1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

WEALTY 4
of %,

SERVIC

A
u
Yeyvaaa

/ HHS Public Access

Author manuscript
J Hepatol. Author manuscript; available in PMC 2023 December 21.

Published in final edited form as:
J Hepatol. 2023 September ; 79(3): 853-866. doi:10.1016/j.jhep.2023.04.033.

Nomenclature, diagnosis and management of drug-induced
autoimmune-like hepatitis (DI-ALH): An expert opinion meeting
report

Raul J. Andradel2*T Guruprasad P. Aithal®T, Ynto S. de Boer*, Rodrigo Liberal>6:1,
Alexander Gerbes’, Arie Regev®, Benedetta Terziroli Beretta-Piccoli®, Christoph
Schramm19, David E. Kleiner!l, Eleonora De Martinl2, Gerd A. Kullak-Ublick!3:33, Guido
Stirnimann!4, Harshad Devarbhavil®, John M. Vierling6, Michael P. Manns1?, Marcial
Sebodel8, Maria Carlota Londofio?19, Mark Avigan29, Mercedes Robles-Diaz!2, Miren
Garcia-Cortes!2, Edmond Atallah3, Michael Heneghan?l, Naga Chalasani?2, Palak J.
Trivedi23, Paul H. Hayashi?4, Richard Taubert?®, Robert J. Fontana26, Sabine Weber’, Ye
Htun 0027, Yoh Zen?8, Anna Licata??, M Isabel Lucenal2:30:"# Giorgina Mieli-Vergani31#,
Diego Vergani3l# Einar S. Bjornsson32# |AIHG and EASL DHILI Consortium

1Servicio Aparato Digestivo and Servicio de Farmacologia Clinica, Instituto de Investigacion
Biomédica de Malaga-IBIMA_Plataforma Bionand, Hospital Universitario Virgen de la Victoria,
Universidad de Malaga, Malaga, Spain

2Centro de Investigacion Biomédica en Red de Enfermedades Hepaticas y Digestivas
(CIBERehd), Madrid, Spain

3Nottingham Digestive Diseases Centre, Translational Medical Sciences, School of Medicine;
NIHR Nottingham Biomedical Research Centre, Nottingham University Hospitals NHS Trust and
the University of Nottingham, Nottingham, UK

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

"Corresponding authors. Addresses: Medicine Department, School of Medicine, Boulevard Louis Pasteur 32, Universidad de Mélaga,
29071 Malaga, Spain; Tel.: +34-952-131615, (R.J. Andrade) or Pharmacology Department, School of Medicine, Boulevard Louis
Pasteur 32, Universidad de Malaga, Mélaga, 29071, Spain (M.I. Lucena), andrade@uma.es (R.J. Andrade), lucena@uma.es (M.1.
ucena).
Co-fi rlt authors
#Shared senior authorship
Authors’ contributions
Conceptualization, thematic structure, introduction, scientific committee (RJA, GPA, YdB, RL MIL, DV, GMV, EA, ESB);
Terminology and case definitions (RJA, MM,ESB, YdB, MR-D, BT); Diagnosis (RL, PHH, AG, YZ, DK, MS, CS, GPA); Biomarkers
(GS, SW, NC, DV, RT); Natural History, Management (MH, GK-U, EDM, HD, AR, YO, MG-C); Consensus (EB, AL, MCL, PT,
MIL, RJA); Gaps and research (RF, GMV, MA, MIL, JV); Critical revision of the manuscript (all authors); Obtaining funding (RJA,
MIL, DV, GMV); Overview (RJA,MIL,GPA,ESB).
Conflict of interest
The authors have no conflict of interest to disclose in relation with this topic. Arie Regev is employee of Eli Lilly, but has no conflict
of interest in relation to this topic.
Please refer to the accompanying ICMJE disclosure forms for further details.

Disclaimer
This article reflects the views of the authors and should not be construed to represent the US FDA’s views or policies or that of other
regulatory agencies.

Supplementary data
Supplementary data to this article can be found online at https://doi.org/10.1016/j.jhep.2023.04.033.


https://creativecommons.org/licenses/by-nc-nd/4.0/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Andrade et al. Page 2

“Department of Gastroenterology and Hepatology, Amsterdam University Medical Centers, VU
University Medical Center, Amsterdam, Netherlands

SGastroenterology Department, Centro Hospitalar Universitario de Sdo Joao, Porto, Portugal
5Faculty of Medicine of the University of Porto, Porto, Portugal

"Department of Medicine I, LMU Klinikum Munich, Munich, Germany

8Eli Lilly and Company, Indianapolis, IN, USA

%Universita della Svizzera Italiana, Facolta di Scienze Biomediche. Epatocentro, Lugano,
Switzerland

10Department of Medicine, University Medical Center Hamburg-Eppendorf. Hamburg Center for
Translational Immunology. Martin Zeitz Center for Rare Diseases, University Medical Center
Hamburg-Eppendorf, Hamburg, Germany

11l aboratory of Pathology, National Cancer Institute, National Institutes of Health, Bethesda, USA

2APHP, Hopital Paul Brousse, Centre Hépato-Biliaire, INSERM Unit 1193, FHU Hepatinov,
Villejuif, France

3Department of Clinical Pharmacology and Toxicology, University Hospital Zurich, University of
Zurich, Zurich, Switzerland

1Department of Visceral Surgery and Medicine, Inselspital University Hospital and University of
Bern, Bern, Switzerland

15Department of Gastroenterology and Hepatology, St. John’s Medical College Hospital,
Bangalore, India

18Departments of Medicine and Surgery, Section of Gastroenterology and Hepatology and
Division of Abdominal Transplantation, Baylor College of Medicine, Houston, Texas, United States

"Hannover Medical School, Centre of ERN RARE-LIVER, Hannover, Germany

18Department of Internal Medicine, University Medical Center Hamburg-Eppendorf; European
Reference Network on Hepatological Diseases (ERN RARE-LIVER), Hamburg, Germany

Liver Unit, Hospital Clinic de Barcelona, Health Care Provider of the European Reference
Network on Rare Liver Disorders (ERN-Liver), Institut d’ Investigacions Biomédiques August Pi i
Sunyer (IDIBAPS), Barcelona, Spain

20Center for Drug Evaluation and Research, Office of Surveillance and Epidemiology, US Food
and Drug Administration, Silver Spring, Maryland, USA

?linstitute of Liver Studies, King's College Hospital, London, UK
22University School of Medicine & Indiana University Health, Indianapolis, Indiana, USA

23NIHR Birmingham BRC, Institute of Immunology and Immunotherapy, Centre for Liver and
Gastrointestinal Research; Liver Unit, University Hospitals Birmingham National Health Service
Foundation Trust Queen Elizabeth; Institute of Immunology and Immunotherapy; Institute of
Applied Health Research, University of Birmingham, Birmingham, UK

J Hepatol. Author manuscript; available in PMC 2023 December 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Andrade et al. Page 3

24Division of Hepatology and Nutrition, Food and Drug Administration, Silver Spring, Maryland,
USA

25Department of Gastroenterology, Hepatology and Endocrinology, Hannover Medical School,
European Reference Network on Hepatological Diseases (ERN RARE-LIVER), Hannover,
Germany

26Division of Gastroenterology and Hepatology, University of Michigan Medical School, Ann Arbor,
MI, United States

27Center for Liver and Gastro Research & National Institute of Health Research Birmingham
Biomedical Research Centre, University of Birmingham; Centre for Rare Disease and ERN
Rare Liver Centre, Liver Transplant and Hepatobiliary Unit, University Hospital Birmingham NHS
Foundation Trust, UK

28|nstitute of Liver Studies, King’s College Hospital, London SE5 9RS, UK
29Medicina Interna ed Epatologia, Universita degli Studi di Palermo, Palermo, Italy
30pJatform ISCiii for Clinical Research and Clinical Trials SCReN UICEC- IBIMA, Malaga, Spain

SIMowatLabs, Faculty of Life Sciences and Medicine, King's College London, King’s College
Hospital, London, United Kingdom

32Faculty of Medicine, University of Iceland, Department of Gastroenterology and Hepatology,
Landspitali University Hospital, Reykjavik, Iceland

33Mechanistic Safety, Global Drug Development, Novartis, Basel, Switzerland

Summary

Drug-induced liver injury (DILI) can mimic almost all other liver disorders. A phenotype
increasingly ascribed to drugs is autoimmune-like hepatitis (ALH). This article summarises

the major topics discussed at a joint International Conference held between the Drug-Induced
Liver Injury consortium and the International Autoimmune Hepatitis Group. DI-ALH is a liver
injury with laboratory and/or histological features that may be indistinguishable from those of
autoimmune hepatitis (AIH). Previous studies have revealed that patients with DI-ALH and those
with idiopathic AIH have very similar clinical, biochemical, immunological and histological
features. Differentiating DI-ALH from AIH is important as patients with DI-ALH rarely require
long-term immunosuppression and the condition often resolves spontaneously after withdrawal
of the implicated drug, whereas patients with AIH mostly require long-term immunosuppression.
Therefore, revision of the diagnosis on long-term follow-up may be necessary in some cases.
More than 40 different drugs including nitrofurantoin, methyldopa, hydralazine, minocycline,
infliximab, herbal and dietary supplements (such as Khat and 7inospora cordifolia) have been
implicated in DI-ALH. Understanding of DI-ALH is limited by the lack of specific markers of the
disease that could allow for a precise diagnosis, while there is similarly no single feature which
is diagnostic of AIH. We propose a management algorithm for patients with liver injury and an
autoimmune phenotype. There is an urgent need to prospectively evaluate patients with DI-ALH
systematically to enable definitive characterisation of this condition.
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Foreword

The European Cooperation in Science & Technology (COST Action CA17112),
‘Prospective European Drug-Induced Liver Injury Network’ was established in 2018; and
during a joint meeting with the International AIH Group (IAIHG) at the International

Liver Congress, the annual meeting of the European Association for the Study of the

Liver (EASL), it was decided to hold an International Expert Conference on drug-induced
autoimmune-like hepatitis (DI-ALH). The goals were to harmonise case definitions, revisit
the approach to diagnosis, and debate the merit of interventions with immunosuppressive
therapy in circumstances where a drug is suspected of causing immune-mediated liver injury
resembling autoimmune hepatitis (AIH). This article summarises the major topics discussed
at the Conference, in March 2022 in Nerja, close to Malaga, Spain. This meeting is expected
to expand collaborations between experts in AIH and DILI, and address the identified gaps
in knowledge by proposing a high-quality research programme. EASL has endorsed both the
DHILI (Drug and Herbal & Dietary Supplement-Induced Liver Injury) consortium and the
IAIHG as official EASL consortia. This consensus report is timely due to the growing use of
biologicals in the treatment of immune-mediated diseases.

Introduction

Drugs, herbals, and dietary supplements can cause a variety of acute and chronic liver
injuries in susceptible individuals, resulting in a variety of phenotypes that mimic almost
all liver disorders.! One of the phenotypes increasingly ascribed to drugs was hitherto
frequently referred to as “drug-induced autoimmune hepatitis” in the literature, and will be
termed “drug-induced autoimmune-like hepatitis (DI-ALH)” in this article.2 ALH events
are characterised by histological features highly overlapping with “idiopathic’ (classical)
AIH and often associated with the presence of serum liver autoantibodies and elevated 1gG
levels.3 Currently, there are no specific pathognomonic findings or individual biomarkers
that can be used to establish a diagnosis of idiopathic AIH. Diagnosis of AlH is based on
clinical, biochemical, serological and histological features. These are often overlapping with
those identified in patients with drug-induced ALH.4-6 Whether a given case of acute liver
injury with an autoimmune phenotype is the drug-induced unmasking of subclinical AIH
or de novo drug-induced liver injury (DILI) accompanied by autoimmune features may be
difficult to distinguish (Box 1). It is notable that several drugs and vaccines - including
COVID-19 vaccines more recently — have been identified as triggers for the onset of AIH.8

In contrast to a recognised high potential for chronicity or recurrence of hepatitis in AIH
that requires long-term immunosuppressive therapy, ALH often resolves or improves upon
withdrawal of the offending drug. Nonetheless, some patients with ALH may develop acute
liver failure (ALF) or clinically significant chronic injury for whom long-term clinical
follow-up may be warranted. Currently, there are no predictive markers that identify such
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individuals. With high rates of lasting resolution of liver injury in most patients with ALH
after drug discontinuation, optimal management and requirement of immunosuppressants
for this condition have yet to be elucidated. Defining optimal treatment regimens, including
duration and dosage protocols, for the management of ALH remains an unmet challenge.
Optimising such practices could reduce the risk of adverse effects from immunosuppressive
medications and associated healthcare costs.®

The International AIH Group (IAIHG) has sought to improve methods for the diagnosis
and management of AIH and AlH-related conditions.® In partnership, the Prospective
European Drug-Induced Liver Injury Network!® and the IAIHG convened a conference

to establish a consensus for standardised nomenclature surrounding drug-induced ALH, to
determine best practices in management and to identify key requirements of new diagnostic
and mechanistic biomarkers. This article provides an overview of the major topics that
were discussed at the workshop, including an assessment of currently used terminologies,
management strategies, and future directions for research.

Terminology, case definition and phenotypic presentation

AlH is thought to be caused by a loss of immunological tolerance in liver tissue resulting
in immune-mediated damage of the hepatic parenchyma.5-11.12 In genetically predisposed
individuals, environmental factors, such as infections, are thought to initiate the self-
perpetuating disease, but a definitive trigger has not been identified.>6:12

Ildiosyncratic DILI affects only susceptible individuals and is less related to the drug
dose.13 Since idiosyncratic DILI can, albeit rarely, manifest with clinical, biochemical,
immunological, and histological features resembling the phenotype of AlH, the two entities
must be distinguished. Four terms denoting such a DILI phenotype have been used in

the published literature: “drug-induced autoimmune hepatitis (DI-AIH)”,14-18 “immune-
mediated DILI”,1° “drug-induced liver injury with autoimmune features”29 and “drug-
induced autoimmune-like hepatitis (DI-ALH)”.4.21

Nomenclature and diagnostic criteria for DI-ALH lack specificity. There is compelling
evidence that /diosyncratic DILI is typically an immune-mediated disorder. The term
“immune-mediated DILI” is also associated with many drugs that are not associated with
well recognised autoimmune features.19.22.23

Because autoantibodies can be found in many other liver disorders, DILI with “autoimmune
features” is a descriptive and non-specific term. For these reasons, DI-ALH* was chosen by
many experts as the preferred term to specifically denote this condition. In the literature,
DI-ALH is referred to as liver injury with laboratory and/or histological evidence of
autoimmunity, high IgG levels, positive anti-nuclear antibody (ANA), anti-smooth muscle
antibody (ASMA\) and anti-liver-kidney microsomal antibody. The liver damage in DI-
ALH usually manifests clinically within 3 months of drug exposure, but can appear

after more prolonged latency.14:15.19.21.24 The majority of DI-ALH cases present with an
acute hepatocellular injury pattern but in rare instances a cholestatic pattern is observed.2!
Evidence of features of hypersensitivity like eosinophilia, fever, or rash are usually absent
(Table 1). DI-ALH has been well documented for minocycline, nitrofurantoin, hydralazine,
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methyldopa, interferon, imatinib, adalimumab and infliximab.21:24 After withdrawal of the
causal drug, the liver injury resolves in the vast majority,142! either spontaneously within
6 months or with corticosteroids.1#:21 The lack of a reliable diagnostic biomarker and
evidence-based treatment paradigm has resulted in limited guidance on how to manage this
aspect of DILI.2:5.6.25-27

Epidemiology

Idiopathic AlH is characterised by a chronic progressive course resulting in fibrosis, liver
failure and death if left untreated.?8 A recent meta-analysis shows a pooled worldwide
annual incidence and prevalence of AIH of 1.37 and 17.4 per 100,000 persons.29 In
prospective studies, the crude incidence of DILI was estimated to be 14-19 cases per
100,000 inhabitants annually, respectively.3%:31 Among 261 patients with AlH, 24 (9.2%)
were diagnosed retrospectively as cases of DI-ALH.1” Among DILI cohorts, 3-8.8% can be
classified as DI-ALH cases.18:2432 |n the Spanish DILI Registry, 1.2% of patients had two
DILI episodes caused by different drugs, and these patients were more likely to present with
autoimmune features in the second episode.’

Drugs linked to DI-ALH

More than 40 different agents have been implicated in the development of ALH.3
Metabolites from dihydralazine and tienilic acid coupled with cellular proteins can form
neoantigens# inducing immune reactions and causing DI-ALH.18:33 A summary of drugs
suspected of causing DI-ALH is presented in Table 2. Previous studies comparing patients
with DI-ALH to those with AIH found similar clinical, biochemical, immunological, and
histological features, with the exception of cirrhosis being less common in the DI-ALH
group, and no recurrence after discontinuation of immunosuppression.14 Several studies
have observed the absence of relapse in patients with DI-ALH,1417:34.35 whereas the

vast majority of patients with AIH relapse after stopping immunosuppressive therapy.36
Minocycline, nitrofurantoin, methyldopa, and infliximab are the most commonly implicated
drugs,*14:24.32.37 glongside emerging reports of vaccine-induced immune hepatitis.8 Other
reported causative agents of DI-ALH include interferon, statins, methylprednisolone,
adalimumab, imatinib, diclofenac, 7inospora cordifolia and Khat.2!

Checkpoint inhibitor-induced liver injury—Checkpoint inhibitor-induced liver injury
(ChILI) is accounting for an increasing proportion of recent DILI cohort studies.10:38 The
pattern of injury is hepatocellular in around 60% of cases, though checkpoint inhibitor
therapy-related cholangiopathy with progression to bile duct loss has also been reported.3°

In a retrospective study comparing the serological profile of ChILI cases with AlIH, 94% of
ChILI cases had normal 1gG. ANA and ASMA positivity was detected in both conditions,
but was more common in AlH (84%) than in ChILI (32%).40 Liver biopsy can improve
diagnostic certainty as well as avoid unnecessary immunosuppression in a proportion

of cases. In 11% of patients with suspected ChILI, histology suggested an alternative
pathology, such as malignancy or DILI due to another concomitant drug.** ChILI shows
less severe confluent necrosis and plasma cell infiltration, fewer CD4+ and more CD8+
infiltrating lymphocytes than classical AIH on liver biopsies.#? Consistent with current
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practice, steroids were administered in 59% of patients before performing a liver biopsy
according to clinical guidelines, but some patients’ conditions improved without the need for
immunosuppression.38:43

Autoimmune-like hepatitis after SARS-CoV-2 vaccination—Shortly after
vaccination campaigns started, the first case of possible AlH related to SARS-CoV-2
vaccination was published.** Several case reports and case series followed, with an
autoimmune phenotype observed in all cases.*® Liver tests showed a hepatocellular pattern
in the vast majority of cases (84%). Most affected patients were females (63%) and liver
disease was diagnosed a median of 15 days after vaccination.*® The liver injury was
symptomatic in most patients, with a single patient evolving to ALF requiring a liver
transplantation. An immune phenotype, as defined by positivity for autoantibodies and
elevated IgG levels, was detected in 57% of cases. Overall, 75% tested positive for ANA,
while polyreactive 1gG with reactivity against BSA/HIP1R (a new biomarker for AIH with

a reportedly higher specificity than conventional autoantibodies) was detected in almost

half of patients.® Histology showed lobular hepatitis (76%) and portal hepatitis (17%), with
fibrosis being more prominent in the latter, which favoured the diagnosis of DI-ALH rather
than AlH, despite the fact that 82% of patients had typical or probable AIH on simplified
IAIHG scoring®® and that 92% of patients had likely or possible AIH based on the ERN
histology system.3 The majority of patients received immunosuppression with steroids, and
liver enzymes normalised in two-thirds after 6 months. The vast majority of cases did not
experience a relapse of liver injury, although follow-up was not prolonged in many cases.
This is consistent with a DI-ALH phenotype, rather than an unmasking of genuine AIH. The
temporal relationship between vaccination and the appearance of the liver injury, and the fact
that hepatitis was diagnosed after the 2nd vaccine dose in the majority of cases® suggested
causality. In contrast, relapse of liver injury after a new dose of vaccine occurred in only
25% of cases, which challenges the causal relationship or reflects adaptation to the vaccine.®

Clinical phenotypes

A frequent challenge is to differentiate the clinical presentation of DILI from AlH, since
there is no differentiating biomarker between the two entities.#” In a recent study,2! five
criteria were proposed to define DI-ALH based on cases of suspected DI-ALH published in
the literature. Histological characteristics do not seem to enable distinction between these
entities.14.16.17 Whilst a greater degree of fibrosis has been reported in AlH,1416:48 this may
be a reflection of disease chronicity rather than reflective of aetiology.

Different case series of patients with DI-ALH describing the response to
immunosuppressant therapy are presented in Table 1. Corticosteroid responsiveness was
similar in both the DI-ALH and AIH groups.14 Discontinuation of immunosuppression was
successful in all DI-ALH cases, whereas 65% of patients with AIH had a relapse after
withdrawal of immunosuppression,14 as observed in other studies.343% No relapses were
observed after short-term immunosuppression in the studies by Rodrigues et a/. (infliximab
and adalimumab)34 and by Bjérnsson et a/. (infliximab).49:50 Interestingly, in the recent
analysis of DI-ALH in the Spanish and the Latin-American registries, the probability of a
relapse in patients grouped as having DI-ALH increased with time, being 17% at 6 months
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and 50% after 4 years of follow-up after remission.5! In a retrospective longitudinal cohort
of patients with drug-induced jaundice (n = 685), 3.4% (n = 23) of patients were hospitalised
(during a mean follow-up of 10 years) of whom 22% (n = 5) developed AIH at 1.5 months
to 6 years from the initial event and another five developed cryptogenic cirrhosis.>2 This
highlights the challenges of distinguishing between DI-ALH and AlH, as well as providing
evidence for the potential chronicity of DI-ALH and therefore the need for long-term
follow-up.

Differentiating DI-ALH from AlH is crucial since most published studies suggest that
DI-ALH often resolves spontaneously after withdrawal of the causative drug and affected
patients rarely require long-term immunosuppression. Timing of the diagnosis is critical for
the management of both DI-ALH and AIH. Failure or late diagnosis in both cases can result
in poor clinical outcomes.24

Autoantibodies—ANA and other autoantibodies are frequently associated with DI-ALH.
A limitation in using ANA and ASMA is their variability among different populations, since
they are absent or present at lower frequencies in some ethnicities.>®* ANA and ASMA
positivity is common in the general population, particularly in older individuals.>* Low
ANA and ASMA titres are present in 40—-65% of patients with extrahepatic autoimmunity,
in the absence of liver disease.>® The presence of autoantibodies in DI-ALH is usually
related to specific drug types such as methyldopa, hydralazine, minocycline, nitrofurantoin,
statins and infliximab.19°6 Autoantibodies are frequently present in DILI, regardless of

the causative drug.>”-58 Therefore, the presence of ANA might, at least in some patients,
represent an epiphenomenon of the acute DILI episode, rather than constituting a specific
disease entity or DILI phenotype. Table 3 shows the prevalence of these autoantibodies in
the healthy population compared to their prevalence in patients diagnosed with AIH. This
evidence also highlights the limitations of these markers in distinguishing DI-ALH from
AlH.

Liver biopsy—Liver biopsy has been recommended as a diagnostic test when DI-ALH

is suspected, if AIH remains a competing aetiology6>9 and if immunosuppressive therapy
is being considered.419 Liver biopsy is useful for confirmation of AlH-like histology and
exclusion of other potential diagnoses (e.g., steatohepatitis). Histological features of AIH
are infiltration with lymphocytes and plasma cells, interface hepatitis, rosette formation and
emperipolesis.®? The specificity of emperipolesis and rosette formation for AIH has been
questioned and might reflect disease severity rather than aetiology of liver injury.3 DI-ALH
mimics the morphological pattern of AIH, including the prominent lympho-plasmocytic
infiltrates in portal spaces and interface hepatitis.1® The parenchyma is also inflamed, and
variable degrees of confluent necrosis (e.g., perivenular or panacinar necrosis) can occur.
The spectrum of injury is variable and plasma cells are only increased in two-thirds of
biopsies, while either an acute- or chronic-hepatitis pattern of injury can develop (Fig. 1). A
limited number of studies comparing liver histology between DI-ALH and AIH have been
undertaken.14:17.48 The microscopic findings that might help to discriminate between the
two conditions are largely unknown, except for advanced fibrosis (7.e., cirrhosis), which is
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observed only in AIH, but not DI-ALH.14.1648 Thys, liver injury associated with DI-ALH
is clinically and histologically indistinguishable from that linked to AIH. Thus far, studies
comparing DILI with AIH have included DILI cases more broadly and have not focused on
the comparison between AIH and DI-ALH.6!

DILI causality assessment methods—Among the causality assessment methods used
for the diagnosis of DILI, Roussel Uclaf Causality Assessment Method (RUCAM) has
previously been the most used in clinical research worldwide.82 However, concerns have
been raised regarding its poor reliability, validity and the lack of clinical evidence for

the domain criteria.53 Recently, a revised electronic version of RUCAM was developed,
coined the Revised Electronic Causality Assessment Method (RECAM), using data from
two large prospective DILI registries, the DILIN (Drug-Induced Liver Injury Network) and
the Spanish DILI Registry.54 RECAM seems to lead to improved case identification, earlier
diagnosis, and medical management of DILI cases.54 However, RECAM, like RUCAM, was
not designed to consider specific emerging phenotypes like DI-ALH. The original IAIHG
scoring system>9 was initially developed to define cohorts of patients with AIH for clinical
trials and in difficult cases, but the new simplified version is more applicable to clinical
practice.80 The use of the IAIHG scoring system®°’ in patients with DI-ALH should be
further evaluated and compared with the new simplified criteria.5°

New biomarkers and approaches—The use of autoantibody profiling has been
explored to investigate and develop diagnostic tests that may help distinguish DI-ALH

from AIH. Lammert et al., demonstrated that AIH was characterised by a group of both

1gG and IgM autoantibodies while DI-ALH was only characterised by IgM, which could be
used as a feature to distinguish DI-ALH from AIH.83 Four IgM autoantibodies directed at
double-stranded DNA (SCL-70, ssDNA, U1-snRNP-BB) were able to differentiate DI-ALH
from DILI (AUC 0.87).55 This study was limited by less than strict criteria for DI-ALH

and the fact that the implicated drugs were not definitively associated with DILI with
autoimmune features. In another study by Taubert et a/, protein microarrays were used to
identify polyreactive 1gG, which is elevated in AIH.5¢ According to the authors, polyreactive
1gG might be a new marker that could facilitate diagnosis and help to preselect patients
with liver disease for biopsy, because of higher specificity and overall accuracy than routine
autoantibodies (e.g. ANA, SMA, and anti-liver-kidney microsomal antibodies).56

Management and treatment of DI-ALH

Information is scarce on the management of DI-ALH and comes mainly from retrospective
studies. Treatment decisions are often based on experience gained from case reports or
expert opinion.14:16.34.3548,50,51 The most important initial step in terms of management of
any suspected case of DILI is to discontinue the implicated agent. Delays in withdrawal of
the suspected drug may impact both the severity of injury and responsiveness to therapy.
Published DI-ALH cases reported high rates of spontaneous recovery after discontinuation.
Resolution may not appear immediately and ongoing or even worsening liver injury can
occur despite the withdrawal of the implicated drug.24:50 The type of liver injury should be
assessed because steroid therapy may be necessary in the case of persistent hepatocellular or
mixed type liver injury.4’
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A management algorithm is illustrated in Fig. 3. EASL guidelines suggest that a
multidisciplinary approach that considers the patient’s clinical and histological features
should be followed when deciding on whether to initiate steroid treatment.2 Patients

with suspected DI-ALH should undergo detailed evaluation including a liver biopsy in
most cases. Concerning histology, the validation cohort of the new simplified criteria did
not include patients with DI-ALH.%6 It is not clear if the results of histology, lack of
improvement of liver tests after stopping the implicated drug or both should be used as the
indication for corticosteroids in patients with DI-ALH. An international collaborative study
of all DILI cases retrieved from two prospective DILI registries using propensity score-
matching analysis found that the benefit from steroid therapy (increase in the normalisation
rate of liver biochemistry) was more evident in patients with severe DILI (nR-based Hy’s
law) without disease resolution within 30 days of stopping the implicated drug.5”

Although corticosteroids are often used to treat DI-ALH,58 the decision to institute
corticosteroid therapy should ideally be individualised.89 Corticosteroids should be used
in symptomatic patients if there is no improvement or worsening in liver tests after
stopping the implicated agent. A short course of corticosteroids (1-2 months) could be
considered in cases of protracted or increasing abnormalities in aminotransferases.?! It is
not clear how long the clinician should wait for improvement and this is currently based
on clinical judgment. Corticosteroids may also be considered when rapid improvement in
liver tests is desired in order to substitute the offending agent with an alternative drug.>°
Recovery time was reported to be longer for DI-ALH than for DILI (8-10 weeks vs. 5-7
weeks, p<0.05).70 However, the response to immunosuppressive treatment was found to
be significantly faster in patients with DI-ALH than in those with AIH (2 months vs. 16.8
months).”? A faster response or decrease in serum ALT within 1 week after initiation of
corticosteroid treatment was observed in patients with DILI compared to those with AIH.”2
There is very limited data on the dose of corticosteroids used to treat DI-ALH in the
published literature.17:31.32.34.35 |n 3 recent study of patients with DI-ALH associated with
infliximab, the median dose of prednisolone used was 30 mg, or 40 mg for patients with
jaundice.50 While different studies have reported distinct protocols and doses of steroids
in AlH, there are still some uncertainties about the optimal management of these patients.
Different authors agree that further work is still required to determine the optimal steroid
induction protocol in patients with severe AIH.73 In the case of DI-ALH, steroid dosage is
usually determined based on the principal investigator’s personal experience.’*

Rechallenge (re-administration of a drug suspected to have caused DILI) is currently the
strongest proof of causality in the adjudication process of suspected DILI. However, drug
rechallenge in DILI cases is potentially dangerous?7® and is associated with risk of death
or requirement for liver transplant.2:15.76 Despite the known risks, positive rechallenge
can be considered if the patient has shown important benefits from the drug and other
options are not available.”® The definition of positive rechallenge is currently defined as
alanine transaminase (ALT) levels >3-5x the upper limit of normal after re-administration
of the suspect drug, in a patient with normal baseline ALT.”® Information about positive
or negative rechallenges in DI-ALH is very limited and restricted to individual cases.
Therefore, additional data are needed from controlled clinical trials, prospective registries,
and large health care databases.
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Natural history

After the withdrawal of the causative agent and with institution of immunosuppression,

the outcome in DI-ALH is generally good in most cases, with a low risk of relapse or
progression to chronic liver injury, as reported in different studies with heterogeneous
follow-up (Table 1).14.17:34.3550 |nterestingly, however, in a long-term follow-up of DI-ALH
cases collected in two prospective DILI registries, the likelihood of relapse increased over
time, reaching 50% after more than 4 years of follow-up.>! Thus, DI-AHL presents as a
“self-limited” phenotype that resolves or becomes quiescent when the drug is removed, but
in some cases, liver injury does progress to chronicity and a “self-perpetuating” autoimmune
liver disease ensues (Fig. 2).22:51,52

Normalisation of liver tests, either spontaneously or after the use of immunosuppression,

in patients with DILI does not always guarantee a benign course, highlighting the need

for prolonged follow-up in case of AIH development after the resolution of DILI.5277
Additionally, early identification of patients with DI-ALH who might progress to ALF is
still challenging.”® An algorithm developed by the Spanish DILI Registry to identify patients
at higher risk of ALF at DILI recognition showed 82% specificity and 80% sensitivity.”®
However, this has not been replicated and it is unknown if this algorithm applies to DI-ALH.

Implications for drug development

DILI is a major cause of the withdrawal of potentially valuable therapies post-marketing.8°
Current methods have not been shown to be helpful in predicting DILI or DI-ALH in clinical
studies.81 Due to the lack of effective biomarkers, Hy’s law is currently the most used tool
to assess a drug’s potential to cause severe DILI. Therefore, the most specific indicator

that a drug is hepatotoxic is the occurrence of drug-induced hepatocellular injury with
jaundice, and/or an increased international normalised ratio.82 Labelling cases as potential
DI-ALH in clinical trials may trigger follow-up actions, including: determining liver-specific
autoantibodies in patients with elevated aminotransferases, administering steroids according
to current recommendations for treatment of AlH, and long-term follow-up of study
participants to monitor for possible flares of AIH in either the presence or absence of study
drug. For this reason, caution should be exercised in classifying a case of suspected DILI as
DI-ALH, since this can have a profound impact on the workup of these patients, the decision
to interrupt or discontinue treatment and the overall safety assessment of the developmental
compound. A comprehensive identification of potential DI-AILH cases in clinical studies
would require a dedicated initiative, for instance in the frame of a public-private partnership
that specifically addresses this question and allows partner companies to share samples and
data.

A much better understanding of the mechanisms underlying DILI and DI-ALH is essential
to design improved predictive models.82 Thus, future research should focus on applying new
technological advances and constructing a systematic biological approach to understand the
mechanism and identify initial pathways. This will enable the identification of new treatment
targets and other environmental and genetic factors that also have a profound impact on

the risk of an individual patient developing overt liver disease. This would allow physicians
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to stratify patients according to their environmental and genetic factors and to adopt a
personalised approach to the treatment of DI-ALH.

Current gaps and future directions to improve the analysis and management of DI-ALH

Several gaps were identified in terms of clinical diagnosis and management, which would
benefit from future research on the mechanisms of prevention and treatment of DI-ALH.
The participants reached a consensus regarding existing gaps in the field that should prompt
more research.

To define the precise epidemiology of DI-ALH, a correct diagnosis of the
(auto)immune phenotype of DILI is necessary. Comprehensive identification of
potential DI-ALH cases in clinical studies will require a dedicated initiative,
preferably including prospective studies that specifically address this question
and allow for partner companies to share samples and data.

The use of a consensus definition of DI-ALH will enable analyses of larger
populations based on the same criteria, helping to define the different classes of
drugs/agents that can cause DI-ALH as an entity and guiding outcome prediction
and patient management.

There is a lack of data and specific biomarkers to characterise and discriminate
DILI vs. AlIH vs. DI-ALH. It is imperative to improve liver histology evaluation
to better characterise the patterns of DI-ALH. The experts agree on the need to
develop a tool for diagnosing DI-ALH before the initiation of therapy.

A systematic investigation of the type and pattern of autoantibodies detected in
DI-ALH, adhering to dedicated methodological guidelines, with comparison to
AlH is warranted to investigate whether they can serve as specific biomarkers for
diagnosis, prognosis and response to treatment.

The experts agree that information on the morphologic evaluation of liver biopsy
can be augmented by using immunohistochemical and molecular techniques.
Future studies incorporating immune cell phenotyping may help identify
immunohistochemical markers useful for the diagnosis of DI-ALH. A properly
designed biopsy study and the discovery of new molecular markers may help to
provide clarity on the differences between DI-ALH and AlH.

Testing for carriage of particular HLA alleles in selected cases will assist in

the diagnosis of DILI or AIH. Further studies are needed to clarify the genetic
heterogeneity and pathogenesis of AIH and DI-ALH. Moreover, there is a clear
need to evaluate the use and effectiveness of genetic tests for the diagnosis of
AlH vs. DI-ALH and for decision-making in this clinical context.

The current identified gaps in the management of DI-AILH are: 1) which
patients require immunosuppression, 2) standardisation of treatment regimens
(e.g. dose and duration of therapy) in the event immunosuppression is
administered, and 3) when to withdraw therapy. Thus, a set of criteria for
DI-ALH assessment including tests and follow-up that should be performed in
prospective studies was generated during the workshop (Table 4).
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. A prospective assessment of predictors of positive rechallenge, with the same or
with a different drug, and outcomes should be performed.

. Conducting spatial profiling of gene signatures on liver biopsies should help
to highlight the differences between DI-ALH and AlIH, allowing for future fine-
tuning of nomenclature. Future research involving comparative analysis using
distinct “omics” technologies may enable the categorisation of DI-ALH cases,
allowing us to better predict their progression, spontaneous resolution, response
to therapy and outcomes.

. The experts agreed that larger prospective studies with relevant follow-up
information on immunosuppression are needed to properly characterise the
natural history of DI-ALH. Moreover, since the progression of DI-ALH to ALF
is uncommon, and there are no biomarkers predictive of disease progression,
the experts recommend that patients with an acute severe presentation should be
referred and managed in centres with advanced hepatology care.

DI-ALH management: developing guidelines

The lack of reliable diagnostic biomarkers and an evidence-based treatment paradigm has
resulted in limited guidance on how to manage this aspect of DILI.2:25-27 DI-ALH was
defined in the EASL Clinical Practice Guideline as “acute DILI with serological and/or
histological markers of idiopathic AIH” 2

Conclusions

In summary, DI-ALH as a clinical phenotype is poorly characterised. Establishing new
collaborative initiatives will allow for a better understanding of the various DILI signatures.
Better characterisation of the different phenotypes of DILI should be the primary focus

of future collaborative research, with the ultimate goal of developing novel targeted risk
management and therapeutic strategies to optimally manage DILI, AlIH and DI-ALH, using
precision medicine approaches.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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RECAM Revised Electronic Causality Assessment Method
RUCAM Roussel Uclaf Causality Assessment Method
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Key points

Drug-induced autoimmune-like hepatitis (DI-ALH) is considered a
liver injury with laboratory and/or histological features that may be
indistinguishable from those of autoimmune hepatitis (AIH).

Understanding of DI-ALH is limited by the lack of specific markers, while
there are no specific pathognomonic findings or individual biomarkers that
can be used to establish a diagnosis of idiopathic AIH.

Distinguishing DI-ALH from AlIH is crucial since patients with DI-ALH
rarely require long-term immunosuppression and the condition often resolves
spontaneously after stopping the implicated drug.

The absence of relapse on long-term follow-up without immunosuppressive
therapy is an important feature of DI-ALH.

Further evaluation is needed to evaluate the utility of new biomarkers for the
diagnosis and definitive characterisation of DI-ALH.
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Box 1.

Key challenges faced in detecting, assessing, and managing suspected
acute DI-ALH and distinguishing it from idiopathic AlH.

1. The literature surrounding DILI with an autoimmune phenotype is scarce, but
awareness of the condition is increasing.

2. There are no regulatory guidelines or society position papers that
systematically address case definitions, diagnostic approaches and
management in patients with suspected DI-ALH. It is difficult to differentiate
between different phenotypes with certainty.

3. Both diagnoses are reliant on a number of overlapping clinical features.
Diagnosis of DILI as well as AIH are dependent upon the systematic
evaluation of clinical, laboratory and histological features. While increasing
evidence points to the involvement of immune mechanisms in DILI, drugs
and HDS with positive autoantibody titres exhibit a pattern of injury closely
simulating AIH, presenting many or all of the features of classical AlH.

4, In a few patients, episodes of DILI have developed from multiple drugs
(recurrent DILI) and second episodes of DILI were more likely to be
associated with features of AIH.

5. It is plausible that drugs and vaccines can trigger AIH and yet, there are
not sufficiently robustly designed studies to identify particular agents that
induce such an event. For some drugs the link to DI-ALH is well documented,
whereas some suspected agents are probably innocent bystanders, but the
process of identifying/determining such links is dynamic.

6. It is unknown if DI-ALH tends to resolve spontaneously or if it can even
evolve to acute liver failure as idiopathic AIH occasionally does.

7. Liver biochemical monitoring and stopping criteria that are utilised for
patients with no underlying liver disease who develop a hepatocellular or
cholestatic DILI signal in the setting of a clinical trial may not apply to those
with DILI and an autoimmune phenotype.

8. Management of DI-ALH with immunosuppressants is controversial and not
evidence-based. It is questionable how long the clinician should wait before
initiating immunosuppression (usually corticosteroids) when liver tests do
not improve and even worsen after the discontinuation of the implicated
agent. There is no guidance on when to start immunosuppressive therapy,
which dose, how long it should be maintained, or if and when it needs to be
discontinued.

AlH, autoimmune hepatitis; DI-ALH, drug-induced autoimmune-like hepatitis; DILI,
drug-induced liver injury; HDS, herbals and dietary supplements.
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Fig. 2. Overlap between drug-induced liver injury, drug-induced autoimmune-like hepatitis, and
idiopathic autoimmune hepatitis.

Limited number of patients with drug-induced autoimmune-like hepatitis progress to
chronicity and evolve a disease phenotype more like that of idiopathic autoimmune hepatitis.
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Fig. 3. An algorithm to approach suspected DI-ALH in clinical practice.
*Alternatively, in mild cases associated with specific drugs known to induce this phenotype

(7.e. infliximab), which show clinical/biochemical improvement following drug withdrawal,
a liver biopsy is not always necessary. DI-ALH, drug-induced autoimmune-like hepatitis.
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Table 3.

Proportion of patients with AIH with positive autoantibodies compared with their prevalence among healthy
population.

Test: antibodies % positive in AIH cases % positive in ‘normal’ population

ANA 1:60 68%-75% 15% (<40 Q) — 24% (>40 Q)
ASMA 5296-59% Up to 43%

1gG >1,600 mg/dl ~ 86% 5%

Anti-LKM 4%-20% 1%

AlH, autoimmune hepatitis; ANA, anti-nuclear antibody; anti-LKM, anti-liver-kidney microsomal antibody; ASMA, anti-smooth muscle antibody;

DILI, drug-induced liver injury. Adapted from reference 2
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Table 4.

Recommended data for proper assessement of a suspected case of drug-induced autoimmune-like hepatitis.

Basic assessment criteria

Demographics

Clinical data

Drug exposure history

Temporal
. .k
relationship

Meet criteria definition
for DILI

Exclusion of
alternative diagnoses#

Biochemical
parameters/7

Histological features

HLA data

- H*A
Severity

Treatment

Outcome

Follow-up

Causality assessment
tools

* Age, sex, weight, BMI, ethnicity

Comorbid conditions, autoimmune disorders, underlying liver disease (e.g. steatosis)

Toxic habits: alcohol, tobacco, illicit drugs, over the counter drugs

Type of liver injury (aminotransferases, bilirubin, alkaline phosphatase)

Signs and symptoms: jaundice, hypersensitivity features (rash, peripheral eosinophilia, lymphopenia),
encephalopathy, ascites, hospitalisation

« Take a thorough pharmacological history with exposure to drugs/vaccines/herbal remedies with doses and start-
stop dates
« Excluded exposure to immune-checkpoint inhibitors

« Treatment duration, days
« Latency, days

e ALT exceeding 5x ULN
¢ ALP exceeding 2x ULN
e ALT exceeding 3x ULN and bilirubin exceeding 2x ULN

« Viral hepatitis A, B, C, and E, biliary obstruction, AIH, alcohol-related hepatitis, ischaemic hepatitis, malignancy

« Liver profile at onset, on remission, when worsening, relapse (ALT, AST, ALP, total bilirubin, INR)
« Autoantibodies: ANA, ASMA with pattern on kidney tissue, Anti-LKM1, anti-SLA/LP
e 1gG levels

Date. Description of the following features recommended:

« Pattern of injury (portal or lobular based hepatitis)

« Degree of necroinflammatory changes and fibrosis according to Ishak’s grading and staging system8®

« Plasma cell infiltration or clusters.

« Documentation of other histological features of significance: hepatocellular or canalicular cholestasis, chronic
cholestasis changes, eosinophils, confluent necrosis, steatosis, vascular injury)

« Exclusion of other diseases (e.g., steatohepatitis, cholangiopathy)

« Overall assessment based on the revised AIH scoring system, simplified criteria, and histological criteria3

« Specific HLA for given drugs and general AlH-related HLA

« Asrecommended for DILI
¢ nR-based Hy’s law

« Steroid Therapy (when initiated)
¢ Other immunosuppressant needed
¢ Still on immunosuppressant

* Remission achieved

* Worsening of the disease
* Relapse

« Liver-related death

¢ Liver transplant

e 2-4 weeks, 1-3-6-12-18-24 months after diagnosis and once a year thereafter for 5 years

¢ The RUCAM/CIOMS and its recently improved version RECAM.
* The revised and the simplified AIH scoring systems issued by the International Autoimmune Hepatitis Group

AlH, autoimmune hepatitis; ALP, alkaline phosphatase; ALT, alanine aminotransferase; ANA, anti-nuclear antibody; anti-LKM1, anti-liver-kidney
microsomal type 1 antibody; anti-SLA/LP, anti-soluble liver antigen/liver pancreas antigen; ASMA, anti-smooth muscle/anti-actin antibody;

DILI, drug-induced liver injury; INR, international normalised ratio, RUCAM/CIOMS, Roussel Uclaf Causality Assessment Method/Council of
International Organization of Medical Sciences; ULN, upper limit of normal.

*
Between drug exposure and injury onset and improvement.

#Imaging studies needed.

”Measured at different times of follow-up.

Aok
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