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Graphical abstract

311 PBC patients on OCA
from 38 Italian centres
September 2017-February 2020

Inclusion criteria
191 patients with at least 12
months of follow-up

Study cohort N = 191
Females 180 (94%)
Age OCA start 57 (49, 64)
PBC-AIH overlap 28 (15%)
Cirrhosis 61 (32%)
ALP/ULN 2.07 (1.68, 2.75)
ALT/ULN 1.17 (0.78, 1.80)
AST/ULN 1.06 (0.81, 1.50)
GGT/ULN 4.1 (2.4, 7.3)
Total bilirubin/ULN 0.80 (0.58, 1.08)

POISE criteria:
ALP <1.67/ULN with a 
reduction of ≥15% from 
baseline and a normal 
total bilirubin level

NORMAL RANGE criteria:
alanine, aminotransferase 
(ALT), ALP and bilirubin 
within the normal Ef
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Real-world treatment with obeticholic acid in a large
cohort of patients with primary biliary cholangitis
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Characteristic
OCA discontinuation, n
Time of OCA discontinuation

before 6 months
between 6-12 months

Reason for OCA discontinuation
Pruritus

Worsening liver function
Worsening liver enzymes

Anaemia
Death for TIPS complications

Demyelinating disease
Dizzying syndrome

Headache
Myalgia

OCA intolerance

N = 191
33 (17%)
17 (52%)
16 (48%)

21 (64%)
3 (9.1%)
1 (3%)

2 (6.1%)
1 (3.0%)
1 (3.0%)
1 (3.0%)
1 (3.0%)
1 (3.0%)
1 (3.0%)

Exclusion criteria
Patients with a follow-up 
shorter than 12 months
https://doi.org/10.1016/j.jhepr.2021.100248

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhepr.2021.100248&domain=pdf


Highlights Lay summary

� Under real-world conditions, OCA was effective in

~43% of patients who were non-responders to
UDCA, according to Poise criteria.

� Patients with cirrhosis showed lower efficacy
(29.5%), mainly attributed to reduced tolerability
and higher discontinuation rate.

� Patients with overlap AIH-PBC showed a compa-
rable efficacy to pure PBC, with a higher ALT
reduction at 6 months.

� Most patients with PBC are still in need of addi-
tional therapy if aiming to normalise liver
biochemistry.
https://doi.org/10.1016/j.jhepr.2021.100248
Obeticholic acid (OCA) was shown to be effective in
more than one-third of patients not responding to
ursodeoxycholic acid in a real-world context in Italy.
Patients with cirrhosis had more side effects with
OCA, and this led to suspension of the drug in one-
third of patients. OCA was also effective in patients
who had overlap between autoimmune hepatitis and
primary biliary cholangitis.
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Research article
Background & aims: Obeticholic acid (OCA) is the second-line treatment approved for patients with primary biliary chol-
angitis (PBC) and an inadequate response or intolerance to ursodeoxycholic acid. We aimed to evaluate the effectiveness and
safety of OCA under real-world conditions.
Methods: Patients were recruited into the Italian PBC Registry, a multicentre, observational cohort study that monitors pa-
tients with PBC at national level. The primary endpoint was the biochemical response according to Poise criteria; the sec-
ondary endpoint was the biochemical response according to normal range criteria, defined as normal levels of bilirubin,
alkaline phosphatase (ALP), and alanine aminotransferase (ALT) at 12 months. Safety and tolerability were also assessed.
Results: We analysed 191 patients until at least 12 months of follow-up. Median age was 57 years, 94% female, 61 (32%) had
cirrhosis, 28 (15%) had histologically proven overlap with autoimmune hepatitis (PBC-AIH). At 12 months, significant median
reductions of ALP (-32.3%), ALT (-31.4%), and bilirubin (-11.2%) were observed. Response rates were 42.9% according to Poise
criteria, and 11% by normal range criteria. Patients with cirrhosis had lower response than patients without cirrhosis (29.5% vs.
49.2%, p = 0.01), owing to a higher rate of OCA discontinuation (30% vs. 12%, p = 0.004), although with similar ALP reduction
(29.4% vs. 34%, p = 0.53). Overlap PBC-AIH had a similar response to pure PBC (46.4% vs. 42.3%, p = 0.68), with higher ALT
reduction at 6 months (-38% vs. -29%, p = 0.04). Thirty-three patients (17%) prematurely discontinued OCA because of adverse
events, of whom 11 experienced serious adverse events. Treatment-induced pruritus was the leading cause of OCA discon-
tinuation (67%).
Conclusions: Effectiveness and safety of OCA under real-world conditions mirror those in the Poise trial. Patients with
cirrhosis had lower tolerability. Overlap PBC-AIH showed higher ALT reduction at 6 months compared with patients with pure
PBC.
Lay summary: Obeticholic acid (OCA) was shown to be effective in more than one-third of patients not responding to
ursodeoxycholic acid in a real-world context in Italy. Patients with cirrhosis had more side effects with OCA, and this led to
suspension of the drug in one-third of patients. OCA was also effective in patients who had overlap between autoimmune
hepatitis and primary biliary cholangitis.
© 2021 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Primary biliary cholangitis (PBC) is an autoimmune liver disease
characterised by chronic inflammation of the small bile ducts
and cholestasis which, if under-treated, leads to fibrosis pro-
gression culminating in end-stage liver disease.1 First-line ther-
apy in PBC is ursodeoxycholic acid (UDCA) at a dose of 13–15 mg/
kg per day,2 but it is not always effective.3,4 In 2016, obeticholic
acid (OCA) received conditional approval as second-line therapy
for patients with inadequate response or intolerance to UDCA.1

Data from the randomised controlled trial (RCT) POISE and its
open-label extension demonstrated that with 48 months of OCA
treatment there was a significant reduction of alkaline phos-
phatase (ALP) and stabilisation of total bilirubin,5,6 which are
both surrogate markers of survival. There are no real-world data
on OCA to date, excluding those reported very recently from a
small series in Canada.7 Real-world data are crucial for under-
standing treatment effectiveness and safety in everyday clinical
practice, particularly in patient populations that may be under-
represented or excluded from clinical trials, such as those with
cirrhosis and mixed phenotypes (e.g. overlap autoimmune hep-
atitis [AIH]-PBC).

The aim of this study was to evaluate the efficacy, safety, and
tolerability of OCA under real-world conditions in a large cohort
of patients with PBC treated in secondary and tertiary centres
across Italy.
Patients and methods
Study design and cohort
This is a retrospective study of prospectively collected data
within the Italian PBC Registry, an ongoing, non-interventional,
multicentre, observational cohort study that monitors patients
with PBC in Italy. All adult patients who had received a diagnosis
of PBC consecutively starting OCA treatment from 38 Italian
centres between September 2017 and February 2020 were
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screened for the study. All patients who had taken at least 1 dose
of OCA, and with an overall follow-up of at least 12 months
(therefore, having started OCA not later than February 2019),
were included in the study. Patients who had been previously
enrolled in a sponsored trial with OCA were excluded. Patients
receiving off-label fibrate therapy on stable treatment for at least
6 months at the time of starting OCA were not excluded. Hos-
pitals with a dedicated autoimmune liver diseases outpatient
clinic were defined as ’tertiary centres’; those with a general
hepatology outpatient clinic were defined as ‘secondary centres’.

Diagnosis of PBC and ‘definite’ PBC-AIH overlap syndrome
were defined according to European Association for the Study of
the Liver (EASL) guidelines.1 The diagnosis of PBC-AIH overlap
syndrome was histologically confirmed in all cases and all pa-
tients were on a stable immunosuppressive treatment for at least
6 months. Diagnosis of liver cirrhosis was based on clinical
presentation (at ultrasound: surface nodularity, caudate hyper-
trophy, splenomegaly; at upper endoscopy: gastroesophageal
varices), or histological evaluation.

Indications to OCA treatment are reported in Appendix S1.
We defined the Overall Cohort (OC) as all patients who had

received at least 1 dose of OCA and had at least 12 months of
follow-up. The Treatment Completer Cohort (TCC) was defined as
all patients who completed the treatment period of 6 or 12
months for the analysis at 6 or 12 months, respectively. The
primary efficacy analysis was carried out on both the OC and TCC
populations. Safety and tolerability were analysed in the OC
population only.

The study was conducted in accordance with the Declaration
of Helsinki guidelines and the principles of good clinical practice.
All participants to the Italian PBC Registry provided written
informed consent. The study was approved by the University of
Milan-Bicocca research ethics committee (Study name: PBC322),
coordinator of the Italian National Registry and by the Research
and Development Department of each collaborating hospital.
2vol. 3 j 100248
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Data source
Data were captured using baseline and follow-up case record
forms (CRFs), completed by physicians in each collaborating
centre. Demographic, clinical, and biochemical data were
collected at baseline (immediately before starting OCA therapy),
and at 6 and 12 months of treatment during follow-up visits.
Management of OCA therapy was tailored for each patient and
clinical decisions were taken independently by physicians based
on the drug package insert. Data on OCA dose adjustment and
OCA discontinuation were systematically collected.

Pruritus was systematically assessed at baseline and at every
follow-up visit. Pruritus was classified as mild, moderate, or se-
vere as follows: mild, pruritus of mild intensity or localised;
moderate, pruritus of moderate intensity or diffuse but inter-
mittent; severe, pruritus of severe intensity or diffuse and
continuous. Moreover, pruritus was classified as ‘de novo’ if it
occurred after the start of OCA treatment, or as ‘worsening’ if
present at baseline but increased on OCA therapy. Other adverse
events were not systematically assessed but registered when
they led to permanent drug discontinuation.

Completed CRFs underwent quality control (QC) for
completeness and accuracy at the University of Milan-Bicocca,
Milan and University Campus Bio Medico, Rome. Missing, inac-
curate, or implausible data were systematically queried with the
treating physicians. Data that passed QC were uploaded into a
bespoke database, collecting clinical and biochemical data at
each follow-up time point. The database is an electronic data
capture (EDC) system with an e-CRF developed for the purpose
of this study and other projects on the Italian PBC Registry. The
EDC system runs on a server maintained by a dedicated Clinical
Research Organisation. The EDC system allows research staff in
collaborating centres to log in from any National Health Service
computer to view information about participants recruited from
their own centres and to complete e-CRFs and upload the results
of medical investigations directly into the database.

Study endpoints
The ‘primary endpoint’was the biochemical response at 6 and 12
months of OCA therapy using the Poise definition of biochemical
response: (1) ALP<1.67/upper limit of normal (ULN) with a
reduction of >−15% from baseline and a normal total bilirubin
level, as applied in the registrative trial of OCA (Poise criteria).5

The ‘secondary endpoint’ was the biochemical response at 6
and 12 months of OCA therapy according to the following
criteria: alanine aminotransferase (ALT), ALP, and bilirubin
within the normal (normal range criteria), as normalisation of
liver biochemistry has been recently proposed as the new ther-
apeutic target in PBC.8

Other efficacy endpoints included variation of ALP, gamma-
glutamyltransferase (GGT), ALT, aspartate aminotransferase
(AST), and total bilirubin levels at 6 and 12 months of OCA
therapy.

We defined missed up-titrations when patients were taking 5
mg/day at 12 months even though they had an ALP >−1.5/UNL at 6
months and no pruritus.

Assessment of safety and side effects included systematic
evaluation of pruritus, and collection of adverse events and
laboratory abnormalities that led to treatment discontinuation.

Statistical analysis
Continuous variables were described by mean, standard devia-
tion, and as median and IQRs in case they showed a skewed
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distribution with significant departure from the normal distri-
bution. To account for inter-laboratory variability, ALP, GGT, ALT,
AST, and total bilirubin were expressed as ratios of their
respective ULN. Categorical variables were described by absolute
frequencies and percentages. To compare groups, we used the v2

test for categorical variables (or Fisher exact test in the case of
sparse data) and the Student t test for continuous variables (or
Wilcoxon test when a significant departure from normality was
detected). The analysis of factors associated with an increased
risk of no response after 12 months of OCA therapy was carried
out by reporting risk ratios (RR) with 95% CIs, and performed by
means of Poisson regression models with robust error variance,
as described by Zou et al.9 Age at OCA start (which was collinear
with age and age at PBC diagnosis), and all variables associated at
univariate analysis with a value of p <0.10 entered the multi-
variate model. All analyses were undertaken using R version
3.6.1 (R Foundation for Statistical Computing, Vienna, Austria;
https://www.R-project.org/).
Results
Characteristics of the study cohort
From a total population of 311 patients from 38 Italian centres
who had received at least 1 dose of OCA between September 1st
2017 and February 1st 2020 (date of data-lock), we finally
included 191 patients with at least 12 months of follow-up, e.g.
who had started OCA not later than February 14, 2019. Notably,
none of the patients who began OCA treatment was lost to
follow-up within the 12 months. Characteristics of the cohort are
reported in Table 1. Of note, 61 patients (32%) had cirrhosis, of
whom 59 patients were in Child-Pugh class A, and 2 in class B.
Fifty patients (26%), of whom 27 had cirrhosis, had abnormal
bilirubin levels at baseline. Twenty-eight patients (15%) had
histologically-proven PBC-AIH overlap syndrome; 11 of these
also had cirrhosis. Forty-eight patients (25%) had a history of
pruritus, including 25 on medications for pruritus before starting
OCA.

For the majority (n = 186, 97.4%), OCA therapy was indicated
by persistently elevated ALP (i.e. >−1.5/ULN after at least 12
months of UDCA); 5 patients started OCA monotherapy because
of intolerance to UDCA. Consistently, at the time of starting OCA,
almost 95% of patients were UDCA non-responders according to
Paris I criteria. In 10 patients, 6 of whom had cirrhosis, OCA was
started and maintained at a dose of <5 mg/day; in the majority
(n = 115), OCA was started at the dose of 5 mg/day and main-
tained unchanged; in 66 patients, OCA was started at 5 mg/day
and up-titrated to 10 mg/day after 6 months. Among the latter, at
6 months, 18 had an ALP >−1.5/UNL at 6 months and no pruritus,
whereas the others up-titrated notwithstanding missing 1 or
both of these conditions.

Response rate at 6 and 12 months
According to the Poise criteria, 34% and 42.9% of patients ach-
ieved a response at 6 and 12 months, respectively, in the OC
population; and 37.4% and 51.9% at 6 and 12 months, respec-
tively, in the TCC population (Fig. 1). According to the normal
range criteria, 4.7% and 11% of patients achieved a response at 6
and 12 months, respectively, in the OC population; and 5.2% and
13.3% at 6 and 12 months, respectively, in the TCC population
(Fig. 1).

Considering only the 144 patients with a baseline ALP >−1.67
times the ULN, 31.9% and 40.3% of patients achieved a response
3vol. 3 j 100248
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Fig. 1. Rates of response to OCA therapy according to the POISE (left panel)
and the normal range criteria (right panel) in the overall cohort and the
treatment completer cohort. Data are expressed as number (percentage).
OCA, obeticholic acid.

Table 1. General characteristics of the study cohort.

Characteristic N = 191

Sex, female 180 (94%)
Age at diagnosis, years 49 (41, 56)
Age at OCA start, years 57 (49, 64)
AMA positivity 163 (85%)
ANA positivity 62 (32%)
PBC-AIH overlap 28 (15%)
Cirrhosis 61 (32%)
Oesophageal varices, presence 12 (6.3%)
UDCA use 186 (97%)
UDCA dose, mg/kg 15.0 (15.0, 17.3)
Duration of disease before OCA start, years 7.0 (3.0, 11.0)
Indication to OCA start

Intolerance to UDCA 0 (0%)
Inadequate response to UDCA 191 (100%)
Acc. to Paris I criteria 95 (49.7%)
Acc. to Paris II criteria 181 (94.8%)
Acc. to Toronto criteria 144 (75.4%)

OCA dose
<5 mg daily* 10 (5%)
5 mg daily 115 (60%)
5 mg up-titrated to 10 mg daily 66 (35%)

ALP/ULN at baseline 2.07 (1.68, 2.75)
ALT/ULN at baseline 1.17 (0.78, 1.80)
AST/ULN at baseline 1.06 (0.81, 1.50)
GGT/ULN at baseline 4.1 (2.4, 7.3)
Total bilirubin/ULN at baseline 0.80 (0.58, 1.08)
OCA started after fibrates 6 (3.1%)

Paris I criteria: ALP <3x ULN, ALT <2x ULN and bilirubin <1 mg/dl. Paris II criteria: ALP
<1.5x ULN, ALT <1.5x ULN and bilirubin <1 mg/dl. Toronto criteria: ALP <1.67x ULN.
Data expressed as median (IQR) or number (percentage).
Acc, according; AIH, autoimmune hepatitis; ALP, alkaline phosphatase; ALT, alanine
transferase; AMA, antimitochondrial antibodies; ANA, antinuclear antibodies; AST,
aspartate transferase; GGT, gamma-glutamyl transferase; PBC, primary biliary chol-
angitis; UDCA, ursodeoxycholic acid; ULN, upper limit of normal.
* Includes 10 mg twice/week (n = 3), 5 mg weekly (n = 2), 5 mg, 4 times/week (n = 5).
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at 6 and 12 months, respectively, in the OC population; and 35.4%
and 49.6% at 6 and 12 months, respectively, in the TCC popula-
tion (Fig. S1).

Progressive reduction of the median value was observed at 6
and 12 months for ALP (-24.6% and -32.3%), bilirubin (-3.9% and
-11.2%), and ALT (30% and -31.4%; Fig. 2).

Compared with patients on a stable OCA dose of 5 mg/day,
patients up-titrating to 10 mg/day achieved a lower reduction of
ALP values at 6 months (-20% vs. -28%, p = 0.006), which was
substantially reversed after dose adjustment at 12 months (-31%
vs. -35%, p = 0.16).

Eighty-two patients experienced a reduction of bilirubin
below 0.6/ULN, a result which has been recently associated with
a better prognosis,8 corresponding to 42% of the OC and 51% of
the TCC.

Among 47 patients eligible for up-titration, 29 (62%) did not
up-titrate (Appendix S2).
Treatment response in patients with cirrhosis
No significant differences in response rates were found between
patients with and without cirrhosis at 6 months (Fig. 3). At 12
months, a significant lower rate of response was observed in
patients with cirrhosis only in the OC population (29.5% vs.
49.2%, p = 0.01, in patients with cirrhosis vs. patients without
cirrhosis, according to Poise criteria; and 8.2% vs. 12.3 %, p = 0.53,
according to normal range criteria). In the TCC population at 12
months, these trends were confirmed despite no statistical sig-
nificance (Fig. 3).
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Out of 43 patients with cirrhosis who did not achieve
response at 12 months, 12 had a bilirubin >−1/ULN, 16 an ALP
>−1.67/ULN, and 11 did not achieve the >−15% ALP reduction. Pa-
tients with cirrhosis had more frequently abnormal baseline
bilirubin levels (>−1/ULN) compared with those without cirrhosis
[27 (44.3%) vs. 23 (17.7%), p <0.001]. Twelve patients with
cirrhosis (19.7%), and 3 patients without cirrhosis (2.3%), had
abnormal bilirubin and discontinued OCA within the 12 months.
Four out of the 15 patients with cirrhosis with abnormal bilirubin
(26.7%), and 11 out of the 20 patients without cirrhosis (55%),
completing 12 months of treatment, had normalised bilirubin at
the final follow-up.

Notably, the response in terms of ALP, ALT, and bilirubin
reduction was not different between patients with and without
cirrhosis (Fig. 4). The biochemical response was obtained despite
the fact that patients with cirrhosis had taken significantly lower
doses of OCA therapy than those without cirrhosis (patients with
cirrhosis: 11.0% <5 mg/day, 75.0% 5 mg/day, 13.0% 5 mg up-
titrated to 10 mg/day vs. patients without cirrhosis: 2.3% <5
mg/day, 53.0% 5 mg/day, 45.0% 5 mg up-titrated to 10 mg/day, p
<0.001; Table S1).

Among 14 patients eligible for up-titration, 12 (86%) did not
up-titrate (Appendix S2).

Treatment response in PBC-AIH overlap patients
Patients with PBC-AIH overlap were on stable (at least 6 months
before OCA therapy) immunosuppression with prednisone and
azathioprine. Twenty-three patients (82%) had elevated trans-
aminases before starting OCA (median ALT was 1.66 vs. 1.06 in
pure PBC, p = 0.003; Table S2), and 11 (39%) patients had
cirrhosis. No difference was observed in the response rate at 6
and 12 months between patients with PBC-AIH overlap and
pure PBC in either the OC and TCC population (Fig. 3). However,
the reduction of ALT levels in the first 6 months of OCA therapy
was significantly higher in patients with PBC-AIH overlap than
4vol. 3 j 100248
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in those with pure PBC (38% vs. 29%, p = 0.037; Fig. 4 and
Fig. S2). An improvement of the other liver tests also occurred,
which was not significantly different between the 2 groups
(Fig. 4).

Among 5 patients eligible for up-titration, 3 did not up-titrate
(Appendix S2).

Secondary and tertiary centres
Patients treated in secondary centres showed significantly higher
response rates at 12 months than those in tertiary centres (53.2%
vs. 33% in the OC population p = 0.004, 66.7% vs. 38.6% in the TCC
population, p = 0.0004; Fig. 3). Notably, patients treated in
JHEP Reports 2021
tertiary centres had a higher level of ALP at baseline, although
not statistically significant, were younger at diagnosis (median
age: 47 vs. 51 years, p = 0.03; Table S3). Six patients followed at
tertiary centres were on fibrate off-label therapy before starting
OCA, of whom 2 and none responded according to Poise and
normal range criteria. There was an overall improvement of liver
tests, in both subgroups of patients (Fig. 4).

Safety and side effects
We explored tolerability focusing on the side effects or adverse
events that necessitated treatment discontinuation. Thirty-three
patients (17%) discontinued OCA treatment, 17 (52%) of whom
6vol. 3 j 100248



Table 2. Occurrence of treatment discontinuation.

Characteristic N = 191

OCA discontinuation, n 33 (17%)
Time of OCA discontinuation

Before 6 months 17 (52%)
Between 6 and 12 months 16 (48%)

Reason for OCA discontinuation
Pruritus 21 (64%)
Worsening liver function 3 (9.1%)
Worsening liver enzymes 1 (3%)
Anaemia 2 (6.1%)
Death from TIPS complications 1 (3.0%)
Demyelinating disease 1 (3.0%)
Dizzying syndrome 1 (3.0%)
Headache 1 (3.0%)
Myalgia 1 (3.0%)
OCA intolerance 1 (3.0%)

Data are expressed as number (percentage). OCA, obeticholic acid; TIPS, transjugular
intrahepatic portosystemic shunt.
were in the first 6 months of treatment, and 16 (48%) between 6
and 12 months of treatment (Table 2). Pruritus was the most
common adverse event, which occurred in 52 (27.3%) patients; it
was mild in 16, moderate in 19 and severe in 17, and caused
treatment discontinuation in 21 patients (66% discontinuation).
In particular, of the 52 patients experiencing pruritus on OCA, 40
patients had de novo pruritus and 12 had worsening of pre-
existing pruritus. The discontinuation rate in patients with de
novo pruritus was 37.5% compared with 50% discontinuation rate
in patients with worsening pruritus (p = 0.43).

Other adverse events that caused discontinuation are re-
ported in Table 2. Serious adverse events within the study period
were worsening of liver function observed in 3 patients with
cirrhosis and refractory bleeding from severe portal hyperten-
sion requiring transjugular intrahepatic portosystemic shunt
(TIPS) placement (for further details see Appendix S2).
Table 3. Factors associated with lack of response to obeticholic acid at 12 m

Variable

Univariate

RR (95% CI)

Age, years 1.01 (1.00–1.02), 0.0
Age at PBC diagnosis, years 1.01 (1.00–1.03), 0.0
Age at OCA start, years 1.01 (1.00–1.02), 0.0
Male sex 0.79 (0.41–1.52), 0.4
ANA positivity 1.16 (0.90–1.49), 0.2
AMA positivity 0.81 (0.61–1.09), 0.1
Liver cirrhosis 1.39 (1.10–1.76), 0.0
PBC-AIH overlap 0.93 (0.64–1.34), 0.6
Triple therapy with UDCA, OCA, and fibrates 1.26 (0.78–2.05), 0.3
OCA started after fibrates 1.48 (1.01–2.17), 0.0
Duration of PBC, years 0.99 (0.97–1.01), 0.3
ALP/ULN at baseline 1.12 (1.05–1.20), <0.0
ALT/ULN at baseline 1.05 (0.95–1.17), 0.3
AST/ULN at baseline 1.13 (1.02–1.24), 0.0
GGT/ULN at baseline 1.01 (1.00–1.03), 0.0
Total bilirubin/ULN at baseline 1.18 (1.06–1.32), 0.0

Response to OCA evaluated according to Poise criteria in the overall cohort (OC). Risk ra
error variance. Age at OCA start (which was collinear with age and age at PBC diagnos
multivariate model. A second multivariable model (*) was fitted additionally correcting
alanine transferase; AMA, antimitochondrial antibodies; ANA, antinuclear antibodies; a
OCA, obeticholic acid; PBC, primary biliary cholangitis; RR, risk ratio; UDCA, ursodeoxy
* Additionally corrected for OCA discontinuation.
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Predictors of OCA treatment failure
At univariate analysis, factors significantly or nearly significantly
associated with non-response at 12 months were age at PBC
diagnosis and at OCA start, liver cirrhosis, OCA started after
fibrates, pre-treatment values of ALP/ULN, AST/ULN, GGT/ULN,
and of total bilirubin. Only OCA started after fibrates and pre-
treatment values of ALP/ULN and of total bilirubin were
confirmed to be associated in the multivariate model after
correction for OCA discontinuation (Table 3).
Discussion
Real-world studies enable evaluation of treatment effectiveness,
safety, and prescribing patterns in routine clinical practice and
represent an important complement to the results obtained from
clinical trials. Our data, obtained in a large cohort of patients
with a follow-up of 12 months, confirm in a real-world context
that OCA is an effective and well-tolerated treatment option for
patients with PBC who are non-responding to or non-tolerating
UDCA. More importantly, the present study provides important
novel evidence concerning response rates and side effects in
patients with cirrhosis and those with overlap PBC-AIH, who had
been either under-represented or excluded, respectively, from
RCTs with OCA.

In the phase III registrative trial, 12-month treatment of PBC
patients who were non-responders to UDCA10–16 led to biochem-
ical response in 46%, 47%, and 10% in the OCA titration, OCA 10 mg
fixed-dose and placebo arms, respectively.5 Pruritus was the main
side effect and the principal cause of OCA discontinuation. The 3-
year interim data from the open-label extension demonstrated
that prolonged OCA treatment is associated with durable im-
provements in markers of cholestasis without new safety signals.6

Nevertheless, to date, there have been no sizeable cohort studies
reporting data concerning OCA therapy in a real-world context,
where patient characteristics aremore heterogeneouswith respect
to subphenotypes (e.g. overlap PBC-AIH, cirrhosis) and drug
onths.

Multivariate

, p aRR (95% CI), p aRR* (95% CI), p

88
20
89 1.01 (1–1.02), 0.068 1.01 (1.00–1.02), 0.253
76
43
63
06 1.26 (0.98–1.62), 0.077 1.11 (0.86–1.43), 0.418
96
45
42 1.81 (1.10–3.00), 0.021 2.04 (1.23–3.38), 0.006
74
01 1.16 (1.06–1.27), 0.001 1.14 (1.04–1.26), 0.005
39
17 0.92 (0.78–1.09), 0.328 0.87 (0.73–1.04), 0.134
69 0.99 (0.97–1.02), 0.604 1.01 (0.98–1.03), 0.549
03 1.20 (1.03–1.40), 0.021 1.15 (1.00–1.34), 0.040

tios with 95% confidence intervals were from Poisson regression models with robust
is), sex and all variables associated at univariate analysis with a p < 0.10 entered the
for OCA discontinuation. AIH, autoimmune hepatitis; ALP, alkaline phosphatase; ALT,
RR, adjusted risk ratio; AST, aspartate transferase; GGT, gamma-glutamyl transferase;
cholic acid; ULN, upper limit of normal.
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schedule (e.g. starting dose, criteria for up-titration or discontinu-
ation) may be less rigid and more personalised by each treating
physician. Indeed, only 1 real-world experiencewith OCA has been
reported very recently, carried out in a small cohort of 64 patients,
of which only 36 with at least 12 months of observation.7

The present study analysed 191 patients from 38 Italian sec-
ondary and tertiary centres. The population enrolledwas similar to
that described in the Poise trial5 with the following exceptions: (1)
61 patients (32%) in our cohort had cirrhosis (clinically and/or
histologically), compared with an estimated 20% in the Poise trial
based on transient elastography, which was, however, performed
only in 43% of the study population; (2) 28 patients (15%) had a
histologically confirmed diagnosis of overlap PBC-AIH, which was
an exclusion criterion in the POISE study;5 (3) 50 patients (26%) in
our cohort had abnormal bilirubin levels at baseline, compared
with 18 patients (8%) in the Poise cohort.5 Because liver cirrhosis,
overlap PBC-AIH, and abnormal bilirubin are well-known pre-
dictors of worse prognosis in PBC,8,9,17 the present study popula-
tion is more difficult to treat, as expected in an early post-
marketing real-world context, where the most severely affected
patients3,18 are frequently granted thenew therapeutic optionfirst.

In our study, the benefit of OCA on liver biochemistry was
evident in thewhole cohort, with an overall reduction offfi30% for
ALP and ALT levels, and ffi10% reduction of bilirubin levels, at 12
months. We reported results for the cut-off ALP <1.67/ULN, as this
is how UDCA response has been defined in the RCT Poise. This cut-
off is, however, debatable. Given the strong correlation between
ALP and histological features of biliary injury,4,13,19 it might be
argued that the threshold should be the complete biochemical
remission. Indeed, this has already been used in theBezurso trial.20

Recognising this on-going debate, we provide results also for the
normal range criteria, which highlighted an enormous unmet
clinical need with only 11% of patients normalising ALP, ALT, and
bilirubin in the OC analysis.21 Given limited healthcare budgets
and the limited evidence of efficacy of this drug in some patients,
with the assumption that patient-centred care must be fair and
cost effective, these data should prompt cost-effective analysis.

One-third of patients in our cohort had cirrhosis, including 2
with Child-Pugh B function and 12 with gastro-oesophageal
varices. The response rate was lower in the cirrhosis group in
the OC analysis, owing to higher rate of drop-out and higher
baseline bilirubin levels. Indeed, cirrhosis was not associated
with non-response in the multivariate model corrected also for
OCA discontinuation. Indeed, the degree of reduction of the liver
biochemistry was comparable between patients with and
without cirrhosis (12-month reduction was 29.4% and 34% for
ALP, 30% and 31.4% for ALT, and 3.7% and 14.3% in patients with
cirrhosis vs. those without cirrhosis, respectively, p = n.s. for all
comparisons). Three patients with cirrhosis (2 with Child-Pugh
B) experienced worsening liver function during OCA treatment.
We believe OCA is effective in patients with cirrhosis providing
the disease class is Child-Pugh A (97% of our cohort with
cirrhosis), the treatment regimen is correct, and pruritus (the
major cause for drop-out in this population) is monitored and
appropriately prevented and/or managed.

In the majority of patients (60%), OCA was started and
continued until the 12thmonth at 5mg/day, and in only 35% it was
up-titrated to 10mg/day. Notably, in 10 patients, including 5 Child-
Pugh A patients with cirrhosis, OCAwas maintained at the dose of
<5 mg/day22 (5 mg/every other day, every 3 days) and 86% of pa-
tients with cirrhosis on 5 mg/day did not up-titrate despite pre-
served liver function and no adverse events. This choice is likely
JHEP Reports 2021
the result of a prudent real-world approach after the FDAwarning
about serious liver injury with OCAwhen the drug was incorrectly
dosed in patients with moderate-to-decreased liver function.23

Inadequate response was the reason for OCA up-titration at 6
months, and increasing to 10 mg partially recovered the sub-
optimal result on ALP levels in these patients. Of note, beyond
the majority of patients with cirrhosis, also 45% of patients
without cirrhosis eligible for up-titration did not up-titrate.
Hopefully, more experience and continuing medical education
will tackle this clinical gap.

Among the 28 patients with PBC-AIH overlap syndrome,24

82% had incomplete response to immunosuppression therapy
with elevated transaminase (and ALP) despite stable immuno-
suppression and UDCA. After treatment with OCA, they showed a
median ALT reduction of 38%, and 16 patients normalised the ALT
levels at 6 months and maintained normalised ALT levels at 12
months (with a median 33% reduction of ALP). This might sug-
gest an anti-inflammatory and/or immunomodulatory effect of
OCA on the hepatitis component of the overlap syndrome. In
alternative, OCA might improve the hepatitis component sec-
ondary to cholestasis. However, this deserves confirmation, as
we cannot certainly exclude that the cholestasis and hepatitic
activity non-responding to immunosuppression was surrogate of
an aggressive phenotype of PBC.

The lower rate of OCA response observed in tertiary centres is
not surprising, considering that tertiary centres included ounger
patients, with more elevated liver biochemistry, and more likely
to be on triple therapy with UDCA, fibrates, and OCA (rate of
response ffi30%).25 However, owing to the limited number of
patients on triple therapy, further studies are needed to make
conclusions on this category of patients.

Pruritus was the most common adverse event affecting one-
quarter of the cohort, compared with 18% in the titration arm
and 30% in the 10 mg arm in the Poise trial. Pruritus was clas-
sified as mild, moderate, or severe, rather than using a visual-
analogue scale to detect clinically significant pruritus. The rate
of OCA permanent discontinuation was slightly higher than that
observed in the Poise trial (17% vs. 9%). The other side effects
leading to treatment discontinuation did not have any clustering.

Thisstudyhassome limitations.Wedidnotcollect all sideeffects
experienced under OCA treatment and all the medications of pru-
ritus adopted. This approach was aimed at reducing the burden of
workload for clinicians thereforemaximising the adhesion ofmany
(secondary) centres. Consistent with this, we did not include the
biochemical variables which were not routinely assessed at every
control by all centres, such as platelets, serum albumin, and im-
munoglobulins in the database. We included patients who were
already on off-label fibrate therapy and with overlap PBC-AIH
syndrome, who can bias the rate of response of a ‘pure’ second-
line PBC population. However, this allows to have a full under-
standing of the treatment burden in a real-world context.

In conclusion, the present study suggests that the results ob-
tained by OCA in the registrative RCTs can be substantially
reproduced in a real-world context in efficacy, safety, and toler-
ability, even if including patients with cirrhosis and overlap PBC-
AIH. A careful approach is required in patients with cirrhosis who
might need optimisation of pruritus control before starting OCA
and over the treatment. Patients with PBC-AIH overlap might
experience additional benefit in terms of improvement of hepa-
titis activity. If complete normalisation of the liver biochemistry is
the new therapeutic target in PBC, a significant population of
patients will likely require an adjunctive tertiary treatment.
8vol. 3 j 100248
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