
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/374490592

Incidence and predictors of hepatocellular carcinoma in patients with
autoimmune hepatitis

Article  in  Journal of Hepatology · October 2023
DOI: 10.1016/j.jhep.2023.09.010

CITATIONS

10
READS

310

118 authors, including:

Francesca Colapietro
Istituto Clinico Humanitas IRCCS

51 PUBLICATIONS   344 CITATIONS   

SEE PROFILE

Patrick Maisonneuve
IEO - Istituto Europeo di Oncologia

802 PUBLICATIONS   61,101 CITATIONS   

SEE PROFILE

Ellina Lytvyak
University of Alberta

93 PUBLICATIONS   822 CITATIONS   

SEE PROFILE

Ulrich Beuers
Academisch Medisch Centrum Universiteit van Amsterdam

583 PUBLICATIONS   23,840 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Giorgina Mieli-Vergani on 09 October 2023.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/374490592_Incidence_and_predictors_of_hepatocellular_carcinoma_in_patients_with_autoimmune_hepatitis?enrichId=rgreq-b36c2ab87ae242886cc044eda9f88971-XXX&enrichSource=Y292ZXJQYWdlOzM3NDQ5MDU5MjtBUzoxMTQzMTI4MTE5NjgwMDE1N0AxNjk2ODU0NjM4Mjc1&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/374490592_Incidence_and_predictors_of_hepatocellular_carcinoma_in_patients_with_autoimmune_hepatitis?enrichId=rgreq-b36c2ab87ae242886cc044eda9f88971-XXX&enrichSource=Y292ZXJQYWdlOzM3NDQ5MDU5MjtBUzoxMTQzMTI4MTE5NjgwMDE1N0AxNjk2ODU0NjM4Mjc1&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-b36c2ab87ae242886cc044eda9f88971-XXX&enrichSource=Y292ZXJQYWdlOzM3NDQ5MDU5MjtBUzoxMTQzMTI4MTE5NjgwMDE1N0AxNjk2ODU0NjM4Mjc1&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Francesca-Colapietro?enrichId=rgreq-b36c2ab87ae242886cc044eda9f88971-XXX&enrichSource=Y292ZXJQYWdlOzM3NDQ5MDU5MjtBUzoxMTQzMTI4MTE5NjgwMDE1N0AxNjk2ODU0NjM4Mjc1&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Francesca-Colapietro?enrichId=rgreq-b36c2ab87ae242886cc044eda9f88971-XXX&enrichSource=Y292ZXJQYWdlOzM3NDQ5MDU5MjtBUzoxMTQzMTI4MTE5NjgwMDE1N0AxNjk2ODU0NjM4Mjc1&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Istituto_Clinico_Humanitas_IRCCS?enrichId=rgreq-b36c2ab87ae242886cc044eda9f88971-XXX&enrichSource=Y292ZXJQYWdlOzM3NDQ5MDU5MjtBUzoxMTQzMTI4MTE5NjgwMDE1N0AxNjk2ODU0NjM4Mjc1&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Francesca-Colapietro?enrichId=rgreq-b36c2ab87ae242886cc044eda9f88971-XXX&enrichSource=Y292ZXJQYWdlOzM3NDQ5MDU5MjtBUzoxMTQzMTI4MTE5NjgwMDE1N0AxNjk2ODU0NjM4Mjc1&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Patrick-Maisonneuve?enrichId=rgreq-b36c2ab87ae242886cc044eda9f88971-XXX&enrichSource=Y292ZXJQYWdlOzM3NDQ5MDU5MjtBUzoxMTQzMTI4MTE5NjgwMDE1N0AxNjk2ODU0NjM4Mjc1&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Patrick-Maisonneuve?enrichId=rgreq-b36c2ab87ae242886cc044eda9f88971-XXX&enrichSource=Y292ZXJQYWdlOzM3NDQ5MDU5MjtBUzoxMTQzMTI4MTE5NjgwMDE1N0AxNjk2ODU0NjM4Mjc1&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/IEO-Istituto_Europeo_di_Oncologia?enrichId=rgreq-b36c2ab87ae242886cc044eda9f88971-XXX&enrichSource=Y292ZXJQYWdlOzM3NDQ5MDU5MjtBUzoxMTQzMTI4MTE5NjgwMDE1N0AxNjk2ODU0NjM4Mjc1&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Patrick-Maisonneuve?enrichId=rgreq-b36c2ab87ae242886cc044eda9f88971-XXX&enrichSource=Y292ZXJQYWdlOzM3NDQ5MDU5MjtBUzoxMTQzMTI4MTE5NjgwMDE1N0AxNjk2ODU0NjM4Mjc1&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ellina-Lytvyak?enrichId=rgreq-b36c2ab87ae242886cc044eda9f88971-XXX&enrichSource=Y292ZXJQYWdlOzM3NDQ5MDU5MjtBUzoxMTQzMTI4MTE5NjgwMDE1N0AxNjk2ODU0NjM4Mjc1&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ellina-Lytvyak?enrichId=rgreq-b36c2ab87ae242886cc044eda9f88971-XXX&enrichSource=Y292ZXJQYWdlOzM3NDQ5MDU5MjtBUzoxMTQzMTI4MTE5NjgwMDE1N0AxNjk2ODU0NjM4Mjc1&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University-of-Alberta?enrichId=rgreq-b36c2ab87ae242886cc044eda9f88971-XXX&enrichSource=Y292ZXJQYWdlOzM3NDQ5MDU5MjtBUzoxMTQzMTI4MTE5NjgwMDE1N0AxNjk2ODU0NjM4Mjc1&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ellina-Lytvyak?enrichId=rgreq-b36c2ab87ae242886cc044eda9f88971-XXX&enrichSource=Y292ZXJQYWdlOzM3NDQ5MDU5MjtBUzoxMTQzMTI4MTE5NjgwMDE1N0AxNjk2ODU0NjM4Mjc1&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ulrich-Beuers?enrichId=rgreq-b36c2ab87ae242886cc044eda9f88971-XXX&enrichSource=Y292ZXJQYWdlOzM3NDQ5MDU5MjtBUzoxMTQzMTI4MTE5NjgwMDE1N0AxNjk2ODU0NjM4Mjc1&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ulrich-Beuers?enrichId=rgreq-b36c2ab87ae242886cc044eda9f88971-XXX&enrichSource=Y292ZXJQYWdlOzM3NDQ5MDU5MjtBUzoxMTQzMTI4MTE5NjgwMDE1N0AxNjk2ODU0NjM4Mjc1&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Academisch_Medisch_Centrum_Universiteit_van_Amsterdam?enrichId=rgreq-b36c2ab87ae242886cc044eda9f88971-XXX&enrichSource=Y292ZXJQYWdlOzM3NDQ5MDU5MjtBUzoxMTQzMTI4MTE5NjgwMDE1N0AxNjk2ODU0NjM4Mjc1&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ulrich-Beuers?enrichId=rgreq-b36c2ab87ae242886cc044eda9f88971-XXX&enrichSource=Y292ZXJQYWdlOzM3NDQ5MDU5MjtBUzoxMTQzMTI4MTE5NjgwMDE1N0AxNjk2ODU0NjM4Mjc1&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Giorgina-Mieli-Vergani?enrichId=rgreq-b36c2ab87ae242886cc044eda9f88971-XXX&enrichSource=Y292ZXJQYWdlOzM3NDQ5MDU5MjtBUzoxMTQzMTI4MTE5NjgwMDE1N0AxNjk2ODU0NjM4Mjc1&el=1_x_10&_esc=publicationCoverPdf


���������	�
���������
������������

���	�������
�	���
���
�	���������
�������������������������
���
�������
���������
�������
�������	�����
�����	�����
�����
�	�����������������
���������������	�

���
���
����������

�����
�	���
�����
���������
�����
�������������
���������������
�������	�	�
�����
�������������	�
��� �!�����!�
�������"�������������#�
���
���������$���%�
����
���&���'�
�������	�������(�������
�
�	�����&�����
�	�����
�������
�
�������#�
���������
�	���)���
�������*�+���
�������,�&���-�������
�	�����������
�	�	�
�����.�&
�#���������
���������
���������������
�������������(���
�����������(�/���
�������������
�	���
�����������
���
�����
�����(�������&�����
�	�����
�	���#�
���/��
�-�
���������������0�
�������������1�
�����/�
���2�&���,�
���
�����������,�
�	���
�������&���,�����0�
�����*�3�	�����
�4�������
�����
���
�����$���%���
����
�$�
���������&���(�	�����
���
�����(�����������&�������	���
�	����� ���4�
���������������������&�����
�	�����
�	���#���
�	�����������
�����������
���,�&���*���������
����
�,�����������(���)���*�������!���1���������������	���%�
���
�����������������
�����	���
���	�
�������	�
�����(���������������	�
���)�
���
�������������1��������

�������5 �*�6�7�8�9���9�:�;�9�<�:�=�>�6�?�6�@�?���A

�,�B���5 �����������5�C�C�������&�����/�C�7�6�&�7�6�7�8�C�+�&�+���
���&�:�6�:�=�&�6�@�&�6�7�6

�$�
���
���
�	���
�5 ���)�����(�.���@�=�7�7

�.�����
�����
�
�������	�5 Journal of Hepatology

�$�
���
�����
�����,�
���
�5�7�����
�%�����
���!���:�6�:�=

�$�
�������
�����,�
���
�5 �:�9���(���/���������:�6�:�=

�(�����
�����
�����,�
���
�5�7���*�
�����
���%�
�����:�6�:�=

�����
�
���
���������
�������������
�����������
���
���5���������
�����
�����������������
�������	�	�
�����
��������� �!�����!�
�����������#�
���
�������"�����'�
�������	�����$���������
�	�����
��
���
�
�����(���������
�	���)���
�����#�����-�������
�	���*�,�����#���������
�������.�����������
�����������������(�/���
�������(�������
���
�����
�����������
�	�����
�	���#�
���/���(����
�0�
�����������-�����,�
���
���������1�2�����,�����0�
�����*�3�	�����
�4���,�������$���%���
�����������(�	�����
���
���$�����������	���
�	����� ���4�
���(���������
�	�����
�	���#���
�	��
���������*���������
�������,�����,�����������(���)���*�������!���1���������������	���%�
���
�����������������
�����	���
���	�
�������	�
�����(���������������	�
���)�
���
�������������1����������
���	�������
�	���
���
�	���������
�������������������������
���
�������
���������
�������
�������	�����
�����	�����
�����
�	�����������������
���������������	�
�����
���
�����������������������	�
��������
�
�����
���������������<�:�6�:�=�>�����������5�������������5�C�C�������&�����/�C�7�6�&�7�6�7�8�C�+�&�+���
���&�:�6�:�=�&�6�@�&�6�7�6�&

�.���������������
�����,�����������
���������
�	���
�����������
�������
�������
�������	���
���/���	�
���
�	���
�	���
���
�	�������
�����
�����
�����
�����
�	���
���������������
���������
���
�������������	
�������
���������
�������
�/�
���
�	�������
���
���
���
�����
�	�������������
�������	�/�������������
�
���
�%���������!�����%�������������������	�������!�
���������
�����
�����	���������
�����
���������	������
���
���������&���.�����������
���������	���������������	���
���/�����
�������������	�
�����������!�
���������	�/�������!���
���
�������	�/���
�	�������
�����
�����%�
�������
�������������������%���������
��
���	���������������	�
�����������������%���������
���
���
�����������������	�/���������������
���������	���������/�����
���
�
�����!�����������%���������!�������������
���
�����������
�&�������
�
���
���	�����
�������
����
���������	�/�������
���������������������	�����������
���������
���������������
�!���%�
���������������
���
�����������������������������
�����
�����������
�������	���
�	�������
�	�����
���������
�/�
��
�����������
�����
�����������
�����
�������!�������������
���+�������	�
�������
�����
���	�&

�D���:�6�:�=�������������
�
�	���(�����������
�������	���������������
���*�������!�������������
��� �����
���&�������%���������
�����%�!���������
�����
�����#�&�'�&���(�����������/�����������
���
�����
���&

https://doi.org/10.1016/j.jhep.2023.09.010
https://doi.org/10.1016/j.jhep.2023.09.010


�¡ HCC incidence in AIH patients is low even after cirrhosis
development.
�¡ Risk of HCCdevelopment in AIH is associatedwith obesity,
cirrhosis,andAIH/PSCvariantsyndromeat AIHdiagnosis.

PSC

AIH diagnosis
1980 ----------------------------------2020

HCC incidence and risk factors

International Autoimmune Hepatitis Group 
(IAIHG) Retrospective Registry



 1 

Incidence and predictors of hepatocellular carcinoma in patients with autoimmune 

hepatitis 

Short title: HCC incidence and risk factors in AIH 

 

Francesca Colapietro1,2, Patrick Maisonneuve3, Ellina Lytvyak4, Ulrich Beuers5, Robert C. 

Verdonk6, Adriaan J. van der Meer7, Bart van Hoek8, Sjoerd D. Kuiken9, Johannes T. 

Brouwer10,  Paolo Muratori11, Alessio Aghemo1,2, Francesco Carella1,2, Ad P. van den Berg12, 

Kalliopi Zachou13 , George N Dalekos13, Daniel E. Di Zeo-Sánchez14, Mercedes Robles14, Raul 

J. Andrade14, Aldo J. Montano-Loza15, Floris F. van den Brand16, Charlotte D. Slooter16, Dutch 

AIH Study Group^, Guilherme Macedo17, Rodrigo Liberal17, Ynto S. de Boer16 and Ana Lleo1,2 

on behalf of the International Autoimmune Hepatitis Group�Á 

 

Affiliations  

1- Department of Biomedical Sciences, Humanitas University, Pieve Emanuele, Milan, Italy. 

2- Division of Internal Medicine and Hepatology, Department of Gastroenterology, IRCCS 

Humanitas Research Hospital, Rozzano, Milan, Italy.  

3- Division of Epidemiology and Biostatistics, IEO European Institute of Oncology IRCCS, 

Milan, Italy. patrick.maisonneuve@ieo.it  

4- Department of Medicine, Division of Preventive Medicine, University of Alberta, 

Edmonton, Alberta, Canada. lytvyak@ualberta.ca   

5- Department of Gastroenterology and Hepatology, Amsterdam UMC, location AMC, 

Amsterdam. u.h.beuers@amsterdamumc.nl  

6- Department of Gastroenterology and Hepatology, St Antonius Hospital, Nieuwegein, 

Netherlands. r.verdonk@antoniusziekenhuis.nl  

mailto:patrick.maisonneuve@ieo.it
mailto:lytvyak@ualberta.ca
mailto:u.h.beuers@amsterdamumc.nl
mailto:r.verdonk@antoniusziekenhuis.nl


 2 

7- Department of Gastroenterology and Hepatology, Erasmus MC, Rotterdam, the 

Netherlands. a.vandermeer@erasmusmc.nl  

8- Department of Gastroenterology and Hepatology, Leiden University Medical Center, 

Leiden, the Netherlands. b.van_hoek@lumc.nl 

9- Department of Gastroenterology and Hepatology, OLVG, Amsterdam, the Netherlands 

10- Reinier de Graaf Medical Center, Delft, The Netherlands j.brouwer@rdgg.nl  

11- Division of Internal Medicine, Morgagni-Pierantoni Hospital, Forlì 47100, Italy; 

Department of Science for the Quality of Life, University of Bologna, Bologna, Italy. 

paolo.muratori3@unibo.it  

12- University Medical Center Groningen, University of Groningen 

a.p.van.den.berg@umcg.nl  

13- Department of Medicine and Research, Laboratory of Internal Medicine, National 

Expertise Center of Greece in autoimmune liver diseases, General University Hospital of 

Larissa, 41110, Larissa, Greece georgedalekos@gmail.com  

14- Liver Unit, Vírgen de Victoria University Hospital-IBIMA, University of Málaga, 

CIBERehd, Malaga, Spain danieldizeo9@hotmail.com mrobles@uma.es andrade@uma.es  

15- Department of Medicine, Division of Gastroenterology and Liver Unit, University of 

Alberta, Edmonton, Alberta, Canada. lytvyak@alberta.ca montanol@ualberta.ca 

16- Department of Gastroenterology and Hepatology, Amsterdam UMC, Vrije Universiteit 

Amsterdam, Amsterdam, the Netherlands. y.deboer1@amsterdamumc.nl 

f.vandenbrand@amsterdamumc.nl c.d.slooter@amsterdamumc.nl  

17- Department of Gastroenterology and Hepatology, Centro Hospitalar São João, Porto, 

Portugal guilhermemacedo59@gmail.com rodrigo.liberal@kcl.ac.uk  

 

Corresponding author:   

mailto:a.vandermeer@erasmusmc.nl
mailto:b.van_hoek@lumc.nl
mailto:j.brouwer@rdgg.nl
mailto:paolo.muratori3@unibo.it
mailto:a.p.van.den.berg@umcg.nl
mailto:georgedalekos@gmail.com
mailto:danieldizeo9@hotmail.com
mailto:mrobles@uma.es/
mailto:andrade@uma.es
mailto:lytvyak@alberta.ca
mailto:montanol@ualberta.ca
mailto:y.deboer1@amsterdamumc.nl
mailto:f.vandenbrand@amsterdamumc.nl
mailto:c.d.slooter@amsterdamumc.nl
mailto:guilhermemacedo59@gmail.com
mailto:rodrigo.liberal@kcl.ac.uk


 3 

Ana Lleo, MD, PhD, Professor of Internal Medicine, Department of Biomedical Sciences, 

Humanitas University; Division of Internal Medicine and Hepatology, Department of 

Gastroenterology, IRCCS Humanitas Research Hospital, Via A. Manzoni 56, Rozzano 

20089, Italy.  

ana.lleo@humanitas.it Telephone: +39-02-82247231 Fax: +39-02-82242298 

  

mailto:ana.lleo@humanitas.it


 4 

Word count: 4025 

Tables: 4, (4 supplementary) 

Figures: 3 (1 supplementary) 

Conflict of interest: All the authors have given substantial contribution to the completion of 

this work and have seen and approved the text in the current version. The authors report no 

conflict of interest with respect to this manuscript. 

Financial support: The authors did not receive any financial support to complete the study or 

write the manuscript. The International Autoimmune Hepatitis Group (IAIHG) Retrospective 

Registry was funded by the United European Gastroenterology LINK award (2015). AL was 

supported by the Italian Association for Cancer Research (AIRC) grant 23408 and the Italian 

Ministry of Health Grant NET-2019-12370049. This work was partially supported by the 

Italian Ministry of Health (Ricerca Corrente and 5x1000 funds to PM). 

Data availability statement: Data are available upon request to the corresponding author. 

Authors' contributions: Conceptualization and design of study (FC, PM, CDS, YdB, AL). 

Patient selection and data collection (all authors). Data analysis and interpretation (FC, PM, 

CDS, FFdB, YdB, AL). Manuscript preparation (FC, PM, CDS, YdB, AL). Critical review and 

editing (all authors). Funding (RL, YdB, AL, PM) 

Acknowledgements: the authors thank Dana Shiffer, MD for proofreading this article. 

Keywords: Autoimmune Hepatitis, Hepatocellular carcinoma, Liver cancer, 

Immunosuppressive therapy 

Abbreviations: AIDs: Autoimmune Diseases; AIH: Autoimmune Hepatitis; CCA: 

Cholangiocarcinoma; CD: Celiac Disease; CI: Confidence Interval; CT: computed 

tomography; DM: diabetes mellitus; HCC: Hepatocellular Carcinoma; HR: Hazard Ratio; 

IAIHG: International Autoimmune Hepatitis Group; IAIHG-RR: International Autoimmune 

Hepatitis Group Retrospective Registry; IBD: Inflammatory Bowel Disease; LT: Liver 



 5 

transplantation; MRI: Magnetic Resonance Imaging; MS: Multiple Sclerosis; PBC: Primary 

Biliary Cirrhosis; PH: Portal Hypertension; PSC: Primary Sclerosing Cholangitis; RA: 

Rheumatoid Arthritis; SLE: Systemic Lupus Erythematosus; THY: Thyroid Disease; UDCA: 

Ursodeoxycholic Acid; VUmc: Vrije Universiteit medical centre. 

  



 6 

ABSTRACT (275 words) 

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 multicentre 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 the 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: 1428 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). 293 (20.5%) patients had cirrhosis at diagnosis. During follow up, 24 patients 

developed HCC (1.7%) with incidence rate of 1.44 cases/1000-patient years; 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 that developed cirrhosis during follow-up had a 

significantly higher incidence of HCC. The cumulative incidence of HCC was respectively 

2.6%, 4.6%, 5.6% and 6.6% at 5, 10, 15, and 20 years after the development of cirrhosis. 

Obesity (HR 2.94, p=0.04), cirrhosis (HR 3.17, p=0.01), and AIH/PSC variant (HR 5.18, 

p=0.007) at baseline resulted independent risk factors for HCC development.  

Conclusions: HCC incidence in AIH is low even after cirrhosis development and is associated 

to risk factors as obesity, cirrhosis, and AIH/PSC variant syndrome. 
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HIGHLIGHTS  

�' Evidence from a large multicentric cohort demonstrates that 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. The HCC surveillance program could be tailored according to risk 

factors. 

�' A sub-analysis performed on our cohort showed that cirrhosis, HCC, and liver 

transplantation are significantly associated with increased mortality.  

 

 

IMPACT AND IMPLICATIONS  

The risk of developing hepatocellular carcinoma (HCC) in subjects with autoimmune hepatitis 

(AIH) seems to be lower compared to other aetiologies of chronic liver disease. Yet, solid data 

for this specific patient group remains elusive, given that most of the existing evidence comes 

from small, single-centre studies. In our study, we found that HCC incidence in AIH patients 

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 syndrome 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 program for AIH patients, taking into 

account their individual risk factors. 
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1. INTRODUCTION  

Autoimmune hepatitis (AIH) is a rare and heterogeneous chronic liver disease, characterized 

by circulating autoantibodies, hypergammaglobulinemia, and specific liver histological 

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 AIH patients respond well to immunosuppressive treatments, the disease can progress to 

cirrhosis, liver failure, and death if left untreated. The survival rate for AIH patients is adversely 

affected by the presence of liver cirrhosis, either detected at diagnosis (in approximately 30% 

of cases) or later during the 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 globally [11, 12]. Cirrhosis 

represents the main risk factor for the development of HCC, as it is present in more than 80%�±

90% of cases [12]. The average HCC incidence rate among patients with cirrhosis is 2-4 per 

100 person-year [13]. When the anticipated risk of HCC surpasses 1.5% annually, surveillance 

is deemed cost-efficient for those with liver 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 data in this subgroup of patients are missing as the current evidence 

stems from small single-centre studies [18]. Presently, only two large cohort studies [19, 20] 

are available, both of which focused on Northern European cohorts.  Both studies reported an 

elevated general cancer risk in AIH patients compared with age- and sex-matched controls. 
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Yet, the absolute HCC risk remained minimal. It's 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 AIH patients with cirrhosis, HCC screening every 6 months is 

recommended by international societies [3, 21]. 

To address the limitations in the current knowledge and practice, we aimed to describe the 

incidence of HCC and identify risk factors and potential stratification indicators within a large 

international AIH cohort with a long-term follow-up. Our goal is to furnish insights for tailored 

management of HCC surveillance in AIH patients.  

 

2. MATERIAL AND METHODS  

2.1 Study setting and data collection. 

We conducted a multicentric, retrospective cohort observational study that included both adult 

and paediatric patients with an established diagnosis of AIH. These data were collected from 

the International Autoimmune Hepatitis Group Retrospective Registry (IAIHG-RR). The 

IAIHG-RR is a non-interventional international project that gathers retrospective data of 

patients clinically diagnosed with AIH by their physicians according to standardized directives 

[2, 3, 21]. Starting in 2018, 38 centres across seven countries began logging AIH cases in 

accordance with the Regulation (EU) 2016/679 (General Data Protection Regulation). 

However, 16 of these centres lacked 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 AIH patients diagnosed between 1980-2020 from 22 centres (9 general hospitals, 

13 tertiary centres) across Europe and Canada (Figure 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. 
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AIH was diagnosed according to the simplified criteria in conjunction with guidelines set by 

the American Association for the Study of the Liver (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 international 

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 microsome 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 six 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, 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 diagnosis, fibrosis stages were 

categorized from F0 to F4, following the Metavir scoring system, with F4 corresponding to 

liver cirrhosis [25]. In cases lacking histological data, cirrhosis diagnoses relied on 

ultrasonography (coarse echo pattern of the liver parenchyma along with irregular hepatic 

margins, splenomegaly, or portal vein >16mm), endoscopic evidence of cirrhosis (varices, 

portal gastropathy), and/or radiological or clinical findings of decompensation (ascites, 

variceal bleeding, encephalopathy). Complete biochemical response to therapy was defined 

according to international guidelines as the normalization of transaminases and IgG levels 

within six months of starting [26]. 
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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. 

2.2. Quality control 

Data were collected in a web-based, centralized, and anonymized 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. Subjects 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 2 visits recorded), the date of diagnosis or the exact date of major clinical events (e.g. 

HCC development) was unknown, and in the event of confirmed hepatitis B (HBV) or hepatitis 

C virus (HCV) infection, alcoholic liver disease, or other hereditary or infectious liver diseases 

at the time of AIH diagnosis. Data export was performed in November 2022. Completed CRFs 

underwent quality control for completeness, validity, and accuracy of the data at the 

coordinating centre (by YDB, CDS and FFdB). Extensive efforts were undertaken to recover 

missing data.  

2.3. Statistical Analysis  
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All statistical analyses were performed centrally in Milan using SAS software version 9.4 

���&�D�U�\�����1�&�������3�D�W�L�H�Q�W�V�¶���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���D�U�H���S�U�H�V�H�Q�W�H�G���D�V���F�D�W�H�J�R�U�L�F�D�O���Y�D�U�L�D�E�O�H�V���D�Q�G���W�K�H���&�K�L-square 

�W�H�V�W�����)�L�V�K�H�U�¶�V���H�[�D�F�W���W�H�V�W���R�U���0�D�Q�W�H�O-Haenszel test for trend were used for comparisons between 

different groups. A P-�Y�D�O�X�H���”�����������Z�D�V���D�S�S�O�L�H�G���W�R���G�H�W�H�U�P�L�Q�H���V�W�D�W�L�V�W�L�F�D�O���V�L�J�Q�L�I�L�F�D�Q�F�H�����&�X�P�X�O�D�W�L�Y�H��

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 the last follow-up. The difference between groups was 

�D�V�V�H�V�V�H�G���E�\���*�U�D�\�¶�V���W�H�V�W�����2�Y�H�U�D�O�O���V�X�U�Y�L�Y�D�O���D�I�W�H�U���W�K�H���$�,�+���G�L�D�J�Q�R�V�L�V���Z�D�V���S�O�R�W�W�H�G���X�V�L�Q�J���W�K�H���.�D�S�O�D�Q-

Meier method. Univariate and multivariable Fine and Gray sub distribution proportional-

hazards regression analysis stratified by centre was conducted for relevant demographic and 

clinical variables to identify the factors associated 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 analysis [28]. In a subset analysis limited to four centres with available data, cirrhosis 

development, HCC development and LT were treated as time-dependent covariates.  

 

3. RESULTS 

3.1. Characteristics of the patient population and AIH features at diagnosis. 

At the time of data extraction, data on 1878 patients from 22 eligible centres out of a total of 

38 across Europe and Canada, with an initial diagnosis of AIH during 1980-2020, 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 (Figure 1). Table 1 lists the baseline attributes of 

our final cohort of 1,428 patients, which were compared to the 450 excluded patients in 

Supplementary Table 1. Importantly, centers with no follow-up data were excluded from the 
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study and excluded subjects are a random subset of AIH patients. Supplementary Table 2 

illustrates the distribution of included patients by center. 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 1080 were female (75.6%). Among 

these females, 610 (56.5%) were under 50.  18.1% of the study population was overweight 

(BMI 25.0-29.9 kg/m2, and 13.7% were obese ���%�0�,�•���������� �N�J���P����, with negligible gender-

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 was 

observed in 125 (8.8%) and 94 (6.6%) subjects, respectively. Definitive diagnosis of coexisting 

autoimmune diseases (AIDs) 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%) subjects had liver 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 liver cirrhosis, resulting in a total of 462 

patients with cirrhosis participating in our study. AIH treatment after diagnosis was mainly 

predniso(lo)ne (n=1232, 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 UDCA. 

3.2. HCC incidence 

During a median follow-up of 11.1 years (interquartile range 5.2-15.9) contributing to 16550 

person-years of observation, 24 patients developed HCC, at an incidence rate of 1.44 

cases/1000 patient-years, while 174 patients died (Figure 2). The cumulative risk of HCC 

development increased over time from 0.9% (95% Confidence Interval (CI) 0.5-1.6%) at 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 (Figure 3A, Table 2). As expected, the risk of HCC was higher in AIH 
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patients with liver cirrhosis (Supplementary Figure 1); the cumulative risk of HCC in patients 

with cirrhosis increased over time from 2.6% (95 % CI: 1.3-4.5) at 5-year 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 timepoint from cirrhosis diagnosis (Figure 3B).  

Among the 24 patients diagnosed with HCC, 15 were diagnosed by histology and 9 by imaging 

techniques. 16 patients developed solitary HCC, eight had multifocal tumors, and two 

presented extra-hepatic metastases. Gender did not significantly correlate with tumor 

development�����������+�&�&���S�D�W�L�H�Q�W�V���K�D�G���E�H�H�Q���G�L�D�J�Q�R�V�H�G���Z�L�W�K���$�,�+���D�W���D�J�H���•�������\���R�������Z�K�L�O�H���������+�&�&��

patients already displayed signs of liver cirrhosis at baseline and six had splenomegaly (Table 

3). 

Given the retrospective nature of the IAIHG-R registry and considering few recorded deaths 

(n=3) between 1980 and 1999, it's plausible that long-standing AIH patients were identified 

during active follow-ups after centre-specific electronic databases or registries were established 

(Supplementary Table 3 includes 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 (Supplementary Table 3) to reduce potential bias, revealing 

consistent HCC incidence trends (Supplementary Table 4). The cumulative incidence of HCC 

following AIH diagnosis and subsequent development of cirrhosis remained consistent at 5, 

10, 15, and 20-year intervals, indicating no distinct temporal trends throughout the study 

period. 

3.3. HCC-associated risk factors and survival. 

The multivariable analysis showed significant correlations between the development of HCC 

�D�Q�G�� �I�D�F�W�R�U�V�� �V�X�F�K�� �D�V�� �D�J�H�� ���•������ �\�H�D�U�V������ �R�E�H�V�L�W�\�� ���%�0�,�� �R�I�� �•�����N�J���P�������� �D�Q�� �D�O�F�R�K�R�O�� �L�Q�W�D�N�H�� �R�I�� �•������

g/day, the AIH/PSC variant, and the presence of cirrhosis at baseline (Table 3). Specifically, 



 15 

�R�E�H�V�L�W�\�����%�0�,�•�����N�J���P�������H�P�H�U�J�H�G���D�V���L�Q�G�H�S�H�Q�G�H�Q�W�O�\���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���+�&�&���G�H�Y�H�O�R�S�P�H�Q�W����posing 

a risk nearly three times greater than that seen in patients of normal weight or those who are 

overweight (HR 2.94, 95% CI 1.04-8.33, p=0.04). Liver cirrhosis at baseline was associated 

with a significantly increased risk for tumour development (HR 3.17 95% CI 1.28-7.82, 

p=0.01). Notably, individuals with the AIH/PSC variant faced a five-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, liver cirrhosis emerged as a time-dependent factor associated with HCC diagnosis 

(Table 4). It's 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 incidence of HCC was not associated with response to 

immunosuppressive therapy in our cohort (Figure 4, Supplementary Table 5). 

To assess the impact of time-dependent factors on the development of HCC, LT, and death in 

AIH patients, a multivariable regression model was built. This model was restricted to data 

from four centers that had the necessary information. Development of cirrhosis and LT were 

significantly associated with increased mortality after adjustment for age and centre (Table 4). 

126 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).  

 

4. DISCUSSION 

In this study, we report the largest multi-centric AIH cohort assembled to date. Our primary 

goal was to determine the cumulative incidence and identify risk factors for HCC development. 

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 
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remain unresolved challenges in AIH management, such as the effective categorization of high-

risk patients, cost-effective surveillance for HCC development, and the decision to discontinue 

immunosuppressive treatments to mitigate long-term therapy side effects. 

Our findings highlight that the risk of developing HCC in AIH patients 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 1428 AIH patients). The annual HCC incidence rate in our 

cohort varied from 0.09/100 patient-years over the first decade for all AIH patients to 0.5/100 

patient-years within the same timeframe for AIH patients with 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 registries [5, 19]. However, a more recent prospective cohort study, drawing from 

UK Biobank data, indicated a significantly higher risk of hepatobiliary cancer in AIH patients 

[29]. It's worth mentioning that this UK study only comprised 203 AIH patients, who were 

generally older than participants in our study. 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 AIH patients, 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 AIH 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, and liver transplantation were 

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 associated 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 (Figure 3b). Previous research had 
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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 �%�0�,�•������ �.�J���P���� �K�D�G���D�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �K�L�J�K�H�U���U�L�V�N���R�I�� �+�&�&�� �G�H�Y�H�O�R�S�P�H�Q�W. Given 

that obesity is a well-known risk factor for cancer development and the concurrent presence of 

non-alcoholic fatty liver disease can synergistically increase tumour formation risk [33], this 

might explain the 4-fold risk of HCC development in cohort's obese patients. Importantly, in 

our cohort, the risk of HCC in obese patients seemed similar to the risk in AIH 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 our cohort's 

AIH-PSC variant patients were confirmed via biopsy, while the remaining 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 and even up to 9% in cirrhotic patients [35], there is a possibility 

that some AIH-PSC variant patients might have been misdiagnosed with either iCCA or a 

mixed HCC-iCCA form. 

Moreover, long-term immunosuppression has been associated with hepatic or extrahepatic 

malignancies. Jensen et al [19] reported that long-term use of immunosuppressive drugs in the 

setting of AIH exerts a protective effect against HCC development. 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. Our findings indicate that, although therapy non-responders had 
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a significantly higher risk of cirrhosis (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 association between UDCA treatment 

and HCC development, particularly due to the increased HCC risk in the PSC-AIH variant. It's 

worth noting that some patients on UDCA didn't exhibit the PBC/PSC variant syndrome, 

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 

resulted 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 hypertension, 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's essential to remember 

that patients with advanced liver conditions should undergo radiological tests to detect early-

stage complications of cirrhosis, such as portal hypertension, ascites, or portal vein thrombosis. 

The precise frequency for these ultrasonography sessions remains a subject for future 

prospective validation studies. Currently, a prospective registry coordinated by the ERN-

RARE LIVER (https://rare-liver.eu/registry) is ongoing with the aim to address these 

challenging issues. 

It's noteworthy that our data indicates that HCC's cumulative incidence in AIH patients without 

cirrhosis and under 50 years old is low. Therefore, monitoring in this demographic might be 



 19 

deemed unnecessary. Considering that a large proportion of AIH patients develop the disease 

at a young, these findings could greatly influence both clinical practices and economic 

allocations. Economic studies and cost-effective assessments are required to support this 

approach in the management of AIH patients. a dedicated study using data from the IAIHG-

RR is currently ongoing, attempting to resolve lingering questions about cost analysis. 

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 �S�D�W�L�H�Q�W�V�¶ 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 

characteristics 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 cumulative incidence rates, 

it doesn't influence the rates post the onset of cirrhosis (supplementary table 1). 

Second, lack of data mainly concerning histology and treatment strategy. Third, we couldn't 

determine the number of patients who strictly adhered to the recommended ultrasonography 

surveillance protocol for HCC, and surveillance methodologies might have differed between 

centers. 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 centers 
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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 still remains below the cut-off suggested for 

surveillance programs. 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 findings. 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 

histological characteristics, or treatment strategy did not demonstrate 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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TABLES 

Table 1.  Characteristics of AIH patients at baseline.  
 
 
Variable (n,%)  

Total 
(n=1428) 

Males 
(n=348) 

Females 
(n=1080) 

P-value 

�$�J�H���•�������\�H�D�U�V��   600 (42.0) 130 (37.4)   470 (43.5) 0.04 
Overweight    259 (18.1)   77 (22.1)   182 (16.9) 

0.35* 
Obesity   196 (13.7)   41 (11.8)   155 (14.4) 
Alcohol 25-60 g/day   151 (10.6)   56 (16.1)     95 (  8.8) 

<0.0001* 
Alcohol >60 g/day     39 (  2.7)   17 (  4.9)     22 (  2.0) 
Cirrhosis§   293 (20.5)   90 (25.9)   203 (18.8) 0.008 
Splenomegaly�‚   140 (  9.8)   46 (13.2)     94 (  8.7) 0.08 
AIH-PBC   125 (  8.8)   17 (  4.9)   108 (10.0) 0.004 
AIH-PSC     94 (  6.6)   49 (14.1)     45 (  4.2) <0.0001 
Autoimmune diseases    244 (17.1)   33 (  9.5)   211 (19.5) <0.0001 

IBD     39 (  2.7)   14 (  4.0)     25 (  2.3) 0.05** 
CD     23 (  1.6)     5 (  1.4)     18 (  1.7) 1.00** 
RA     24 (  1.7)     3 (  0.9)     21 (  1.9) 0.32** 
SLE     22 (  1.5)     1 (  0.3)     21 (  1.9) 0.04** 
DM     14 (  1.0)     4 (  1.1)     10 (  0.9) 0.53** 
THY   120 (  8.4)     7 (  2.0)   113 (10.5) <0.0001** 
MS     13 (  0.9)     4 (  1.1)       9 (  0.8) 0.51** 

^ Data are missing for BMI (n=625), alcohol (n=68), cirrhosis (n=56), splenomegaly (n=600), PBC (n=1), PSC 
(n=1), autoimmune diseases (n=474). 
 
AIH: Autoimmune hepatitis; CD: Celiac disease; DM: Diabetes mellitus; IBD: Inflammatory bowel disease; MS: Multiple 
sclerosis; PBC: Primary biliary cirrhosis; PSC: Primary sclerosing cholangitis; SLE: Systemic lupus erythematosus; RA: 
Rheumatoid arthritis; THY: Thyroid disease. 
§ based on clinical, radiological, or histological evidence 
�‚���E�L�S�R�O�D�U���V�S�O�H�H�Q���O�H�Q�J�W�K���P�R�U�H���W�K�D�Q���������F�P 
* Mantel-�+�D�H�Q�V�]�H�O���W�H�V�W���I�R�U���W�U�H�Q�G�����
�
���)�L�V�K�H�U�¶�V���H�[�D�F�W���W�H�V�W 
 

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

Baseline  Cumulative incidence of HCC after AIH diagnosis % (95% confidence intervals) 
Characteristics 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) 
�•�������\�H�D�U�V���R�O�G 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) 
Cirrhotic 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.  
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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   
�$�J�H���•�������\�H�D�U�V 13 2.02 (0.86-4.75) 0.11 2.25 (0.89-5.70) 0.09 
Obesity    7 2.52 (0.96-6.63) 0.06 2.94 (1.04-8.33) 0.04 
�$�O�F�R�K�R�O���•�������J���G�D�\   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: Celiac disease; DM: Diabetes mellitus; HCC: Hepatocellular carcinoma; HR: 
Hazard catio; IBD: Inflammatory bowel disease; MS: Multiple sclerosis; PBC: Primary biliary cirrhosis; 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 
�‚���E�L�S�R�O�D�U���V�S�O�H�H�Q���O�H�Q�J�W�K���•�������F�P 

 

 
Table 4. Multivariable regression models for the assessment of time-dependent factors 
associated with HCC development, LT, and death. HR and 95% CI were obtained from 
multivariable Fine and Gray regression models stratified by center  
 
*Analysis limited to 4 centres with complete follow-up data and based on 11 HCC in 791 
patients; 106 LT in 591 patients; and 88 deaths in 589 patients.  
 
 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 
 
CI: Confidence interval; HCC: Hepatocellular carcinoma; HR: Hazard ratio; LT: Liver transplantation. 
 

 

  



 23 

FIGURE LEGENDS 

Figure 1. Study flowchart.  

AIH: Autoimmune Hepatitis; HCC: Hepatocellular Carcinoma; IAIHG-RR: International 

Autoimmune Hepatitis Group Retrospective Registry 

 

Figure 2.  Overall survival of patients with AIH.  

Overall survival after the diagnosis of AIH was plotted using the Kaplan-Meier method.  

AIH: Autoimmune hepatitis. CI: Confidence interval. 

 

Figure 3. Development of HCC after diagnosis of AIH (A) and after cirrhosis development in 

AIH patients (B).  

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.  

�Á�������S�Dtients developed HCC in absence of established cirrhosis and for 1 patient with HCC the 

date of cirrhosis was missing. 9 patients diagnosed with cirrhosis during follow-up were 

excluded from this analysis due to missing date of cirrhosis.  

AIH: Autoimmune hepatitis; CI: Confidence interval; HCC: Hepatocellular carcinoma. 

 

Figure 4. Development of HCC in AIH patients based on response to immunosuppressive 

therapy. Cumulative incidence of HCC was estimated using the cumulative incidence function. 

Difference �E�H�W�Z�H�H�Q���J�U�R�X�S�V���Z�D�V���D�V�V�H�V�V�H�G���E�\���W�K�H���*�U�D�\�¶�V���W�H�V�W��  

CI: Confidence interval; HCC: Hepatocellular carcinoma. 

^ Data on response to immunosuppressive therapy missing for 359 patients.  

*  Patients with signs of cirrhosis at baseline visit were excluded. 

** Follow-up is initiated 6 months after the diagnosis of AIH to include information about 
response to therapy. 
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HIGHLIGHTS  

�' Evidence from a large multicentric cohort demonstrates that 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. The HCC surveillance program could be tailored 

according to risk factors. 

�' A sub-analysis performed on our cohort showed that cirrhosis, HCC, and liver 

transplantation are significantly associated with increased mortality 
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