
Incidence and predictors of hepatocellular carcinoma in patients with
autoimmune hepatitis
Colapietro, F.; Maisonneuve, P.; Lytvyak, E.; Beuers, U.; Verdonk, R.C.; Meer, A.J. van der;
... ; Int Autoimmune Hepatitis Grp

Citation
Colapietro, F., Maisonneuve, P., Lytvyak, E., Beuers, U., Verdonk, R. C., Meer, A. J. van
der, … Lleo, A. (2024). Incidence and predictors of hepatocellular carcinoma in patients
with autoimmune hepatitis. Journal Of Hepatology, 80(1), 53-61.
doi:10.1016/j.jhep.2023.09.010
 
Version: Publisher's Version
License: Licensed under Article 25fa Copyright Act/Law (Amendment Taverne)
Downloaded from: https://hdl.handle.net/1887/3766147
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:4
https://hdl.handle.net/1887/3766147


Research Article
DILI, Autoimmune, Cholestatic and Genetic Diseases
Incidence and predictors of hepatocellular carcinoma in patients
with autoimmune hepatitis

Authors

Francesca Colapietro, Patrick Maisonneuve, Ellina Lytvyak, ., Rodrigo Liberal, Ynto S. de Boer, Ana Lleo

Correspondence

ana.lleo@humanitas.it (A. Lleo).

Graphical abstract
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HCC incidence in AIH patients is low even after cirrhosis development.

Risk of HCC development in AIH is associated with obesity, cirrhosis, and AIH/PSC variant
syndrome at AIH diagnosis.
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Highlights Impact and implications
� This large multicentric cohort study shows that HCC inci-
dence in patients with AIH is low even after
cirrhosis development.

� The risk of HCC development in AIH is associated with
obesity, cirrhosis, and AIH/PSC variant syndrome at
AIH diagnosis.

� HCC surveillance programmes could be tailored according
to risk factors.

� A sub-analysis showed that cirrhosis, HCC, and liver
transplantation are significantly associated with
increased mortality.
https://doi.org/10.1016/j.jhep.2023.09.010

© 2023 European Association for the Study of the Liver. Published by Elsevier B.V
The risk of developing hepatocellular carcinoma (HCC) in in-
dividuals with autoimmune hepatitis (AIH) seems to be lower
than for other aetiologies of chronic liver disease. Yet, solid
data for this specific patient group remain elusive, given that
most of the existing evidence comes from small, single-centre
studies. In our study, we found that HCC incidence in patients
with AIH is low even after the onset of cirrhosis. Additionally,
factors such as advanced age, obesity, cirrhosis, alcohol
consumption, and the presence of the AIH/PSC variant syn-
drome at the time of AIH diagnosis are linked to a higher risk of
HCC. Based on these findings, there seems to be merit in
adopting a specialized HCC monitoring programme for patients
with AIH based on their individual risk factors.
. All rights reserved. J. Hepatol. 2024, 80, 53–61
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Background and Aims: Autoimmune hepatitis (AIH) is a rare chronic liver disease of unknown aetiology; the risk of hepatocellular
carcinoma (HCC) remains unclear and risk factors are not well-defined. We aimed to investigate the risk of HCC across a mul-
ticentre AIH cohort and to identify predictive factors.
Methods: We performed a retrospective, observational, multicentric study of patients included in the International Autoimmune
Hepatitis Group Retrospective Registry. The assessed clinical outcomes were HCC development, liver transplantation, and death.
Fine and Gray regression analysis stratified by centre was applied to determine the effects of individual covariates; the cumulative
incidence of HCC was estimated using the competing risk method with death as a competing risk.
Results: A total of 1,428 patients diagnosed with AIH from 1980 to 2020 from 22 eligible centres across Europe and Canada were
included, with a median follow-up of 11.1 years (interquartile range 5.2-15.9). Two hundred and ninety-three (20.5%) patients had
cirrhosis at diagnosis. During follow-up, 24 patients developed HCC (1.7%), an incidence rate of 1.44 cases/1,000 patient-years;
the cumulative incidence of HCC increased over time (0.6% at 5 years, 0.9% at 10 years, 2.7% at 20 years, and 6.6% at 30 years
of follow-up). Patients who developed cirrhosis during follow-up had a significantly higher incidence of HCC. The cumulative
incidence of HCC was 2.6%, 4.6%, 5.6% and 6.6% at 5, 10, 15, and 20 years after the development of cirrhosis, respectively.
Obesity (hazard ratio [HR] 2.94, p = 0.04), cirrhosis (HR 3.17, p = 0.01), and AIH/PSC variant syndrome (HR 5.18, p = 0.007) at
baseline were independent risk factors for HCC development.
Conclusions: HCC incidence in AIH is low even after cirrhosis development and is associated with risk factors including obesity,
cirrhosis, and AIH/PSC variant syndrome.

© 2023 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.
Introduction
Autoimmune hepatitis (AIH) is a rare and heterogeneous
chronic liver disease characterized by circulating autoanti-
bodies, hypergammaglobulinemia, and specific liver histologi-
cal abnormalities.1–3 The pathogenesis is largely unknown and,
as there are no pathognomonic features, it remains a clinical
diagnosis after the exclusion of other liver disorders.4 Recent
studies have reported a shift in AIH trends over the years,
showing a rise across all age groups and ethnicities, and
notably, an increased prevalence among males.5–9 While the
majority of patients with AIH respond well to immunosuppres-
sive treatments, the disease can progress to cirrhosis, liver
failure, and death if left untreated. The survival rate for patients
with AIH is adversely affected by the presence of cirrhosis,
either detected at diagnosis (in approximately 30% of cases) or
Keywords: Autoimmune Hepatitis; Hepatocellular carcinoma; Liver cancer; Immunosuppre
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later during follow-up, leading to an increased risk of liver-
related complications.8,10

Hepatocellular carcinoma (HCC) is the most frequent primary
liver cancer, the sixth most common cancer, and the third leading
cause of cancer-related death worldwide. In 2020, there were
roughly 906,000 new HCC cases and 830,000 deaths glob-
ally.11,12 Cirrhosis represents the main risk factor for the devel-
opmentofHCC,as it ispresent inmore than80%–90%ofcases.12

The average HCC incidence rate among patients with cirrhosis is
2-4 per 100 person-year.13 When the anticipated risk of HCC
surpasses1.5%annually, surveillance isdeemedcost-efficient for
those with cirrhosis.14,15 Accordingly, international guidelines
recommend HCC surveillance for high-risk patient groups.16,17

Although the risk of HCC development in AIH seems to be
lower than in other aetiologies of chronic liver disease, solid
ssive therapy.
er 2023; available online 5 October 2023
ity; Division of Internal Medicine and Hepatology, Department
0089, Italy; Tel.: +39-02-82247231, fax: +39-02-82242298.
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HCC incidence and risk factors in AIH
data in this subgroup of patients are missing as the current
evidence stems from small single-centre studies.18 Presently,
only two large cohort studies19,20 are available, both of which
focused on Northern European cohorts. Both studies reported
an elevated general cancer risk in patients with AIH compared
with age- and sex-matched controls. Yet, the absolute HCC
risk remained minimal. It is worth noting that patients with
cirrhosis had the highest annual cancer risk, at 1.1%.20 While
surveillance recommendations have not been firmly established
for patients with AIH and cirrhosis, HCC screening every 6
months is recommended by international societies.3,21

To address limitations in current knowledge and practice,
we aimed to describe the incidence of HCC and identify risk
factors and potential stratification indicators within a large in-
ternational AIH cohort over long-term follow-up. Our goal is to
furnish insights for tailored management of HCC surveillance in
patients with AIH.

Materials and methods

Study setting and data collection

We conducted a multicentric, retrospective, observational study
that included both adult and paediatric patients with an estab-
lished diagnosis of AIH. These data were collected from the In-
ternational Autoimmune Hepatitis Group Retrospective Registry
(IAIHG-RR). The IAIHG-RR is a non-interventional international
project that gathers retrospective data on patients clinically
diagnosedwith AIH by their physicians according to standardized
directives.2,3,21 Starting in 2018, 38 centres across seven coun-
tries began logging AIH cases in accordance with the Regulation
(EU) 2016/679 (General Data Protection Regulation). However, 16
of these centres lacked the comprehensive data required for our
analysis, making them ineligible for this study. To further ensure
the accuracy and relevancy of our study, we limited our scope to
patients diagnosed post-1980. Therefore, our study included
well-documented patients diagnosed with AIH between 1980-
2020 from 22 centres (9 general hospitals, 13 tertiary centres)
across Europe and Canada (Fig. 1). These patients had clinical
follow-ups extending to 2022. Of note, none of the patients in the
study had been diagnosed with AIH prior to 1980.

AIH was diagnosed according to the simplified criteria in
conjunction with the American Association for the Study of
Liver Diseases (AASLD) and the European Association for the
Study of the Liver (EASL) guidelines.2,3,21 Additionally, patients
with AIH/primary biliary cholangitis (PBC) and AIH/primary
sclerosing cholangitis (PSC) variant syndromes were included
in the study. Each centre reported these cases following in-
ternational guidelines.22–24

Available data on sex, age at AIH diagnosis, liver histology,
concomitant autoimmune diseases, documented risk factors
(obesity, alcohol consumption), serological findings (antinuclear
antibodies, smooth muscle antibodies, anti-liver kidney micro-
some type 1 antibodies), and serum IgG levels were extracted
from the IAIHG-RR. Additional details collected covered AIH
treatment specifics (type of immunosuppression, dosage,
starting date, duration), laboratory results at AIH diagnosis and
every 6 months thereafter, dates of HCC diagnosis and liver
transplantation (LT), and survival status. The baseline was set
as the timepoint of AIH diagnosis with the main outcomes
being HCC development, LT, and mortality. Patient follow-up
adhered to the standard practice of each centre. Importantly,
54 Journal of Hepatology, Janu
given the study’s retrospective nature, not all parameters were
consistently available for every patient.

Where liver histology was available at the time of AIH diag-
nosis, fibrosis stages were categorized from F0 to F4, following
theMetavir scoring system,with F4 corresponding to cirrhosis.25

In cases lacking histological data, cirrhosis diagnoses relied on
ultrasonography (coarse echo pattern of the liver parenchyma
alongwith irregular hepaticmargins, splenomegaly, or portal vein
>16 mm), endoscopic evidence of cirrhosis (varices, portal gas-
tropathy), and/or radiological or clinical findings of decompen-
sation (ascites, variceal bleeding, encephalopathy). Complete
biochemical response to therapy was defined according to in-
ternational guidelines as the normalization of transaminases and
IgG levels within 6 months of starting.26

Surveillance for HCC was conducted according to accepted
international protocols.21 HCC was diagnosed by histopathology
or imaging criteria following the AASLD and EASL guidelines.16,17

This included the convergence of two distinct imaging methods
(CT,MRI, or contrast-enhanced ultrasonography) showing a focal
hepatic lesion with arterial phase enhancement.

This study protocol was approved by the VU Medical Centre
(VUmc) Institutional Review Committee, as the coordinating
centre (VUmc, Amsterdam, the Netherlands). Additionally, each
participating Centre obtained approval from their respective
local ethics committees. Informed consent was either waived or
obtained according to the local protocol at the individual centres.

Quality control

Data were collected in a web-based, centralized, and anony-
mized format using the Castor Electronic Data Capture platform
(https://data.castoredc.com/), which is hosted by Amsterdam
UMC in Amsterdam, the Netherlands. Data inclusion was
completed by physicians from each collaborating centre. In-
dividuals were excluded from analysis if baseline or follow-up
data relevant for analyses were incomplete or unavailable
(follow-up shorter than 6 months or less than two visits recor-
ded), the date of diagnosis or the exact date of major clinical
events (e.g. HCC development) was unknown, and in the event
of confirmed HBV/HCV infection, alcohol-related liver disease,
or other hereditary or infectious liver diseases at the time of AIH
diagnosis. Data export was performed in November 2022.
Completed case report forms underwent quality control for
completeness, validity, and accuracy of the data at the coor-
dinating centre (by YDB, CDS and FFdB). Extensive efforts
were undertaken to recover missing data.

Statistical analysis

All statistical analyses were performed centrally in Milan using
SAS software version 9.4 (Cary, NC). Patient characteristics are
presented as categorical variables and the Chi-square test,
Fisher’s exact test or Mantel-Haenszel test for trend were used
for comparisons between different groups. A p value <−0.05 was
applied to determine statistical significance. Cumulative inci-
dence of HCC after AIH diagnosis and after the diagnosis of
cirrhosis was estimated using the cumulative incidence func-
tion with death considered as a competing risk event. Patients
who were still alive were censored at the date of the last follow-
up. The difference between groups was assessed by Gray’s
test. Overall survival after the AIH diagnosis was plotted using
the Kaplan-Meier method. Univariate and multivariable Fine
ary 2024. vol. 80 j 53–61



Excluded:
16 centres without detailed follow-up data or 

patients diagnosed before 1980 (361 patients)

Starting point
22 centres with follow-up data for all patients 

with AIH diagnosed between 1980-2020
(1,878 patients)

Excluded:
450 patients with incomplete 

follow-up data

Main analysis
1,428 patients with complete 

follow-up data

Excluded:
18 centres with no intercurrent 

events data

Secondary analysis
816 patients from 4 centres with 

data on intercurrent events

International Autoimmune Hepatitis Group
Retrospective Registry (IAIHG-RR)

38 centres (2,286 patients)

Fig. 1. Study flowchart. AIH, autoimmune hepatitis; HCC, hepatocellular carcinoma; IAIHG-RR, International Autoimmune Hepatitis Group Retrospective Registry.
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and Gray subdistribution proportional-hazards regression
analysis stratified by centre was conducted for relevant de-
mographic and clinical variables to identify the factors associ-
ated with the development of HCC, accounting for competing
risk.27 In the regression models, the missing-indicator variable
approach was utilized to denote missing values for certain
variables, ensuring the inclusion of every patient in the anal-
ysis.28 In a subset analysis limited to four centres with available
data, cirrhosis development, HCC development and LT were
treated as time-dependent covariates.

Results

Characteristics of the patient population and AIH features
at diagnosis

At the time of data extraction, data on 1,878 patients with an
initial diagnosis of AIH between 1980-2020 from 22 eligible
Table 1. Characteristics of patients with AIH at baseline.

Variable (n,%) Total (N = 1,428) Male

Age >−50 years 600 (42.0)
Overweight 259 (18.1)
Obesity 196 (13.7)
Alcohol 25-60 g/day 151 (10.6)
Alcohol >60 g/day 39 (2.7)
Cirrhosis§ 293 (20.5)
Splenomegaly† 140 (9.8)
AIH-PBC 125 (8.8)
AIH-PSC 94 (6.6)
Autoimmune diseases 244 (17.1)
IBD 39 (2.7)
CD 23 (1.6)
RA 24 (1.7)
SLE 22 (1.5)
DM 14 (1.0)
THY 120 (8.4)
MS 13 (0.9)

AIH, autoimmune hepatitis; CD, coeliac disease; DM, diabetes mellitus; IBD, inflammator
sclerosing cholangitis; SLE, systemic lupus erythematosus; RA, rheumatoid arthritis; THY,
splenomegaly (n = 600), PBC (n = 1), PSC (n = 1), autoimmune diseases (n = 474).
§Based on clinical, radiological, or histological evidence.
†Bipolar spleen length more than 12 cm.
*Mantel-Haenszel test for trend.
**Fisher’s exact test.

Journal of Hepatology, Janu
centres, out of a total of 38 across Europe and Canada, had
been retrieved from the IAIHG-RR. Of them, 450 patients
(24.0%) were subsequently excluded from the analysis due to
incomplete follow-up data, mainly consisting of missing date of
last visit or missing dates of inter-current events (Fig. 1). Table 1
lists the baseline attributes of our final cohort of 1,428 patients,
which were compared to the 450 excluded patients in Table S1.
Importantly, centres with no follow-up data were excluded from
the study and excluded individuals are a random subset of
patients with AIH. Table S2 illustrates the distribution of
included patients by centre. Missing values are indicated in
tables and figures. The median age at AIH diagnosis was 46
years (interquartile range 28-58), with 600 (42.0%) patients
being above 50 years of age, and 1,080 were female (75.6%).
Among these females, 610 (56.5%) were under 50. Of the study
population, 18.1% were overweight (BMI 25.0-29.9 kg/m2, and
13.7% were obese (BMI >−30.0 kg/m2), with negligible gender-
s (n = 348) Females (n = 1,080) p value

130 (37.4) 470 (43.5) 0.04
77 (22.1) 182 (16.9) 0.35*
41 (11.8) 155 (14.4)
56 (16.1) 95 (8.8) <0.0001*
17 (4.9) 22 (2.0)

90 (25.9) 203 (18.8) 0.008
46 (13.2) 94 (8.7) 0.08
17 (4.9) 108 (10.0) 0.004

49 (14.1) 45 (4.2) <0.0001
33 (9.5) 211 (19.5) <0.0001
14 (4.0) 25 (2.3) 0.05**
5 (1.4) 18 (1.7) 1.00**
3 (0.9) 21 (1.9) 0.32**
1 (0.3) 21 (1.9) 0.04**
4 (1.1) 10 (0.9) 0.53**
7 (2.0) 113 (10.5) <0.0001**
4 (1.1) 9 (0.8) 0.51**

y bowel disease; MS, multiple sclerosis; PBC, primary biliary cholangitis; PSC, primary
thyroid disease. Data are missing for BMI (n = 625), alcohol (n = 68), cirrhosis (n = 56),

ary 2024. vol. 80 j 53–61 55
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based disparities. The majority refrained from significant
alcohol intake, but 2.7% reported consuming more than 60 g of
alcohol daily. AIH variant syndromes with PBC and PSC were
observed in 125 (8.8%) and 94 (6.6%) individuals, respectively.
Definitive diagnosis of coexisting autoimmune diseases was
made in 17.1% of the population, with thyroid diseases being
the most common (8.4%) followed by inflammatory bowel
disease (2.7%).

At the time of AIH diagnosis, 293 (20.5%) patients had
cirrhosis, and 140 (9.8%) showed signs of splenomegaly, an
indirect sign of portal hypertension, on radiological scans.
During follow-up, an additional 169 patients developed
cirrhosis, resulting in a total of 462 patients with cirrhosis
participating in our study. AIH treatment after diagnosis was
mainly predniso(lo)ne (n = 1,232, 86.3%) and/or azathioprine
(n = 634, 44.4%). Only 2.3% (n = 33) were initially treated with
budesonide, while 19.1% (n = 273) received ursodeoxycholic
acid (UDCA).
HCC incidence

During a median follow-up of 11.1 years (interquartile range
5.2-15.9) contributing to 16,550 person-years of observation,
24 patients developed HCC, at an incidence rate of 1.44 cases/
1,000 patient-years, while 174 patients died (Fig. 2). The cu-
mulative risk of HCC development increased over time from
0.9% (95% CI 0.5-1.6%) at the 10-year timepoint to 2.7% (95%
CI 1.6-4.3) at 20 years and 6.6% (95% CI 3.0-12.1) at 30 years
from AIH diagnosis (Fig. 3A, Table 2). As expected, the risk of
HCC was higher in patients with AIH and cirrhosis (Fig. S1); the
cumulative risk of HCC in patients with cirrhosis increased over
time from 2.6% (95% CI 1.3-4.5) 5 years after the diagnosis of
cirrhosis to 4.6% at 10-year (95% CI 2.6-7.3), 5.6% at 15-year
(95% CI 3.3-8.8), 6.6% at 20-year (95% CI 3.8-10.5), and 8.0%
(95% CI 4.4-13.0) at 30-year timepoints (Fig. 3B).

Among the 24 patients diagnosed with HCC, 15 were
diagnosed by histology and nine by imaging techniques.
Sixteen patients developed solitary HCC, eight had multifocal
tumours, and two presented with extrahepatic metastases.
Gender did not significantly correlate with tumour development.
Thirteen patients had been diagnosed with AIH aged >−50 years,
while 10 patients with HCC already displayed signs of cirrhosis
at baseline and six had splenomegaly (Table 3).
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Fig. 2. Overall survival of patients with AIH. Overall survival after the diagnosis
of AIH was plotted using the Kaplan-Meier method. AIH, autoimmune hepatitis.
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Given the retrospective nature of the IAIHG-R registry and
considering few recorded deaths (n = 3) between 1980 and
1999, it is plausible that patients with long-standing AIH were
identified during active follow-ups after centre-specific elec-
tronic databases or registries were established (Table S3 in-
cludes the distribution of deaths by calendar year of diagnosis
of AIH and calendar year of death). We executed a sensitivity
analysis focusing on patients diagnosed from 2000 to 2020
(Table S3) to reduce potential bias, revealing consistent HCC
incidence trends (Table S4). The cumulative incidence of HCC
following AIH diagnosis and subsequent development of
cirrhosis remained consistent at 5, 10, 15, and 20-year in-
tervals, indicating no distinct temporal trends throughout the
study period.

HCC-associated risk factors and survival

The multivariable analysis showed significant correlations be-
tween the development of HCC and factors such as age (>−50
years), obesity (BMI of >−30 kg/m2), an alcohol intake of >−25 g/
day, the AIH/PSC variant, and the presence of cirrhosis at
baseline (Table 3). Specifically, obesity (BMI >−30 kg/m2)
emerged as independently associated with HCC development,
posing a risk nearly 3-fold greater than that seen in patients of
normal weight or those who are overweight (hazard ratio [HR]
2.94, 95% CI 1.04-8.33, p = 0.04). Cirrhosis at baseline was
associated with a significantly increased risk of tumour devel-
opment (HR 3.17, 95% CI 1.28-7.82, p = 0.01). Notably, in-
dividuals with the AIH/PSC variant faced a 5-fold increased risk
of developing HCC compared to those with just AIH (HR 5.18,
95% CI 1.56-17.2, p = 0.007). Among the six HCC cases
identified in patients with the AIH/PSC variant, three (or 50%)
were histologically confirmed.

As expected, cirrhosis emerged as a time-dependent factor
associated with HCC diagnosis (Table 4). It is noteworthy that
there was no observed association between HCC and the type
of treatment received, or the activity level of the disease as
indicated by liver histology. Furthermore, the cumulative inci-
dence of HCC was not associated with response to immuno-
suppressive therapy in our cohort (Fig. 4, Table S5).

To assess the impact of time-dependent factors on the
development of HCC, LT, and death in patients with AIH, a
multivariable regression model was built. This model was
restricted to data from four centres that had the necessary in-
formation. Development of cirrhosis and LT were significantly
associated with increased mortality after adjustment for age
and centre (Table 4). One-hundred and twenty-six patients
required LT during the follow-up period. Notably, the rate of LT
was significantly higher in patients with HCC (43.5% vs. 9.7%
among patients without HCC, p <0.0001).

Discussion
In this study, we report on the largest multicentric AIH cohort
assembled to date. Our primary goal was to determine the
cumulative incidence and identify risk factors for HCC devel-
opment. Given the rarity of AIH, epidemiological and prognostic
analyses are often limited to small retrospective cohorts and,
frequently, monocentric or population-based studies. Notably,
there remain unresolved challenges in AIH management, such
as the effective categorization of high-risk patients, cost-
effective surveillance for HCC development, and the decision
ary 2024. vol. 80 j 53–61
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(B) after the diagnosis of cirrhosis was estimated using the cumulative incidence function with death considered as a competing risk event. Patients still alive were
censored at the date of last follow-up. ‡Four patients developed HCC in the absence of established cirrhosis and for one patient with HCC the date of cirrhosis was
missing. Nine patients diagnosed with cirrhosis during follow-up were excluded from this analysis due to a missing date of diagnosis. AIH, autoimmune hepatitis; HCC,
hepatocellular carcinoma.

Table 2. Cumulative incidence of HCC in patients with AIH and selected risk groups.

Baseline characteristics

Cumulative incidence of HCC after AIH diagnosis, % (95% CI)

5-year 10-year 15-year 20-year 25-year 30-year

All patients 0.6 (0.3-1.2) 0.9 (0.5-1.6) 1.8 (1.1-2.9) 2.7 (1.6-4.3) 3.8 (2.1-6.3) 6.6 (3.0-12.1)
>−50 years-old 1.5 (0.7-2.8) 2.0 (1.0-3.6) 3.2 (1.5-5.8) 4.1 (2.0-7.6) 4.1 (2.0-7.6) 4.1 (2.0-7.6)
Obesity 1.6 (0.4-4.2) 1.6 (0.4-4.2) 3.0 (0.8-7.6) 4.9 (1.5-11.6) 4.9 (1.5-11.6) 17.5 (4.2-38.3)
Cirrhosis 1.8 (0.7-4.0) 2.8 (1.2-5.4) 4.1 (2.0-7.5) 4.1 (2.0-7.5) 5.9 (2.5-11.5) 5.9 (2.5-11.5)
AIH-PSC variant 2.2 (0.4-6.9) 2.2 (0.4-6.9) 2.2 (0.4-6.9) 8.0 (2.2-18.9) 8.0 (2.2-18.9) 8.0 (2.2-18.9)

AIH, autoimmune hepatitis; HCC, hepatocellular carcinoma; PSC, primary sclerosing cholangitis. Cumulative incidence of HCC after AIH diagnosis and after the diagnosis of
cirrhosis was estimated using the cumulative incidence function with death considered as a competing risk event. Patients still alive were censored at the date of last follow-up.

Table 3. Univariate and multivariable Fine and Gray regression models for the assessment of baseline factors associated with HCC development in patients
with AIH.

HCC, n (%) Univariate HR (95% CI) p value Multivariable HR* (95% CI) p value

All 24

Female 16 0.52 (0.22-1.22) 0.13
Age >−50 years 13 2.02 (0.86-4.75) 0.11 2.25 (0.89-5.70) 0.09
Obesity 7 2.52 (0.96-6.63) 0.06 2.94 (1.04-8.33) 0.04
Alcohol >−25 g/day 7 3.71 (0.86-16.1) 0.08 4.12 (0.93-18.3) 0.06
Cirrhosis§ 10 2.77 (1.20-6.41) 0.02 3.17 (1.28-7.82) 0.01
Splenomegaly† 6 2.30 (0.83-6.35) 0.11
PBC 4 2.44 (0.82-7.20) 0.11
PSC 4 2.82 (0.94-8.45) 0.06 5.18 (1.56-17.2) 0.007
Autoimmune disease 4 0.91 (0.27-3.08) 0.88
IBD 0 —

CD 0 —

RA 0 —

SLE 1 2.77 (0.32-24.2) 0.36
DM 0 —

THY 2 0.71 (0.15-3.50) 0.68
MS 0 —

AIH, autoimmune hepatitis; CD, coeliac disease; DM, diabetes mellitus; IBD, inflammatory bowel disease; MS, multiple sclerosis; PBC, primary biliary cholangitis; PSC, primary
sclerosing cholangitis; SLE, systemic lupus erythematosus; RA, rheumatoid arthritis; THY, thyroid disease.
*Variables retaining a p value below 0.10 using backward stepwise selection.
§Presence of cirrhosis (at baseline) based on clinical, radiological, or histological evidence.
†Bipolar spleen length >−12 cm.
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Table 4. Multivariable regression models for the assessment of time-dependent factors associated with HCC development, LT, and death.

HCC LT Deaths

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

Baseline factors
Age 50-59 Age 60 or more 2.49 (1.41-4.37) 0.001
Age 60-69 0.21 (0.09-0.49) 0.0003 2.42 (1.26-4.66) 0.006
Age 70-79 4.08 (1.77-9.44) 0.0004
Obesity 5.82 (1.46-23.3) 0.01 0.54 (0.31-0.94) 0.03
AIH-PSC 6.79 (1.81-25.4) 0.005

Time-dependent factors
Cirrhosis 17.3 (1.96-152) 0.01 29.5 (14.3-60.9) <0.0001 6.04 (3.51-10.4) <0.0001
HCC 4.92 (1.47-16.4) 0.01 2.98 (1.03-8.61) 0.09

HCC, hepatocellular carcinoma; HR, hazard ratio; LT, liver transplantation.
HR and 95% CI were obtained from multivariable Fine and Gray regression models stratified by centre.
Analysis limited to four centres with complete follow-up data and based on 11 HCC cases in 791 patients; 106 LT procedures in 591 patients; and 88 deaths in 589 patients.

HCC incidence and risk factors in AIH
to discontinue immunosuppressive treatments to mitigate the
side effects of long-term therapy.

Our findings highlight that the risk of developing HCC in
patients with AIH is lower than in other aetiologies of liver
disease. Throughout an 11.1-year follow-up, the overall HCC
prevalence was 1.7% (24 HCC cases among 1,428 patients).
The annual HCC incidence rate in our cohort varied from 0.09/
100 patient-years over the first decade for all patients with AIH
to 0.5/100 patient-years within the same timeframe for patients
with AIH and cirrhosis. This rate is extremely low considering
that cirrhosis is a well-known precursor of HCC reported in over
90% of HCC cases.12 Similar results emerged from two large
population-based studies using Danish healthcare regis-
tries.5,19 However, a more recent prospective cohort study,
drawing from UK Biobank data, indicated a significantly higher
risk of hepatobiliary cancer in patients with AIH.29 It is worth
mentioning that this UK study only comprised 203 patients with
AIH, who were generally older than participants in our study.
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Fig. 4. Development of HCC in patients with AIH based on response to
immunosuppressive therapy. Cumulative incidence of HCC was estimated
using the cumulative incidence function. Difference between groups was
assessed by the Gray’s test.

ˇ

Data on response to immunosuppressive therapy
missing for 359 patients. *Patients with signs of cirrhosis at baseline visit were
excluded. **Follow-up was initiated 6 months after the diagnosis of AIH to include
information about response to therapy. AIH, autoimmune hepatitis; HCC, hepa-
tocellular carcinoma.

58 Journal of Hepatology, Janu
Furthermore, just three hepatobiliary cancer cases were
observed, with no distinction between HCC and biliary tract
cancers provided. Additionally, a meta-analysis including 6,528
patients with AIH, with a median follow-up of 8 years, reported
a pooled HCC incidence rate of 3.06 per 1,000 patient-years
and 10.07 per 1,000 patient-years in patients without and
with cirrhosis, respectively.18

In agreement with previous reports, our findings strongly
validate advanced liver disease as a significant risk factor and
showed that cirrhosis,HCC, andLTwere significantly associated
with increased mortality. Indeed, advanced disease at baseline
was associated with the development of HCC in our cohort, and
the development of cirrhosis over time was significantly asso-
ciated with HCC and death. Those who developed cirrhosis
during follow-up had a significantly higher incidence of HCC,
with the cumulative risk increasing from 2.6%at 5 years to 8%at
30 years post-AIH diagnosis (Fig. 3B). Previous research had
already identified older age as a risk factor associated with HCC
development in AIH,18,30,31 as well as alcohol abuse. However,
male gender was not identified as a significant predictor in our
study, a finding that contrasts with certain other reports.5,7,32

Moreover, patients with a BMI >−30 kg/m2 had a significantly
higher risk of HCC development. The fact that obesity is a well-
known risk factor for cancer development and that the concur-
rent presence of non-alcoholic fatty liver disease can synergis-
tically increase tumour formation risk33 might explain the 4-fold
increase in the risk of HCC development in patients with obesity
in our cohort. Importantly, in our cohort, the risk of HCC in pa-
tients with obesity seemed similar to the risk in patients with
cirrhosis, highlighting the relevance of the risk associated
with obesity.

In the present study, the AIH-PSC variant emerged as a
positive determinant of HCC development. This contrasts with
the findings of Tansel et al.18 and previous research on patients
with PSC alone.34 Importantly, only 50% of the HCC diagnoses
in patients with AIH-PSC variant syndrome were confirmed via
biopsy, while the remainder were identified through radiological
diagnosis. Given that the radiological enhancement patterns of
intrahepatic cholangiocarcinoma (iCCA) can often be mistaken
for HCC, resulting in misdiagnosis in 4% of cases (up to 9% in
patients with cirrhosis),35 there is a possibility that some pa-
tients with AIH-PSC variant syndrome with either iCCA or a
mixed HCC-iCCA form might have been misdiagnosed as
having HCC.

Moreover, long-term immunosuppression has been associ-
ated with hepatic or extrahepatic malignancies. Jensen et al.19
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reported that long-term use of immunosuppressive drugs in the
setting of AIH exerts a protective effect against HCC devel-
opment. In contrast, another study on a small Asian cohort
identified the lack of remission as an independent risk factor for
HCC development.31 The majority of patients in our cohort
received immunosuppressive therapy, mostly predniso(lo)ne
based. Although treatment non-responders were at a signifi-
cantly higher risk of cirrhosis in our study (data not presented),
there was no observed difference in HCC development. Of
note, the small number of tumours in our cohort might account
for these findings. Furthermore, we observed a significant as-
sociation between UDCA treatment and HCC development,
which was likely due to the increased HCC risk associated with
the PSC-AIH variant. It is worth noting that some patients on
UDCA did not exhibit the PBC/PSC variant syndrome and were
possibly taking this drug off-label for other conditions.

International guidelines consider surveillance for HCC to be
cost-effective when the expected risk of HCC development is
higher than 1.5% annually.21,36 A recent nation-wide population-
based study showed a large variation in the absolute risk of HCC
among aetiologies of cirrhosis, supporting individualized
decision-making on HCC surveillance.37 Albeit the cumulative
incidence in our cohort was below the proposed cut-off for
surveillance, HCC was significantly associated with LT and
death. Indeed, while almost all patients who developed HCC had
progressed to cirrhosis during their follow-up period, they also
had specific characteristics, including older age, portal hyper-
tension, AIH-PSC variant, and obesity. All things considered, our
data support the evaluation of patients for HCC screening based
on risk factors present at the time of AIH diagnosis. Moreover, it
is essential to remember that patients with advanced liver con-
ditions should undergo radiological tests to detect early-stage
complications of cirrhosis, such as portal hypertension, asci-
tes, or portal vein thrombosis. The precise frequency for these
ultrasonography sessions remains a subject for future pro-
spective validation studies. A prospective registry coordinated
by the ERN-RARE LIVER (https://rare-liver.eu/registry) has been
developed to address these challenging issues.

Notably, our data indicates that the cumulative incidence of
HCC in patients aged under 50 without cirrhosis is low. There-
fore, monitoring in this demographic might be deemed unnec-
essary. Considering that a large proportion of patients with AIH
develop the disease at a young age, these findings could greatly
influence both clinical practice and resource allocation. Eco-
nomic studies and cost-effectiveness assessments are required
to support the optimal surveillance approach. A dedicated study
using data from the IAIHG-RR is currently attempting to resolve
lingering questions about cost analysis.
Journal of Hepatology, Janu
The present study has some limitations that need to be
considered. First, its retrospective nature, multicentric design,
and exclusion of a substantial proportion of patients due to a
lack of essential information might introduce immortal time bias
and selection bias. We endeavoured to mitigate this by ensuring
rigorous quality control and consulting all participating centres
about data collection and patient inclusion. To further diminish
the risk of immortal time bias, we concentrated our analysis on
post-1980 diagnoses and performed a sensitivity analysis limited
to patients diagnosed during more recent decades (2000-2020),
which intimated a minimal impact from such biases. About a
quarter of the patients initially selected were excluded from the
analysis due to the absence of a last follow-up date. The char-
acteristics of these excluded individuals varied from those
included in the evaluation. For instance, a smaller percentage of
patients with cirrhosis were excluded compared to those without
cirrhosis. While this might slightly affect the overall HCC cu-
mulative incidence rates, it does not influence the rates post the
onset of cirrhosis (Table S1). Second, histology and treatment
strategy data were frequently missing. Third, we could not
determine the number of patients who strictly adhered to the
recommended ultrasonography surveillance protocol for HCC,
and surveillance methodologies might have differed between
centres. Finally, there was no centralized assessment of HCC
diagnosis. However, a major strength of our study lies in its
extensive geographic reach, encompassing both specialty cen-
tres and general hospitals, and the inclusion of a large number of
patients affected by a rare condition, coupled with the availability
of long-term follow-up data.

In conclusion, our analysis reveals that the incidence of
HCC in AIH is lower than that in chronic liver disease due to
other aetiologies. Although patients developing AIH-related
cirrhosis have an increased risk for HCC, it remains below
the cut-off suggested for surveillance programmes. Moreover,
the risk of HCC development in patients with no advanced liver
diseases is so low that routine surveillance for this subgroup
might be unwarranted, reinforcing previously established find-
ings. Factors like older age, obesity, the AIH-PSC variant,
alcohol intake, and the presence of cirrhosis at the time of
diagnosis emerged as independent risk factors for HCC
development. Conversely, biochemical markers, initial histo-
logical characteristics, or treatment strategy did not demon-
strate a predictive value for HCC development. Although
general HCC surveillance may not be cost-effective in this
population, personalized strategies should be adopted for
patients with distinct risk factors. Finally, further prospective
studies are needed to identify at-risk populations and tailor
both therapeutic and surveillance strategies.
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