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ABSTRACT
Objective Primary biliary cholangitis (PBC)
is a progressive, autoimmune, cholestatic
liver disease affecting approximately 15 000
individuals in the UK. Updated guidelines for
the management of PBC were published by The
European Association for the Study of the Liver
(EASL) in 2017. We report on the first national,
pilot audit that assesses the quality of care and
adherence to guidelines.
Design Data were collected from 11 National
Health Service hospitals in England, Wales
and Scotland between 2017 and 2020. Data
on patient demographics, ursodeoxycholic
acid (UDCA) dosing and key guideline
recommendations were captured from
medical records. Results from each hospital
were evaluated for target achievement
and underwent χ2 analysis for variation in
performance between trusts.
Results 790 patients’ medical records were
reviewed. The data demonstrated that the
majority of hospitals did not meet all of the
recommended EASL standards. Standards
with the lowest likelihood of being met were
identified as optimal UDCA dosing, assessment
of bone density and assessment of clinical
symptoms (pruritus and fatigue). Significant
variations in meeting these three standards were
observed across UK, in addition to assessment
of biochemical response to UDCA (all p<0.0001)
and assessment of transplant eligibility in high-
risk patients (p=0.0297).
Conclusion Our findings identify a broad-based
deficiency in ‘real-world’ PBC care, suggesting
the need for an intervention to improve guideline
adherence, ultimately improving patient
outcomes. We developed the PBC Review tool
and recommend its incorporation into clinical
practice. As the first audit of its kind, it will be
used to inform a future wide-scale reaudit.

Significance of this study
What is already known on this topic

►► Guidelines on management and diagnosis

of primary biliary cholangitis (PBC)
were published in 2017 and 2018. They
emphasised on long-term, individualised
treatment with consideration for the
symptom burden of the disease.

What this study adds

►► In the first audit of its kind, we have

demonstrated significant shortcomings,
across the 11 UK-based hospitals involved,
in meeting recommended targets
published in European Association for the
Study of the Liver guidelines for PBC. This
indicates the need for widespread analysis
of PBC care in UK and improvement of
services.

How might it impact on clinical
practice in the foreseeable future

►► This study will inform future quality

improvement projects in PBC and promote
awareness of existing management
guidelines, ultimately improving the
quality of PBC services and patient
outcomes.

INTRODUCTION
Primary biliary cholangitis (PBC) is an
autoimmune, cholestatic liver disease
characterised by destruction of intrahepatic cholangiocytes and progressive
fibrosis.1–3 The chronic disease course
culminates in end-
stage biliary cirrhosis
and its associated complications such as
portal hypertension.1–3 The UK prevalence of PBC is estimated to be 15 000.2
Clinical features and the impact of PBC
on the quality of life (QoL) are highly
variable.4 5 Common features include
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MATERIALS AND METHODS
This study is a multicentre, retrospective pilot audit of
PBC management across UK.

Microsoft Excel spreadsheet with predefined standards based on EASL guidelines.1 The accompanying
audit proforma is provided in online supplemental
materials.
A total of 11 NHS hospitals from England, Wales
and Scotland contributed data towards this audit.
Their trusts are listed below:
►►
►►
►►
►►
►►
►►
►►
►►
►►
►►
►►

Royal Free London NHS Foundation Trust.
Imperial College Healthcare NHS Trust London.
London North West University Healthcare NHS Trust.
York Teaching Hospital NHS Foundation Trust.
University Hospitals of Derby and Burton NHS Foundation Trust.
Aneurin Bevan University Health Board.
Betsi Cadwaladr University Health Board.
Swansea Bay University Health Board
Hywel Dda University Health Board.
Cardiff & Vale University Health Board.
NHS Grampian.

The involved hospitals have been anonymised for
publication purposes and will be referred by their
corresponding number in table 1 where they are
summarised.
Audit standards

Site recruitment

Site recruitment was undertaken through electronic
emailing and collaborative efforts between clinicians.
All hospitals in the UK managing patients with PBC
were eligible. The recruitment process commenced
in May 2017 until March 2020. Appointed audit
leads used a clinical audit tool for data collection—a

Table 1

Audit standards were developed according to the 2017
EASL guidelines for PBC management. BSG/UK-PBC
guidelines were published following the development
of the audit standards and did not directly contribute.2
Standards were chosen according to guideline recommendations and feasibility of data collection from electronic records.

Summary of the NHS hospitals involved in this audit

NHS hospital

Data collection period

Number of
patients

Hospital 1*
Hospital 2*
Hospital 3*
Hospital 4
Hospital 5*
Hospital 6*
Hospital 7*
Hospital 8
Hospital 9*
Hospital 10
Hospital 11*
 

June–July 2018
October–November 2018
2017–2018
February–March 2020†
December 2017–January 2018
August–December 2019
2017–2018
2017–2018
2017–2018
September–October 2017
2017–2018
Total dataset

122
75
10
19
166
69
123
18
82
18
88
790

Number of patients with
concurrent AIH (% of total
patients)
43 (35.3)
17 (22.7)
1 (10.00)
2 (10.5)
6 (4.00)
10 (14.00)
3 (16.7)
15 (18.3)
2 (11.1)
12 (13.6)
111 (14.1)

% of female
patients
(number)
100.0 (10)
94.7 (18)
95.0 (151/159)‡
95.7 (66)
77.8 (14)
-

Mean age (SD)
66.9 (10.43)
57.2 (13.52)
62.5 (17.95)
58.3 (11.44)
68.7 (12.82)
69.4 (14.83)
60.9 (13.89)
62.1 (13.16)

Incomplete or absent datasets are indicated with a hyphen (-).
Data on number of patients, concurrent autoimmune hepatitis (AIH) diagnosis, percentage of women and mean age for the cohorts from each hospital is
shown where available.
*Indicates hospitals with dedicated hepatology clinics. Hospitals with general gastroenterology clinics are unmarked.
†The patient list was obtained in December 2017, however, data collection was delayed due to staffing disruption. Data collection in 2020 was
undertaken using the same list of patients obtained in 2017 to ensure consistency with other datasets.
‡Data on sex were absent for seven patients who were therefore omitted from the percentage calculation.
AIH, autoimmune hepatitis; NHS, National Health Service.
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pruritus, fatigue, memory problems and decreased
bone mineral density.6 The aims of life-
long treatment are to minimise the symptom burden, slow down
disease progression and manage complications.1 4 Individuals with inadequate biochemical response to first-
line therapy, ursodeoxycholic acid (UDCA), following
1 year of treatment, are regarded as high risk of
progressive disease.1 2 7
Updated guidelines for PBC management were
published in 2017 by European Association for the
Study of the Liver (EASL) and in 2018 by the British
Society of Gastroenterology (BSG) in collaboration
with UK-
PBC—both recommend the utilisation of
audit tools.1 2 At the time of writing, no formal analysis has been undertaken on the management of PBC
nationally.
This pilot audit aims to gain insight into the performance within the UK National Health Service (NHS).
We aim to identify whether key targets are being met
on an individual and national level.

Liver
the local clinical service structure, patients’ comorbidities, compliance and ethnic background—no regression models were applied.

►► Prescription of the recommended UDCA dose (13–15 mg/

kg/day) (90%).
►► Assessment of biochemical response to UDCA following

1 year of treatment (80%).
►► Recorded symptom assessment of pruritus and/or fatigue
(90%).
►► Assessment of bone density via a dual-
energy X-
ray
absorptiometry (DEXA) scan within 5 years since diagnosis (80%) and appropriate medical intervention for
patients with abnormal results such as supplementation
with vitamin D (no recommended target).
►► Assessment of patients with severe disease for liver transplant eligibility (90%).
Patient recruitment, exclusion criteria and data collection

All patients over the age of 18, diagnosed with PBC and
managed at each site, with available medical records
were included. Patient lists were generated via coding
departments; hospital biochemistry labs (patients positively testing for antimitochondrial antibodies (AMA)
or PBC-specific antinuclear antibodies (ANA)); local
databases and/or histopathology results. Patients who
were under investigation for suspected PBC, had
missing records or had been transferred to a different
site at the time of data collection were excluded.
Collected data included age, sex, weight, UDCA
dosage, UDCA discontinuation, record of assessment of UDCA response at 1 year from initial UDCA
prescription, record of assessment of pruritus, fatigue
and bone density within 5 years of diagnosis, intervention for abnormal bone density findings and record
of assessment of transplant eligibility for high-
risk
patients.
Symptom assessment was evaluated via information
in clinic letters. Assessment involved subjective evaluation in the majority of cases, however, a few clinicians used objective assessments such as the PBC-40
questionnaire.4
Data analysis and statistics

Data were combined into a single master-audit database. Hospitals were omitted from comparisons if data
sets were missing or inputted incorrectly. Data were
grouped according to country (England, Scotland,
Wales) and the level of hepatology service provided,
general gastroenterology clinic (GGC) or dedicated
hepatology clinic (DHC). Averages were calculated
using mean and SD. χ2 analysis was undertaken to
enable assessment of variation in compliance to EASL
guidelines between hospitals. For the comparison of
GGC versus DHC, Fisher’s exact test was undertaken
in preference to χ2 due to increased accuracy. Statistical
analysis was performed using GraphPad Prism V.8. As
the study design did not include analysis of factors
contributing to discrepancies in performance—such as
34

Governance and support

Approval was obtained from each site as per local policy.
No patient-identifying information was collected and
patient management was not affected. This project was
supported by the PBC Foundation. Dr Falk Pharma
UK supported local audits with materials such as the
audit proforma. No funding was received. Neither Dr
Falk Pharma nor PBC Foundation was involved in data
analysis or report writing.
RESULTS
Population

Data from 790 patients at 11 hospitals were obtained
from May 2017 to March 2020. The number of
patients involved in data collection at each site ranged
from 10 patients (hospital 3) to 166 patients (hospital
5). The mean age at the time of data collection was
62.1 years (SD, 13.16). Across the five hospitals that
provided data on sex distribution, the percentage of
female patients was 94.2% (259 of 275 patients).
table 1 details each hospital involved in the audit.
Supplementary data are presented in online supplemental materials.
UDCA dosing and assessment of response at 1 year

Across all 11 hospitals, 670 of 790 (84.8%) patients
had records of UDCA prescription, with 65 of 670
(9.7%) patients discontinuing treatment (figure 1A).
Documentation of reasoning behind discontinuation was limited and inconsistent. The most frequent
reasons were intolerance—notably nausea, vomiting
and diarrhoea—or that the patient had received a liver
transplant.
Of the patients remaining on UDCA treatment,
292 of 605 (48.3%) patients had been prescribed the
recommended UDCA dose of 13–15 mg/kg/day, 288 of
605 (47.6%) patients were prescribed an alternative
dose and 25 of 605 (4.1%) patients were prescribed
an unspecified dose. None of the 11 hospitals met the
EASL target of 90% for prescription of the recommended UDCA dose. Significant variation was observed
between hospitals, ranging from 15.8% (hospital 8) to
88.8% (hospital 5) (p<0.0001) (figure 1A).
Data on assessment of UDCA response were available from 10 hospitals, comprising of 524 patients
remaining on UDCA treatment (86.6% of 605 patients
remaining on UDCA in all 11 hospitals). Assessment
of UDCA response at 1 year was recorded in 414 of
524 (79.0%) patients. Five of the 10 assessed hospitals met the EASL target of 80%. A significant variation was observed between hospitals, ranging from
53.3% (hospital 9) to 100% (hospital 3) (p<0.0001)
(figure 1B).
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Specific audit standards with their respective EASL
recommended targets shown in brackets, which
include1:
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Symptom assessment

Data on symptom assessment were available from 592
of 667 (88.8%) patients across 10 hospitals. Pruritus
assessment was recorded in 209 of 592 (35.3%)
patients and fatigue assessment in 197 of 592 (33.3%)
patients. None of the hospitals met the EASL target
of 90%. Significant variation was observed between
hospitals for recorded assessments of both pruritus and
fatigue (ranges: pruritus—12.2%–66.7%, fatigue—
17.6%–80.0%) (p<0.0001) (figure 2A).
Transplant consideration

Data on transplant consideration were available from
seven hospitals. Sixty-one of 557 (11%) patients were
recorded as high risk. Thirty-nine of 61 (63.9%) high-
risk patients underwent assessment for liver transplant
eligibility. Four of the seven assessed hospitals met the
EASL target of 90%. Significant variation was observed
between hospitals, ranging from 0% (hospital 4) to
100% (multiple hospitals) (p=0.0297) (figure 2B).

Bone density assessment

Bone density assessment within 5 years of PBC diagnosis was recorded in 358 of 621 (57.6%) patients
across 10 hospitals. None of the hospitals met the
EASL target of 80%. Significant variation was observed
between hospitals, ranging from 22.2% (hospital 8)
to 77.4% (hospital 2) (p<0.0001) (figure 2C). The
proportions of patients with abnormal bone density
that were provided an appropriate intervention ranged
from 88.5% (hospital 6) to 100% (multiple hospitals).
There was no significant variation observed among
hospitals (p=0.6148) (figure 2D).
Comparison between England, Wales and Scotland

Significant variation in performance was observed
between England (five hospitals, 339 patients), Wales
(five hospitals, 329 patients) and Scotland (one
hospital, 122 patients) in all recorded standards except
pruritus assessment (figure 3A). Adherence to the
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Figure 1 (A) Bar chart showing (a) percentages of the total number
of patients with PBC initially prescribed UDCA who discontinued
treatment and (b) percentages of the patients with ongoing UDCA
treatment who were prescribed the recommended dose of 13–15 mg/
kg daily. Data were available from all 11 hospitals, as displayed on the
y axis. (B) Bar chart showing the percentages of patients with PBC with
ongoing UDCA treatment that underwent a biochemical assessment
of UDCA response following 1 year of treatment. Data were available
from 10 hospitals, as displayed on the y axis. PBC, primary biliary
cholangitis; UDCA, ursodeoxycholic acid.

Figure 2 (A) Bar chart showing percentages of all patients with PBC
with a recorded assessment of (a) fatigue and (b) pruritus. Data were
available from 10 hospitals, as displayed on the y axis. (B) Bar chart
showing the percentages of high-risk patients undergoing assessment
for liver transplant eligibility. Data were available from seven hospitals,
as displayed on the y axis. The number of patients classified as high-
risk is shown in brackets for individual hospitals. (C) Bar chart showing
the percentages of all patients with PBC undergoing assessment of
bone density within 5 years of PBC diagnosis. Data were available from
10 hospitals, as displayed on the y axis. (D) Bar chart showing the
percentages of patients with PBC with abnormal bone density findings
that received an appropriate intervention. Data were available from
nine hospitals, as displayed on the y axis. Number of patients with
abnormal bone density readings is shown in brackets for individual
hospitals. PBC, primary biliary cholangitis.

Liver

guidelines in England was greater for recommended
UDCA dosing (59.2% vs 44.5% Wales, 28.2% Scotland), assessment of UDCA response (87.7% vs 62.8%
Wales, 75.5% Scotland) and assessment of bone
density within 5 years (66.6% vs 44.4% Wales, 53.0%
Scotland). Raw data and statistical analysis are shown
in online supplemental materials.
Comparison between DHC and GGC

Depending on the hospital, patients with PBC were
either seen in DHC or GGC. For two of the six assessed
standards—assessments of bone density and transplant eligibility— significantly greater performance
was observed in DHC (eight hospitals, 735 patients)
compared with GGC (three hospitals, 55 patients)
(figure 3B). The 80% target for assessment of UDCA
response at 1 year was met by GGC only (84.4%). Raw
data and statistical analysis are shown in online supplemental materials.
36
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Figure 3 (A) Bar chart showing the performance of England (five
hospitals), Wales (four to five hospitals) and Scotland (one hospital)
for all assessed targets, as displayed on the y axis. One Welsh hospital
provided data for recommended UDCA dosing only and for no other
standards. Data on assessment of transplant eligibility were available
from four English and two Welsh hospitals. (B) Bar chart showing the
performance of GGC (two to three hospitals) and DHC (eight hospitals)
for all assessed targets, as displayed on the y axis. One DHC hospital
provided data for recommended UDCA dosing only and for no other
standards. Data on assessment of transplant eligibility were available
from two GGC hospitals and five DHC hospitals. DHC, dedicated
hepatology clinics; GGC, general gastroenterology clinics; PBC, primary
biliarycholangitis; UDCA, ursodeoxycholic acid.

DISCUSSION
In the first nationwide pilot audit of PBC management, our primary aim was to gain an indication of
the quality of PBC care to inform a potential widespread audit. We obtained a large sample size, treated
across 11 large hospitals. This is representative of the
population of patients with PBC managed within the
NHS and enables examination of care quality and
nationwide variability. Real-world data were captured,
ensuring that our findings are reflective of clinical
practice.
None of the hospitals met all the recommended EASL
targets, and targets were often substantially missed.
The poor adherence to recommended UDCA dosing
is a cause for concern. Surprisingly, 50% of hospitals met the target for assessment of UDCA response,
which may reflect an emphasis on risk stratification in
PBC education.8 Poor survival has been reported in
individuals responding poorly to UDCA.9 10 The early
identification of high-
risk individuals and provision
of second-line treatments could significantly improve
disease outcomes.11 12 Undertreatment of UDCA via
sub-optimal dosing has been suggested as a predictive
factor in the development of cirrhosis, HCC and liver
failure.13–16
No hospital met the target for symptom screening
or bone density assessment. Regular assessment of
symptom burden has been highlighted as a key aspect
of lifelong PBC management.17 One study observed
that approximately 51% of patients develop PBC
symptoms within 5 years after diagnosis.18 Furthermore, up to 44% of patients with PBC are affected
by osteoporosis, with the majority having osteopenia.2
This pilot audit was based on EASL guidelines alone,
which recommend the use of DEXA scan in all patients
with PBC . BSG/UK-PBC guidelines recommend risk
assessment—using the FRAX or QFracture score—and
a subsequent DEXA scan when scores indicate treatment.2 This disparity may explain the poor performance for this target across hospitals.
This audit has identified statistically significant
variation in performance across individual hospitals,
between countries and between GGC and DHC.
Caution should be undertaken when interpreting the
GGC versus DHC comparison due to the differences
in population sizes between the assessed groups (55
vs 735 patients, respectively). This may be due to the
increased availability of PBC-related databases within
DHC. For this reason, not every hospital was able to
participate and hospitals with DHC were more willing
to contribute to the study. Geographic variation in
UDCA use has been reported.19 Additionally, a global
cohort study—which included the UK—previously
reported a large number of patients who were underdosed with UDCA.16
An intervention is necessary to improve clinical practice. Simple techniques, such as the implementation of
a short review form or checklist to use at follow-up,

Liver
and maximising QoL. A refined, wide-scale national
reaudit will be developed in the near future.
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may provide a promising strategy.20 21 Until recently,
the only PBC-specific health-related QoL assessment
was the PBC-40 questionnaire.4 22 Guidelines recommend symptom assessment but do not specify tools
to score symptoms objectively. The PBC-10 questionnaire has recently been developed and validated for
this purpose.23
We have developed a PBC Review tool—based on
guideline recommendations and the PBC-10—for use
in hospitals. This is provided in online supplemental
materials. A copy of this tool, with our findings, will
be provided to the contributing hospitals. We aim to
establish a national PBC registry for data collection to
facilitate future quality improvement projects.
There are some limitations to our pilot audit.
Audits were initially intended to be carried out for
local purposes. Compilation of data into a national
aggregate and subsequent analysis was undertaken by
different authors. As a result, there is potential variation in the quality and consistency of data collection
between sites. We did not report on the use of second-
line treatments, such as obeticholic acid, as they were
not widely prescribed at the time of audit development.
Hospitals that reported second-line prescription are
shown in online supplemental materials. At the time of
writing, EASL and BSG-UK-PBC guidelines have been
established for at least 2 years; however, most hospitals
collected data in 2017 and 2018. Improvement in PBC
management may have occurred since, thus, results
may not accurately reflect current practice.
This pilot audit was not designed to assess the
causes of deficiencies in PBC care. Consideration
should be made for the likely influence of potential
conflict between patient choice and recommended
guidelines on target failures. Data from a limited
number of involved hospitals included notes such
as ‘poor tolerance of recommended UDCA dosage’,
‘reluctance to increase UDCA dose’ after years on a
lower-than-recommended dose and ‘failure to attend
appointments’. Data have not been obtained for individual consultants, such as specialism into hepatology
or luminal gastroenterology, which may influence
knowledge of existing guidelines and quality of care.
Formal analysis of these factors should be considered in a future audit to investigate the extent of
their influence on guideline non-adherence. Analysis
should also include explicit documentation of reasons
for failure in guideline adherence and include data
on second-line therapies, referral to tertiary care and
biochemistry.
We have revealed clear gaps in quality of national
PBC care, with notable failures in UDCA dosing and
symptom assessment. Our findings justify the recommendation of incorporating a PBC review tool into clinical practice. We recommend that managing clinicians
review clinical guidelines and ensure departmental
practice are up to date. Optimal patient management is crucial to minimising disease progression
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Supplementary Table 1. Summary of the performance in England, Wales and
Scotland.

Target
(%)

Standard

Number of patients treated
according to guidelines/total
†
number patients (%)
England

Wales

Scotland

p-value

Prescription of the recommended UCDA dose of
13-15mg/kg daily

90

164/277
(59.2)

97/218
(44.5)

31/110
(28.2)

<0.0001

Assessment of biochemical response to UDCA
following one year of treatment

80

243/277
(87.7)

86/218
(62.8)

83/110
(75.5)

<0.0001

Recorded symptom assessment of pruritus

90

108/293
(36.9)

66/181
(36.5)

35/118
(29.7)

0.3566

Recorded symptom assessment of fatigue

90

74/293
(25.3)

65/181
(35.9)

32/118
(27.1)

0.0406

Assessment of bone density within five years of
diagnosis

80

217/326
(66.6)

79/178
(44.4)

62/117
(53.0)

<0.0001

Assessment of liver transplant eligibility in high
risk patients

90

25/39
(64.1)

5/13
(38.5)

9/9
(100.0)

0.0127

Footnotes:
†

Total number of patients where data was available.
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Supplementary Table 2. Summary of the performance in hospitals with general
gastroenterology clinics and hospitals with dedicated hepatology clinics.

Target
(%)

Standard

Number of patients treated
according to guidelines/total
†
number of patients (%)
GGC Centres

DHC Centres

p-value

Prescription of the recommended UCDA dose of 1315mg/kg daily

90

17/45
(37.8)

275/560
(49.1)

0.1640

Assessment of biochemical response to UDCA
following one year of treatment

80

38/45
(84.4)

374/479
(78.1)

0.4461

Recorded symptom assessment of pruritus

90

19/57
(33.3)

190/535
(35.5)

0.7731

Recorded symptom assessment of fatigue

90

37/139
(36.8)

176/535
(32.9)

0.5565

Assessment of bone density within five years of
diagnosis

80

22/55
(40.0)

336/566
(59.4)

0.0065

Assessment of liver transplant eligibility in high risk
patients

90

3/10
(30.0)

36/51
(70.6)

0.0272

‡

Footnotes:
GGC: general gastroenterology clinic, DHC: dedicated hepatology clinic.
†

Total number of patients where data was available.

‡

Fisher’s exact test was used to test independence between secondary and tertiary centres.
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SUPPLEMENTARY DATA COLLECTION
Methods
Supplementary data collection was optional and varied between hospitals according
to the decision of the local audit lead. Additional data collection included the
presence of steatosis, obeticholic acid (OCA) prescription, autoantibody status,
biochemical profile at one year of UDCA treatment, transient elastography, and
records of the following: oesophago-gastro-duodenoscopy (OGD) for varices
screening and abdominal ultrasound for HCC screening. Supplementary data was
used for further descriptive analysis and to assess UDCA response according to
established criteria where possible.[1,2]

Sub-analyses were undertaken on supplementary data provided by York, London
North West, Royal Free London and Imperial College NHS Trusts as they provided
further data on the biochemical profile of patients. Determination of UDCA response
status following one year of treatment was undertaken for each applicable patient
according to the two sets of following criteria: Barcelona criteria, defined as decrease
in ALP ≤40% and ALP ≥1 x upper limit of normal (ULN); and Toronto criteria, defined
as ALP ≤1.67 x ULN.[1,3,4] Pearson’s correlation coefficient (r) was calculated to
assess the correlation between proportion of patients on correct UDCA dosing with
the proportion of patients demonstrating a) UDCA response according to Barcelona
criteria and b) UDCA response according to Toronto criteria.
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UDCA Treatment Response
The percentages of patients classified as demonstrating UDCA response according
to the Barcelona criteria were 65.9% (Hospital 2), 50.0% (Hospital 4), 56.1%
(Hospital 5) and 52.5% (Hospital 6). No significant correlation was observed between
the percentage of patients prescribed the correct UDCA dose and the percentage of
patients demonstrating UDCA response (p=0.4678) (Supplementary Figure 1).
In the same four sites, percentages of patients classified as demonstrating UDCA
response according to the Toronto criteria were 75.5% (Hospital 2), 82.4% (Hospital
4), 74.4% (Hospital 5) and 77.4% (Hospital 6). No significant correlation was
observed between the percentage of patients prescribed the correct UDCA dose and
the percentage of patients demonstrating UDCA response (p=0.3147)
(Supplementary Figure 1).

33.80

Hospital 6

77.42
52.46
88.80

Hospital 5

74.44
56.12

UCDA Response (Toronto)

33.30

Hospital 4

Patients on recommended UDCA dose

82.35

UCDA Response (Barcelona)

50.00
29.50

Hospital 2

73.53
65.85

0

20 40 60 80 100

Patients (%)
Supplementary Figure 1. Bar chart showing the percentages of PBC patients classified
with UDCA treatment response according to Barcelona criteria and Toronto criteria.
Percentages of patients on the recommended UDCA dose are shown for comparison. Four
hospitals provided the necessary data on ALP profile for this analysis, as displayed on the yaxis.
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Interpretation of UDCA Treatment Response
Although we expected to observe a significant relationship between the percentage
of patients prescribed the appropriate UDCA dose and the percentage of patients
exhibiting treatment response, as suggested by guidelines and existing
literature[1,5,6] – we did not observe a statistically significant relationship. Our
analysis of the UDCA treatment response was mostly based on ALP due to the
limited collection of biochemical test results and our inability to use other criteria,
such as Paris-I or Rotterdam.[1] Interestingly, the observed biochemical response,
according to the Toronto criteria, was slightly higher than that measured using the
Barcelona criteria. Prospective research is needed to validate the different
biochemical response criteria in PBC patients.

Supplementary Table 3. Supplementary Patient Data
Additional descriptive data obtained from York, London North West, Royal Free and
Imperial College NHS Trusts is presented.

Trust
(number
of PBC
patients)

% of patients with
positive
antibody titre (number)

% of
patients
currently
prescribed
obeticholic
acid
(number)

% of patients
who
underwent
liver
elastography
(number)

% of
patients
with
steatosis
(number)

Mean
MELD
of
cirrhotic
patients
(SD)

Mean
UKELD
of
cirrhotic
patients
(SD)

AMA

PBCspecific
ANA

ASMA

Hospital
2 (75)

-

-

-

13.33%
(10)

46.67% (35)

-

-

-

Hospital
4 (19)

100%
(19)

42.11%
(8)

5.26%
(1)

0% (0)

73.68% (14)

31.58%
(6)

7 (1)

48.33
(3.215)

Hospital
5 (166)

90%
(149)

36.14%
(60)

4.22%
(7)

2.41% (4)

86.75% (144)

7.23%
(12)

7.31
(1.545)

45.67
(3.617)

Hospital
6 (69)

78%
(54)

30.43%
(21)

-

1.45% (1)

-

-

-

-
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Screening for Cirrhotic Complications
Data on cirrhotic patients was available from six hospitals. Across the six hospitals,
138 of 483 (28.6%) patients were diagnosed with cirrhosis. Variceal screening was
undertaken on 63 of 138 (45.7%) patients. There was significant variation observed
between hospitals in proportions of cirrhotic patients screened for varices, ranging
from 0% (Hospital 4) to 80% (Hospital 7) (p<0.0001) (Supplementary Figure 2A).

Data on HCC screening was available in five hospitals, consisting of 93 cirrhotic
patients. HCC screening was undertaken on 68 of 93 (73.1%) patients with no
significant variation observed between hospitals. Proportions of cirrhotic patients
screened for HCC ranged from 56% (Hospital 11) to 100% (multiple hospitals)
(p=0.1256) (Supplementary Figure 2B).
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Supplementary Table 1. Summary of the performance in England, Wales and
Scotland.

Target
(%)

Standard

Number of patients treated
according to guidelines/total
†
number patients (%)
England

Wales

Scotland

p-value

Prescription of the recommended UCDA dose of
13-15mg/kg daily

90

164/277
(59.2)

97/218
(44.5)

31/110
(28.2)

<0.0001

Assessment of biochemical response to UDCA
following one year of treatment

80

243/277
(87.7)

86/218
(62.8)

83/110
(75.5)

<0.0001

Recorded symptom assessment of pruritus

90

108/293
(36.9)

66/181
(36.5)

35/118
(29.7)

0.3566

Recorded symptom assessment of fatigue

90

74/293
(25.3)

65/181
(35.9)

32/118
(27.1)

0.0406

Assessment of bone density within five years of
diagnosis

80

217/326
(66.6)

79/178
(44.4)

62/117
(53.0)

<0.0001

Assessment of liver transplant eligibility in high
risk patients

90

25/39
(64.1)

5/13
(38.5)

9/9
(100.0)

0.0127

Footnotes:
†

Total number of patients where data was available.
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Supplementary Table 2. Summary of the performance in hospitals with general
gastroenterology clinics and hospitals with dedicated hepatology clinics.

Target
(%)

Standard

Number of patients treated
according to guidelines/total
†
number of patients (%)
GGC Centres

DHC Centres

p-value

Prescription of the recommended UCDA dose of 1315mg/kg daily

90

17/45
(37.8)

275/560
(49.1)

0.1640

Assessment of biochemical response to UDCA
following one year of treatment

80

38/45
(84.4)

374/479
(78.1)

0.4461

Recorded symptom assessment of pruritus

90

19/57
(33.3)

190/535
(35.5)

0.7731

Recorded symptom assessment of fatigue

90

37/139
(36.8)

176/535
(32.9)

0.5565

Assessment of bone density within five years of
diagnosis

80

22/55
(40.0)

336/566
(59.4)

0.0065

Assessment of liver transplant eligibility in high risk
patients

90

3/10
(30.0)

36/51
(70.6)

0.0272

‡

Footnotes:
GGC: general gastroenterology clinic, DHC: dedicated hepatology clinic.
†

Total number of patients where data was available.

‡

Fisher’s exact test was used to test independence between secondary and tertiary centres.
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SUPPLEMENTARY DATA COLLECTION
Methods
Supplementary data collection was optional and varied between hospitals according
to the decision of the local audit lead. Additional data collection included the
presence of steatosis, obeticholic acid (OCA) prescription, autoantibody status,
biochemical profile at one year of UDCA treatment, transient elastography, and
records of the following: oesophago-gastro-duodenoscopy (OGD) for varices
screening and abdominal ultrasound for HCC screening. Supplementary data was
used for further descriptive analysis and to assess UDCA response according to
established criteria where possible.[1,2]

Sub-analyses were undertaken on supplementary data provided by York, London
North West, Royal Free London and Imperial College NHS Trusts as they provided
further data on the biochemical profile of patients. Determination of UDCA response
status following one year of treatment was undertaken for each applicable patient
according to the two sets of following criteria: Barcelona criteria, defined as decrease
in ALP ≤40% and ALP ≥1 x upper limit of normal (ULN); and Toronto criteria, defined
as ALP ≤1.67 x ULN.[1,3,4] Pearson’s correlation coefficient (r) was calculated to
assess the correlation between proportion of patients on correct UDCA dosing with
the proportion of patients demonstrating a) UDCA response according to Barcelona
criteria and b) UDCA response according to Toronto criteria.

7

Sivakumar M, et al. Frontline Gastroenterol 2021;0:1–7. doi: 10.1136/flgastro-2020-101713

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Frontline Gastroenterol

UDCA Treatment Response
The percentages of patients classified as demonstrating UDCA response according
to the Barcelona criteria were 65.9% (Hospital 2), 50.0% (Hospital 4), 56.1%
(Hospital 5) and 52.5% (Hospital 6). No significant correlation was observed between
the percentage of patients prescribed the correct UDCA dose and the percentage of
patients demonstrating UDCA response (p=0.4678) (Supplementary Figure 1).
In the same four sites, percentages of patients classified as demonstrating UDCA
response according to the Toronto criteria were 75.5% (Hospital 2), 82.4% (Hospital
4), 74.4% (Hospital 5) and 77.4% (Hospital 6). No significant correlation was
observed between the percentage of patients prescribed the correct UDCA dose and
the percentage of patients demonstrating UDCA response (p=0.3147)
(Supplementary Figure 1).

33.80

Hospital 6

77.42
52.46
88.80

Hospital 5

74.44
56.12

UCDA Response (Toronto)

33.30

Hospital 4

Patients on recommended UDCA dose

82.35

UCDA Response (Barcelona)

50.00
29.50

Hospital 2

73.53
65.85

0

20 40 60 80 100

Patients (%)
Supplementary Figure 1. Bar chart showing the percentages of PBC patients classified
with UDCA treatment response according to Barcelona criteria and Toronto criteria.
Percentages of patients on the recommended UDCA dose are shown for comparison. Four
hospitals provided the necessary data on ALP profile for this analysis, as displayed on the yaxis.
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Interpretation of UDCA Treatment Response
Although we expected to observe a significant relationship between the percentage
of patients prescribed the appropriate UDCA dose and the percentage of patients
exhibiting treatment response, as suggested by guidelines and existing
literature[1,5,6] – we did not observe a statistically significant relationship. Our
analysis of the UDCA treatment response was mostly based on ALP due to the
limited collection of biochemical test results and our inability to use other criteria,
such as Paris-I or Rotterdam.[1] Interestingly, the observed biochemical response,
according to the Toronto criteria, was slightly higher than that measured using the
Barcelona criteria. Prospective research is needed to validate the different
biochemical response criteria in PBC patients.

Supplementary Table 3. Supplementary Patient Data
Additional descriptive data obtained from York, London North West, Royal Free and
Imperial College NHS Trusts is presented.

Trust
(number
of PBC
patients)

% of patients with
positive
antibody titre (number)

% of
patients
currently
prescribed
obeticholic
acid
(number)

% of patients
who
underwent
liver
elastography
(number)

% of
patients
with
steatosis
(number)

Mean
MELD
of
cirrhotic
patients
(SD)

Mean
UKELD
of
cirrhotic
patients
(SD)

AMA

PBCspecific
ANA

ASMA

Hospital
2 (75)

-

-

-

13.33%
(10)

46.67% (35)

-

-

-

Hospital
4 (19)

100%
(19)

42.11%
(8)

5.26%
(1)

0% (0)

73.68% (14)

31.58%
(6)

7 (1)

48.33
(3.215)

Hospital
5 (166)

90%
(149)

36.14%
(60)

4.22%
(7)

2.41% (4)

86.75% (144)

7.23%
(12)

7.31
(1.545)

45.67
(3.617)

Hospital
6 (69)

78%
(54)

30.43%
(21)

-

1.45% (1)

-

-

-

-
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Screening for Cirrhotic Complications
Data on cirrhotic patients was available from six hospitals. Across the six hospitals,
138 of 483 (28.6%) patients were diagnosed with cirrhosis. Variceal screening was
undertaken on 63 of 138 (45.7%) patients. There was significant variation observed
between hospitals in proportions of cirrhotic patients screened for varices, ranging
from 0% (Hospital 4) to 80% (Hospital 7) (p<0.0001) (Supplementary Figure 2A).

Data on HCC screening was available in five hospitals, consisting of 93 cirrhotic
patients. HCC screening was undertaken on 68 of 93 (73.1%) patients with no
significant variation observed between hospitals. Proportions of cirrhotic patients
screened for HCC ranged from 56% (Hospital 11) to 100% (multiple hospitals)
(p=0.1256) (Supplementary Figure 2B).
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Supplementary Table 1. Summary of the performance in England, Wales and
Scotland.

Target
(%)

Standard

Number of patients treated
according to guidelines/total
†
number patients (%)
England

Wales

Scotland

p-value

Prescription of the recommended UCDA dose of
13-15mg/kg daily

90

164/277
(59.2)

97/218
(44.5)

31/110
(28.2)

<0.0001

Assessment of biochemical response to UDCA
following one year of treatment

80

243/277
(87.7)

86/218
(62.8)

83/110
(75.5)

<0.0001

Recorded symptom assessment of pruritus

90

108/293
(36.9)

66/181
(36.5)

35/118
(29.7)

0.3566

Recorded symptom assessment of fatigue

90

74/293
(25.3)

65/181
(35.9)

32/118
(27.1)

0.0406

Assessment of bone density within five years of
diagnosis

80

217/326
(66.6)

79/178
(44.4)

62/117
(53.0)

<0.0001

Assessment of liver transplant eligibility in high
risk patients

90

25/39
(64.1)

5/13
(38.5)

9/9
(100.0)

0.0127

Footnotes:
†

Total number of patients where data was available.
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Supplementary Table 2. Summary of the performance in hospitals with general
gastroenterology clinics and hospitals with dedicated hepatology clinics.

Target
(%)

Standard

Number of patients treated
according to guidelines/total
†
number of patients (%)
GGC Centres

DHC Centres

p-value

Prescription of the recommended UCDA dose of 1315mg/kg daily

90

17/45
(37.8)

275/560
(49.1)

0.1640

Assessment of biochemical response to UDCA
following one year of treatment

80

38/45
(84.4)

374/479
(78.1)

0.4461

Recorded symptom assessment of pruritus

90

19/57
(33.3)

190/535
(35.5)

0.7731

Recorded symptom assessment of fatigue

90

37/139
(36.8)

176/535
(32.9)

0.5565

Assessment of bone density within five years of
diagnosis

80

22/55
(40.0)

336/566
(59.4)

0.0065

Assessment of liver transplant eligibility in high risk
patients

90

3/10
(30.0)

36/51
(70.6)

0.0272

‡

Footnotes:
GGC: general gastroenterology clinic, DHC: dedicated hepatology clinic.
†

Total number of patients where data was available.

‡

Fisher’s exact test was used to test independence between secondary and tertiary centres.
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SUPPLEMENTARY DATA COLLECTION
Methods
Supplementary data collection was optional and varied between hospitals according
to the decision of the local audit lead. Additional data collection included the
presence of steatosis, obeticholic acid (OCA) prescription, autoantibody status,
biochemical profile at one year of UDCA treatment, transient elastography, and
records of the following: oesophago-gastro-duodenoscopy (OGD) for varices
screening and abdominal ultrasound for HCC screening. Supplementary data was
used for further descriptive analysis and to assess UDCA response according to
established criteria where possible.[1,2]

Sub-analyses were undertaken on supplementary data provided by York, London
North West, Royal Free London and Imperial College NHS Trusts as they provided
further data on the biochemical profile of patients. Determination of UDCA response
status following one year of treatment was undertaken for each applicable patient
according to the two sets of following criteria: Barcelona criteria, defined as decrease
in ALP ≤40% and ALP ≥1 x upper limit of normal (ULN); and Toronto criteria, defined
as ALP ≤1.67 x ULN.[1,3,4] Pearson’s correlation coefficient (r) was calculated to
assess the correlation between proportion of patients on correct UDCA dosing with
the proportion of patients demonstrating a) UDCA response according to Barcelona
criteria and b) UDCA response according to Toronto criteria.
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UDCA Treatment Response
The percentages of patients classified as demonstrating UDCA response according
to the Barcelona criteria were 65.9% (Hospital 2), 50.0% (Hospital 4), 56.1%
(Hospital 5) and 52.5% (Hospital 6). No significant correlation was observed between
the percentage of patients prescribed the correct UDCA dose and the percentage of
patients demonstrating UDCA response (p=0.4678) (Supplementary Figure 1).
In the same four sites, percentages of patients classified as demonstrating UDCA
response according to the Toronto criteria were 75.5% (Hospital 2), 82.4% (Hospital
4), 74.4% (Hospital 5) and 77.4% (Hospital 6). No significant correlation was
observed between the percentage of patients prescribed the correct UDCA dose and
the percentage of patients demonstrating UDCA response (p=0.3147)
(Supplementary Figure 1).
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Supplementary Figure 1. Bar chart showing the percentages of PBC patients classified
with UDCA treatment response according to Barcelona criteria and Toronto criteria.
Percentages of patients on the recommended UDCA dose are shown for comparison. Four
hospitals provided the necessary data on ALP profile for this analysis, as displayed on the yaxis.
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Interpretation of UDCA Treatment Response
Although we expected to observe a significant relationship between the percentage
of patients prescribed the appropriate UDCA dose and the percentage of patients
exhibiting treatment response, as suggested by guidelines and existing
literature[1,5,6] – we did not observe a statistically significant relationship. Our
analysis of the UDCA treatment response was mostly based on ALP due to the
limited collection of biochemical test results and our inability to use other criteria,
such as Paris-I or Rotterdam.[1] Interestingly, the observed biochemical response,
according to the Toronto criteria, was slightly higher than that measured using the
Barcelona criteria. Prospective research is needed to validate the different
biochemical response criteria in PBC patients.

Supplementary Table 3. Supplementary Patient Data
Additional descriptive data obtained from York, London North West, Royal Free and
Imperial College NHS Trusts is presented.

Trust
(number
of PBC
patients)

% of patients with
positive
antibody titre (number)

% of
patients
currently
prescribed
obeticholic
acid
(number)

% of patients
who
underwent
liver
elastography
(number)

% of
patients
with
steatosis
(number)

Mean
MELD
of
cirrhotic
patients
(SD)

Mean
UKELD
of
cirrhotic
patients
(SD)

AMA

PBCspecific
ANA

ASMA

Hospital
2 (75)

-

-

-

13.33%
(10)

46.67% (35)

-

-

-

Hospital
4 (19)

100%
(19)

42.11%
(8)

5.26%
(1)

0% (0)

73.68% (14)

31.58%
(6)

7 (1)

48.33
(3.215)

Hospital
5 (166)

90%
(149)

36.14%
(60)

4.22%
(7)

2.41% (4)

86.75% (144)

7.23%
(12)

7.31
(1.545)

45.67
(3.617)

Hospital
6 (69)

78%
(54)

30.43%
(21)

-

1.45% (1)

-

-

-

-
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Screening for Cirrhotic Complications
Data on cirrhotic patients was available from six hospitals. Across the six hospitals,
138 of 483 (28.6%) patients were diagnosed with cirrhosis. Variceal screening was
undertaken on 63 of 138 (45.7%) patients. There was significant variation observed
between hospitals in proportions of cirrhotic patients screened for varices, ranging
from 0% (Hospital 4) to 80% (Hospital 7) (p<0.0001) (Supplementary Figure 2A).

Data on HCC screening was available in five hospitals, consisting of 93 cirrhotic
patients. HCC screening was undertaken on 68 of 93 (73.1%) patients with no
significant variation observed between hospitals. Proportions of cirrhotic patients
screened for HCC ranged from 56% (Hospital 11) to 100% (multiple hospitals)
(p=0.1256) (Supplementary Figure 2B).
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