also to
assess the broader impact, both beneficial and adverse, of
treatments not primarily designed to address symptoms. The
recommendations presented here are informed by current evi-
dence, the lived experiences of patients, input from clinicians, and
accumulated expertise in PBC research. The ultimate objective is
to promote consistency and rigor in outcome measurement,
enabling meaningful cross-study comparisons and supporting
the development of regulatory-grade evidence in PBC.

3.1. What are the key considerations for PROs in PBC?
PROs are defined as direct patient-derived reports of symptoms,
functioning, and well-being that quantify how disease and
treatment affect daily life. In PBC, they capture domains that
characterise disease burden — most prominently fatigue, pruritus,
cognitive dysfunction, emotional distress, and social participa-
tion — none of which are reflected in biochemical or histological
markers.'?®7'?® These manifestations are core therapeutic tar-
gets, as many patients remain symptomatic despite biochemical
response. PRO instruments may be disease-specific (e.g. PBC-
40)'?° or generic (e.g. EuroQol-5 Dimension [EQ-5D], Short Form
Health Survey [SF-36], Patient-Reported Outcomes Measure-
ment Information System 29 [PROMIS-29]),'%% "% offering
complementary perspectives on treatment benefit.

Validated PROs (i.e. instruments with demonstrated content
validity, reliability, and responsiveness to change in the target
population) are indispensable for evaluating outcomes that
matter most to patients and for establishing therapeutic value.'**
Because symptoms such as fatigue and pruritus cannot be
objectively quantified through laboratory or imaging markers,
patient report is the sole feasible means of assessing efficacy
when symptom relief is the therapeutic target.'> % Regulatory
agencies increasingly regard PROs as essential to demonstrating
treatment benefits. The EMA emphasises that PROs comple-
ment clinical endpoints by providing direct insight into how pa-
tients feel and function.'*® The FDA’s PRO Guidance states that
validated PROs can support labelling claims and post-approval
commitments.’®” Beyond regulatory requirements, PRO-based
endpoints influence clinical practice guidelines, health technol-
ogy assessments, and payer decisions.'*

The credibility of PRO data depends on rigorous imple-
mentation. First, the timing and frequency of assessments must
align with disease course and expected treatment response.
Symptoms such as pruritus may fluctuate over days to weeks.
Measurements across clinically meaningful windows are there-
fore preferable to single time-point comparisons; however, the
downsides of overly frequent assessment must be considered,
including completion fatigue and recall of previous responses.
Recall periods and scoring algorithms for the various in-
struments utilised in the study must be prespecified to minimise
inconsistent interpretation.”®%'%” Second, interpreting PRO
change requires establishing thresholds of minimal clinically
important change (MCIC). Anchor-based methods - typically
using global impression instruments such as Patient Global
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Fig. 2. Methodological framework for generating regulatory-grade real-world evidence in primary biliary cholangitis. Three-stage workflow for designing real-
world studies intended to support regulatory decisions in primary biliary cholangitis. RWD, real-world data.

Impression of Severity (PGI-S) or Change (PGI-C) — define the
magnitude of improvement perceived as meaningful by pa-
tients."3*1%8139 Disease-specific clinician-rated tools, including
the Clinical Global Impression-Severity and Change for PBC
(CGI-S-PBC and CGI-C-PBC),'**'"" may serve as comple-
mentary anchors (i.e. external reference points used to interpret
whether PRO score changes are clinically meaningful). The
panel recognised that MCIC validation in PBC remains incom-
plete and highlighted the need for harmonised interpretation
across trials. Where validated MCIC thresholds are not yet
available for a PRO intended as a key endpoint, the panel
emphasised that such thresholds should be developed and
prespecified prior to study initiation to support regulatory
acceptance of the findings. Third, consistency in data collection
is important. PROs should be collected using the validated
format (electronic or paper), with the same mode used across
participants and time points to reduce measurement error and
ensure comparability. PROs should be validated for use in the
language in which they are administered.

Obijective or physiological tools — such as actigraphy, ortho-
static testing, or wearable sensors — can offer exploratory in-
sights into activity, sleep, or autonomic symptoms but capture
constructs distinct from patient-reported experience. For
instance, actigraphy may underestimate fatigue in patients who
maintain activity despite substantial symptom burden.#>'43
These methods may complement but cannot replace PROs in
regulatory or confirmatory settings until further validation occurs.

Finally, accurate interpretation requires accounting for
comorbidities and overlapping mechanisms. Conditions such
as thyroid disease, depression, or primary sleep disorders can
confound the interpretation of fatigue as directly related to
PBC, whilst autonomic dysfunction may independently
contribute to fatigue.'**'“® Measuring these variables and
prespecifying analytical adjustments are essential to avoid
misattribution of treatment effects.

Overall, the consensus panel concluded that PROs are
foundational — not optional — endpoints in PBC research. Their

appropriate selection, standardised implementation, and
transparent analysis are indispensable for generating patient-
centred regulatory-grade evidence that truly reflects how in-
dividuals feel and function in response to therapy. The
following principles apply to all patient-reported measures
used to assess quality of life, fatigue and pruritus in people
living with PBC. These general recommendations aim to pro-
mote rigorous and harmonised implementation of PROs
across both clinical trials and real-world settings (Table 3).

Recommendations

3.1.1. PROs should be collected at multiple, prespecified time
points that align with the trial design and the anticipated
trajectory of treatment response (LoE 2; strong
recommendation, 98% agreement).

3.1.2. Studies should clearly define the recall period and

scoring approach for each instrument used. In clinical
trials, this information should be specified a priori in the
protocol or statistical analysis plan (LoE 2; strong

recommendation, 100% agreement).

3.1.3. Thresholds for minimal clinically important change
(MCIC) should be pre-established to support interpre-
tation of patient-level and group-level treatment effects

(LoE 2; strong recommendation, 100% agreement).

3.1.4. Global impression instruments, such as the Patient

Global Impression of Severity (PGI-S) or Change (PGl-
C), and when applicable disease-specific clinician-
rated tools, like Clinical Global Impression—-Severity and
Change for PBC (CGI-S-PBC and CGI-C-PBC), may be
used to support interpretation of PRO changes, and are
particularly helpful when used as anchor items for
establishing MCIC thresholds (LoE 5; weak recom-

mendation, 98% agreement).
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Table 3. Ideal characteristics of PRO instruments for use in PBC.
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Characteristic Description

Rationale

Validated in PBC
population
Patient-derived content

in patients with PBC

Covers PBC-relevant

domains emotional well-being, social participation
Established MCIC Minimal clinically important change defined using anchor-based methods
threshold

Responsiveness to change
Regulatory familiarity
Appropriate recall period

Feasible for repeated use

Available in validated
translations
Compatible with electronic Validated for ePRO platforms
administration

Psychometric properties (reliability, validity, responsiveness) established
Item content developed through qualitative input from patients with PBC

Addresses key symptom domains: fatigue, pruritus, cognitive function,

Demonstrated sensitivity to detect treatment effects over time
Accepted or reviewed by FDA/EMA for use in clinical trials
Recall period aligned with symptom variability and study design

Low respondent burden; suitable for multiple administrations

Linguistically validated versions for multinational studies

Ensures instrument measures what it intends to measure
in this specific disease context

Captures domains and language relevant to patients’ lived
experience

Reflects the multifaceted burden of PBC beyond
biochemical markers

Enables interpretation of whether observed changes are
meaningful to patients

Essential for evaluating therapeutic benefit in clinical trials
Facilitates regulatory submissions and labelling claims
Minimises recall bias; captures fluctuating symptoms (e.g.
pruritus) accurately

Supports longitudinal assessment without excessive pa-
tient fatigue

Ensures cross-cultural equivalence in global trials

Enables real-time data capture and integration with EHR/
registries

ePRO, electronic patient-reported outcome; EHR, electronic health record; MCIC, minimal clinically important change; PBC, primary biliary cholangitis; PRO, patient-

reported outcome.

3.1.5. PROs should ideally be administered using the format in
which the tool was validated, either electronically or on
paper. Regardless of the mode chosen, consistency
across all participants and time points within a study is
essential to preserve data integrity (LoE 5; strong
recommendation, 98% agreement).

3.1.6. Timely and frequent data collection is recommended to
minimise recall bias, particularly in symptoms known to
fluctuate (e.g. pruritus) (LoE 5; strong recommendation,
98% agreement).

3.1.7. Objective tools (e.g. actigraphy, orthostatic testing) may
offer valuable exploratory insights but measure con-
structs distinct from patients’ lived experiences and may
be considered complementary rather than substitutes for
PROs (LoE 5; weak recommendation, 98%
agreement).

3.1.8. Both comorbidities and symptom-modifying mecha-
nisms should be considered for the accurate interpreta-
tion of PRO abnormalites (LoE 5; strong
recommendation, 92% agreement).

3.2. How should global quality of life be assessed in PBC?
Global quality of life in PBC reflects the cumulative impact of
symptoms, treatment effects, and psychosocial factors on
patients’ lived experience. It integrates domains such as fa-
tigue, pruritus, cognitive function, and emotional and social
well-being, providing comprehensive insight beyond
biochemical or histologic endpoints.

The PBC-40 remains the most robustly validated and widely
adopted tool for assessing quality of life in PBC."?° Developed
through qualitative interviews with patients, it integrates six do-
mains — symptoms, fatigue, itch, cognitive, emotional, and social
— and has demonstrated robust construct validity, responsive-
ness to therapeutic change, and reliability in both clinical trials
and real-world studies.'*”~"*° These characteristics make it the
cornerstone instrument for evaluating quality of life in PBC.

Generic measures — EQ-5D,"%° SF-36,"*" and PROMIS-
29'%2133 _ are valuable for generating health-utility data,
enabling cross-disease comparisons but lack coverage of
hallmark PBC symptoms (i.e. fatigue and pruritus) and may
underestimate disease burden when used in isolation.’®" Both
the FDA and EMA require that quality of life measures be
conceptually sound, validated within the target population, and
sensitive to change when quality of life is a treatment objec-
tive.’®%'37 The PBC-40 fulfils these expectations through its
patient-derived content and disease specificity.

Global impression instruments, including PGI-S and PGI-
C,'%81%9 a5 well as emerging clinician-rated tools, such as the
CGI-S/C-PBC,"**"*!" may support determination of MCIC
thresholds and strengthen interpretability of patient-reported
effects (Table S9).

The panel endorsed a hierarchical approach: PBC-40 as the
core disease-specific instrument, complemented by generic
tools when economic or comparative analyses are required, and
global impression measures providing anchor-based interpret-
ability. Aggregated PBC-40 total scores should be con-
textualised by domain-specific results to capture domain-level
benefits or residual burdens. This approach ensures that global
quality of life measurement in PBC remains scientifically robust,
interpretable, and aligned with regulatory expectations.

Recommendations

3.2.1. PBC-40 should be considered the primary disease-
specific tool for assessing global quality of life in PBC
(LoE 2; strong recommendation, 96% agreement).

3.2.2. EQ-5D, SF-36 and PROMIS-29 should not be used in
isolation to assess quality of life in PBC (LoE 5; strong
recommendation, 100% agreement).

3.2.3. Patient-reported global impression tools (e.g. PGI-S,
PGI-C) may be used to support analyses aimed at
establishing meaningful within-patient change thresh-
olds (LoE 5; weak recommendation, 100%
agreement).
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3.3. How should pruritus and associated symptoms be
assessed in PBC clinical studies?

Pruritus is among the most burdensome and treatment-
refractory symptoms in PBC, profoundly impairing sleep,
mood, and daily functioning. Its accurate measurement is
critical both for evaluating therapeutic benefit and for sup-
porting regulatory decision-making.'*%"%*

The Worst Itch Numerical Rating Scale (WI-NRS), including
the nearly identical but separately validated and trademarked
ltch Ro® score, is a 0-10 patient-reported scale that rates peak
itch severity over the preceding 12 to 24 hours and has been
validated in cholestatic liver diseases, including PBC."'®*1%°
Owing to its clarity, sensitivity to change, and regulatory
acceptance, it has become the preferred primary endpoint for
pruritus trials. Both the FDA and EMA have accepted WI-NRS
in pivotal trials of ileal bile acid transporter inhibitors and PPAR
agonists®®°7 155157 (Taple 4).

Mean change from baseline in WI-NRS scores between
treatment and placebo groups is the current regulatory stan-
dard for primary analysis, though consensus on clinically
meaningful between-group differences remains to be defined.
At the individual level, a 23-point reduction has emerged as the
benchmark for clinically meaningful improvement, particularly
among patients with moderate-to-severe itch. Studies using
related instruments suggest smaller changes (22 points) may
also be meaningful for some patients. Exploratory analyses
incorporating multiple thresholds (22, >3, 24 points) are
encouraged to capture interindividual variability and align with
regulatory expectations.

Beyond intensity, pruritus requires multidimensional
assessment. The 5D-ltch scale — evaluating duration, degree,
direction, disability, and distribution — offers insight into func-
tional and psychosocial consequences of pruritus.'*® The
PBC-40 itch domain reflects patient-derived experiences
within a validated PBC-specific framework.'?>'%° These in-
struments are best positioned as secondary or composite
endpoints that contextualise WI-NRS changes and provide
fuller assessment of therapeutic benefit.

Placebo responses in pruritus trials are substantial (20-40%
mean improvement) and must be anticipated in study design
and interpretation.”? Complementary endpoints, such as sleep
interference scores (e.g. the Sleep Interference Numerical
Rating Scale [Sleep-NRS] and the PROMIS Sleep Disturbance
Scale), help quantify downstream effects of itch and capture
aspects not reflected by intensity scores alone.'*® Objective
tools like actigraphy provide exploratory data on nocturnal
restlessness or activity but remain unvalidated as regulatory
endpoints (Table S10).

The panel agreed that WI-NRS should remain the primary
patient-reported endpoint for quantifying pruritus severity in
PBC trials. However, multidimensional and complementary
measures — including the 5-D Itch Scale, PBC-40 itch domain,
and sleep-focused instruments — were viewed as essential for
capturing the broader functional and psychosocial conse-
quences of pruritus. These perspectives guided the recom-
mendations below, which aim to harmonise the use of
validated instruments, establish consistent thresholds for
clinically meaningful change, and ensure that symptom
assessment in PBC trials reflects both intensity and impact
from the patient perspective.

Recommendations

3.3.1 The Worst ltch Numerical Rating Scale (WI-NRS) is
recommended as the primary tool for assessing pruritus
severity in clinical trials for PBC (LoE 2; strong
recommendation, 98% agreement).

3.3.2 Mean change from baseline in WI-NRS scores between
treatment and placebo groups over the study period is
currently recommended as the primary endpoint in
pruritus trials (LoE 2; strong recommendation, 94%
agreement).

3.3.3 A 3-point reduction from baseline in the WI-NRS (0-10
scale) is recommended as the primary threshold for clini-
cally meaningful within-patient improvement in PBC trials
(LoE 2; strong recommendation, 94% agreement).

3.3.4 Global impression tools (e.g. PGI-S and PGI-C) may sup-
port interpretation of meaningful within-patient change
(LoE 5; weak recommendation, 96% agreement).

3.3.5 Wearable technologies (e.g. actigraphy) may offer
exploratory data to complement PROs but are not yet
validated for use as endpoints in regulatory trials (LoE 5;
weak recommendation, 100% agreement).

3.3.6 Visual analogue scales should be used in a supportive or
real-world context (LoE 5; strong recommendation,
98% agreement).

3.3.7 Multidimensional measures that capture the broader
impact of pruritus — such as the 5-D Itch Scale and the
PBC-40 itch domain — should be considered secondary
endpoints or components of composite endpoints (LoE
5; strong recommendation, 96% agreement).

3.3.8 Instruments targeting specific consequences of pruritus,
such as sleep disruption (e.g. Sleep Interference NRS,
PROMIS Sleep Disturbance), may be used as secondary
endpoints in trials involving patients with moderate-to-
severe pruritus (LOE 5; weak recommendation, 96%
agreement).

3.3.9 While global quality-of-life measures (e.g. EQ-5D, SF-36)
may be used for context when interpreting treatment
impact, their low sensitivity to change in symptom-
focused interventions limits their utility as primary or
secondary endpoints in pruritus-specific trials (LOE 5;
weak recommendation, 100% agreement).

3.4. How should fatigue be assessed in PBC, and what is
the role of objective tools?

Fatigue is the most common and often the most debilitating
symptom in PBC, affecting approximately 40-80% of patients.®®
Its severity does not consistently correlate with disease stage
and may persist despite biochemical response.’*® The patho-
physiology involves both central (altered neurotransmission,
motivation) and peripheral (neuromuscular dysfunction, decon-
ditioning) mechanisms,'**'“> with contributions from auto-
nomic dysfunction, sleep disturbance, and mood disorders.
Currently licensed therapies do not consistently improve fa-
tigue, making it a distinct therapeutic target requiring additional
studies with validated PRO measures.*®
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Table 4. Summary of validation status for patient-reported outcome instruments in PBC.

Instrument Domain(s) assessed Validated MCIC pro- Recommended use Notes
in PBC posed in PBC in clinical studies
PBC-40 Global Qol, fatigue, itch, cognitive, Yes No Primary endpoint in  Disease-specific; patient-derived
emotional, social trials content
PBC-40 fatigue Fatigue severity and impact Yes No Secondary/co- Core disease-specific fatigue
domain primary measure
PBC-40 itch domain Pruritus impact Yes No Secondary Underrepresents itch intensity
WI-NRS Pruritus severity Yes Yes (23-point Primary endpoint FDA/EMA accepted
reduction) (pruritus trials)
5-D itch scale Multidimensional itch (duration, degree, direc- No* No Secondary Validated in chronic pruritus; used in
tion, disability, distribution) PBC cohorts
VAS (itch) Pruritus severity No No Supportive/RWE Simple but lacks standardisation
Sleep interference Sleep disturbance due to pruritus No*™ No Secondary Validated in pruritus populations
NRS
PROMIS fatigue SF- General fatigue No' No Complementary Strong psychometrics; cross-
7a disease comparability
Fatigue impact scale Multidimensional fatigue (cognitive, No* No Supportive Validated in liver disease
(FIS) physical, social)
EQ-5D Health utility No*™ N/A Economic modelling Not disease-specific; HTA
acceptance
SF-36 General health-related QoL Yes No Secondary Validated in liver disease; lacks PBC
symptom specificity
PROMIS-29 Multiple domains (function, mood, No™ No Complementary Comprehensive; enables utility
sleep, pain, fatigue) derivation
PGI-S/PGI-C Global impression of severity/change No™ N/A (anchor Anchor for MCIC Supports interpretation; not stand-
function) alone endpoint
CGI-S-PBC/CGI-C- Clinician-rated severity/change No' N/A (anchor Anchor for MCIC Disease-specific; undergoing
PBC function) validation
Epworth sleepiness Daytime somnolence No No Supportive Correlates with fatigue contributors
scale (ESS)
Orthostatic grading  Dysautonomia symptoms No No Supportive Relevant to fatigue phenotyping
scale (OGS)
Actigraphy/ Obijective activity/sleep No No Exploratory only Not validated for regulatory
wearables endpoints

CGI-C-PBC, Clinical Global Impression of Change for PBC; CGI-S-PBC, Clinical Global Impression of Severity for PBC; EQ-5D, EuroQol 5-Dimensions; FIS, Fatigue Impact Scale;
HTA, Health Technology Assessment; MCIC, Minimal Clinically Important Change; NRS, Numerical Rating Scale; OGS, Orthostatic Grading Scale; PBC-40, Primary Biliary
Cholangitis-40 Questionnaire; PGI-C, Patient Global Impression of Change; PGI-S, Patient Global Impression of Severity; PROMIS, Patient-Reported Outcomes Measurement
Information System; QoL, Quality of Life; RWE, Real-World Evidence; SF-36, Short Form Health Survey-36; VAS, Visual Analog Scale; WI-NRS, Worst ltch Numerical Rating Scale.

*Validated in other liver diseases or chronic pruritus populations.
*Used in PBC trials but not specifically validated in PBC.
TUndergoing validation in PBC.

The PBC-40 fatigue domain remains the most validated and
widely applied tool for assessing fatigue in PBC.'2%150 |t
captures both perceived severity and functional impact, with
demonstrated responsiveness to change in prospective co-
horts and therapeutic studies.'*®'®° The dynamic range for the
PBC-40 fatigue domain score is 11 to 55, with a score >29
identifying clinically significant fatigue.'® Its integration within
a broader PBC-specific quality of life framework establishes it
as the primary disease-specific fatigue measure.

The PROMIS Fatigue Short Form 7a (PROMIS Fatigue
SF-7a) complements the PBC-40 by offering strong psy-
chometric properties, digital adaptability, availability in mul-
tiple languages, regulatory familiarity, and the ability to
enable cross-disease comparisons. '*® Together, the PBC-40
fatigue domain and PROMIS SF-7a provide a balanced
framework that is both disease-specific and generalisable for
health technology and regulatory evaluation. Establishing
validated thresholds for MCIC remains a priority, as inter-
pretation of treatment effects is currently limited by the
absence of consensus anchor-based thresholds in PBC-
specific fatigue instruments.?*"'%2 An important element of
the patient experience in PBC is the balance between pe-
ripheral and central elements of fatigue, both of which are
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common. Central fatigue symptoms can overlap with cogni-
tive symptoms, as assessed using the PBC-40 cognitive
symptom domain.

Other instruments can enrich interpretation or provide in-
formation regarding specific facets of fatigue. The Fatigue
Impact Scale (FIS) and its modified forms have sub-domains
for physical, cognitive, and psychosocial fatigue, although
the relevance of these to objective peripheral and central fa-
tigue and social isolation in PBC is not clear.'®® Global
impression tools — including the PGI-S/PGI-C,'®* and the
developing CG-S/C-PBC'**'*" _ provide complementary an-
chors for determining MCIC thresholds and contextualising
patient-level responses but should remain secondary, sup-
porting interpretation rather than replacing validated PROs as
primary measures. Non-PBC-specific tools such as the Hos-
pital Anxiety Depression Scale (HADS),'®® Epworth Sleepiness
Scale (ESS),'®® and Orthostatic Grading Scale (0GS)'*® iden-
tify contributors to fatigue — mood disturbance, daytime
somnolence, autonomic dysfunction—that may confound PRO
interpretation. Objective tools including actigraphy and wear-
able sensors show promise for characterising sleep-wake
patterns and physical activity but are not yet validated as
regulatory endpoints (Table S11).
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Fig. 3. Use of PROs in the assessment of quality of life in people living with PBC (A) Tiered framework for patient-reported outcome assessment in PBC. Hierarchical
classification of PRO instruments recommended for use in PBC clinical trials and real-world studies. Tier 1 (primary endpoints): disease-specific PROs validated in PBC and
accepted by regulatory agencies, including the PBC-40 questionnaire (assessing global quality of life, fatigue, and itch domains) and the WI-NRS for pruritus severity. Tier 2
(supportive/secondary): complementary measures validated in related populations that support interpretation and cross-study comparison, including PROMIS Fatigue SF-
7a, 5-D itch scale, FIS, sleep interference NRS, and generic health utility instruments (EQ-5D, SF-36). Tier 3 (exploratory/anchors): objective tools and global impression
instruments not yet validated as endpoints but useful for supporting MCIC determination, including PGI-S/PGI-C, CGI-S-PBC/CGI-C-PBC, actigraphy/wearables, OGS, and
ESS. (B) PRO instrument coverage across symptom domains in PBC. Heatmap displaying the coverage and validation status of PRO instruments across key symptom
domains in PBC. Instruments are organised vertically by tier (Tier 1: primary; Tier 2: supportive; Tier 3: exploratory) and mapped horizontally against six symptom domains:
global QoL, fatigue, pruritus, sleep, cognitive function, and emotional/social well-being. Colour intensity indicates validation status: dark blue = validated in PBC; medium
blue = validated in related populations; light blue = used but not validated in PBC; grey = exploratory only; white = does not assess domain. The PBC-40 (total) provides the
most comprehensive coverage across domains with PBC-specific validation, while the WI-NRS offers robust pruritus-specific assessment. Supportive instruments provide
complementary domain coverage, and exploratory tools offer additional insights for MCIC determination and symptom characterisation. 5-D ltch Scale, 5-Dimensional ltch
Scale; CGI-C, Clinical Global Impression of Change; CGI-S, Clinical Global Impression of Severity; ESS, Epworth Sleepiness Scale; EQ-5D, EuroQol 5-Dimensions
questionnaire; FIS, Fatigue Impact Scale; MCIC, minimal clinically important change; NRS, Numerical Rating Scale; OGS, Orthostatic Grading Scale; PBC, primary
biliary cholangitis; PBC-40, primary biliary cholangitis 40-item questionnaire; PGI-C, Patient Global Impression of Change; PGI-S, Patient Global Impression of Severity;
PROMIS, Patient-Reported Outcomes Measurement Information System; PRO, patient-reported outcome; QoL, quality of life; SF-36, Short Form-36 Health Survey; SF-7a,
Short Form 7a (fatigue); WI-NRS, Worst ltch Numerical Rating Scale.

During the consensus discussions, the panel endorsed a

tiered strategy for fatigue assessment in PBC: the PBC-40 Recommendations

fatigue domain as the core disease-specific instrument; 3.4.1. Fatigue should be assessed using PROs that attempt
PROMIS Fatigue SF-7a as a complementary measure ensuring to capture both central and peripheral components,
regulatory comparability; and supportive scales such as FIS, recognising the multifactorial and individualised nature
PGI/CGI, HADS, ESS, and OGS to capture comorbid contrib- of fatigue in PBC (LoE 2; strong recommendation,
utors and aid interpretation. Objective measures like actig- 100% agreement).

raphy were considered promising adjuncts for exploratory 3.4.2. The PBC-40 fatigue domain should be used as the
endpoints. These deliberations guided the following recom- primary disease-specific measure of fatigue in PBC
mendations (Fig. 3A,B). (LoE 2; strong recommendation, 96% agreement).
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3.4.3. The PROMIS Fatigue Short Form 7a (PSF-7a) should be
included as a complementary fatigue measure (LoE 5;
strong recommendation, 98% agreement).

3.4.4. The Fatigue Impact Scale (FIS) and its modified versions
may be used as supportive tools (LoE 5; weak recom-
mendation, 100% agreement).

3.4.5. Patient- and clinician-rated global impression tools (e.g.
PGI-S, PGI-C, CGI-S/C-PBC) may support interpretation
of meaningful within-patient change but should not
replace PROs as the primary outcome measure (LoE 5;
strong recommendation, 100% agreement).

3.4.6. Additional non—-PBC-specific tools (e.g. Hospital Anxiety
and Depression Scale [HADS], Epworth Sleepiness Scale
[ESS] and Orthostatic Grading Scale [OGS]) may com-
plement fatigue assessment (LoE 5; weak recommen-
dation, 98% agreement).

3.4.7. Objective tools such as actigraphy or wearable sensors
may be considered for exploratory or secondary end-
points in PBC (LoE 5; weak recommendation, 98%
agreement)

Research agenda

a) Establish robust thresholds for meaningful within-patient
and between-group change in all applicable PROs.

b) Align disease-specific and generic instruments (e.g. PBC-
40, WI-NRS, PROMIS, PGI-S/PGI-C) to enable comparability
across trials, registries, and regulatory submissions.

c) Establish validated MCIC thresholds for PBC-40 fatigue
domain and PROMIS Fatigue SF-7a using anchor-
based methods.

d) Test PRO instruments across diverse languages, cultures,
and health systems, and confirm responsiveness to
emerging therapies in both trial and real-world settings.

Position Paper

e) Evaluate the role of multidimensional tools (e.g. 5-D ltch
Scale, FIS), global impression anchors, and exploratory
objective measures (e.g. actigraphy) to capture domains not
fully covered by current PROs.

Conclusion

Drug development in PBC faces significant, ethical, and
operational challenges driven by slow disease progression,
limited patient populations, and the absence of fully validated
surrogate endpoints. Through a rigorous, multi-stakeholder
modified Delphi process, this EASL-AASLD consensus pro-
vides a pragmatic framework to address these challenges. The
panel reached strong agreement on the value of improvements
in liver biochemistries in predicting clinical outcomes regard-
less of therapy and the complementary value of non-invasive
fibrosis measures such as LSM. Importantly, the consensus
highlights the need to define what additional data is required to
move these biomarkers to validated surrogates for clinical trial
efficacy endpoints.

In parallel, this work articulates clear principles for the
generation of regulatory-grade real-world evidence, recognis-
ing its essential role in confirmatory effectiveness and safety
assessments when RCTs are not feasible. Equally central is the
systematic integration of validated PROs, ensuring that
symptom burden, quality of life, and treatment impact are
captured from the patient perspective.

Collectively, these recommendations offer a harmonised
roadmap to support innovation, regulatory decision-making,
and patient-centred care in PBC. Their implementation will
require sustained collaboration among clinicians, patients,
regulators, and industry, and should accelerate the develop-
ment of safe, effective, and durable therapies for this rare but
impactful disease. While tailored to PBC, the principles articu-
lated herein may also inform endpoint selection, RWE genera-
tion, and PRO assessment across other rare cholestatic liver
diseases facing similar barriers to therapeutic development.
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