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ABSTRACT
Introduction  Primary biliary cholangitis (PBC) is a rare 
chronic cholestatic disease that despite current therapy 
has significant ongoing unmet needs, including risks 
of cirrhosis and life-impairing symptoms. The current 
treatment approach is a step-up model, wherein first-
line therapy, ursodeoxycholic acid (UDCA), is given for a 
minimum of 12 months before the addition of second-line 
therapy is considered for non-responding patients. This 
‘waiting to fail’ approach, focused on the needs of low-risk 
patients, allows, we postulate, a key process of biliary 
epithelial cell (BEC) senescence to become established, 
driving accelerated bile duct loss and aggressive disease. 
Preclinical mouse modelling has shown that early use of 
the farnesoid X receptor agonist obeticholic acid (OCA), 
currently only used as second-line therapy following UDCA 
failure, reverses BEC senescence, changing the clinical 
course of disease. Here, we describe the design of the 
Optimising Primary thErapy in pRimAry biliary cholangitis 
(OPERA) trial. The aim of OPERA is to explore a new 
paradigm for disease-modifying treatment of PBC: risk-
informed early treatment stratification, with patients at 
increased risk offered UDCA and OCA combination with the 
goal of complete biochemical remission.
Methods and analysis  OPERA is a multicentre, 
randomised, double-blind, placebo-controlled trial of OCA 
in combination with UDCA, as first-line treatment for high-
risk PBC. This is a multicentre trial in England, which will 
be undertaken in specialist clinics in secondary/tertiary 
referral centres (or as per local set up). These centres will 
be specialists in the area of PBC management and will 
manage patients from across their local region. OPERA will 
recruit and randomise 106 adults, within 6 months of PBC 
diagnosis, who are at an enhanced risk of non-response 

to standard first-line therapy, between either: (1) UDCA 
and OCA or (2) UDCA and matched placebo in a 1:1 ratio. 
The primary efficacy outcome measure is the percentage 
of participants showing normalisation of serum alkaline 
phosphatase and total bilirubin values at 26 weeks 
(disease remission).

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This protocol presents a randomised controlled trial 
designed to evaluate the effect of obeticholic acid 
(OCA) as a first-line therapy for primary biliary chol-
angitis patients, challenging the potentially flawed 
‘step up’ therapy model that potentially leaves the 
highest risk patients untreated for a significant peri-
od of time, assessing the impact of a more contem-
porary top-down, disease modification approach.

	⇒ The trial uses biochemical remission (normalisation 
in serum alkaline phosphatase values) as the effica-
cy outcome measure, as opposed to the convention-
al, but flawed, biochemical response indices, which 
tolerate ongoing disease activity.

	⇒ A biopsy sub-study will allow, for the first time, the 
mechanism of OCA on bile duct injury and, in particular, 
the role played by cellular senescence to be addressed.

	⇒ The trial uses a novel statistical method to reduce 
the sample size required without sacrificing statis-
tical power.

	⇒ The trial relies on a biochemical surrogate mark-
er of outcome, as it is not designed or powered to 
explore true clinical outcomes; additionally, it only 
explores one of the potential therapies applicable in 
this setting.
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Ethics and dissemination  Favourable ethical opinion was received from 
London – Riverside Research Ethics Committee (reference: 22/LO/0878). 
Potential participants will be fully informed of their rights and the benefits 
and harms of the trial by the research team before giving informed 
consent to participate in the trial. Results will be disseminated in peer-
reviewed publications, at national and international conferences, in peer-
reviewed journals and to participants and the public (using lay language).
Trial registration number  ISRCTN17176388.

INTRODUCTION
Primary biliary cholangitis (PBC) is a rare chronic choles-
tatic liver disease with significant unmet needs despite 
current therapy. PBC prevalence is 40/100 000 in the UK 
with an estimated incidence of 1–2/100 000 per year.1 
Clinical impact in PBC comes from the risk of progression 
to cirrhosis with its associated complications and, along-
side, difficult-to-treat symptoms; specifically pruritus, 
fatigue and cognitive dysfunction, that can occur at any 
point in the disease course, and which result in signifi-
cant impact on health utility.2–9 Current standard care is 
a step-up model, wherein first-line ursodeoxycholic acid 
(UDCA) is given for a minimum of 12 months before 
more effective ‘add-on’ therapy is considered for non-
responding or under-responding patients.

At a population level, UDCA improves serum liver 
biochemical markers, delays liver transplantation and 
increases life expectancy.2 10–13 However, approximately 
40% of UDCA-treated patients still go on to develop 
cirrhosis (40% in a multicentre study of >1000 patients 
over 10 years14; 46% of patients in contemporary USA 
‘real world data’ report of 15 875 patients,15 60% display 
persistently abnormal liver blood tests despite UDCA 
(59% in a UK-PBC nested cohort of 400 patients)16 
and >80% continue to experience symptoms, especially 
fatigue and cognitive symptoms that are seemingly not 
modified by any current intervention.2 3 9 17

Current treatment paradigms grant access to the 
licensed second-line therapy obeticholic acid (OCA; a 
first in class farnesoid X receptor agonist) given in addi-
tion to UDCA, only after patients are deemed to be ‘non-
responders’ to UDCA. This ‘step-up’ approach means 
that the most effective agent is only used after first-line 
therapy has been tested (and failed) for at least a year.

In PBC, UDCA treatment failure does not occur at 
random; studies from UK-PBC have clearly shown that 
UDCA treatment failure can be accurately predicted by 
pretreatment clinical parameters including the patient’s 
age and serum biochemistry.10 These parameters can be 
used to produce an accurate predictive UDCA Response 
Score (URS) that has been validated in Italian and Japa-
nese as well as UK populations.18

The impact of waiting to institute more effective therapy 
in UDCA non-responders goes beyond delaying deriving 
clinical benefit. The lost time may actually change the 
trajectory of the disease by allowing key disease processes 
to become embedded. Critically, UK-PBC studies have 
demonstrated that therapy delay in PBC leads to a signifi-
cantly reduced likelihood that the therapy will work when 

eventually used.10 The importance of biliary epithelial 
cell (BEC) senescence in disease pathogenesis, its contri-
bution to the high-risk phenotype (including progression 
to irreversible bile duct loss), and the fact that it begins 
early in the disease process in high-risk patients (and is 
progressive thereafter) affords a potential explanation as 
to why treatment delay results in reduced effectiveness. 
This emphasises the need for earlier, better and more effi-
cient treatment models—a concept that underpins the 
Optimising Primary thErapy in pRimAry (OPERA) trial 
concept.

In the OPERA trial, we will evaluate a novel treat-
ment strategy in newly presenting PBC patients; we will 
use the validated URS to identify, at the point of disease 
diagnosis, patients who are at reduced likelihood of 
achieving biochemical remission in response to UDCA 
monotherapy, and will implement a risk-determined 
stratified approach whereby the licensed second-line 
therapy (OCA) is used from the outset in combination 
with existing first-line therapy.10 This strategy will allow 
us to optimise treatment delivery in the higher risk group 
early on, without over-treating the lower risk patients. 
We will also adopt an emerging, evidence-based primary 
outcome of complete disease control (normalisation of 
liver biochemistry).

This trial will adopt a dosing regimen optimal for 
reaching effective doses of OCA, while avoiding pruritus 
in a trial design setting where liver function test levels are 
not appropriate for use in assessing efficacy and guiding 
dose escalation.

As noted in, Clinical effectiveness of Obeticholic Acid 
(section 4.4) of the NICE guideline for OCA in PBC19 
and based on the findings of the POISE Trial,20 clinical 
effectiveness of OCA would be better measured at 10 mg. 
The OPERA trial will close this gap in the literature by 
measuring an observable disease modifying effect within 
the trial time frame of 26 weeks. 26 weeks is long enough 
to observe a disease modifying effect and short enough 
to allow discontinuation of therapy.21 22 If a relapse is 
experienced by the participant after 26 weeks, they will 
be assessed for suitability to introduce OCA at 1 year post-
UDCA start, according to current National Health Service 
(NHS) standard of care.23

In parallel, we will validate and explore the clinical 
utility of a mechanistic composite biomarker linked to 
BEC senescence, based around circulating levels of the 
chemokines CCL20 and CXCL11.24 These parameters 
will be used to predict and quantify the response to 
second-line therapy instituted early, comparing it to clin-
ical outcomes, and to the gold standard of liver biopsy 
assessment of BEC senescence. This marker, developed 
in UK-PBC pilot studies, has a positive predictive value 
of 94%, a negative predictive value of 78%, and an area 
under the receiver operator curve of 0.91 for the identifi-
cation of UDCA non-responding patients stratified using 
the current clinical criteria.24
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METHODS AND ANALYSIS
Trial design and setting
OPERA is a double-blinded, superiority, randomised, 
placebo-controlled, multi-centre clinical trial of an inves-
tigational medicinal product (CTIMP). This is a multi-
centre trial in England, which will be undertaken in 
specialist clinics in secondary/tertiary referral centres (or 
as per local set up). These centres will be specialists in 
the area of PBC management and will manage patients 
from across their local region. To improve trial efficiency, 
we will also use an innovative augmented binary anal-
ysis method25 to improve the precision of a trial where a 
dichotomous endpoint is derived from continuous data. 
Using this method substantially reduces the sample size 
needed for a power of 90%.

The trial population will be newly diagnosed, 
non-cirrhotic PBC patients, with less than 3 months 
treatment with UDCA at the time of consent and 
at an enhanced risk of not achieving biochemical 
disease remission (based on URS) with UDCA first-
line therapy alone. Potentially eligible participants 
will be invited for a screening visit where informed 
consent will be received (online supplemental mate-
rial). Patients will be encouraged to ask questions and 
will be informed of their right to withdraw from the 
trial. Potential participants will have sufficient time to 
review the trial documentation prior to this screening 
visit. Consent for the optional biopsy sub-study will 
be through an optional clause on the main trial 
informed consent form. The trial comprises a 26-week 
treatment phase in a cohort of 106 participants (OCA 
n=53; placebo n=53), followed by a 26-week follow-up 
period. All participants will continue to receive 
standard of care background treatment with UDCA 
throughout the trial.

Objectives and outcomes
The primary and secondary objectives for the trial are 
described in table 1.

Intervention
From baseline, participants will receive 5 mg once a 
day of OCA or placebo to be taken orally for 12 weeks. 
OCA or placebo will then be titrated up to 10 mg once 
a day from visit 4 (week 12±1 week) until visit 5 (week 
26±1) according to tolerability. The participants in 
the OPERA trial will receive UDCA in combination 
with the trial IMP (OCA or matched placebo). UDCA 
will be prescribed in line with NHS Standard of Care 
(usually 13–15 mg/kg daily) and will be prescribed, 
dispensed and received by the participant, outside of 
the parameters of this trial. Intolerability to UDCA will 
be managed as per standard of care. Treatment with 
UDCA will be recorded as a concomitant medicine.

Patient identification
Recruiting from 14 centres specialising in the area 
of PBC management across the UK, participants will 

be identified at routine clinics or by database search. 
Sites will use a letter of invitation and Participant 
Information Sheet to approach patients who are 
potentially eligible for the trial.

Secondary centres can also identify newly diagnosed 
PBC patients and, on receiving permission, refer to their 
local participating site.

Patient awareness will be raised through patient 
groups, newsletters, websites and social media. The 
trial will also be highlighted through local and 
national speaker meetings, production of posters and 
opportunities to discuss the trial with members of the 
clinical team.

Eligibility criteria
The inclusion and exclusion criteria for the trial are 
described in table 2.

Consent
Potentially eligible participants will be invited for a 
screening visit where informed consent will be taken 
(online supplemental material). Screening will take 
place in a dedicated session held at the clinic facility 
in which normal care is offered, or at a research 
specific visit. Patients will be encouraged to ask ques-
tions about the trial and consider whether they wish 
to participate. The patient will be informed of their 
right to withdraw from the trial at any time without 
being subject to any resulting detriment, by revoking 
their informed consent.

Consent will be obtained prior to any activities 
undertaken as part of the screening visit (visit 1). 
Consent for the optional biopsy sub-study will also be 
obtained at this point if the participant chooses to 
take part.

Randomisation
Eligible patients will be randomised to one of two treat-
ment arms, OCA or matched placebo, in a 1:1 ratio. 
Treatment allocation is double blind, though emergency 
unblinding is available for medical or safety reasons 
where it is necessary for the treating clinician to know the 
participants’ treatment allocation.

The allocation sequence will be computer-generated, 
using a random permuted block design; blocks might vary 
in size and will not be disclosed, to ensure concealment. 
Patients will be randomised in a ratio of 1:1 (placebo: 
intervention), with stratification according to consent to 
the biopsy sub-study (to ensure equal allocation between 
arms in the sub-study).

Randomisation will be carried out using the trial data-
base, Sealed Envelope (London, UK), a central, secure, 
24-hour, web-based randomisation system with concealed 
allocation.

Participant follow-up assessments
Participants will attend a total of up to five in-person visits 
and one phone call. These include the screening visit 
prior to randomisation and baseline visit, (screening and 
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baseline visits may be concurrent if the patient has had 
recent useable blood results to use for screening), a visit at 
the end of the treatment phase and a final visit at the end 
of the follow-up phase. A detailed breakdown of the trial 
follow-up and assessments required at each visit for OPERA 
is illustrated in figure 1. The assessments to be conducted 
are as follows:

	► Clinical review: Clinical history relevant to PBC 
and this trial, adapted according to the type of 
visit. At screening, this will include demographics, 
a detailed clinical review of PBC and its symptoms 
as well as medication history. At subsequent visits, 
this will include any changes in the history since 
screening, including any symptom changes or de 

Table 1  Objectives and outcome measures

Objectives Outcome measures

Primary

 � To assess the impact of first-line obeticholic acid therapy 
combined with UDCA, compared with placebo combined 
with UDCA, in achieving biochemical remission of disease 
in new onset PBC patients with an enhanced disease risk.

Percentage of participants showing normalisation of serum alkaline 
phosphatase and total bilirubin levels at 26 weeks (visit 5)—defined as 
biochemical remission.

Secondary

 � (a) To assess whether biochemical remission is sustained 
following discontinuation of experimental therapy and 
reversion to UDCA standard of care therapy.

(a) Percentage of participants in each arm showing sustained 
normalisation of serum alkaline phosphatase and total bilirubin levels at 
52 weeks (visit 6).

 � (b) To assess the degree of biochemical improvement with 
obeticholic acid therapy combined with UDCA standard 
of care therapy compared with placebo.

(b) Magnitude of alkaline phosphatase and bilirubin reduction from 
baseline to 26 weeks (visit 5), assessed as a continuous variable.

 � (c) To assess impact of obeticholic acid therapy combined 
with UDCA standard of care therapy compared with 
placebo using conventional therapy response criteria (as 
used in current clinical practice).

(c) Percentage of participants attaining serum alkaline phosphatase 
values lower than 1.67× the upper limit of normal and a bilirubin <1× the 
upper limit of normal at 26 weeks (visit 5). These are termed the POISE 
criteria and are widely applied as outcome measures in conventional 
clinical trials of second-line PBC therapy. Change in liver stiffness 
assessed by Transient Elastography (FibroScan) from screening to week 
26.

 � (d) To assess the safety and tolerability of obeticholic acid 
as first line therapy in PBC.

(d) AE and SAE Reporting up to 26 weeks (visit 5).

 � (e) To assess the impact of the intervention compared 
with placebo on symptom severity and participant quality 
of life.

(e) PBC-40 (change from baseline to 26 weeks (visit 5) and 52 weeks 
(visit 6)).
(f) EQ-5D-5L (change from baseline to 26 weeks (visit 5) and 52 weeks 
(visit 6)).
(g) Patient Health Questionnaire (26 and 52 weeks).

Experimental

 � (a) To assess whether biochemical remission is sustained 
following discontinuation of experimental therapy and 
reversion to UDCA standard of care therapy in those 
participants who are in remission at 26 weeks.

(a) Percentage of participants in each trial group who remain in remission 
at 52 weeks (visit 6) as a proportion of those who showed normalisation 
of serum alkaline phosphatase and total bilirubin levels at primary end-
point assessment at 26 weeks (visit 5).

 � (b) To assess changes in chemokine levels in the blood 
potentially associated with bile duct senescence.

(b) Serum levels of putative senescence-associated chemokines, 
demonstrated to be elevated in high-risk disease and UDCA non-
responders in underpinning UK-PBC studies as outlined earlier, will be 
quantified using a bespoke multiplex assay and evaluated as dynamic 
risk and response markers. The combination of CCL20 and CXCL11 
will be specifically explored as a baseline and early response predictive 
biomarker and validated against liver biopsy findings. Assessment of the 
capacity for ongoing elevation of chemokine biomarkers at 26 weeks to 
predict biochemical relapse at 52 weeks.

 � (c) To assess impact of intervention compared with 
placebo on degree of liver inflammation and bile duct 
senescence.

(c) Change in liver fibrosis stage on liver histology and the degree of bile 
duct senescence assessed using p16 and p21 immunohistochemistry 
in a biopsy sub-study (n approx. 15 in each group). p16 and p21 are 
established and well-validated cellular markers of senescence 25. 
Biopsies will be centrally read by two pathologists blinded to treatment 
allocation and findings correlated with serum chemokine marker values.

AE, adverse event; EQ5D5L, EuroQol - 5 Dimensions - 5 Levels; PBC, primary biliary cholangitis; POISE, Predicted Risk of End-Stage 
Liver Disease; SAE, serious AE; UDCA, ursodeoxycholic acid.
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novo symptom development and/or difficulties 
with taking medication.

	► Clinical examination: A full physical examination will 
be conducted, including examination of skin; lymph 
nodes; eyes; ears; nose; throat; respiratory; cardiovas-
cular; abdomen; musculoskeletal; neurological assess-
ment; mental status assessment. Bodyweight will also be 
measured.

	► Vital signs: Heart rate, blood pressure and temper-
ature will be recorded.

	► Blood sampling: A blood sample will be taken 
(maximum 50 mL) at times specified in figure  1 
for the following assessments:

	– Renal function: urea, creatinine and serum 
electrolytes.

	– Liver biochemistry: alanine transaminase (ALT), 
aspartate aminotransferase (AST), alkaline phos-
phatase (ALP), total bilirubin, direct bilirubin, 
gamma-glutamyl transferase (GGT), albumin.

	– Cholesterol (total cholesterol, Low Density 
Lipoprotein (LDL), High Density Lipoprotein 
(HDL), total:HDL ratio and triglycerides).

	– Full blood count (haemoglobin, platelets and white 
cells—neutrophils and lymphocytes).

	– Clotting: Prothrombin time and activated partial 
thromboplastin time.

Table 2  Eligibility criteria

Inclusion 
criteria

1.	 Established diagnosis of PBC based on the presence of at least 2 out of the 3 key disease characteristics, specifically:
a.	 Anti-mitochondrial antibody (AMA) or PBC-specific anti-nuclear antibodies (ANA) at a clinically diagnostic level.
b.	 Elevated ALP (above the upper limit of normal (ULN) for the relevant laboratory).
c.	 Compatible or diagnostic liver biopsy.

2.	 Ongoing elevation of ALP (≥15% above ULN) at screening.
3.	 Disease duration of <6 months from date of diagnosis at the time of consent.
4.	 Use of UDCA for <3 months at the time of consent.
5.	 Increased risk of not achieving disease remission with treatment (for the purposes of the trial defined as a pre-

treatment ursodeoxycholic acid response score10 with a predicted risk of future non-remission of liver biochemistry (ie, 
ALP>ULN) with UDCA alone of >20%).

6.	 For people of childbearing potential: an agreement to use at least an acceptable effective method of contraception or 
to practise sexual abstinence* to avoid pregnancy for the entire duration of the trial period.

7.	 Willing to complete the trial assessment protocols.
8.	 Ability to consent, able to comply with trial protocol and attend clinic visits.
9.	 Age ≥18 years at the time of consent.

Exclusion 
criteria

1.	 Clinical contraindication to obeticholic acid use.
2.	 Untreated, clinically significant pruritus (patients with effectively treated pruritus are eligible for inclusion).
3.	 Concomitant use of fibric acid derivatives (eg, bezafibrate or fenofibrate) within 14 days prior to screening.
4.	 Clinical suspicion of cirrhosis evidenced by a history of one or more of the following:

a.	 ascites requiring diuretic therapy or percutaneous drainage.
b.	 endoscopically confirmed varices.
c.	 liver biopsy suggesting cirrhosis.
d.	 platelet count <150×109/L.
e.	 transient elastography score >16.9 kPa within 3 months prior to or at screening.
f.	 hepatocellular carcinoma confirmed by biopsy or two imaging modalities.
g.	 hepatic encephalopathy.

5.	 Bilirubin >twice the ULN other than in the context of Gilbert’s syndrome or another cause of unconjugated hyper-
bilirubinaemia.

6.	 Evidence of complete biliary obstruction.
7.	 Previous exposure to obeticholic acid (either in clinical trials or in clinical practice) or other potential PBC-modifying 

therapy.
8.	 Regular (more than 1 week per month) alcohol consumption in excess of recommended safe limits (14 units per 

week).
9.	 Active participation in another interventional trial or exposure to another experimental drug within five half-lives.

10.	 Pregnancy or planning to get pregnant within the duration of participation in the trial.
11.	 Currently breastfeeding.
12.	 Overlapping features of an additional liver disease, including autoimmune hepatitis (using the Paris criteria for 

autoimmune hepatitis overlap).
13.	 Hypersensitivity to the active substance or to any of the excipients.
14.	 If the participant’s treating clinician deems the patient is not suitable to participate in the trial based on other criteria 

apparent during screening or from medical history.
15.	 Previous liver transplantation.

*Abstinence is defined as refraining from heterosexual intercourse during the entire trial period. Abstinence is acceptable only as 
true abstinence: when this is in line with the preferred and usual lifestyle of the patient. Periodic abstinence (eg, calendar, ovulation, 
symptothermal, post-ovulation methods) and withdrawal are not acceptable methods of contraception. 
ALP, alkaline phosphatase; PBC, primary biliary cholangitis; UDCA, ursodeoxycholic acid.
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	– Experimental chemokine blood marker.
	– Optional biobank blood sample.

Clinical samples will be analysed in the clinical labora-
tories of the trial site, following standard local labora-
tory procedures.
All chemokine samples will be analysed simultane-
ously at the end of the trial. All chemokine assess-
ments will be performed in a fully blinded manner, 

with regard to treatment group and pre-therapy and 
post-therapy timing.
There are three optional additional blood samples 
(baseline, visits 4 and 5) for use in future PBC 
research.

	► Urine sampling: Participants will be asked if they 
are willing to provide consent to give two optional 
urine samples (baseline and visit 5).

Figure 1  Participant flow diagram. FBC, full blood count; OPERA, Optimising Primary thErapy in pRimAry; PBC, primary biliary 
cholangitis; POCBP, people of childbearing potential; U&Es, urea and electrolytes; UDCA, ursodeoxycholic acid; URS, UDCA 
Response Score; GGT, gamma-glutamyl transferase; EQ-5D-5L, EuroQoL 5 Dimensions 5 Levels.
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	► URS: Predicts the likelihood of someone responding 
to UDCA.10 URS must be calculated using the OPERA 
URS calculator that is provided as part of this clinical 
trial and available here: https://www.mat.uniroma2.​
it/~alenardi/URS.html.
The URS calculator considers three different ‘cut-
offs’ to define UDCA response. In this trial, we use 
the version that considers the outcome of interest to 
be biochemical remission (ie, ALP <1× upper limit of 
normal (ULN)). Based on the URS value, a predicted 
probability of biochemical remission can be calcu-
lated. For the purposes of trial eligibility, URS will be 
calculated using blood results prior to treatment with 
UDCA.

	► Pregnancy testing: For people of childbearing poten-
tial, a pregnancy test will be carried out during the 
trial screening visit.

	► EQ-5D-5L: A five-item, validated general quality of life 
measure from which health utility can be calculated.26

	► PBC-40: A disease-specific, patient-derived multi-
domain quality of life measure. It has six domains 
relating to fatigue, cognitive symptoms, social func-
tion, emotional status and general symptoms.5

	► Patient Health Questionnaire: A non-validated 5-point 
scale to assess health status perceived by participants 
in response to the trial medication at 26 and 52 weeks.

	► Transient elastography (fibroscan): Clinically vali-
dated non-invasive tool used to assess liver stiffness; a 
surrogate marker of liver fibrosis.

	► Compliance: Compliance regarding IMP will be 
checked at the interim telephone visit (4 weeks after 
taking IMP at day 0) and followed up at a clinic visit at 
week 12 and week 26. IMP compliance will be recorded 
in the Clinical Data Management System (CDMS). 
Pharmacy will count and record all returns received 
from each participant on the IMP accountability log. 
An accountability check will also be performed as part 
of on-site monitoring visits.

Optional liver biopsy sub-study
Liver biopsy pre and post therapy will be undertaken in 
a subgroup of participants (n=30) as part of an optional 
sub-study. Participants in the sub-study will be allocated 
in a ratio of 1:1 placebo:intervention via stratified rando-
misation. The procedure will be performed as for a 
normal clinical biopsy according to local centre practice. 
The blocks will be sectioned and stained for immuno-
histochemistry analysis for senescence markers.

Pharmacovigilance
All adverse events (AEs) occurring from consent to the 
end of trial participation will be recorded in the CDMS 
as well as the participant’s medical notes (with the excep-
tion of protocol specific reporting exclusions). AEs will 
be MedDRA coded; MedDRA, the Medical Dictionary 
for Regulatory Activities terminology, is the international 
medical terminology developed under the auspices of the 
International Council for Harmonisation of Technical 

Requirements for Pharmaceuticals for Human Use 
(ICH). MedDRA trademark is registered by ICH.

AEs meeting the seriousness criteria (serious AEs 
(SAEs)) will be reported within 24 hours of awareness. A 
SAE for the OPERA trial is any untoward medical occur-
rence that:

	► Results in death
	► Is life-threatening*
	► Requires inpatient hospitalisation or prolongation of 

existing hospitalisation
	► Results in persistent or significant disability/incapacity
	► Consists of a congenital anomaly or birth defect
	► Other important medical events that jeopardise the 

participant or require intervention to prevent one of 
the above consequences

*Life-threatening refers to an event in which the partic-
ipant was at immediate risk of death at the time of the 
event; it does not refer to an event which hypothetically 
might have caused death if it were more severe. The assess-
ment of expectedness will be performed by the CI against 
the approved Reference Safety Information (RSI) for the 
trial (SmPC for OCALIVA 5 mg, section 4.8 - Undesirable 
Effects). Suspected Unexpected Serious Adverse Reac-
tions (SUSARs) will be reported to the MHRA (Medicines 
and Healthcare products Regulatory Agency) and REC 
(Research Ethics Committee) within the required regula-
tory reporting timelines.

In the event of a trial participant or their partner 
becoming pregnant during their participation in the 
trial, this will be reported within 24 hours of awareness.

Emergency unblinding is available via the 24-hour web-
based randomisation system for valid medical or safety 
reasons.

Discontinuation and withdrawal
Participants have the right to discontinue trial treatment 
or withdraw from the trial at any time without detriment 
to their care. Participants choosing to discontinue trial 
treatment will be invited to complete all trial follow-up 
visits and assessments. Participants choosing to withdraw 
from the trial will not take part in any further trial activity. 
Data collected up to the point of withdrawal will be 
retained and included in analysis, as per consent for the 
trial. At the point of withdrawal, participants can decide 
whether or not to allow the research team to continue to 
collect routine NHS data from their hospital records up 
to the 52-week visit time point. Participants who withdraw 
from the trial after randomisation will not be replaced.

NHS Indemnity applies in the OPERA trial and ensures 
compensation to those who suffer harm from trial partici-
pation but does not offer no-fault compensation.

Data management and confidentiality
Participant data will be entered by site staff into a trial-
specific CDMS, Sealed Envelope’s Red Pill (Sealed 
Envelope, London, UK). Access to the CDMS will be via 
individual, password-protected roles and limited to the 
user’s site and delegated duties. All potential participants 
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will be assigned a unique Participant ID by site staff; the 
Participant ID will be used to add participants to the 
CDMS and will remain in place when participants are 
randomised into the trial. Personal data will be regarded 
as strictly confidential with all trial records and Investi-
gator Site Files being stored at site with restricted access. 
Written consent will be obtained from participants to 
allow access to their hospital records.

Data will be handled, computerised, stored and 
archived in accordance with the General Data Protection 
Regulation (2018) and the latest Directive on Good Clin-
ical Practice (GCP) (ICH-E6 (R3)). Newcastle Clinical 
Trials Unit (NCTU) staff will monitor the trial conduct 
and data integrity in accordance with the trial Monitoring 
Plan.

Analysis
The primary analysis will be in the intention-to-treat 
(ITT) population and repeated in the per-protocol (PP) 
populations. There will be three analysis populations in 
total:

	► ITT: Includes all participants who were randomised, 
analysed according to their allocated group. This 
extends to participants who are found to be ineligible 
post-randomisation and participants who, despite 
having withdrawn from treatment, have consented to 
continued follow-up.

	► PP: Includes all participants who were randomised, 
received assigned treatment and achieved an 80% 
compliance rate to the intervention by week 26. Treat-
ment compliance will be assessed using the tablet 
count of returned medication and calculated as the 
number of tablets taken divided by the number of 
tablets expected to have been taken.

	► Safety population: Includes all participants who were 
randomised and received at least one dose of OCA or 
placebo.

All analyses will be described in a Statistical Analysis 
Plan, to be finalised prior to trial statisticians receiving any 
unblinded data. For the analysis of the primary outcome, 
we will use the augmented binary method.25 This will 
consist of fitting a bivariate normal regression model 
to the alkaline phosphatase (ALP) and bilirubin values 
(expressed as a percentage of the ULN). The model will 
include parameters representing the treatment effect 
and the effect of baseline measurements of the respec-
tive component. Model parameters will then be used to 
estimate the OR of the normalisation rate between arms. 
A 95% CI and p value for testing the null hypothesis 
of no difference between arms will be obtained via the 
delta method and Wald test, respectively. As a secondary 
analysis, we will also analyse the normalisation rate as a 
binary outcome using a logistic regression with the same 
parameters. Continuous secondary outcomes will be 
analysed with linear mixed effects models, adjusting for 
baseline. Binary outcomes will be analysed with a logistic 
regression model (and, where the outcome is defined by 
a dichotomised continuous variable, with the augmented 

binary method). Should there be a non-negligible level 
of missing data in the primary outcome (>5% loss to 
follow-up), we will consider performing a sensitivity anal-
ysis using multiple imputation techniques. The linear 
mixed effects model accounts for missing outcome data 
under a missing at random assumption.

Sample size calculations
The proposed sample size is 106 (powered at 48 per 
group for two groups with a 10% increase for drop out). 
This sample size has been derived based on an analysis of 
the extensive UK-PBC dataset undertaken as part of the 
design of this trial, as well as published Dutch and Global 
PBC analyses.12 27 28 Based on the patients who would fulfil 
the eligibility requirements, the normalisation rate at 12 
months post-UDCA was 17%. To account for the placebo 
effect, we assume the 6 month control arm normalisation 
rate will be 20%. We power to detect a significant differ-
ence when the experimental arm has a 45% normali-
sation rate. If the normalisation rate were analysed as 
binary, then 144 patients would be required to attain 90% 
power (5% two-sided error) with a two-arm design, not 
allowing for dropout (Pearson χ2 test). As the normalisa-
tion rate is defined in terms of ALP and bilirubin values 
(continuous variables) being below an upper limit, the 
augmented binary method25 can be used. This method 
makes inference on the normalisation rate but uses the 
continuous data on ALP and bilirubin to improve the 
precision. Simulation studies that resampled data from 
the UK-PBC data to simulate trials under the null and 
alternative hypotheses were used to determine that with 
the augmented binary analysis, the power is 90% when 
the number of patients per arm is 48 (which we increase 
by 10% to 53 to account for 10% dropout). Thus, the 
sample size required is 106.

Trial management and oversight
The trial is sponsored by The Newcastle on Tyne Hospi-
tals NHS Foundation Trust and has independent over-
sight from a Data Monitoring Committee (DMC) and a 
Trial Steering Committee (TSC).

The DMC and TSC consist of independent experts in 
the field and patient and public representatives. Each 
committee has a charter, agreed by the independent 
members, defining their roles and responsibilities. The 
trial will be co-ordinated by a Trial Management Group 
(TMG) that will include co-applicants and individuals 
responsible for the day-to-day management of the trial. 
The NCTU will be responsible for communicating 
protocol amendments to participating sites and carrying 
out central, remote, off-site and on-site monitoring.

Patient and public involvement
The trial team have, for over 20 years, worked closely with 
the PBC Foundation (a national PBC patient group with 
over 10 000 PBC patient members, https://www.pbcfoun-
dation.international/) and LIVErNORTH (a regional 
liver patient support group with over 2000 patients 
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http://www.livernorth.org.uk/). among the PBC patient 
community, effective treatment of symptoms is seen as a 
key research priority. Patient representatives from these 
two groups have been actively involved in priority setting 
which led to the trial, and in the development of both the 
concept, trial design and development of trial documen-
tation. Independent PPI members have continued over-
sight of the trial and will input on results dissemination.

ETHICS AND DISSEMINATION
Favourable ethical opinion was received from London 
– Riverside Research Ethics Committee (reference: 22/
LO/0878). Potential participants will be fully informed 
of their rights and the benefits and harms of the trial 
by the research team before giving informed consent to 
participate in the trial (see online supplemental mate-
rial for consent form). Results will be disseminated in 
peer-reviewed publications, at national and international 
conferences, in peer-reviewed journals and to partici-
pants and the public (using lay language).

DISCUSSION
We believe that this trial is important in the field of 
PBC and has five particular strengths. The first is that it 
explores a new paradigm for disease-modifying treatment 
of PBC; risk-informed early treatment stratification with 
patients at increased risk offered an enhanced, combina-
tion approach to therapy. This potentially avoids the delay 
to optimal treatment that is inherent in the current ‘step-
up’ treatment model, where the highest risk patients will 
wait for at least a year for effective treatment. We propose 
that the delay in optimal treatment is important in PBC; 
there is now evidence to show that a critical disease 
process, ductopenia with physical loss of the small intra-
hepatic bile ducts, is already present at diagnosis in the 
highest risk patients.29 Given that this progressive process 
is only controlled, let alone reversed, by the more potent 
second-line therapies, to delay those therapies for arbi-
trary process reasons is completely counterintuitive. We 
also believe that the current step-up model hinders effec-
tive therapy as there is now comprehensive data from the 
UK to show that the movement to addition of second-line 
therapy occurs in only around half of eligible patients.30 
Poor clinician awareness and understanding of the inher-
ently complex, multi-stage step-up approach, which 
requires several decision points and multiple follow-up 
appointments, is a major contributing factor.31 We believe 
a simpler treatment model, with definitive treatment 
started at the outset of the disease journey (in patients 
who would benefit from it), would significantly improve 
treatment ‘reach’.

The second strength is that it will, for the first time, 
explore the degree to which the cardinal disease process 
thought to underpin ductopenia, that of bile duct cell 
senescence,29 is directly reversed by OCA. No previous 
trials of this agent in PBC have addressed molecular 

mechanisms of action, focusing as they have on surrogate 
biochemical markers of action (which created significant 
issues around drug licensing).30 This question is highly 
pertinent due to two factors; the first is that preclinical 
modelling in both mouse models of cholestasis and in 
human cell culture lines, both of which provide further 
evidence to suggest a key role for senescence in bile 
duct cell injury, suggests that OCA does indeed reverse 
cellular senescence.32 The second, linked factor is that 
in contrast to OCA, peroxisome proliferator-activated 
receptor agonists (another class of agent widely used for 
second-line therapy in PBC) were in the same models, 
not shown to be anti-senescent29 (instead, the actions 
are mainly on the biochemical aspects of cholestasis), 
potentially a key issue. Decisions as to which therapy to 
use in PBC are currently made around improvement in 
blood biochemistry tests, disease stage and presence of 
pruritus. Definitive treatment for PBC will need us to 
take a much more nuanced view of the actions of key 
drugs. By exploring the actions of OCA (and placebo) 
on senescence, this trial will provide important mecha-
nistic evidence which will help us further refine therapy 
in PBC.

The third strength is that it uses, for the first time, base-
line stratification of risk to guide therapy. The models 
used to date have been predicated on stratification ‘after 
the fact’ (ie, where actual response was used to determine 
whether additional therapy is needed). This leads, we 
believe, to the issues outlined above. It is clear, however, 
that the likelihood of response to UDCA can be predicted 
with accuracy at the outset of disease, and algorithms 
developed to allow prediction in practice.10 The applica-
tion of models such as this to stratify at disease baseline, 
in the way we are doing in this trial, has been advocated 
in the field.33

The fourth strength is that this trial demonstrates 
how the use of innovative statistical methods can help 
improve efficiency for rare diseases. This trial represents 
the first time that the augmented binary method25 has 
been used prospectively to set the power of the trial at 
90% while reducing the sample size required for this 
level of power. The reduction of sample size by more 
than 30% led to a substantial reduction in the cost 
and length of the trial and will hopefully highlight the 
method for use in other trials using similar ‘response’ 
endpoints.

The final strength is that it uses normalisation of liver 
biochemistry as the surrogate trial end-point, rather 
than reduction to below thresholds of abnormality 
which has been the approach to date. This change in 
treatment target has been advocated by expert groups 
and is based on two forms of evidence, both of which 
suggest residual disease activity in patients meeting 
conventional UDCA response criteria but in whom liver 
blood tests are abnormal. First there is clinical survival 
data to suggest that normalisation is associated with the 
lowest risk to long-term survival.34 Second, mechanistic 
studies have suggested ongoing inflammatory activity 
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in this group of persistently abnormal biochemistry 
‘responders’.16

The key weakness of the OPERA trial is that it, as 
has been the case with all trials of novel therapy in 
recent years, utilises a surrogate marker (blood liver 
biochemistry) as the primary end-point. Although the 
markers used, ALP and bilirubin are highly predictive 
of hard outcomes such as death or liver transplant and 
are used routinely in clinical practice on this basis, 
they remain surrogate markers. The issue of surro-
gate markers, their use in PBC and their acceptability 
to regulators has been a topic of significant recent 
controversy.35 Placebo-controlled trials of long-term 
therapy in a chronic disease such as PBC are very chal-
lenging indeed, especially when second-line therapies 
are available on a conditional approval basis following 
failure of UDCA therapy. Although OPERA still relies 
on surrogate markers, two of the additional endpoints 
used, liver biopsy changes in response to therapy and 
the degree to which early therapy changes the trajec-
tory of the disease, are closer to the biological basis of 
the disease and thus, arguably, do represent an advance 
of the conventional markers. A second limitation of 
the trial is that it explores the actions of only one of 
the advanced PBC therapies. The advent of alterna-
tive second-line therapies (elafibranor and seladelpar) 
as licensed treatments occurred well after the design 
and commencement of OPERA. Were the trial to be 
designed today, it would be highly desirable to explore 
each of the agents for primary therapy use utilising an 
advanced trial methodology.

PBC as a disease has seen significant progress in 
the last few years, with new drugs being licensed. We 
believe, however, that we are now at the point where 
the main limitation is not the drugs but how we choose 
to use them and, in particular, a lack of evidence 
to support such choices. We believe that this trial 
approach addresses all the limitations of the current 
therapy model in a single protocol. We would welcome 
its use in the evaluation of other potent PBC therapies.

Trial status
This manuscript is based on trial protocol V.6.0 dated 
27 October 2025. The first patient was recruited in 
January 2024.
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