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Abstract

Autoimmune hepatitis (AIH) in children presents significant diagnostic and therapeutic challenges requiring a multidiscipli-
nary and evidence-based approach. The Indian Society of Pediatric Gastroenterology, Hepatology, and Nutrition (ISPGHAN)
convened a consensus meeting on February 23, 2025, bringing together national and international experts to address key
clinical and research questions. The deliberations spanned epidemiology, clinical presentation, diagnosis including autoan-
tibodies, immunoglobulin G (IgG), histology and diagnostic scores, therapeutic strategies, management of difficult-to-treat
AIH, long-term monitoring, and special scenarios, such as seronegative AIH (SN-AIH), autoimmune sclerosing cholangitis/
overlap syndromes and post-transplant complications like recurrence and de novo-AIH. Recommendations were formulated
using standard GRADE system and finalized through structured consensus. These guidelines aim to standardize care, assist
clinicians in decision-making, and improve outcomes in children with AIH across diverse healthcare settings.

Keywords Chronic liver disease - Children - Autoimmune acute liver failure - Immunoglobulin - Autoantibodies - Liver
transplantation

Abbreviations ASMA Anti-smooth muscle antibody

6-TG 6-Thioguanine CBR Complete biochemical remission

6-MMP 6-Methylmercaptopurine CEAID Concurrent extrahepatic autoimmune

AASLD American Association for the Study of Liver disorders

Diseases DSA Donor specific antibodies

AI-ALF Autoimmune-induced acute liver failure dn-AIH De novo autoimmune hepatitis

AIH Autoimmune hepatitis DTT-AIH  Difficult-to-treat autoimmune hepatitis

ALT Alanine aminotransferase ESPGHAN European Society for Pediatric Gastroenter-

AS-AIH Acute severe autoimmune hepatitis ology, Hepatology and Nutrition

ASC Autoimmune sclerosing cholangitis GGT Gamma-glutamyl transferase

AST Aspartate aminotransferase HE Hepatic encephalopathy

ANA Anti-nuclear antibody HLA Human leukocyte antigen
IAIHG International autoimmune hepatitis group
IBD Inflammatory bowel disease
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IFA Indirect immunofluorescence assay

IeG Immunoglobulin G

IL Interleukin

ISPGHAN Indian Society of Pediatric Gastroenterol-

ogy, Hepatology and Nutrition

LC-1 Liver cytosol type-1 antibody

LKM-1 Liver kidney microsomal antibody type-1
LOE Level of evidence

LSM Liver stiffness measurement

LT Liver transplantation

MMF Mycophenolate mofetil

NUDTI15 Nudix hydrolase 15

p-ANCA Perinuclear anti-neutrophil cytoplasmic
antibody

PD-1 Programmed cell death protein-1

PSC Primary sclerosing cholangitis

SLA Soluble liver antigen

SNL Survival with native liver

SN-AIH Seronegative autoimmune hepatitis

TPMT Thiopurine methyltransferase

Introduction

Autoimmune hepatitis (AIH) is a chronic inflammatory liver
disease that presents more severely in children than in adults.
Globally, the prevalence of AIH per 100,000 person-years is
15.65 and 2.34 in the overall population and children, respec-
tively [1]. Over the past few decades, there has been a 50%
increase in incidence in some parts of Europe, suggesting the
introduction of new etiological triggers or a change in sus-
ceptible population [2]. In the United States, presentations
have varied depending upon the ethnicity: Alaskan Natives
have acute presentation of AIH, Hispanics present with cir-
rhosis, and African Americans have rapidly progressive dis-
ease with a higher rate of recurrence after liver transplanta-
tion (LT) [3]. Similar epidemiological data from the eastern
hemisphere are limited [4, 5]. Delay in diagnosis is largely
due to lack of awareness of the presentation especially in the
eastern world, where the diagnosis of AIH can be mistaken
for the more prevalent acute viral hepatitis among children.
The aggressive course of the disease among children, along
with delay in diagnosis and treatment, impacts the long-term
prognosis. Moreover, the majority of the diagnostic scores are
adult-centric and have not been validated in children. Timely
identification of AIH and institution of first-line therapies can
control liver inflammation, improve symptoms, and achieve
biochemical remission. And this, in turn, would prevent dis-
ease progression and promote fibrosis regression. Then, there
are special situations where first-line treatment may not be
successful, as seen in difficult-to-treat AIH (DTT-AIH), AIH
associated with cirrhosis and overlap syndrome. There is a
discrepancy in the definition of DTT-AIH used in different
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centers. DTT-AIH needs to be identified early and monitored
closely with active decision-making to shift to second-line
agents to ensure complete biochemical remission (CBR) and
survival with native liver (SNL). Moreover, the clarity on
indications and the timing of LT among children with AIH is
challenged by lack of data and adult-centric prognostic scores.
Finally, recurrence of AIH and de novo-AIH (dn-AIH) after LT
in children need lucid diagnostic features and distinct protocols
for the management. In all, the diagnosis and management of
this pediatric liver disease are riddled with challenges which
need clarity through a consensus among experts working in
this subject area.

Department of Pediatric Hepatology, Institute of Liver
and Biliary Sciences, under the aegis of ISPGHAN proposed
a consensus meeting on February 23, 2025. The proposal
was approved by the subcommittee of ISPGHAN on con-
sensus guidelines. The agenda of the meeting was to develop
evidence statements, recommendations and agreement on
the diagnosis, and management of pediatric AIH with spe-
cial reference to India and Asia Pacific region. The scientific
committee invited international and national experts to par-
ticipate in a consensus meeting. Before the meeting, ques-
tions were identified by a sub-group of experts and allotted
to participants to review and analyze the published litera-
ture. Literature search, level of evidence (LOE), and grade
of recommendations for each question were reviewed by a
sub-group of experts based on the Grading of Recommenda-
tions Assessment, Development, and Evaluation (GRADE)
system (Supplementary Table 1) [6]. A single day meeting
held on February 23, 2025, in New Delhi, India, discussed
and finalized the consensus statements, recommendations,
and guidelines. A large group of experts deliberated on each
question, reviewed the literature, discussed the contentious
issues, and deliberated to prepare the consensus statement
of evidence deciding the LOE and grade of recommenda-
tions on the particular question. The consensus agreement
percentage was also noted for each statement and recom-
mendation. The final statements and recommendations were
approved and later circulated to all experts for their sugges-
tions. The manuscript with consensus recommendations was
prepared by a sub-group of experts, and the final manuscript
was re-circulated for comments. The experts’ suggestions
were used to revise and finalize the recommendations. A
brief background of each question has been included, pro-
viding recommendations and evidence from the published
literature.

Epidemiology

The incidence and prevalence of AIH differ based on age,
gender, ethnicity, and geographical location. These varia-
tions are influenced by environmental, infectious and genetic
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factors, as well as differing diagnostic criteria used world-
wide. A recent systematic review of adult and pediatric AIH
cases revealed a threefold increase in incidence and preva-
lence over the past two decades. The estimated annual inci-
dence of AIH in children was 0.35 (0.24-0.52) per 100,000
inhabitant-years, whereas the prevalence of AIH in children
was 2.04 (1.01-4.14) per 100,000 inhabitants [1]. Average
annual incidence of AIH reported from South Korea was
0.08 and 0.48 per 100,000 in the children and adolescents,
respectively, with females being twice as often affected [7].
Autoimmune hepatitis is two-to-three times more common
in females, with a median age of presentation in children
of around 10 years [8—14]. AIH types are differentiated
based on types of detectable autoantibodies: type 1 AIH
with the presence of anti-nuclear antibody (ANA) or anti-
smooth muscle antibody (ASMA), while type 2 AIH has
the presence of anti-liver-kidney microsomal type 1 (LKM-
1) or anti-liver cytosol (LC-1) antibody [9]. Type 1 AIH is
three times more common than Type 2. Type 2 AIH can
present earlier, even in infancy, and shows less gender dis-
parity than Type 1 [4, 15-18]. The Asia Pacific data show
no significant difference in the age of presentation between
ATIH types 1 and 2; however, females are more affected in
both the types [13, 14]. Specific human leukocyte antigen
(HLA) DRBI alleles associated with pediatric AIH are HLA
DRB1%*03:01, 13:01, and 07:01 in Caucasian children [19],
HLLA DRB1%*13:01, 03:01, and 07:01 in Latin American
children [20], HLA DRB1#*13:01 in Middle Eastern chil-
dren [21], and HLA DRB1%*03 in Indian children [22]. HLA
DRB1*0405 allele has been seen in patients with type 1 AIH
in Japan, China, South Korea, and Taiwan [23-26]. A north
Indian study has also shown that AIH types 1 and 2 have
different HLA predispositions [27].

Clinical presentation

Autoimmune hepatitis occurs worldwide across all ethnic
groups, but the clinical phenotype and outcomes vary with
ethnic background, influenced by multiple factors, includ-
ing geographical, genetic, environmental, immune, and diag-
nostic factors [28]. It can present with a broad spectrum of
symptoms, ranging from asymptomatic cases to decompen-
sated chronic liver disease and even acute liver failure. Pedi-
atric ATH more often presents acutely and with an aggressive
course [29].

AIH presentation in children includes acute hepatitis-
like presentation (16—67%) with constitutional symptoms,
followed by jaundice, dark urine, and pale stools, mimick-
ing acute viral hepatitis [4, 5, 9, 13—15, 30-32]. The next
common presentation is insidious/chronic onset (13-64%),
which is usually characterized by recurrent jaundice, and
other symptoms persisting from months to several years

before diagnosis [4, 5, 9, 13—15, 30]. Portal hyperten-
sion and variceal bleed along with ascites and/or hepatic
encephalopathy (HE) can be another presentation with no
prior history [29]. Autoimmune hepatitis-induced acute liver
failure (AI-ALF) (7-21%) presents with HE and uncorrect-
able coagulopathy [4, 5,9, 13, 15, 30]. Around 5-20% may
be asymptomatic and detected on routine screening [13, 15,
30] (Table 1).

Although the current literature on the clinical presen-
tation and outcomes of pediatric AIH comes from studies
on Caucasian children, data from the Asia—Pacific region,
including Malaysia, Turkey, and India, have been explored
recently in the last decade. While the overall symptoms of
AIH are similar across regions, notable differences exist in
clinical presentation at diagnosis [4, 5, 9, 1315, 30-33].
In Western populations, pediatric AIH often presents as an
acute hepatitis-like illness resembling viral hepatitis. As
highlighted in Table 1, acute hepatitis-like presentation is
seen in 40-67% patients in the series from these populations
[15, 30-32]. Similar data from Japan reported acute/chronic
hepatitis as the commonest presentation with cirrhosis pre-
sent in only 4/31 patients at baseline [12]. In contrast, up
to 50-90% of Asia—Pacific children with AIH present with
symptoms of cirrhotic liver disease and its complications,
including decompensation [4, 5, 13, 14, 33]. Malaysian
study on pan-ethnic Asian population reported 56% prev-
alence of cirrhosis at presentation [13]. This highlights a
regional difference, but a closer look at the histological data
from the Western studies shows the presence of cirrhosis in
28-68%, suggesting variation in the interpretation of clinical
presentation [9, 15, 30-32]. The expert group opined that the
diagnosis of cirrhosis can be suspected clinically or radio-
logically but has to be confirmed on liver histology.

Autoimmune sclerosing cholangitis/overlap syndrome
(ASCl/overlap) is characterized by the concurrent presence
of features of both AIH and primary sclerosing cholangitis
(PSC), the details of which will be dealt with in a sepa-
rate section. ASC/overlap can be differentiated from typical
AIH by a lesser female predisposition, high serum alkaline
phosphatase to aspartate aminotransferase (AST) ratio, pres-
ence of peri-nuclear anti-neutrophil cytoplasmic antibodies
(p-ANCA), stronger association with inflammatory bowel
disease (IBD), and a worse prognosis than typical AIH. Type
2 AIH differs clinically from type 1 in terms of younger
age of presentation, higher risk for ALF, and higher risk
of relapse on withdrawal of immunosuppression [9, 15].
Supplementary Table 2 highlights important differences in
clinical presentations of AIH types 1, 2 and ASC/overlap.

1.1 Consensus statement

1.1.1 The mode of presentation of autoimmune hepatitis
in childhood varies from asymptomatic, acute to chronic
hepatitis, cirrhosis, and acute liver failure (LOE 3).

1.2 Consensus recommendation

@ Springer
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1.2.1 Any child presenting with acute hepatitis, chronic
hepatitis, cirrhosis, or acute liver failure (negative for viral
etiologies) should be screened for autoimmune hepatitis
(LOE 3, Strong recommendation).

Extra-hepatic involvement

Pediatric AIH is frequently associated with concurrent
extrahepatic autoimmune disorders (CEAID), with preva-
lence ranging from 21 to 48% across various studies [4, 9,
34-38]. Indian and Egyptian studies have reported CEAID
in 40-44% of AIH children, whereas a report from Malay-
sia found 25% association with the same [4, 13, 34, 37]. A
South Korean study reported hypothyroidism in 5/228 AIH
cases in the age group between 0 and 29 years [7]. Table 2
describes the frequency of various CEAIDs in pediatric
studies. Gastrointestinal (celiac disease, IBD), endocri-
nal (hypothyroidism, hypoparathyroidism, type 1 diabetes
mellitus), hematological (autoimmune hemolytic anemia),
and dermatological (early onset acne, vitiligo, and psoria-
sis) are among the most prevalent CEAIDs in children with
AIH [4, 9, 34-38]. Regional and geographic variations
also influence the prevalence and spectrum of CEAIDs,
necessitating tailored screening strategies. Many of these

conditions remain asymptomatic for prolonged periods,
necessitating a high index of suspicion for early detection
throughout lifetime [34]. Screening for CEAID is impor-
tant as it can aid in diagnosis while also having prognostic
implications. The presence of CEAID aids in diagnosis
of AIH by allotting a score of ‘1’ additional point in the
newly proposed European Society for Pediatric Gastroen-
terology, Hepatology and Nutrition (ESPGHAN) scoring
system [29]. The presence of CEAID did not affect the
response to treatment or the long-term outcomes in a large
study including adult patients with AIH [39]. However, the
evidence of the impact of CEAID on clinical outcomes in
pediatric AIH is equivocal, cannot be extrapolated, and
needs further studies [40, 41]. Several pediatric studies
have demonstrated that concomitant celiac disease in chil-
dren with AIH is associated with a milder liver disease
course, better response to treatment, and higher chances
of immunosuppression withdrawal [38, 40, 41]. There
have been suggestions of poor outcomes in pediatric AIH
with associated hematological or dermatological CEAIDs,
although the sample of each CEAID sub-group was small
[34]. Given the impact of certain CEAIDs on outcomes,
structured screening protocols need to be developed and
validated in larger pediatric studies.
2.1. Consensus statements

Table 2 Studies on concurrent extrahepatic autoimmune disorders (CEAIDs) in children with autoimmune hepatitis

Study Gregorio Nastasio Vajroetal. [36] Leeetal. [13] Jainetal. [5] Soodetal. [4] Paollela Mogahed
etal. [9] etal. [38] 2013 2015 2017 2018 etal. etal. [37]
1997 2013 [35] 2024

2019

Country UK Italy Italy Malaysia India India Italy Egypt

Sample size 52 79 206 32 62 85 48 58

Prevalence of CEAIDs 21% - - 25% 42% 44.7% 46% 48.3%

Gastrointestinal disorders

Celiac disease - 19% 6.3% - 9.6% 10.6% 10.4% 1.7%

Inflammatory bowel disease 5.7% - - 9.4% - 1.1% 18.8% 5.1%

Endocrinal disorders

Thyroid 5.7% - - 3.1% 1.1% 10.4% 17.2%

Parathyroid 1.9% - - - 3.2% - - -

Type 1 diabetes 3.8% - - 3.1% - 22% 2.1% 1.7%

Hematological disorders

Autoimmune hemolytic anemia - - - 6.5% 24.7% - -

Autoimmune thrombocytopenia - - - 1.6% - 2.1% -

Rheumatological disorders

Rheumatoid arthritis - - - 1.1% 6.3% -

Behcet disease 1.9% - - - - - - -

Systemic lupus erythematosus — — - - 9.4% - - 4.2% 8.6%

Others

Vitiligo/skin disorders® 1.9% - - - 16.1% 3.3% 6.3% 5.1%

Nephrotic Syndrome 1.9% - - - - - - -

*Early onset acne, psoriasis and lichen planus
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2.1.1 The prevalence of concurrent extrahepatic auto-
immune disorders in pediatric autoimmune liver disease
varies between 21 and 48%. Celiac disease, hypothy-
roidism, autoimmune hemolytic anemia, and vitiligo are
among the common concurrent extrahepatic autoimmune
disorders (LOE 3).

2.1.2 Autoimmune sclerosing cholangitis/overlap syn-
drome has a strong association with inflammatory bowel
disease (LOE 3).

2.1.3 Pediatric autoimmune liver disease with con-
current celiac disease may have a milder course, better
response to immunosuppression, and higher chances of
treatment withdrawal (LOE 3).

2.2. Consensus recommendations

2.2.1 All children diagnosed with autoimmune liver
disease should be screened for thyroid and celiac disease
(LOE 3, Strong recommendation).

2.2.2 Other concurrent extrahepatic autoimmune dis-
eases should be screened based on clinical suspicion
(LOE 3, Strong recommendation).

Diagnosis
How to suspect

Pediatric AIH should be considered in any child present-
ing with acute or recurrent hepatitis or chronic liver dis-
ease in the absence of a clear infectious, metabolic, or
drug-induced etiology. The wide variability in clinical
presentation of pediatric AIH often results in diagnos-
tic delays, especially in the absence of classic features.
Pediatricians should maintain a high index of suspicion in
these children, especially in presence of systemic autoim-
mune manifestations in the child or family. Early refer-
ral to a pediatric hepatologist is essential when AIH is
suspected, as delays in diagnosis and treatment can lead
to disease progression and cirrhosis. While the defini-
tive diagnosis typically rests with the pediatric hepatolo-
gist, the onus of early suspicion and timely referral lies
with the primary care provider. A standardized step-wise
evaluation, including IgG levels, autoantibodies serology,
exclusion of viral etiologies, and liver biopsy, is recom-
mended to ensure diagnostic accuracy and avoid unneces-
sary delays or misclassification. Hence, all children who
present with a suggestive clinical profile and abnormal
liver function tests should undergo work-up for exclusion
of other liver diseases before diagnosing AIH [29, 42].
Figure 1 mentions the algorithm for diagnosing a child
with suspected AIH.

@ Springer

Immunoglobulin G

Following birth, exposure to diverse microbial antigens stimu-
lates the developing immune system, leading to a progressive
increase in endogenous IgG production. IgG concentrations rise
rapidly during infancy, reaching adult levels by approximately
67 years of age. These levels peak and stabilize, maintaining
a plateau during much of adulthood. Pediatric AIH is typically
characterized by hypergammaglobulinemia (raised IgG levels),
indicating ongoing histological activity, although up to 15% of
children with AIH-1 and 25% of AIH-2 may have normal IgG
levels, particularly in acute fulminant presentations [9, 29, 43].
IgG elevation ranges from 64 to 100% in pediatric ASC/overlap
[44, 45]. Hennes et al. showed a very close correlation between
IgG and serum globulin levels (Pearson coefficient: r=0.87) in
the original study describing the ‘Simplified Diagnostic Score
2008’; however, IgG was preferred due to many missing values
for serum globulin [46]. Subsequently, Mileti et al. evaluated
and found that serum globulin levels correlated very closely with
IgG levels and a modified ‘simplified score 2008’ using globulin
instead of IgG had an excellent agreement with the ‘simplified
score’ using IgG [47]. Serum IgG levels have prognostic signifi-
cance, as persistently elevated IgG correlates with disease sever-
ity, treatment response, and risk of relapse. Although elevated
IgG is a hallmark of AIH, but can be falsely elevated in acute
liver failure and ACLF due to non-specific immune response
to liver injury, infection, and systemic inflammation [48, 49].
Elevated IgG, although diagnostic for ATH, but may remain
elevated even after complete biochemical and histological remis-
sion in patients with advanced fibrosis [42, 50-52].

Autoantibodies

Autoantibodies are antibodies produced by the immune
system that mistakenly target the body’s own cells, tissues
or proteins. The presence of autoantibodies is a hallmark
of AIH; however, the titers fluctuate during the disease
course and with treatment [9, 42, 50]. Autoantibodies may
be present in very low titers or even be undetectable at dis-
ease onset, more frequently in children and in those with
fulminant presentation [42, 50]. Such cases are labeled as
SN-AIH and diagnosis is usually based on clinical pro-
file and histopathological findings. Antibody titers may
become detectable later in the disease course [42, 50].
Detection of some autoantibodies correlates with disease
activity, particularly anti-soluble liver antigen (SLA) and
liver cytosol type-1 (LC-1) antibodies [9, 42, 50]. Seropos-
itive AIH is usually classified based on the autoantibody
profile: type 1 AIH is labeled in the presence of ANA or
ASMA antibodies, while type 2 AIH is diagnosed in the
presence of LKM-1 or anti-LC-1 antibodies [9, 42, 50,
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Child or adolescent with:
Acute hepatitis / Acute liver failure
Recurrent Jaundice
Chronic liver disease — Compensated or Decompensated Viral hepatitis
\l/ Wilson disease
Exclude Drug induced liver injury*
Genetic cholestasis and Metabolic liver disesase™
IgG Liver biopsy
Autoantibodies: ANA/SMA/LKM in 1:20 Percutaneous / Transjugular
- |
Normal IgG Elevated IgG R Ifs G_ Elevated IgG Lymphoplasmacytic infiltration
Autoantibodies Autoantibodies Autoantibodies Autoantibodies with interface hepatitis AlH
Negative Negative Positive Positive l
AIH unlikely AIH +/- AIH possible AIH likely Associated severe biliary ASC /
Liver Bx if strong Liver Bx if strong Liver Bx Liver Bx changes (bile duct loss &
clinical suspicion clinical suspicion indicated indicated periductal fibrosis) Overlap
Test for non-conventional antibodies
SLA/LC/p-ANCAATG Centrilobular necroinflammation, AIH in the
Neoati Positive ‘> flentrg] periveju]jgii?, mailsiy(;: setting of
egative epatic necrosis & lymphoi 3
M aggregates ]

Seronegative AIH, or

Alternate diagnosis

Figure 1 Diagnosis of autoimmune hepatitis in children. Diagnosis
of autoimmune hepatitis should always be considered in a child pre-
senting with acute hepatitis, acute liver failure or chronic liver dis-
ease in the absence of known etiologies. Evaluation comprises IgG,
conventional autoantibodies, and liver biopsy. In presence of normal
IgG and/or absent autoantibodies, liver biopsy should be performed
if the index of suspicion is strong. Non-conventional autoantibod-
ies should be tested when conventional autoantibodies are negative.
*Drug-induced liver injury (DILI) should be excluded after a care-
ful history of drug intake and in those with suspicion, revised elec-
tronic causality assessment method (RECAM) criteria may be used
to diagnose DILL "Genetic cholestasis and metabolic liver disease

53]. AIH type 2 constituted 14-15% in the various stud-
ies from the Asia—Pacific region, whereas another study
from India reported 31.4% of AIH as Type 2 [4, 5, 13,
14]. Typically, serological patterns of type 1 and 2 AIH
are mutually exclusive, but can co-exist in a proportion of
pediatric cases making it difficult to classify the patient as
type 1 or 2 [4]. There is a paucity of published literature
on unconventional antibodies like anti-SLA and LC-1 in
pediatric and adult AIH from Indian subcontinent. Table 3
describes the prevalence of various autoantibodies in adult
and pediatric studies on AIH and ASC/overlap.

Autoantibody testing—techniques and interpretation:
The International Autoimmune Hepatitis Group (IAIHG)
recommends indirect immunofluorescence assay (IFA)
for detecting ANA, ASMA, LKM-1, LC-1, and p-ANCA.
IFA on fresh, multi-organ (liver, kidney, stomach) rodent
slices allows simultaneous detection of ANA, ASMA, anti-
LKM-1, and anti-LC-1. Enzyme-linked immunosorbent
assay (ELISA) remains the preferred method for anti-SLA
detection [54].

should be suspected in an appropriate setting in the presence of
clinical and biochemical evidence of cholestasis (genetic choles-
tasis) and presence of red flag signs like young age, family history,
growth failure, hepatosplenomegaly, multisystem involvement, and a
positive metabolic screen (metabolic liver disease). AI-ALF autoim-
mune hepatitis-induced acute liver failure, AIH autoimmune hepatitis,
ANA anti-nuclear antibody, ASC autoimmune sclerosing cholangitis,
Bx biopsy, IgG immunoglobulin G, LC anti-liver cytosol antibody,
LKM anti-liver kidney microsomal antibody, p-ANCA peri-nuclear
anti-neutrophil cytoplasmic antibody, SLA anti-soluble liver antigen
antibody, SMA anti-smooth muscle antibody, t7G anti-tissue transglu-
taminase antibody

ANA and ASMA: Serological hallmarks of AIH-1,
though not specific, can be found in primary biliary chol-
angitis, PSC, viral hepatitis, and systemic autoimmune dis-
eases. ANA can be positive in up to 30% of the healthy pop-
ulation [55, 56]. On the rodents’ renal substrate, ASMA can
show three distinct patterns: “V’ (vessels), ‘G’ (glomeruli),
and ‘T’ (tubules). ‘VG’ and ‘VGT’ patterns are indicative
of AIH [54]. In the pediatric population, ANA and ASMA
are considered positive at a dilution of 1:20 [29]. A meta-
analysis of adult studies on AIH showed poor sensitivity
(ANA: 65%, ASMA: 59.3%) and reasonably good specificity
(ANA: 75.1%, ASMA: 92.6%) of ANA and ASMA for the
diagnosis of AIH [57].

Anti-LKM-1: Highly specific for AIH-2, though occa-
sionally detected in Hepatitis-C virus infection [56]. It
gives a bright stain on the hepatocyte cytoplasm and on
the P3 portion of the proximal renal tubules of rodents.
The molecular target of anti LKM-1 is CYP2D6, a member
of the hepatic P450 enzyme. Anti LKM-1 is considered
positive in a dilution> 1:10.
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Table 3 Prevalence of

L AIH type 1 AIH type 2 ASC/overlap
autoantibodies in adult
and pediatric patients with Pediatric Adult Pediatric Adult Pediatric Adult
autoimmune hepatitis and
autoimmune sclerosing ANA 41-87% 13-80% 11-50% 31-40% 29-85% 13-39%
cholangitis/overlap syndrome ASMA 46-96% 24-90% 21-50% 26% 14-82% 6-16%
14,9, 29, 42, 43, 50,53, 54,56, g1 o 40-58% 2-58% 44-58% 58% 41% 0
57,59, 69, 184, 188, 194]
LKMI 0% 0% 95-100% 78-100% 3% 0
LC1 0% 0% 14.2-60% 21-51% NA 0
p-ANCA 31-54% 42-92% NA NA 60-80% 60-70%

AIH autoimmune hepatitis, ANA antinuclear antibody, ASC autoimmune sclerosing cholangitis, ASMA
anti-smooth muscle antibody, LC-1 anti-liver cytosol-1 antibody, LKM1 anti-liver kidney microsomal anti-
body-1, NA not available, p-ANCA peri-nuclear anti-neutrophilic cytoplasmic antibody, SLA anti-soluble

liver antigen antibody

Anti-LC-1: Formimino-transferase cyclodeaminase, a
liver enzyme related to metabolism of folates, is the target
of anti LC-1. Anti-Formimino-transferase cyclodeaminase
antibody can be detected by commercial ELISA and it cor-
relates with severe inflammation and rapid progression to
cirrhosis, serving as a prognostic marker in type 2 AIH
[53, 58].

Pp-ANCA: ANCA is detected by IFA on fixed human neu-
trophilic granulocytes. It is frequently detected in type 1
AIH, PSC, and IBD. The detection of aberrant p-ANCA can
operate as an additional signpost toward AIH diagnosis, par-
ticularly in the absence of other autoantibodies [50, 54, 55].

Anti-SLA: This antibody is highly specific for ATH-1 but
may be detected in children with type 2 AIH. Its detection
is usually associated with severe disease and a younger age
at diagnosis [59].

3.1 Consensus statements

3.1.1 Immunoglobulin G measurement is integral to the
diagnosis and monitoring of autoimmune hepatitis. Persis-
tent elevation more than the upper limit of normal correlates
with disease severity and risk of relapse, necessitating opti-
mization of immunosuppression (LOE 3).

3.1.2 Autoantibody profiling is crucial for autoimmune
hepatitis sub-classification, but seronegativity does not
exclude autoimmune hepatitis, particularly in fulminant
cases (LOE 4).

3.2 Consensus recommendations

3.2.1 Immunoglobulin G levels should be measured in all
cases of suspected autoimmune hepatitis, but normal lev-
els do not preclude the diagnosis of autoimmune hepatitis,
especially in acute fulminant presentation (LOE 3, Strong
recommendation).

3.2.2 Initial serological tests should include anti-nuclear,
anti-smooth muscle, and anti-liver kidney microsomal
type-1 antibodies (LOE 3, Strong recommendation).

3.2.3 Testing for additional autoantibodies (anti-soluble
liver antigen, anti-liver cytosol-1, and peri-nuclear anti-neu-
trophilic cytoplasmic antibodies) may be considered if initial
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autoantibodies are not detected and there is a strong clinical
suspicion (LOE 3, Weak recommendation).

3.2.4 Indirect immunofluorescence is the method of
choice for the detection of anti-nuclear, anti-smooth mus-
cle, anti-liver kidney microsomal type-1, liver cytosol-1, and
peri-nuclear anti-neutrophilic cytoplasmic antibodies. Solid-
phase immunoassays may be used when indirect immunoflu-
orescence is not available (LOE 3, Strong recommendation).

3.2.5 Autoantibody titer cut-offs for the diagnosis of pedi-
atric autoimmune hepatitis are: anti-nuclear and anti-smooth
muscle antibodies > 1:20 and anti-liver kidney microsomal
type-1 antibody > 1:10. Positive results are considered for
anti-soluble liver antigen, anti-liver cytosol-1, and peri-
nuclear anti-neutrophil cytoplasmic antibodies (LOE 3,
Strong recommendation).

Histology

Diagnosing pediatric AIH is particularly challenging due to
the wide spectrum of clinical presentations and the absence
of highly sensitive or specific biochemical or serological
markers. Histological examination of liver tissue plays a cru-
cial role in confirming the diagnosis, excluding alternate or
comorbid etiologies, distinguishing AIH from ASC/overlap
syndrome, and assessing fibrosis stage for prognostication.
Liver biopsy is essential in the diagnostic work-up of ATH
and is recommended by various international guidelines [29,
42]. It also serves as an important tool for follow-up, aiding
in the evaluation of disease remission or progression.

Liver histology is a key component of almost all diagnostic
scoring systems for AIH. However, no single histological fea-
ture is pathognomonic for AIH. Therefore, diagnosis relies on
a combination of suggestive histological findings. According to
the 2008 simplified scoring system [46], histological features
considered ‘typical’ for AIH include portal inflammatory lym-
phocytic/lymphoplasmacytic infiltrate extending into the lobules
(interface hepatitis), emperipolesis, and hepatocyte rosetting. A
dense plasma-lymphocytic infiltrate in the portal tracts with
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interface hepatitis is a hallmark of chronic AIH, observed in
80-90% of cases in both adult and pediatric cohorts [4, 60-63].
However, this feature is not exclusive to AIH and can be seen
in other liver diseases, such as acute and chronic viral hepatitis
or drug-induced liver injury. Similarly, emperipolesis (presence
of intact lymphocyte within the cytoplasm of hepatocyte) and
hepatocyte rosetting, once considered highly specific for ATH,
are now recognized as markers of severe inflammation or liver
injury and regenerative response rather than being unique to
AIH [60, 62, 64] (Fig. 2).

Older diagnostic criteria, including the simplified scor-
ing system, primarily focused on portal-based inflamma-
tion characteristic of chronic ATH but did not adequately
account for histological changes seen in acute AIH pres-
entations, leading to misclassification or underdiagnosis.
Recently, a consensus statement from the International
ATH Pathology Group addressed this issue by incorporat-
ing both portal and lobular hepatitis into the diagnostic
criteria. Based on these recommendations, AIH can now
be classified as “likely,” “possible,” or “unlikely” based on
distinct histological findings [65]. However, validation and
implementation of these criteria in pediatric AIH diagno-
sis remain pending.

In contrast to chronic AIH, AI-ALF often exhibits distinct
histological features, such as centrilobular necroinflamma-
tion, perivenulitis of the central zone, lymphoid follicles, and
massive hepatic necrosis. Massive hepatic necrosis types 4
or 5 has been reported in 40-60% of fulminant AIH cases
[66, 67] (Fig. 2). However, a pediatric study found that its
ability to differentiate AI-ALF from indeterminate ALF is
limited [68].

Distinguishing AIH from ASC/overlap syndrome his-
tologically is complex and requires a careful histological
examination by an experienced pathologist. Nondestructive
lymphocytic cholangitis, characterized by bile duct injury
and lymphocytic infiltration of bile ducts, has been reported
in up to 12-20% of AIH cases [4]. More pronounced bil-
iary involvement, such as bile duct loss (ductopenia) with
periductal fibrosis, suggests an underlying ASC/overlap syn-
drome. However, the classic onion-skin fibrosis character-
istic of sclerosing cholangitis is rarely observed in pediatric
cases of ASC/overlap syndrome [4, 69, 70]. Supplementary
Table 3 describes the various studies highlighting the histo-
logical differentials of AIH.

4.1 Consensus statements

Figure 2 Histology of autoimmune hepatitis in children. Liver his-
tology of a child presenting with acute hepatitis showing dense
lymphoplasmacytic infiltrate in the portal tract extending into the
adjacent liver parenchyma (interface hepatitis) [black arrow, A, hema-
toxylin and eosin (H&E) stain], emperipolesis (thin black arrow, B,
H&E stain) and pseudorosettes (thick black arrows, B, H&E stain).
Liver histology of children with autoimmune acute liver failure show-

ing zone 3 (central) perivenulitis with hepatocyte loss, (black arrows,
C, H&E stain) and multiacinar necrosis (D, H&E stain). Liver his-
tology of a child presenting with chronic liver disease showing cir-
rhotic liver with regenerative nodules and moderate interface hepatitis
(Panel E, H&E stain) and evidence of ductular proliferation (black
arrows, F, H&E stain)
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4.1.1 Lymphoplasmacytic infiltration with interface hepa-
titis is the hallmark of autoimmune hepatitis, but not exclu-
sive to it (LOE 3).

4.1.2 Centrilobular necroinflammation, central periv-
enulitis, and massive hepatic necrosis are characteristics of
severe acute presentation of autoimmune hepatitis, including
autoimmune-induced acute liver failure (LOE 3).

4.1.3 Mild bile duct injury could be seen in autoimmune
hepatitis. Severe biliary changes in the form of bile duct loss
and peribiliary fibrosis is suggestive of autoimmune scleros-
ing cholangitis/overlap syndrome (LOE 4).

4.2 Consensus recommendations

4.2.1 Liver biopsy is necessary to establish the diagnosis
of autoimmune hepatitis, for the staging of fibrosis, and to
rule out any comorbid condition or alternate etiologies (LOE
3, Strong recommendation).

4.2.2 Liver biopsy can be avoided in cases with autoim-
mune-induced acute liver failure or decompensated cirrho-
sis with coagulopathy where the index of suspicion is high
(LOE 4, Strong recommendation).

Diagnostic scores

Various scoring systems have been developed and refined for
the timely and accurate diagnosis of pediatric autoimmune
liver diseases (Table 4). The original IATHG score was intro-
duced in 1993 which incorporated clinical, laboratory, sero-
logical and histological parameters, genetic predisposition
with absence of hepatotropic viruses, and alcohol or drug
intake [71]. This scoring system had a sub-optimal perfor-
mance in pediatric patients [72]. The score was subsequently
revised in 1999 to exclude non-hepatotropic viral testing and
emphasize lower autoantibody titers and inclusion of HLA-
DR3/DR4 positivity [73]. In the context of children from
the Indian subcontinent and various parts of Asia, exclusion
of Hepatitis-A viral (HAV) infection is mandatory before
confirming the diagnosis of AIH.

In 2008, the simplified score was introduced with 4 key
parameters of autoantibodies (ANA, ASMA, LKM-1 >/=1:40,
and SLA positivity), IgG levels, liver histology findings, and
the exclusion of viral markers. This score (cut-off of >/=6 or 7)
demonstrated high diagnostic accuracy, with an area under the
receiver-operating characteristic curve (AUROC) of 0.946 in
its training set and 0.91 in the validation set [46]. Since healthy
children rarely have these autoantibodies, it has been suggested

Table 4 Scoring systems for the diagnosis of autoimmune hepatitis and autoimmune sclerosing cholangitis/overlap syndrome

Revised IATHG 1999 criteria [73]

Simplified score 2008 [46]

ESPGHAN 2018 criteria [29]

Gender Autoantibodies
ALP/AST (or ALT) ratio ANA or ASMA
Serum globulin or IgG level above ULN Anti-LKM1
ANA, ASMA, or anti-LKM1 Anti-SLA
AMA 1gG

Viral hepatitis markers Liver histology

Hepatotoxic drug exposure
Average alcohol intake (g/day)
Histologic findings

Interface hepatitis
Lymphoplasmacytic infiltrate
Rosette formation

Biliary changes

Other atypical changes
Concurrent other immune disease
Other autoantibodies

HLA DRB1*03 or DRB1*04
Treatment response

Score interpretation
Pre-treatment
Definite AIH > 15
Probable AIH 10-15
Post-treatment:
Definite AIH > 17
Probable AIH 12-17

> 6: probable AIH
>7: definite AIH

Absence of viral hepatitis

Score interpretation

Autoantibodies

ANA and/or ASMA

Anti-LKM-1

Anti-LC-1

Anti-SLA

p-ANNA

IeG

Liver histology

Absence of viral hepatitis (A, B, E, EBV), nonal-
coholic steatohepatitis, Wilson disease, and drug
exposure

Presence of extrahepatic autoimmunity

Family history of autoimmune disease

Cholangiography

Score interpretation
>7: probable AIH/ASC-overlap
> 8: definite ATH/ASC-overlap

AIH autoimmune hepatitis, ALP alkaline phosphatase, ALT alanine aminotransferase, AMA anti-mitochondrial antibody, ANA anti-nuclear anti-
body, ASC autoimmune sclerosing cholangitis, ASMA anti-smooth muscle antibody, AST aspartate aminotransferase, EBV Epstein-Barr virus,
HLA human leukocyte antigen, /gG immunoglobulin G, LC-I anti-liver cytosol-1 antibody, LKM1 anti-liver kidney microsomal antibody-1,
Pp-ANNA peripheral anti-nuclear neutrophil antibody, SLA anti-soluble liver antigen antibody, ULN upper limit of normal
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to use a lower cut-off of >/=1:20 for ANA and ASMA, and
>/=1:10 for LKM-1 antibodies [54]. Mileti et al. validated the
utility of simplified score in children but also demonstrated
its limited sensitivity in acute severe AIH (AS-AIH) or AIH
induced ALF. Usage of revised IAIHG 1999 criteria was found
helpful in diagnosing AS-AIH or autoimmune-ALF patients
[47]. A systematic review and decision analysis reinforced the
same results that the simplified score has moderate sensitivity
but high specificity for diagnosing AIH in children, while also
highlighting its limitations in AS-AIH [74].

To address certain limitations in pediatric populations,
the ESPGHAN introduced a score in 2018 specifically tai-
lored for children. This score uniquely integrates cholangio-
graphic findings which are crucial for distinguishing PSC
from AIH—with a family or personal history of autoim-
munity. This approach aids in diagnosing AIH in rare cases
where liver biopsy is not feasible due to coagulopathy and the
absence of transjugular liver biopsy facilities [29]. However,
there is a concern raised by some researchers that this score
might lead to overdiagnosis of AIH without a liver biopsy. To
date, two studies have validated all three diagnostic scores in
pediatric populations, demonstrating a good agreement and
underscoring their complementary roles in clinical practice
[4, 15]. However, the ESPGHAN score needs to be validated
in various populations. Pediatric-specific studies remain cru-
cial for refining the diagnostic accuracy and distinguishing
between AIH subtypes and ASC/overlap. Further, genetics
can be incorporated in the diagnostic scores to rule out Wilson
disease and multidrug resistance protein-3 (MDR3) deficiency
in those with diagnostic uncertainty.

5.1. Consensus recommendations

5.1.1 Simplified score 2008 score should be used for the
diagnosis of pediatric autoimmune hepatitis (LOE 3, Strong
recommendation).

5.1.2 Revised International Autoimmune Hepatitis Group
1999 criteria may be used for diagnosis of suspected pedi-
atric autoimmune hepatitis presenting with severe acute
presentation, including acute liver failure (LOE 3, Weak
recommendation).

5.1.3 Cut-off values of >/=1:20 for anti-nuclear anti-
body and anti-smooth muscle antibody, and >/=1:10 for
anti-liver kidney microsomal antibody type 1 should be used
(LOE 4, Strong recommendation).

5.1.4 Diagnostic scores may be used with caution for the
diagnosis of autoimmune sclerosing cholangitis/overlap syn-
drome (LOE 3, Weak recommendation).

Management

The management of AIH in children aims to achieve symp-
tom control, biochemical remission, reduction of hepatic
inflammation, and prevention of fibrosis progression.

Treatment typically involves induction with corticoster-
oids, followed by long-term immunosuppression to main-
tain remission and prevent disease relapse.

Pre-treatment evaluation

It is important to check vaccination status and perform
additional tests while initiating therapy with corticoster-
oids and other immunosuppressives.

Vaccination: Vaccination status should be reviewed, and
pending vaccines administered at the time of initiating immu-
nosuppression. Live vaccines should be avoided during high-
dose immunosuppression. With the changing epidemiology of
hepatitis-A infection, vaccination to prevent the infection should
be given to all children. Hepatitis B vaccination should be given
if not previously received. Testing for total (IgG) anti-Hepatitis-
A and anti-Hepatitis-B antibodies before vaccination is not cost-
effective in developing countries [75].

Thiopurine methyltransferase (TPMT) activity: TPMT
activity testing before azathioprine initiation aims to iden-
tify those at risk of severe myelosuppression. However,
94% of children with ATH have normal TPMT activity, and
5.5% have intermediate activity. Intolerance to azathio-
prine and leukopenia do not significantly differ between
those with low or normal TPMT activity compared to
those untested [76, 77]. In view of low prevalence of
TPMT polymorphism in Indian and Asian populations,
high cost and unavailability of the test, and absence of
clear correlation between the polymorphism and azathio-
prine intolerance, TPMT testing is not routinely recom-
mended in Indian children [78].

Nudix hydrolase 15 (NUDT15) activity: NUDT15 is an
enzyme that plays a crucial role in the metabolism of thio-
purine drugs, like azathioprine and 6-mercaptopurine. Spe-
cifically, NUDt15 reduces the toxic effects of thiopurines
by breaking down their active metabolites into less harmful
forms. Mutations in the NUDT15 gene can lead to reduced
enzyme activity, causing increased levels of toxic thiopurine
metabolites and potentially severe side effects like leukope-
nia. Among Asian patients with IBD on azathioprine, 66%
of those with leukopenia had NUDT15 variants, compared
to 9.4% without leukopenia. Heterozygous and homozygous
variants had a 19-fold higher risk of leukopenia [79]. In adult
AIH patients, leukopenia occurred in 100% of homozygous
and 27% of heterozygous patients [80]. Further studies are
needed to establish the prevalence and impact of NUDT15
variants in Indian children with ATH.

Screening for tuberculosis: As per World Health Organi-
zation operational handbook on diagnosis of tuberculosis
2025, screening for latent tuberculosis in children living in
areas with high endemicity for tuberculosis should be done
using symptom screen, recent contact with active tuber-
culosis, and chest X-ray. In areas with low endemicity for
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tuberculosis, tuberculin skin testing or interferon-gamma
release assay can be added to screening strategy to mitigate
the risk of tuberculosis reactivation [81].

Metabolic & bone health screening: Screening for meta-
bolic syndrome may be considered before induction therapy.
Bone mineral density screening is not required in children,
as steroid-induced osteoporosis is more common in adults.

6.1 Consensus recommendations

6.1.1 Inactivated Hepatitis-A and Hepatitis-B vaccines
should be administered at the time of initiating induction
immunosuppression for autoimmune hepatitis (LOE 3,
Strong recommendation).

6.1.2 Thiopurine methyltransferase testing is not rou-
tinely required before azathioprine initiation in Indian set-
ting (LOE 3, Weak recommendation).

Induction therapy

The induction regimen consists of immunosuppression usu-
ally with corticosteroids alone or in combination with another
immunosuppressive, commonly azathioprine, to achieve quick
initial response. Conventionally, azathioprine, with hepatotoxic
potential, should be added only once the serum bilirubin reaches
below 5 mg/dL. Figure 3 outlines a structured algorithm for
managing pediatric AIH patients. Prednisolone 2 mg/kg/day
(max 60 mg/day), tapered to 2.5-5 mg/day over 6-8 weeks,
induces remission in 64-93% of cases [4, 5, 9]. The variation
in response rates across different studies can be attributed to the
heterogeneity in the severity of liver disease. Remission rates up
to 78% have been demonstrated even when including children
with advanced fibrosis on liver biopsies [4]. A meta-analysis
has demonstrated that studies in adults which used higher doses

Children and Adolescents with Autoimmune hepatitis

v

Prednisolone 2 mg/kg/day > tapered to 0.05-0.1 mg/kg/day in 8-12 weeks
Azathioprine 1 mg/kg/day > 1.5-2 mg/kg/day in 2-4 weeks

v
o 4 weeks* | Treatment failure:
AOTIALT reducess0% | AST/ALT reduction <50%, or
1HITHbIn an 1mprove Worsening Bilirubin or INR
\ OR
Continue same treatment Treatment intolerance: Cytopenias
1 Hb <8 g/dL, TLC<4000/mm3 or Platelets<100000/mm3
CBC & LFT monthly X 6 mo,
IgG at 6 mo v
} > Switch to MMF
Biochemical Remission achieved: | 6 months™ [p L o0 ot achieved . v
Normalization of AST, ALT & IgG | - ¥ No response in 3 months*
Check 6-TG, 6MMP:6TG, . .
OR Check MCV Switch to Tacrolimus
3 months® Target 6-TG or MCV# .
/"\ No response in 3 months*
Add allopurinol

100-200 mg/day

<«— Not Achieved

Achieved

\4

Continue same treatment

Figure 3 Algorithmic approach to management of children and
adolescents with autoimmune hepatitis, including difficult-to-treat
patients (see text for details). 6-MMP 6-methylmercaptopurine, 6-7G
6-thiogunanine, ALT alanine aminotransferase, AST aspartate ami-
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*Look for non-compliance, Inadequate drug
doses, alternative etiology, extrahepatic
immunological diseases and overlap

Consider salvage therapies
Sirolimus / Everolimus
Rituximab / Infliximab

notransferase, CBC complete blood counts, Hb hemoglobin, IgG
immunoglobulin G, INR prothrombin time international normalized
ratio, LFT Liver function tests, MCV mean corpuscular volume of red
blood cells, MMF mycophenolate mofetil, 7LC total leukocyte count
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of prednisolone (1 mg/kg/day, maximum 60 mg) have a higher
remission rate and also have more steroid-related side effects
than those which used a lower dose (0.5 mg/kg/day). However,
there is no single study directly comparing the effect of high
versus low dose steroids. [82]. Some international bodies recom-
mend a starting dose of 1 mg/kg/day of prednisolone in children,
especially if starting in conjugation with another immunosup-
pressive like azathioprine [42]. Budesonide, with high first-
pass metabolism, has been tried as an induction agent instead
of prednisolone to minimize steroid-related side effects. There
are conflicting data on the efficacy of budesonide compared
to prednisolone in achieving biochemical remission in adults
with ATH [83, 84]. In pediatric population, a clinical trial has
found similar remission rates between budesonide (32%) and
prednisolone (33%) arms at 6 months. Except for weight gain
and cushingoid facies (which were more frequent with predniso-
lone), other adverse effects were not different in the two groups.
However, the low remission rate in the prednisolone arm is dif-
ficult to explain that could be related to rapid tapering schedule
followed in a sub-group of patients. Moreover, the proportion of
patients with ASC/overlap syndrome was also not defined [85].
Thus, the results from these studies cannot be generalized until
robust RCTs are available. Budesonide can be recommended
for induction only in a select subset of non-cirrhotic AIH as the
presence of advanced liver fibrosis and portosystemic shunting
affect budesonide metabolism and cause comparable side effects
to oral prednisolone [42]. A small pediatric study reported nor-
malization of alanine transaminase (ALT) by 5.5 months in
children with mild AIH (elevated liver enzymes with no por-
tal hypertension) using azathioprine alone for induction [86].
However, long-term outcomes and flare rates are unknown, so
steroid-free induction cannot be recommended until further evi-
dence is available.

Maintenance therapy

Prednisolone monotherapy can maintain remission in only a
small subset of patients [15]. Adding azathioprine (1-2 mg/
kg/day) with low-dose prednisolone (2.5-5 mg/day) maintains
remission in up to 79%, with a 28-35% relapse rate [9, 87].
Most flares on azathioprine maintenance are mild to moderate,
and easily managed with short courses of steroids [10]. Bone
marrow suppression occurs in 2.5-6.3% of children receiving
azathioprine [88]. Monitoring 6-thioguanine (6-TG) levels do
not reliably predict remission or relapse in AIH, unlike in IBD.
In one study, only 32% of patients in remission had 6-TG levels
within the IBD therapeutic range (250450 pmol/8 x 108 RBCs)
[89]. While another pediatric study found that 87% of those in
remission had sub-optimal therapeutic 6-TG levels between 50
and 250 pmol/8 x 108 RBCs [76]. On the other hand, a recent
meta-analysis showed significantly higher 6-TG levels among
AIH in remission than those who failed to achieve remission
[90]. Hence, more studies are needed to establish the role of

6-TG in therapeutic drug monitoring strategy and to establish
the target drug level before it can be implemented in routine
clinical practice. Significant hepatotoxicity with azathioprine
has not been reported in any major adult and pediatric studies.
Azathioprine monotherapy could maintain remission in 79%
of children. Of the 35% who experienced flares, half were suc-
cessfully treated by simply increasing the azathioprine dose
[76]. Another study found overall relapse rates of 19% (12%
on azathioprine monotherapy vs. 2% on combination therapy)
[88]. In a study of adults on maintenance therapy, 36% relapsed
after prednisolone withdrawal and required reintroduction of
steroids [91]. A recent systematic review of studies done in
adults showed that azathioprine monotherapy maintained pro-
longed remission in 83% of patients after achieving remission
on a combination of prednisolone and azathioprine for a period
of more than 1 year [92]. However, two real-world studies from
22 countries reported that none used azathioprine monotherapy
for maintenance [93, 94]. Considering the results of system-
atic review, azathioprine monotherapy can be recommended for
those who have sustained biochemical remission for more than
1 year on a combination of prednisolone and azathioprine [92].
Mycophenolate mofetil (MMF) in combination with steroids as
inducing agents in a recent randomized-controlled trial in adults
showed a higher proportion of CBR by 3 months (56% vs 29%)
and 6 months (72% vs 32%) in comparison to azathioprine with
steroids, with lesser number of serious adverse events (0% vs
13%) [95]. There is no such comparative trial in the pediatric
age group. Administration of MMF in females of the repro-
ductive age group should be avoided because of its teratogenic
effects. Hence, MMF should be reserved for patients with poor
response to steroids and azathioprine. A recent North European
retrospective study in 157 children with AIH showed compa-
rable efficacy but delayed response with tacrolimus (with or
without steroids) versus azathioprine with steroids [96]. Table 5
mentions various drugs in the management of pediatric AIH.
Declining IgG levels suggest successful immunosuppression,
while persistently high levels may indicate sub-optimal therapy
or ongoing inflammation, necessitating treatment adjustments
[50]. However, it may be prudent to note that IgG levels may
remain elevated even after a patient has achieved biochemical
and histological remission, if the patient has advanced fibrosis
[42,51,52].

7.1. Consensus recommendations

7.1.1 Prednisolone (1-2 mg/kg/day, maximum 40-60 mg/
day) is recommended for induction therapy of AIH in
children. Lower dose (1 mg/kg/day) is preferred in com-
bination with other immunosuppressants (LOE 2, Strong
recommendation).

7.1.2 Gradual tapering of prednisolone should be started
from 2 to 4 weeks to bring down to a minimum dose of
0.1-0.2 mg/kg/day (2.5-5 mg/day) by 3—6 months based on
decrease in transaminases (LOE 2, Strong recommendation).
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Table 5 (continued)

Management options for adverse effects

Incidence of

Adverse effects

Dosages

Drug

adverse effects

Reduce dose or switch to alternate immunosuppression

Gastrointestinal disturbances

Diabetes mellitus

5%

Nephrotoxicity

Dose reduction

45-80%
33-55%
9.5-20%

Target trough levels: 200-250 ng/ml (induc- Hypertrichosis

Cyclosporine

Dose reduction

Gingival hyperplasia

tion); 50-100 ng/ml (maintenance)

Dose reduction and/or switch to alternative immunosuppression

Nephrotoxicity

3.5-6.6%
6.6%

Hypertension

Tremor, headache

Dose reduction and/or switch to alternate drug

Variable

Hypercholesterolemia dyslipidemia

Target trough levels: 4-8 ng/ml

Sirolimus

Stomatitis, delayed wound healing,

edema, respiratory infections,

cytopenia

Intravenous Immunoglobulin

Around 16%

Hypogammaglobulinemia

Lymphopenia

375 mg/m*dose

Rituximab

Appropriate treatment of infections

Variable

Recurrent infections

7.1.3 Azathioprine in combination with prednisolone is
recommended for induction and maintenance at a dose of
1-2 mg/kg/day with close monitoring for side effects (LOE
1, Strong recommendation).

7.1.4 Response to treatment should be assessed after
exclusion of sub-optimal dosing, non-adherence, alternative
etiologies, co-morbidities, and autoimmune sclerosing chol-
angitis/overlap syndrome (LOE 5, Strong recommendation).

Difficult-to-treat autoimmune hepatitis

Definition: Most of the children with ATH respond well
to first-line conventional treatment. Difficult-to-treat AIH
(DTT-AIH) refers to cases where the standard first-line treat-
ment is ineffective, poorly tolerated, or leads to frequent
relapses. These cases pose significant challenges for clini-
cians and often necessitate personalized or advanced treat-
ment strategies.

Various studies and society guidelines report that approx-
imately 5-27% of patients do not respond to or cannot toler-
ate first-line treatment [4, 15, 22, 29, 30, 32, 42, 97-102].
Table 6 defines and Fig. 3 outlines the algorithmic man-
agement of treating DTT-AIH. Following the initiation of
standard therapy, patients may experience treatment failure
with or without immediate severity or exhibit only a partial
response. The criteria for remission or treatment response
have varied across national and societal guidelines (Table 6).
Observational studies indicate that in most patients, an 80%
reduction in aminotransferase levels occurs within the first
two months, although complete normalization may take sev-
eral months [98]. Institution or laboratory-specific normal
standard values of transaminases should be defined before-
hand. In 2022, the IAIHG initiated a consensus process to
establish standardized definitions for treatment response.
The term “complete biochemical response” was defined as
the normalization of serum transaminases and IgG levels
below the upper limit of normal within 6 months of treat-
ment initiation. An insufficient response was a lack of
complete biochemical response by 6 months of treatment.
Non-response was defined as a less than 50% decrease in
serum transaminases within 4 weeks of starting treatment.
Treatment intolerance was defined as any adverse event
potentially linked to the therapy, leading to the need for drug
discontinuation [99].

Treatment: Almost 10-20% of children with AIH may
not respond to a combination of prednisolone and azathio-
prine and require second-line agents to achieve remission
[103]. Before escalating to second- or third-line therapies,
clinicians should first evaluate for potential confounding
factors such as non-adherence, sub-optimal drug dosing,
azathioprine hypermethylation, alternative etiologies, and
co-existing conditions like celiac disease, metabolic dys-
function-associated steatotic liver disease, or ASC/overlap
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Table 6 Definitions used in various guidelines for difficult-to-treat autoimmune hepatitis

Society, year Defining criteria Prevalence
EASL, 2015 [97] 1. Non-response: <25% decrease in AST/ALT in 2 weeks 10-15%
with or without immediate severity
2. Incomplete response
3. Treatment intolerance due to drug side effects
ESPGHAN, 2018 [29] 1. Treatment intolerance 13%
2. Unresponsiveness to standard immunosuppression
AASLD, 2019 [42] 1. Treatment failure: worsening laboratory or histological findings despite compliance with standard 7-9%
therapy 15%

2. Incomplete response: improvement of laboratory and histological findings that are insufficientto ~ 13%

satisfy criteria for remission
3. Treatment-ending side effects

APASL, 2021 [98]
coagulation
2. Incomplete response
3. Treatment intolerance
4. Relapse after withdrawal

1. Non-response: <25% decrease in AST/ALT in 2 weeks, or increase in bilirubin or worsening of

10-15%

IAIHG Consensus, 2022 [99] 1. Non-response: < 50% decrease in AST/ALT in 4 weeks -
2. Insufficient response: lack of complete biochemical response after 6 months of treatment initiation

3. Treatment intolerance

AASLD American Association for the Study of Liver Diseases, ALT alanine aminotransferase, APASL Asian Pacific Association for the Study
of the Liver, AST aspartate aminotransferase, EASL European Association for the Study of the Liver, ESPGHAN European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition, JAIHG International Autoimmune Hepatitis Group

syndromes [29, 104]. Assessing thiopurine metabolites
such as 6-TG and 6-methylmercaptopurine (6-MMP) can
be instrumental in tailoring therapy and monitoring treat-
ment adherence in AIH. Maintaining 6-TG nucleotide levels
above 220 pmol/8 x 108 red blood cells has been associated
with sustained biochemical remission in adults with AIH
[105-107] (Table 5). A systematic review and meta-anal-
ysis of four adult and three pediatric studies showed that
6-TG nucleotide levels were higher in patients achieving
biochemical remission, with no difference in 6-MMP levels
or the 6-MMP/6-TGN ratio [90]. Testing for 6-TG can iden-
tify patients who might benefit from allopurinol, a xanthine
oxidase inhibitor that diverts the metabolism toward 6-TG.
Introduction of allopurinol guided by thiopurine metabolites
led to long-term remission in 75% of the adult AIH cohort
[106]. Supplementary Fig. 1 describes the metabolism of
azathioprine and 6-mercaptopurine with key enzymatic
steps, and role of allopurinol.

Mycophenolate mofetil is recommended as the preferred
second-line therapy by both the American Association for
the Study of Liver Diseases (AASLD) and ESPGHAN
[29, 42]. In adults, MMF achieves remission in 50-60% of
patients who are intolerant or non-responsive to azathioprine
[108-110]. As mentioned before, MMF has been reported to
be superior to azathioprine in a recent RCT in adults [95].
Calcineurin inhibitors, such as tacrolimus and cyclosporine,
have remission rates of 63—87% in azathioprine-intolerant
patients and 41-53% in non-responders [111-113]. No
direct comparative trials between MMF and tacrolimus

@ Springer

exist, but retrospective analyses in pediatric patients indicate
a potential advantage of tacrolimus in non-responders [114].
According to a pediatric meta-analysis involving 76 ATH
patients, response rates at 6 months were 36% for MMF,
50% for tacrolimus, and 78% for cyclosporine; however, the
small sample size does not provide any definite conclusion
[115]. Although tacrolimus is apparently more efficacious
in azathioprine non-responders than MMF, it is seldom used
as a second-line agent considering the need for drug-level
monitoring, higher cost, and associated toxicity [94, 113,
114].

8.1 Consensus recommendations

8.1.1 Difficult-to-treat autoimmune hepatitis should be
defined as requiring second-line therapy due to the follow-
ing conditions:

1. Treatment intolerance: Presence of adverse effects pre-
venting the continuation or escalation to an adequate
therapeutic dose of the immunosuppressive drug.

2. Incomplete or insufficient response: Failure to achieve
remission characterized by the lack of normalization of
transaminases and immunoglobulin G levels within 6
months despite adherence to therapy.

3. Treatment failure or non-response: Defined as a less than
a 50% decline in transaminases levels within 4 weeks, or
worsening serum bilirubin levels and/or coagulopathy,
or frequent relapses upon tapering treatment (LOE 5,
Strong recommendation).
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8.1.2 Before initiating second-line immunosuppressive
therapy, it is essential to exclude sub-optimal dosing, non-
adherence, alternative etiologies, co-morbidities and auto-
immune sclerosing cholangitis/overlap syndrome (LOE 5,
Strong recommendation).

8.1.3 Measurement of thiopurine metabolites may be con-
sidered to optimize therapeutic efficacy of azathioprine and
to evaluate the benefit of adding allopurinol (LOE 3, Weak
recommendation).

8.1.4 Mycophenolate mofetil is recommended as the
preferred agent for second-line therapy (LOE 2, Strong
recommendation).

8.1.5 Calcineurin inhibitors may be considered as an
alternative second- or third-line therapy (LOE 3, Weak
recommendation).

Salvage treatment

Salvage therapy, also known as rescue therapy, is a treatment
given after AIH has failed to respond to standard or first-line
treatments. Salvage therapy is considered for children with
AIH refractory to first and second-line treatments. Salvage
treatment strategies involve drugs that inhibit the mam-
malian target of rapamycin (sirolimus, everolimus), inhibit
B-cell activation and proliferation (rituximab, VAY736),
block tumor necrosis factor (infliximab), and enhance regu-
latory T cells (low-dose interleukin-2, IL-2) among others
[94, 116]. However, there are limited data on various sal-
vage treatment options. Hence, usage of salvage treatment
options should be individualized based upon clinician’s
decision. A recent survey conducted in 36 European cent-
ers reported that drugs like sirolimus and rituximab were
preferred in only 2 (5.1%) of these centers [94]. Figure 3
provides a structured algorithm for management of pediatric
AIH patients who need salvage therapy.

Sirolimus has shown response rates of 80-100% in
adults with refractory AIH patients, while one pediatric
study has reported a response rate of 50% [117-119].
Similarly, everolimus has shown response in 5 out of 6
children after a median follow-up of 28 months [120].
Rituximab usage has shown a response rate of up to 89%
in adults with refractory AIH [121-123]. Two pediatric
case series have also shown comparably good response
rates to rituximab [124, 125]. Infliximab in refractory
AIH has shown a response rate of 78% in a multicentric
adult study with similar results in a pediatric case series
[126-128]. Methotrexate and cyclophosphamide have
been rarely used in AIH [129-131]. These salvage treat-
ment options have a narrow therapeutic index in compari-
son to first- and second-line therapeutic agents and need
close monitoring for adverse effects and therapeutic levels
(Table 5). Several new therapeutic agents are currently
under investigation for AIH, including B-cell activating

factor (BAFF) inhibitors, low-dose IL-2, Toll-like recep-
tor-4 antagonists, pre-implantation factor, and inflamma-
some inhibitors among others [132].

9.1 Consensus recommendation

9.1.1 In the presence of limited data in pediatric refrac-
tory autoimmune hepatitis, usage of salvage treatment
options should be individualized based upon clinician’s
decision (LOE 5, Weak recommendation).

Monitoring a child with autoimmune hepatitis

Currently, no standardized monitoring protocols are avail-
able for patients with AIH. The recommendations provided
in various guidelines are primarily based on expert opin-
ions and center-specific practices. Several guidelines, both
pediatric and adult, outline monitoring protocols for the ini-
tial treatment period [29, 42, 97]. The frequency and extent
of monitoring depend on clinical severity and the type of
immunosuppressive therapy used. Essential components
include monitoring for disease activity, disease progres-
sion, growth, and drug side effects (Tables 5 and 7) [29, 42,
50, 97, 133-135]. Baseline parameters should be assessed
before initiating treatment. Any modifications in medica-
tion or dosage should prompt more frequent monitoring until
remission is achieved. Vaccinations for vaccine-preventa-
ble diseases, including influenza, should be administered
regularly. Ensuring vaccination against hepatitis-A and B
will help in preventing acute-on-chronic liver failure and its
related morbidity and mortality in these children with under-
lying chronic liver disease. As mentioned in Table 5, these
children should be given special attention for psychological
counseling and help.

10.1 Consensus recommendation

10.1.1 Children with autoimmune hepatitis on immu-
nosuppression should be regularly monitored (weekly
or biweekly for the first 6-8 weeks, then monthly for the
first 6 months, followed by every 3—6 months) for disease
activity, disease progression, treatment-related adverse
effects, and for growth and development (LOE 5, Strong
recommendation).

Managing adverse effects of immunosuppression

Adverse effects of immunosuppressive therapy may lead
to treatment discontinuation in up to one-sixth of patients
[136]. A structured approach is necessary to mitigate these
effects while maintaining therapeutic efficacy.

Steroids: Steroid-associated adverse effects are com-
mon, affecting nearly half of the patients, with treatment
discontinuation in one-sixth, particularly among adoles-
cents. Cushingoid features, increased appetite, rapid weight
gain (due to water retention and increased appetite), abdomi-
nal pain from gastritis, hirsutism, cutaneous striae, acne,
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Table 7 Protocol for monitoring of children with autoimmune hepatitis and autoimmune sclerosing cholangitis [29, 42, 69, 133-135, 137-139,

188]

Parameter

Test

Frequency

Monitoring disease activity
Liver inflammation

Autoimmunity
Histopathology

Biliary ductal changes already present (ASC/
overlap phenotype)

Monitoring disease progression
Portal hypertension
Fibrosis

Biliary ductal changes
Liver biopsy

Hepatocellular carcinoma (in presence of
cirrhosis)

Liver biochemistry including serum gamma-
glutamyl transpeptidase levels

Serum IgG levels
Liver Biopsy

MRCP

Upper gastrointestinal endoscopy

Liver stiffness measurement using transient
elastography

MRCP

Histology

Ultrasonography + Serum alpha-fetoprotein
levels

Intensity based on clinical setting; weekly
or biweekly for the first 68 weeks, then
1-2 months for the first 6 months, followed
by every 3—6 months

Every 6-12 months

Not routinely required; indicated if transami-
nases remain persistently high or if an
alternative diagnosis is suspected

Annually

Variceal screening as per standard guidelines

Recommended after 6 months of treatment
initiation; Consider annually

Performed in presence of clinical or bio-
chemical evidence of cholestasis (pruritus,
elevation of serum GGT levels)

Not routinely required
Every 6-12 months

Monitoring growth and development
Growth

Development

Anthropometry

Monitoring drug effects Refer to Table 5

Sexual maturity rating (tanner staging)

At every clinical visit

Baseline assessment and periodic follow-up
during adolescence

AASLD American Association for the Study of Liver Diseases, ASC autoimmune sclerosing cholangitis, GGT gamma-glutamyl transpeptidase,
IgG immunoglobulin G, MRCP magnetic resonance cholangiopancreatography

and cataract are frequent adverse effects [44, 85]. Steroid-
induced hypertension and hyperglycemia require regular
monitoring, symptomatic management, prompt tapering of
steroids, and alternate immunosuppression. Steroid-induced
gastritis can be treated using gastric acid suppressants. Ster-
oid therapy suppresses the adrenal axis, potentially impact-
ing linear growth and development [137]. Morning admin-
istration of steroids is advised to minimize this effect. There
is evidence that systemic corticosteroids given to children
with decompensated cirrhosis and AIH can cause significant
increase in intraocular pressure [138]. Long-term data sug-
gest that low-dose steroids used for maintenance of remis-
sion do not significantly impact growth in pediatric ATH
[139]. Prolonged low-dose steroid therapy has been seen to
increase the risk of osteopenia, osteoporosis, and fractures
in adults, while high-dose steroid therapy causes cataract
and diabetes [140]. Calcium (50 mg/kg/day) and vitamin D
supplementation (800 IU/day) are routinely indicated, while
the data on bisphosphonate use in children are limited. Dual-
energy X-ray absorptiometry (DEXA) may be considered
for monitoring bone density in adolescents every 3-5 years.
If steroid-induced osteopenia is a concern, switching to

@ Springer

azathioprine or MMF monotherapy may be considered
[114]. Budesonide, in combination with azathioprine, may
be considered in steroid responders with intolerable steroid-
related adverse effects [85].

Azathioprine: Adverse effects to azathioprine occur in
approximately 25% of patients, requiring drug withdrawal
in 10% [141]. Pancreatitis seen in up to 7% of adults
within the first few weeks of treatment necessitates aza-
thioprine discontinuation [142]. Hematological toxicity
occurs in approximately 10% of patients which could be
due to NUDT15 variants (more common in Asians) or
TPMT polymorphism [79, 141]. Azathioprine-induced
and hypersplenism-induced cytopenia may co-exist and
should be differentiated on a bone marrow aspiration and/
or biopsy. Therapeutic drug monitoring of azathioprine
metabolites (6-TG, 6-MMP) may aid in dose titration,
compliance to treatment, and evaluation of sub-optimal
response, but ideal therapeutic levels in the pediatric
age group are not yet defined [76]. Azathioprine-related
hepatotoxicity may necessitate discontinuation and thi-
opurine metabolite assessment. This selected group of
patients may benefit from addition of allopurinol [143].
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Given potential hepatotoxicity, azathioprine is avoided in
the setting of high bilirubin and acute liver failure. MMF
is a preferred alternative in patients with azathioprine
related serious adverse events [114].

Mycophenolate mofetil: Gastrointestinal symptoms
(abdominal pain, diarrhea) occur in 8—-17% of patients and
improve with temporary discontinuation or dose reduction
[114, 144]. Bone marrow suppression leads to cytopenia in
17-27% of cases, while headache and hair loss may also neces-
sitate drug withdrawal [114, 144]. Incremental dosing with
monitoring is recommended. Teratogenicity is an important
adverse effect; hence, it is customary to prescribe contracep-
tion in the childbearing age group.

Tacrolimus: Neurotoxicity, including headaches and sei-
zures, occurs in 5-30% of patients requiring dose reduction
or temporary discontinuation. Other adverse effects include
nephrotoxicity and gastrointestinal symptoms, which usually
resolve with dose reduction or discontinuation [114, 115].

Table 5 provides an overview of common adverse effects
associated with various immunosuppressive agents used in
the treatment of pediatric AIH, along with strategies for their
management.

11.1 Consensus recommendations

11.1.1 Careful monitoring of treatment-related adverse
effects should be done in children with autoimmune hepati-
tis. Management is based on reducing dose with or without
switching to alternate immunosuppression (LOE 4, Strong
recommendation).

11.1.2 Calcium and vitamin D supplementation is rec-
ommended to prevent and treat osteopenia/osteoporosis
in children on long-term steroid therapy (LOE 4, Strong
recommendation).

11.1.3 Monitoring of bone density by dual-energy X-ray
absorptiometry may be considered in older children on long-
term steroid therapy (LOE 5, Weak recommendation).

Withdrawal of immunosuppression

Withdrawal of immunosuppressive therapy has been
explored in a select subset of AIH, albeit with variable suc-
cess rates [145-152]. While most studies including those
in children attempted treatment withdrawal in patients
having sustained biochemical remission (normalization
of transaminases for more than 2 years); majority of them
also preferred to document normal IgG and absence of his-
tological activity prior to attempting withdrawal [15, 32,
145-153]. Although ESPGHAN recommends document-
ing the absence of autoantibodies prior to immunosup-
pression withdrawal in children, there is limited evidence
to support the clinical utility of such retesting [29]. In
children on combination therapy, a step-wise withdrawal
(steroid followed by azathioprine) has been suggested by a

recent pediatric study [32]. As patients with cirrhosis may
continue to have elevated IgG despite complete biochemi-
cal and histological remission, treatment withdrawal may
still be considered in such patients on a case-to-case basis
[42]. After immunosuppression withdrawal, frequent mon-
itoring is essential, particularly in the first two years, when
the risk of relapse is highest [32, 147, 148]. Most experts
recommend ALT monitoring every 3—4 weeks for the first
three months and then at 3- to 6-month intervals [32, 42,
146, 152, 154]. Others suggest monitoring transaminases
every 3—6 months [29, 149, 150]. Studies in adults indicate
high relapse rates after withdrawal (25%-88%), even in
those with prolonged biochemical remission [145-152]. In
pediatric AIH, reported relapse rates on stopping therapy
have been lower, ranging between 12.5 and 55% [15, 32,
153]. A stable transaminase level (< 0.5 times the upper
limit of normal) for 6 months to 2 years has been indepen-
dently associated with a lower relapse risk in both adult
and pediatric studies [32, 148]. Higher IgG levels at the
time of treatment initiation and withdrawal have also been
linked to higher relapse risk [146, 148]. While most stud-
ies require histological remission (histological activity
index < 4) before stopping immunosuppression, a single
pediatric study has suggested that liver biopsy before with-
drawal may not always be necessary [32]. Certain histolog-
ical markers, such as portal plasma cell infiltration, may
indicate a high risk of relapse, but fibrosis scores have not
consistently predicted relapse [32, 149, 154]. Age, gender,
AIH type, treatment duration, presence of other autoim-
mune diseases, and HLA type have not been universally
identified as predictors of relapse [15, 32, 145-153]. While
some studies suggest no difference in relapse rates between
pediatric AIH type 1 and type 2 [32], others report a higher
risk in AIH type 2 [9]. Overall, predictors of relapse in
pediatric AIH remain poorly defined, necessitating fur-
ther research. Relapses are generally manageable, with
most patients responding well to reintroduction of prior
immunosuppressive therapy [32, 147, 148, 152]. A high
incidence of relapse has been reported in patients where
a second attempt at immunosuppression withdrawal was
made [32]. Table 8 describes the various studies evaluat-
ing outcomes following treatment withdrawal in adults and
children with AIH. Figure 4 shows a suggested protocol
for treatment withdrawal in pediatric AIH and monitoring
thereafter.

12. Consensus recommendations

12.1.1 Withdrawal of immunosuppression may be con-
sidered in a carefully selected cohort of pediatric autoim-
mune hepatitis with prolonged (> 2 years) biochemical
remission followed by histological remission and after a
detailed explanation of the risk of relapse (LOE 4, Weak
recommendation).
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Table 8 (continued)

Predictors of relapse

Criteria for withdrawal No of patients Median follow-up post with- Relapse rates after withdrawal

Study

drawal

Younger age at withdrawal

52% (25/49) in supervised

7 years

Supervised

Before 1980

Maggiore et al. (2023) [32]

0.012)

5 patients relapsed after >4 years Shorter relapse-free duration on

P

withdrawal

withdrawal

49
Unsupervised

Normal AST/ALT/IgG for 1 year

Histology—no activity

After 1980

initial therapy before withdrawal

of treatment withdrawal
Relapse rate 15/16 (94%) in

0.038)
ALT > 0.5 times the upper limit of

(p:

withdrawal

16

Normal AST/ALT and IgG for

unsupervised withdrawal

1 year, no liver biopsy

normal
No difference between incidence

of relapse between Type 1 and

2 AIH

No predictors of relapse were

25% (3/12)

3.78 years

12

Histologic and immunologic

Di Giorgio et al. (2020) [15]

identified
Extra-hepatic autoimmune disease

remission for at least 3 years
Normal AST/ALT and IgG for

12.5% (2/16)

3.4 years

16

Deneau et al. (2014) [153]

0.08) and cirrhosis at base-

=

1 year, and liver histology not
showing any active inflamma-

tion

line (p=0.02)

AIH autoimmune hepatitis, ALT alanine aminotransferase, ASMA anti-smooth muscle antibody, AST aspartate aminotransferase, CI confidence interval, HAI histological activity index, HR haz-

ard ratio, IgG immunoglobulin G, MMF mycophenolate mofetil, y years

Complete Biochemical Response
AST /ALT & IgG below ULN x 24 months

|

Liver Biopsy
Histological activity index <4

Patient and family consent for withdrawal and
check feasibility of regular follow-up

|

Withdraw therapy
Gradually taper and stop steroids followed by
azathioprine over a period of 6-12 months

Close monitoring of AST/ ALT & IgG
Monthly: 1%t year
3 monthly: 2" year
6 monthly: 3" year onwards

Figure 4 Protocol for withdrawal of immunosuppression in children
with autoimmune hepatitis. Complete biochemical remission, i.e.,
normalization of transaminases and immunoglobulin G (IgG) should
be ensured for 24 months. Histological remission (histological activ-
ity index <4) should then be documented on liver biopsy. After an
informed decision, immunosuppression can then be withdrawn while
carefully monitoring for transaminases and IgG as mentioned in the
figure. AST aspartate aminotransferase, ALT alanine aminotransferase,
IgG immunoglobulin G, ULN upper limit of normal

12.1.2 Withdrawal of immunosuppression should
be attempted in a step-wise manner (LOE 4, Weak
recommendation).

12.1.3 Frequent protocol-based monitoring should be
followed after withdrawal of immunosuppression (LOE 5,
Strong recommendation).

Long-term outcome
Relapse on treatment

Relapses following initiation of immunosuppression have
been reported in 19-57% of children with AIH [4, 15, 30,
32]. Median of 1-2 (range 1-5) relapses occur in children
while on treatment and are related to poor adherence to treat-
ment, decrease in immunosuppression, presence or develop-
ment of ASC/overlap phenotype. There is no relationship
between the occurrence of relapses with baseline clinical,
biochemical or histological features [4, 15, 30, 32]. A pro-
portion of relapses (10%) may occur beyond 20 years of
onset of treatment [32]. Most of the relapses while on immu-
nosuppression are easily treatable with increase in steroids
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and/or change in immunosuppression; however, few may
present with liver failure with need for LT [30, 32]. Study
from King’s reported poor SNL in those with relapses [15],
while two other pediatric studies did not find this associa-
tion [30, 32].

Survival with native liver and need for liver
transplant

Survival with native liver in adult patients with AIH is
around 80-90% at 10 years and 70-80% at 20 years from
the time of diagnosis [101, 102, 155]. Pediatric literature
also mentions SNL at 5 and 10 years of above 90% and 80%,
respectively, in these patients [4, 5, 15, 30-32, 156]. Only 2
European pediatric studies have reported SNL of 72-74% at
20 years and beyond [15, 32]. Poor SNL in adults is related
to non-achievement of remission, cirrhosis, presence of
decompensation, frequent relapses on treatment, persistently
deranged INR, failure to normalize ALT within 12 months
of diagnosis, presence of SLA antibodies, and concomitant
IBD [101, 102, 155, 157—-159]. Non-response to treatment,
presence of cirrhosis, and frequent relapses reduce SNL in
children [4, 15, 31, 32, 156].

Cirrhosis is present in 11-53% of adults and 20-75% of
children at diagnosis and is associated with poor outcome [4,
5, 15,30-32, 101, 102, 155-157, 160]. However, data from
one adult and one pediatric study each described no effect of
cirrhosis on remission or treatment failure or SNL [15, 161].
Baseline LSM value above 8.5 kPa on transient elastogra-
phy predicts the development of cirrhosis, and follow-up
LSM value is affected by the presence or absence of CBR
[159, 160]. Up to 62% of adults with decompensated cir-
rhosis due to AIH recompensate over a period of time [133,
162]. A single small pediatric study reported improvement
in the histological activity index and Ishak’s fibrosis stage
during follow-up [163]. Given this evidence, most centers
and guidelines advocate initiating immunosuppression in
the presence of cirrhosis with or without decompensation,
and disease activity. Budesonide is contraindicated in the
presence of cirrhosis, while azathioprine and MMF should
be used cautiously with the risk of worsening cytopenias in
the presence of hypersplenism [4, 5, 29, 42, 98, 162]. Cir-
rhotic complications of portal hypertension and hypersplen-
ism are managed as per standard guidelines [134]. Table 9
summarizes key studies examining the long-term outcomes
of pediatric AIH.

Risk of hepatocellular carcinoma
A systematic review and meta-analysis of 25 adult studies
including 6528 patients followed for a median of 8 years

showed that incidence of hepatocellular carcinoma in AIH
is 3.06 per 1000 patient-years—this rate increases with

@ Springer

presence of cirrhosis at diagnosis of AIH (10.07 per 1000
patient-years) [164]. There is a single case report of hepa-
tocellular carcinoma in pediatric age group in the setting of
AIH [165].

13.1 Consensus statements

13.1.1 In children with autoimmune hepatitis, 10-year
survival with native liver is above 80% (LOE 3).

13.1.2 Non-achievement of remission, presence of cir-
rhosis, and frequent relapses are associated with poor sur-
vival with native liver in children with autoimmune hepatitis
(LOE 3).

Special scenarios

Severe acute presentations of autoimmune
hepatitis

Severe acute presentation of AIH in adults has been clas-
sified into AS-AIH, autoimmune-induced acute liver fail-
ure (AI-ALF), and autoimmune-induced acute-on-chronic
liver failure based on the clinical spectrum [42, 166—168].
However, it is difficult to segregate these presentations in
the pediatric age group. Pediatric acute liver failure study
group (PALFSG) definition includes both AS-AIH and Al-
ALF, and gives a single, easy-to-use, familiar terminology
[4,5,9, 15, 30]. This consensus group agreed that the usage
of PALFSG definition would be more appropriate in such
settings. Of the total AIH cases, the proportion that devel-
oped severe acute AIH in adults range from 3 to 33%, while
the same in the pediatric age group is 7-21% [4, 5, 9, 15,
30, 169—173]. (Table 1). There are diagnostic difficulties
in this set of patients—the simplified score may classify a
significant proportion of these patients as probable (50-83%)
[5, 169-173], IgG may be normal in up to 53% [167-173],
and 0—43% of these patients are seronegative [5, 167-173].
Liver histological features include centrilobular necroinflam-
mation, central perivenulitis, interface hepatitis, lymphoid
aggregates, and massive hepatic necrosis [167—173] (Sup-
plementary Table 3). Liver biopsy via the transjugular route
is feasible and safe in children with severe acute presentation
of AIH [174].

A meta-analysis of 61 studies on 335 pediatric AI-ALF
patients (67% females with a median age of 10 years)
showed that 60% survived with their native liver, while
35% underwent LT and 5% died without LT. Steroids plus
other immunomodulators (azathioprine or cyclosporine)
were received by 31% of patients and were associated with
2.5 times increased chance of SNL than usage of steroids
alone (in 18.5%). Type of AIH reported in only 68 patients
revealed that 63% were Type 1, which was associated with
3.3-fold increased odds of SNL in comparison to Type-2
ATH on multivariate Cox regression analysis. However, the
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Table 9 Studies on long-term outcome of autoimmune hepatitis in children with autoimmune hepatitis
Study Number of FU duration Dev of ASC in FU Cirrhosis Relapses SNL and its predic-
patients PHT tors
Radha-Krishnan 33 AIH Median 73 months — Cirrhosis 55% - 5 and 10 years: 66%
et al. (2010) (11-344 months) Vx 18% and 58%
(USA) [156] LT 9 27%)

Shorter survival
related to weight
loss at presenta-
tion, baseline high
bilirubin, prolonged
INR and LKM-1
positivity

Jiménez-Rivera 159 ATH Mean 4 +2 years  — Cirrhosis 30/150 5 years: 95% without
et al. (2015) (20%) cirrhosis and 88%
(Canada) [31] with cirrhosis
LT 9, Deaths 4
Rodrigues et al. 134 AIH Median 6.1 years 28 (21%) Cirrhosis 68% 39% in AIH and 5 and 10 years:
(2016) (28 ASC) (2.8-10.5) years 52% in ASC 94% and 80% (16
(Brazil) [30] deaths, 11 LT)

Cirrhosis associated
with poor survival

Outcome unrelated to
presence of ASC

Jain et al. (2017) 70 Median: - Cirrhosis in 18/48 — 78.6%
(India) ALF=15 43 months (37.5%) Poor outcome in
[5] Non-ALF=55) (0.5-120 months) Splenomegaly AI-ALF
40/55 (73%) Outcome unrelated to
seropositivity
Sood et al. (2018) 85 Median 16 months — Cirrhosis 75% 19% 68/80 (85%)
(India) [4] AIH=70 (1-80 months) PHT 75% LT=6, deaths=6
ASC=15 Vx Bleed 7% Outcome comparable
in AIH and ASC
Di Giorgio et al. 83 Median 14.5 years 3 (5.5%) Cirrhosis 29% 31% 5, 10, 15 and
(2020) (UK) AIH=54 (10.4- Splenomegaly 20 years: 95%,
[15] ASC=29 16.8 years) 71% 88%, 83% and 74%
Type 1=68 Low platelets 28% (11LT)
Type2=12 Predictors of LT/
death: relapse on
treatment, non-
responders, ASC

Not affected by pres-
ence of cirrhosis
or cholangiolitic
changes on liver
biopsy

Maggiore et al. 117 AIH Median: 20 years 2 (1.7%) Cirrhosis 68% 57% (1 to >5 10, 20 and
(2023) Type 1=65 in survivors Vx at diagnosis relapses) 30 years:—88%,
(France and Italy) Type 2=52 21/49 (43%) 72% and 61%
[32] Vx at last FU (23 LT, 17 Deaths)
32/49 (65%) Predictors of SNL:

male gender,
absence of ascites
or cirrhosis, normal
INR throughout FU

Not affected by Type
1or2 AIH

AI-ALF autoimmune acute liver failure, AIH autoimmune hepatitis, ALF acute liver failure, ALT alanine aminotransferase, ASC autoimmune
sclerosing cholangitis, Dev development, FU follow-up, INR prothrombin time international normalized ratio, LKM liver kidney microsomal

antibody, LT liver transplantation, PHT portal hypertension, Vx varices, SNL survival with native liver
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studies included in this meta-analysis were small and het-
erogenous in terms of usage of definitions, treatment proto-
cols, and end-points [175]. Response to steroids has been
assessed in adults using various predictors and prognostic
scores including SURFASA score (survival and prognostic
factors for AS-AIH) [42, 167—-173]. Predictors of response
to steroids have not been studied in pediatric AI-ALF. How-
ever, ISPGHAN guidelines on PALF recommend opting for
LT in the presence of advanced (Grade III or IV) HE or lack
of response to steroids within 7 days [176].

14.1 Consensus statements

14.1.1 Approximately 7-21% of children with autoim-
mune hepatitis presents as acute liver failure (LOE 4).

14.2 Consensus recommendations

14.2.1 The transjugular approach for liver biopsy can be
used in children in the setting of autoimmune-induced acute
liver failure (LOE 4, Weak recommendation).

14.2.2 Steroids should be administered in children and
adolescents with autoimmune-induced acute liver failure
under careful vigilance (LOE 3, Strong recommendation).

14.2.3 In the presence of advanced (Grade III or IV)
hepatic encephalopathy or lack of response to steroids within
7 days, patients should be offered liver transplantation (LOE
4, Strong recommendation).

Seronegative autoimmune hepatitis

SN-AIH presents with symptoms, elevated transami-
nases, hypergammaglobulinemia, and histological fea-
tures of AIH but lacks detectable autoantibodies. Data
on pediatric SN-AIH, although limited, have reported a
wide range of prevalence (mean 19%, range 0-29%) [4,
5,9, 15, 18, 30, 31, 177-180]. The largest pediatric case
series was reported in 2016 from two Italian pediatric liver
centers over a 22-year period, showing a prevalence of
17% among 223 children diagnosed with AIH [177]. Two
Indian cohorts reported proportions of SN-AIH of 20%
and 23% of the overall cohort of pediatric AIH [4, 5]. A
retrospective study in adults reported SN-AIH to present
with a similar demographical, clinical, and biochemical
presentation resembling seropositive AIH [180]. However,
SN-AIH may have a predisposition for an acute presenta-
tion including acute liver failure [177, 178], though this
has not been confirmed in other studies [5, 179].
Currently, there are no established diagnostic algo-
rithms for SN-AIH, and delayed diagnosis can lead to dis-
ease progression. All studies diagnosing SN-AIH ensured
negative results for conventional autoantibodies, including
ANA, ASMA, and anti-LKM-1 [4, 5, 9, 15, 18, 30, 31,
177-179]. Some case series did not perform additional
testing for non-conventional autoantibodies [5, 18, 178],
while others conducted extensive antibody panels, includ-
ing anti-LC-1, anti-SLA, myeloperoxidase-anti-neutrophil

@ Springer

cytoplasmic antibody, anti-mitochondrial, anti-tissue trans-
glutaminase, and anti-platelet antibodies, though in varying
order [31, 177, 179]. As with seropositive AIH especially
in the scenario of non-response to standard immunosup-
pression, it is crucial to exclude other potential causes,
such as viral hepatitis, genetic/metabolic disorders like
Wilson disease, multidrug resistance protein-3 (MDR3)
deficiency, etc., and drug-induced liver injury. A positive
response to immunotherapy supports the diagnosis of SN-
AIH. Serum total IgG levels do not reliably differentiate
SN-AIH, as they may be normal [178], elevated [5, 18,
179], or decreased [177, 181].

A few studies indicate that some SN-AIH cases become
autoantibody-positive over time. In an Indian cohort, 72%
of the SN-AIH cases eventually became seropositive within
7 (range 2—-54) months [5]. Similarly, Maggiore et al. found
that 16% of their SN-AIH cases became seropositive dur-
ing follow-up [177]. In adult patients, Czaja et al. reported
that 50% of ASMA-negative and 60% of ANA-negative
patients converted to seropositive status within 39 (range
3-83) and 60 (range 3—194) months, respectively [182].
Similarly, Wang et al. reported a seroconversion rate of
23% over 5-26 months [181]. The queries around the fre-
quency of serial testing for autoantibodies in SN-AIH and
its interpretation remain unanswered due to the scarcity
of literature. SN-AIH responds well to corticosteroids in
a similar manner as seropositive AIH, with comparable
long-term outcomes in terms of survival with native liver
[5, 177, 178].

15.1 Consensus statements

15.1.1 Among children with autoimmune hepatitis, up
to 29% are seronegative and this proportion depends on the
extent of autoantibodies testing (LOE 4).

15.1.2 Clinical presentation, response to treatment, and
outcome of seronegative autoimmune hepatitis are similar
to seropositive autoimmune hepatitis (LOE 3).

15.1.3 Seronegative cases at diagnosis can turn seroposi-
tive during the course of disease over a period of months to
years (LOE 4).

15.2 Consensus recommendations

15.2.1 Seronegative autoimmune hepatitis is diag-
nosed based on compatible histological features and
response to standard immunosuppression (LOE 4, Strong
recommendation).

15.2.2 Repeat testing for extended panel of autoantibodies
may be considered (LOE 4, Weak recommendation).

Autoimmune sclerosing cholangitis or overlap
syndrome

Diagnosis: Autoimmune sclerosing cholangitis or overlap
(ASC/overlap) syndrome is characterized by the concurrent
presence of features of both AIH and PSC, the evidence
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of the latter may be in the form of large duct PSC based
on abnormal cholangiography on imaging (magnetic reso-
nance or endoscopic retrograde) or small-duct PSC based
on “onion skinning” periductal fibrosis on histology. It has
been proposed that all children and adults with AIH and
cholestatic clinical or biochemical profiles (pruritus and/or
elevated gamma-glutamyl transferase), non-response to first-
line treatments, and those with concurrent ulcerative coli-
tis, should be evaluated for ASC/overlap [29, 42, 183-185].
AASLD 2019 guidelines on AIH emphasized that neither the
revised nor the simplified IAIHG scoring systems should be
used for assessing overlap syndromes [42]. IAIHG 1999 and
simplified scores can miss 38% and 48% of ASC/overlap in
children [15]. ESPGHAN score correctly diagnosed these
children when additional points are given for the presence
of peri-nuclear neutrophilic antibodies and cholangiographic
abnormalities [29]. A score more than or equal to 7 was
useful in diagnosing ASC/Overlap and has been validated
in two pediatric cohorts [4, 15].

Natural history and outcome of ASC/overlap syn-
drome: association with inflammatory bowel disease:
Description of the natural history of pediatric ASC/over-
lap is limited due to its relative rarity and lack of long-
term follow-up studies. ASC/overlap is more frequently
reported in children than in adults [186, 187] and concur-
rently presents with AIH in 18-49% [4, 69, 188]. A recent
long-term follow-up study from Birmingham reported
that 20% of patients with AIH develop biliary features by
adulthood—50% transitioned to PSC and 50% developed
ASC/overlap phenotype. There was a strong association
between the development of IBD with biliary progression
in both these populations [188]. On the other hand, the
prevalence of ASC/overlap in childhood PSC ranges from
26 to 63% [45, 184, 189—192]. This association is concur-
rent in 65% or sequential in a bidirectional way in 35% as
reported by one large study [193] (Table 10). In contrast to
ATIH, most of the studies have reported a male preponder-
ance in ASC/overlap [4, 184, 188, 192—-194]. No difference
in age at diagnosis between AIH and ASC/overlap has
been reported [4, 69, 188].

The prevalence of IBD is highest with PSC (up to 93%)
[190, 192, 193], followed by ASC/overlap (34-63%) [69,
184, 188, 192-194] and AIH in children (0-18%) 60,181
[69, 194]. A hypothesis suggests that the development of
IBD leads to a dominant PSC phenotype, resulting in a loss
of response to immunosuppression. This indicates the con-
tinuum spectrum rather than a distinct nature of these three
entities—AIH, ASC/overlap, and PSC [186]. However,
contrary to this, two studies including the multicentric data
reported better SNL and event-free survival with the pres-
ence of IBD in children [184, 193].

Portal hypertension and biliary complications are
seen in 2-48% and 3-31% of children with ASC/overlap,

respectively [184, 188—194]. Worse liver-related outcomes
and higher need for LT have been reported in children with
ASC/overlap than with AIH [69, 194]. However, on com-
parison of ASC/overlap with PSC in children, two studies
have given conflicting evidence. The larger study among the
two has reported a comparable outcome [189, 190]. Sur-
vival with native liver at 5 years ranging from 77 to 97%
and event-free survival of 69% has been reported [184,
190-194]. Table 10 shows various studies mentioning the
outcome of ASC/overlap from cohorts of children with ATH
and PSC.

16.1 Consensus statements

16.1.1 Autoimmune sclerosing cholangitis/overlap syn-
drome may present concurrently or sequentially with auto-
immune hepatitis in children (LOE 4).

16.1.2 Autoimmune sclerosing cholangitis/overlap syn-
drome has strong association with inflammatory bowel dis-
ease (LOE 3).

16.1.3 Children with autoimmune sclerosing cholangi-
tis/overlap syndrome have poorer liver-related outcomes
compared to those with autoimmune hepatitis but similar to
those with primary sclerosing cholangitis (LOE 3).

16.2 Consensus recommendations

16.2.1 Diagnosis of autoimmune sclerosing cholangitis or
overlap syndrome in children should be based on the coexist-
ence of features of autoimmune hepatitis and primary scle-
rosing cholangitis (LOE 3, Strong recommendation).

16.2.2 Children with autoimmune hepatitis with choles-
tatic clinical or biochemical profile should be evaluated for
concurrent or sequential autoimmune sclerosing cholangitis/
overlap syndrome by magnetic resonance cholangiography
(LOE 3, Strong recommendation).

16.2.3 European Society of Pediatric Gastroenterology
Hepatology and Nutrition 2018 criteria may be useful in the
diagnosis of autoimmune sclerosing cholangitis or overlap
syndrome in children (LOE 3, Weak recommendation).

Drug and virus-induced autoimmune-like hepatitis

Drug-induced autoimmune-like hepatitis (DI-ALH) is
related to several drugs, such as hydralazine, methyldopa,
nitrofurantoin, and minocycline [195]. DI-ALH has been
defined clinically where IgG, autoimmune markers, and his-
tology may suggest AIH with an unequivocal response to
stoppage of the drug, and complete recovery spontaneously
or on corticosteroids with no relapses [42, 195]. Convincing
evidence links DI-ALH with immune modulators, such as
interferon, infliximab, and imatinib, while there is less evi-
dence regarding statins, adalimumab, and diclofenac [196].
Association of DI-ALH with the herb Tinospora cordifo-
lia was first reported in 2021 during the COVID pandemic
[197] and later in a multicentric trial [198]. When apply-
ing the DI-AIH definition, some of the cases fulfilled the

@ Springer



Hepatology International (2025) 19:1275-1314

1300

adi
Jo douasaid pue juowx

-QAJOAUL JoNp-ewrs (DS parel
UM 191)19q Sem ‘%69 -0s1 0} 9[qeredwod)
[BATAINS 21J-JUAD K-G %TT 9%/ 1 1onp [[eWS [#81] ornuaonnA
(DSd parerost ur suonear[duod %¢8 1onp 981e] 8L (vsn)
0] xe[ruis) %06 INS A- Arer[iq pue %6g LHd dn-morjoj £-g $%E9 %S K¢t (%€¢£) 09T OSd  (L107) ‘Te 0 nedua(
%S€E SN
SowooNo  -I3UB[OYD ‘%€ ] SOILIBA
PIIR[AI-TOAI] 29 1T SIS DSd o
-OULILO SSI[ ILm paje o[qeredwod (dO¥d OSd OV HIV +
-100SSe (gJ JO aduasald JO paau pue ﬁ—uuuﬁﬁ HIV 01)DSd L
(%¥6) DSd 01 919 [90LIBA ‘SISOULIID) WBLINOUOD) %69 0Tl [e61] (VSN
-eredwod 9,6 7INS A-¢ QWOINO PAIR[AI-IoAI'] steak (6'9-G'1) L'¢ %89 %6C K(SOI-TT) L'+1 (%90 €11/1¢€ OSd  (9107) 'Te 10 ounuoep
OSd pare
-0S1 29 DSV U2am19q 43 [s¥] (vsn)
o[qeredwod INS - A¥'yF9'9  1I0U0d [[B10A0 UL %8 - (%S9 ¥1 OSd  (€000) ‘Te 30 ur)splog
%1 ut passaidoxd
aseastp Arerig (OSd
0) 9[qeredwoo)
(OSd unm %G1 %9 suonesrdwos €1 0Sd+2¢ (611 (Arean)
HIV Wis %0) %9 LT Arerig % %8¢ LH £F11-T€) T9 5SS %LT  A(1°91-€) €11 (%01) T HIV (ST07) "Te 10 IO
%€ SHISUBIOYD ‘%01
uornesuaduwoosp
‘%8 LHd “(adI Jo
I1poau  juowdofeadp 29 1.OD [enuanbag %64
soueyo Arer[iq oArs Y31y 01 paje[or) DS (HIV ¢ °odfiur %0) JUSLINOUOD %G 651 (8811 IN)
-sa13oxd ynm (%07) + 01 passargord 9,9 K191 %YE BEY ALT1 (%90) 1t HIV  (#207) ‘Te 10 1ourep
(%08)
110402 HIV 01 9[qered
-WOJ AWOJINO [[BISAO JURLINDUOD [V [« [¥] (erpuy)
1909 UI UOISSTWay - ouw ($7 °S’¢) 6 - %ge  K(€91°66) ¥1 (%9°L1) S1 HIV (8107) 'Te 12 poos
Ksdoiq
uo snISue[oyd 2I0UX
(HIV ‘UonBWWRUI SSJ[
10J %001 SA) DSV ‘+VONV-d 1oysy HIV 0)
10§ %69 TINS Teek-Q]  “HIV Uy oner ISV OSd 1°DSd OV HIV 1
(HIV Ut %98 ATV 10YSTY LSV (HIV Ul %81 sA) WBLINOUOD) %76 s (691 GIN)
$A) %9 UL UOISSIWSY 29 UIQNII[Iq 1m0 s1eak (91-2) 9 %Yy %9S K (91-€7) 811 (%6¥) LT HIV  (1007) e 10 ou03a10
depgoao  deproao/)SV ur suon oSV (%) deproro N
/OSV Jo awoonQ  -eoridwods uorssarsord — jo uoneinp dn-moq[oq deporo/DSV ur gy J:N sisouSerple a8y /DSV Jo (%) Jequuny  1I10yod [eUISLIQ SaIpms

UQIP[IYD Ul dwoIpuAs de[roao/snigue[oyo SuISOI9[dS dUNWWIOINE Uo SApNS (L d|qeL

pringer

AQs



1301

Hepatology International (2025) 19:1275-1314

(%6 SA %..6) DSd 1onp-[ews uey) 1onp d31e[ ul Juseaald arow HSV,
(%8 SA %9L) DSd PAIE[OSI 0 TE[IUIS SOUSPIOUL ‘(T JO SISOUSEIP dY) JOYE % 7| PUL AI0JOq %G| “JUSLINDUOD %€/ SeM SISOUTRIP DSV
(%€9 SA %78) DSd PAALIOST UBY) JIMO] OUIPTIIUT (TS ‘%6 PUB %EE ‘%8S UT DSV JO SISOUSEIp oY) IojJe pue 210Joq “JULINOU0D SeM SISOUSEIP (4T,

SIeA A “IOAI] QATIBU JIM [BATIAINS TN/S ‘soLeIpad ur sawooino sniue[oyd JursoId[os FJ0IS ‘Snidueoyd ursord[os Arewrid Hgg ‘uorsuariadAy [ey1od J7J ‘Syjuow ous ‘so[eua):so[ew
AW ‘uonejue[dsuer) I9AT[ [T ‘9SBISIP [amoq Alojewrwepul (7g7 ‘Aydei3oonearoued-ordueoyd apeigonar o1dodsopud gHy7 ‘oserdjsuenouruue jelredse 7Oy ‘SHISUR[OYO FUISOI[OS QUNWIWIIOINE
DSV ‘Apoqnue orwsedoifo orydonnou-nue responu-rad yONy-d ‘eserojsuer) [Awein[3-ewwes 70O ‘oselojsuenourwe auruee 77y ‘eseieydsoyd aurey[y J7V ‘snnedoy sunwwioine gy

(SE'TUH ‘%8T 119

‘%81 1S~ ‘%y:€—0)

Xopur gJODS 03
ﬁuu.ﬁ@‘_ 11 HO,.W ﬁwoz

(s8C

JH %8 DSd pare[ost
uey) RYSIY) %€T LT

(DSd pare[ost 03 3[q
-eredwod) A-G 18 %¢ 1T

(Osd
pae[ost 03 9[qered

-woD) %¢ yreed ‘%t I'1
[MdV % uiqniig
431y ‘depono/QS VY
A 9501} UT INS SS9
nq ‘qgr jo @ouasard
0] paje[aIun dWoNNQ

adri ypis

pue s[3 ur suon
-eordwoos Areriq sso|

(DSd parejost

0} Te[Tuis) %1¢

ur suoneordurod
Areriq pue %61 LHd

(DSd parejost

01 9[qeredwod)

%6 suonedrdwoo

Axeriq 29 %7 LHd

(y0q pey %) Yoo
%L1 ut suoneord

-woo Arer[iq pue THJ

‘%1 smi3ue[oyd
WR1INOSY “%ET SdH
“%bS LT %69 SOOLIBA

KOQT1-L9 €l

£(8€1-€¢) 6

s1eak (SH1-L'0) §°S

ow 7|

310700
[[e1oA0 UL I %£6

%001

9L

%1 K(§LI-T9) ¥l

%6¢€

K(EYI-T8) 11

%€ 3o0p [[ews
966 1onp a8Ie]
[ odAL 1TV
(%1€) 6€

%8¢ 3onp [eUlS
9L ¥onp a81e]
A%TL) 65

(%€9) v§

(%€£€) €1

[061] (uspamg)
(#200) T8 10 Aqreys

1611 1IN
(1200) T8 10 [osusH

[z61] (Yom@)
(6107) 'Te 19 9ss00f

[681] (ueder)
(6102) "Te 30 nspow

deprono
/OSV JO awoamQ

depoa0/)SV Ul suon
-eoridwod uorssaI3oid

ISV
Jo uoneinp dn-mo[[og

(%)
der1or0/DS Y Ut adl

I

stsouserp je a3y

deproro
/JSV 30 (%) TequinN

110409 [eUISLIO

sa1pmg

(ponunuod) oL 3qer

pringer

As



1302

Hepatology International (2025) 19:1275-1314

criteria. Further studies on the purity and safety of untested
herbals in the market are an urgent need [199].

Hepatitis A (HAV) and Epstein—Barr virus (EBV) infec-
tions can act as potential triggers for immune-mediated
hepatic damage akin to DI-ALH [200]. In Indian children,
HAV-induced autoimmune-like hepatitis has been reported
with higher AST levels, presence of autoantibodies, and his-
tological evidence in the form of severe zone 3 perivenulitis
and marked pseudorosetting [201].

17.1 Consensus statement

17.1.1 Drug and virus-induced autoimmune-like hepatitis
resemble typical autoimmune hepatitis clinically, biochemi-
cally, and serologically, with the majority resolving sponta-
neously following discontinuation of incriminating drug or
with a short course of steroids (LOE 4).

De novo autoimmune hepatitis

De novo-AIH (dn-AIH) was first reported by Kerkar et al. in
1998 in 4% of children following LT for indications other than
AIH. De novo-AlIH is a diagnosis of exclusion, characterized by
elevated transaminases, presence of autoantibodies, raised IgG,
and response to the immunosuppression used to treat AIH in
children transplanted for non-AIH causes [202]. Subsequently,
various centers have reported dn-AIH in 1-7% of recipients
with a median time to development ranging from 1 to 15 years
[203-211]. The liver histology of these patients had dense
lymphoplasmacytic portal tract infiltrate, periportal hepatitis,
and bridging collapse, similar to AIH. Diagnosis of dn-AIH is
made following exclusion of all other causes of graft dysfunc-
tion, including cellular and antibody-mediated rejection. The
proposed pathogenesis of dn-AIH is related to the re-stimulation
and re-expansion of the pool of memory T cells in the transplant
recipient. In 2016, the Banff working group proposed the term
“Plasma cell rich rejection” to replace dn-AIH [212]. This term
was used in adults, and it would be inappropriate to use this
nomenclature for very carefully categorized pediatric LT recipi-
ents who fulfill criteria of AIH based on IAIHG scoring [213].
Risk predictive factors for dn-AIH are non-adherence to immu-
nosuppression (leading to erratic levels), usage of calcineurin
inhibitors [208], anti-Glutathione-S-transferase T1 (GSST1)
antibodies (alloantigen) [214], and presence of non-tolerant
DQ donor-specific antibodies [215]. The presence of DQ donor-
specific antibodies was associated with dn-AIH with an odds
ratio of 12.5 [215]. Recurrent episodes of rejection and viruses
like Epstein—Barr virus, cytomegalovirus, and Parvovirus B19
have also been mentioned as potential triggers for dn-ATH [210].

Graft loss secondary to dn-AIH can reach up to 50%
necessitating a re-transplant. For the treatment of dn-AIH,
prednisolone along with azathioprine are recommended as
the first line of therapy. Low-dose steroids should be con-
tinued on a long-term basis [216]. If there is absence of
response, then azathioprine can be replaced with MMF or

@ Springer

tacrolimus. It is advisable to target a lower than conven-
tional trough levels of tacrolimus, in the setting of a dn-
AIH. Nearly 60% of non-responders develop progressive
fibrosis and 25% require re-transplantation [217]. Recently,
researchers have proposed that newer biomarkers could lead
to advances in personalized management of these children
[218].

18.1 Consensus statements

18.1.1 De novo autoimmune hepatitis can occur in 2-7%
of pediatric liver transplant recipients after 1-15 years of
liver transplantation (LOE 5).

18.1.2 Usage of tacrolimus, recurrent episodes of rejec-
tion, and viral infections have been proposed as potential
risk factors for the development of de novo autoimmune
hepatitis (LOE 5).

18.2 Consensus recommendations

18.2.1 De novo autoimmune hepatitis should be diag-
nosed on the basis of suggestive liver histology, corroborated
with raised immunoglobulin G and autoantibody positivity,
along with exclusion of other known causes of graft dys-
function including cellular and antibody-mediated rejection
(LOE 5, Strong recommendation).

18.2.2 Treatment of de novo autoimmune hepatitis is like
conventional autoimmune hepatitis. Lower tacrolimus trough
levels should be targeted (LOE 5, Strong recommendation).

Recurrence of autoimmune hepatitis after liver
transplant

Disease recurrence after LT is a challenge and affects graft
and overall survival. Recurrence of AIH after LT report-
edly ranges from 16 to 28% in adults [219-224] and 0-39%
in children [33, 225-228]. The time of recurrence of AIH
varies from as early as 1 month to as late as 20 years after
LT. Risk factors for AIH recurrence include high grade
necro-inflammatory activity in the explant, higher levels
of IgG before LT, younger age at LT (</=42 years), usage
of MMF, and donor-recipient gender mismatch (particu-
larly female-to-male donation) [220, 221, 223]. Other
risk factors with conflicting or insufficient evidence are
presence of HLA-DR3/DR4 in the recipient, first-degree
living donor, acute cellular rejection episodes, stoppage
of steroids after LT, and presence of overlap syndrome
[33, 219, 221-224, 227, 228]. Performing annual protocol
liver biopsies has been shown to reduce the incidence of
recurrent AIH, but is not a standard practice at most of
the centers [219, 223]. The diagnosis of recurrent AIH is
based on excluding other causes of graft dysfunction, such
as rejection, vascular, biliary, and infective causes, along
with suggestive histology, which includes the presence
of lymphoplasmacytic infiltrate in the lobule and portal
tracts along with interface hepatitis; acidophil bodies may
also be observed [219, 220]. Serological markers and IgG
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levels are less reliable in post-LT setting [223]. Natural
course of recurrent AIH is variable from slow [219, 220]
to rapid progression to cirrhosis and need for re-transplan-
tation [223-225, 227, 228]. Treatment of recurrent AIH
includes reintroduction or increase in the dose of steroids
and modification of immunosuppression [220, 225, 227,
228].

After LT for ASC/overlap syndrome, one should be
careful about the recurrence of sclerosing cholangitis in the
graft. Data comes from studies on PSC where the reported
recurrence rates are 10-37% of adults and 26% of children
18-36 months after LT [221, 229, 230]. Diagnosis of ASC/
overlap recurrence should be based on a compatible his-
tology of AIH along with biliary changes on imaging in
the absence of vascular, immunological and biliary causes
[229]. There is limited data on outcome of recurrent ASC/
overlap, however extrapolation of data from recurrent PSC
(graft survival rates of 90%, 81%, and 63% at 1, 2, and 5
years) suggests poor outcome [230].

19.1 Consensus recommendations

19.1.1 Pediatric liver transplant recipients transplanted for
autoimmune hepatitis and presenting with graft dysfunction
should be monitored for autoantibodies and immunoglobu-
lin G levels keeping a high index of suspicion for recurrent
autoimmune hepatitis (LOE 4, Strong recommendation).

19.1.2 Liver histology is essential to make a diagno-
sis of recurrent autoimmune hepatitis. (LOE 4, Strong
recommendation).

19.1.3 Treatment of recurrent autoimmune hepatitis war-
rants an increase and/or modification of immunosuppression
(LOE 4, Strong Recommendation).

Conclusion

This comprehensive document, crafted by the members of
the Indian Society of Pediatric Gastroenterology, Hepatol-
ogy, and Nutrition alongside international experts, synthe-
sizes extensive data research and critical evaluations. It
categorizes statements and recommendations based on the
quality of evidence available in the literature, ensuring that
healthcare professionals have access to reliable informa-
tion tailored to specific clinical scenarios in AIH. A sim-
plified, algorithmic approach to managing these children
is presented, encompassing induction and maintenance
therapy, as well as strategies for difficult-to-treat cases and
salvage treatments. Guidance on the timing and process
of immunosuppression withdrawal is also included. This
guidance offers detailed recommendations for challenging
cases, including severe acute presentations of AIH, SN-
ATIH, and ASC/overlap syndromes, with brief coverage of
post-transplant de novo and recurrent AIH.

Future directions

It is necessary to identify areas in AIH that need to be
addressed to improve the overall outcomes of both AIH
and ASC/overlap syndrome, enhance quality of life, and
prevent post-LT recurrence of AIH and dn-AIH [231]. As
recently reported, molecular chaperones can facilitate the
processing of environmental antigens that could trigger
AIH, affecting the occurrence, severity, and outcome of
ATIH [232]. Certain molecular chaperones can modulate
the immune response by favoring the development of regu-
latory T cells (Tregs) or down-regulating the transcrip-
tion of pro-inflammatory cytokines via the nuclear factor
kappa B pathway [233, 234]. Clarification of their contri-
butions to the immune mechanisms could have therapeutic
implications.

AIH lacks a quantifiable biomarker that closely reflects
its pathogenic mechanisms and that can be used to moni-
tor treatment response. As reviewed recently, the various
biomarkers showing potential are adenosine deaminase,
cytokeratin-18 death marker m 65, transforming growth
factor (TGF beta-1), B-cell activating factor, anti-asialo-
glycoprotein receptor, ratio of Forkhead Box P3 (FOXP3,
biomarker of regulatory T cells) and Retinoic acid-related
orphan receptor gamma t (ROR gamma t, transcription
factor for the development/function of TH17 cells), deoxy-
ribonuclease I, ferritin, ratio of CD74 and macrophage
migration inhibitor factor (MIF), and the vitamin D recep-
tors [235]. As in adults, the programmed cell death pro-
tein-1 (PD-1) pathway is associated with pediatric ATH
activity. At diagnosis, children with AIH had significantly
higher levels of soluble PD-1 compared to other liver dis-
eases, and this positively correlated with liver fibrosis
stage [236]. Furthermore, soluble PD-1 levels were sig-
nificantly higher in pediatric patients with AIH with active
disease compared to those in remission [237]. Proteomic
profile of pediatric AIH compared to controls revealed 16
proteins which can be considered as potential biomarkers
of AIH. Future studies in larger cohorts of newly diag-
nosed patients are warranted to validate the findings [238].

Gut dysbiosis leads to a decrease in secondary bile acids,
short-chain fatty acids, and polyamines, while increasing
lipopolysaccharide, branched-chain amino acids, tryptophan
metabolites, amino acids, and bile acids. This imbalance
can disrupt immune homeostasis, resulting in abnormal
activation of the immune system [239]. Exploring this can
have clinical implications for treating AIH with drugs that
target intestinal dysbiosis and related signaling pathways.
One such Chinese drug (Yinchenhao decoction) decreased
the transaminase activity (AST and ALT), autoantibodies
(LC-1 and LKM-1), and tumor necrosis factor-alpha, IL-12,
and IL-17 levels in AIH mice by reversing the dysbiosis,

@ Springer



1304

Hepatology International (2025) 19:1275-1314

affecting the release of short-chain fatty acids (especially
butyric acid) and could also decline the ratio of T-helper
1 and Tregs [240]. New therapeutic modalities like IL-2
and increasing Tregs can improve the prognosis of AIH
[241]. Mesenchymal stem cell endoplasmic vesicles therapy
decreases activation of CD4 4T cells and increases mito-
chondrial phosphorylation by transferring mitochondrial
proteins in mice [242].

A study treating AIH mice with a mix of Bifidobacterium
and Lactobacillus probiotics found that the higher differen-
tiation of Tregs for immune tolerance improved the intestinal
barrier function [243]. Significant reduction in Bifidobacte-
rium in the gut microbiota of AIH patients was noted to be
associated with a failure to achieve remission [244]. Studies
are also needed to explore the role of bacteriophages as they
can also regulate the immune system by interacting with
host cells, promote immune tolerance, and reduce autoim-
mune responses. Therapeutic fecal microbiota transplanta-
tion in AIH mouse models exhibited reduced liver injury,
improved follicular Tregs and T-helper cells in the spleen,
decreased serum AST, ALT, and bilirubin levels, and effec-
tively restored gut microbiota dysbiosis [245].

Future studies are needed that re-strengthen and expand
the above-mentioned observations in AIH. There is a need
for the incorporation of genetics into diagnostic scores to
overcome diagnostic ambiguity. Multi-center randomized-
controlled trials are needed to compare various therapeutic
modalities for induction as well as maintenance of AIH and
to identify interventions that can reduce risk, severity, and
relapse. The management and outcome of AIH and the over-
all well-being of patients with AIH will continue to improve
as understanding of its pathogenic mechanisms, therapeutic
molecular interventions, and adjunctive measures advances.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12072-025-10925-0.

Funding No funding has been received for this study or any part
thereof till date of submitting the manuscript.

Declarations

Conflict of interest Rajeev Khanna, Bikrant Bihari Lal, Vikrant Sood,
Seema Alam, Aabha Nagral, Aathira Ravindranath, Aditi Kumar, Ani-
ket Deshmukh, Anoop Saraya, Anshu Srivastava, Anupam Sibal, Arch-
ana Rastogi, Arjun Maria, Arul Premanand Lionel, Ashok Choudhury,
A. Ashritha, Bhaswati C. Acharyya, Cara L. Mack, Durga Prasad, Gee-
tha S. Mammayil, Ishaq Malik, Jagadeesh Menon, Jayendra Seethara-
man, John Matthai, Kalpana Panda, Karunesh Kumar, Lalit Bharadia,
Marion Aw, Malathi Sathiyasekaran, Marianne Samyn, Maya Peeth-
ambaran, Moinak Sen Sarma, Nagendra Kumar, Nanda Kerkar, Nir-
mala Dheivamani, Parijat Ram Tripathi, Piyush Upadhyay, Prabhsaran
Kaur, Prasanth K. Sobhan, Rakhi Maiwall, R. Bhanu Vikraman Pillai,
Sadhna Lal, Sakshi Karkra, Shivani Deswal, Snehavardhan Pandey,
Somashekara Hosaagrahara Ramakrishna, Srikanth P. Kadyada, Srini-
vas Sankaranarayanan, Surender Kumar Yachha, Sumathi Bavanan-
dam, Sumit Kumar Singh, Vaibhav Shah, Vibhor Borkar, Vikas Jain,

@ Springer

Vipul Gautam, Viswanathan M. Sivaramakrishnan, and Shiv Kumar
Sarin declare no conflict of interests.

References

1. HahnJW, Yang HR, Moon JS, et al. Global incidence and preva-
lence of autoimmune hepatitis, 1970-2022: a systematic review
and meta-analysis. eClinicalMedicine. 2023;65: 102280. https://
doi.org/10.1016/j.eclinm.2023.102280

2. Czaja AJ. Global disparities and their implications in the
occurrence and outcome of autoimmune hepatitis. Dig
Dis Sci. 2017;62(9):2277-2292. https://doi.org/10.1007/
$10620-017-4675-y

3. Palle SK, Naik KB, McCracken CE, Kolachala VL, Romero R,
Gupta NA. Racial disparities in presentation and outcomes of
pediatric autoimmune hepatitis. Liver Int. 2019;39(5):976-984.
https://doi.org/10.1111/1iv.14081

4. Sood V, Lal BB, Rawat D, et al. Spectrum of pediatric auto-
immune liver disease and validation of its diagnostic scores in
Indian Children. J Pediatr Gastroenterol Nutr. 2018. https://doi.
org/10.1097/MPG.0000000000002050

5. Jain V, Srivastava A, Yachha SK, et al. Autoimmune acute liver
failure and seronegative autoimmune liver disease in children:
are they different from classical disease? Eur J Gastroenterol
Hepatol. 2017;29(12):1408-1415. https://doi.org/10.1097/MEG.
0000000000000975

6. Moreau R, Tonon M, Krag A, et al. EASL Clinical Prac-
tice Guidelines on acute-on-chronic liver failure. J Hepatol.
2023;79(2):461-491. https://doi.org/10.1016/j.jhep.2023.04.021

7. Kim BH, Choi HY, Ki M, Kim KA, Jang ES, Jeong SH.
Population-based prevalence, incidence, and disease bur-
den of autoimmune hepatitis in South Korea. PLoS ONE.
2017;12(8):e0182391. https://doi.org/10.1371/journal.pone.
0182391. (Yu ML, ed)

8. Deneau M, Jensen KM, Holmen J, Williams MS, Book LS,
Guthery SL. Primary sclerosing cholangitis, autoimmune hepa-
titis, and overlap in utah children: epidemiology and natural
history. Hepatology. 2013;58(4):1392-1400. https://doi.org/10.
1002/hep.26454

9. Gregorio GV, Portmann B, Reid F, et al. Autoimmune
hepatitis in childhood: a 20-year experience. Hepatology.
1997;25(3):541-547. https://doi.org/10.1002/hep.510250308

10. Sutton H, Tayler R, Chalmers I, et al. The epidemiology of
pediatric autoimmune hepatitis in Scotland: a national cohort
study. JPGN Rep. 2022;3(3): e223. https://doi.org/10.1097/
PG9.0000000000000223

11. Chung HV, Riley M, Ho JK, et al. Retrospective review of pedi-
atric and adult autoimmune hepatitis in two quaternary care
centres in British Columbia: increased prevalence seen in Brit-
ish Columbia’s first nations community. Can J Gastroenterol.
2007;21(9):565-568. https://doi.org/10.1155/2007/757906

12. Sogo T, Takahashi A, Inui A, et al. Clinical features of pedi-
atric autoimmune hepatitis in Japan: a nationwide survey.
Hepatol Res. 2018;48(4):286-294. https://doi.org/10.1111/
hepr.12998

13. Lee WS, Lum SH, Lim CB, et al. Characteristics and outcome
of autoimmune liver disease in Asian children. Hepatol Int.
2015;9(2):292-302. https://doi.org/10.1007/s12072-014-9558-0

14. Karakoyun M, Ecevit CO, Kilicoglu E, Aydogdu S, Yagci RV,
Ozgenc F. Autoimmune hepatitis and long-term disease course
in children in Turkey, a single-center experience. Eur J Gastro-
enterol Hepatol. 2016;28(8):927-930. https://doi.org/10.1097/
MEG.0000000000000648


https://doi.org/10.1007/s12072-025-10925-0
https://doi.org/10.1016/j.eclinm.2023.102280
https://doi.org/10.1016/j.eclinm.2023.102280
https://doi.org/10.1007/s10620-017-4675-y
https://doi.org/10.1007/s10620-017-4675-y
https://doi.org/10.1111/liv.14081
https://doi.org/10.1097/MPG.0000000000002050
https://doi.org/10.1097/MPG.0000000000002050
https://doi.org/10.1097/MEG.0000000000000975
https://doi.org/10.1097/MEG.0000000000000975
https://doi.org/10.1016/j.jhep.2023.04.021
https://doi.org/10.1371/journal.pone.0182391
https://doi.org/10.1371/journal.pone.0182391
https://doi.org/10.1002/hep.26454
https://doi.org/10.1002/hep.26454
https://doi.org/10.1002/hep.510250308
https://doi.org/10.1097/PG9.0000000000000223
https://doi.org/10.1097/PG9.0000000000000223
https://doi.org/10.1155/2007/757906
https://doi.org/10.1111/hepr.12998
https://doi.org/10.1111/hepr.12998
https://doi.org/10.1007/s12072-014-9558-0
https://doi.org/10.1097/MEG.0000000000000648
https://doi.org/10.1097/MEG.0000000000000648

Hepatology International (2025) 19:1275-1314

1305

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Di Giorgio A, Hadzic N, Dhawan A, et al. Seamless management
of juvenile autoimmune liver disease: long-term medical and
social outcome. J Pediatr. 2020;218:121-129.e3. https://doi.org/
10.1016/j.jpeds.2019.11.028

Porta G, De Carvalho E, Santos JL, et al. Autoimmune hepatitis:
predictors of native liver survival in children and adolescents.
J Pediatr. 2021;229:95-101.e3. https://doi.org/10.1016/j.jpeds.
2020.10.009

Vitfell-Pedersen J, Jgrgensen MH, Miiller K, Heilmann C. Auto-
immune hepatitis in children in eastern Denmark. J Pediatr Gas-
troenterol Nutr. 2012;55(4):376-379. https://doi.org/10.1097/
MPG.0b013e3182602b20

Dehghani SM, Haghighat M, Imanieh MH, et al. Autoimmune
hepatitis in children: experiences in a Tertiary Center. Iran J
Pediatr. 2013;23(3):302-308

Wang P, Su H, Underhill J, et al. Autoantibody and human leu-
kocyte antigen profiles in children with autoimmune liver dis-
ease and their first-degree relatives. J Pediatr Gastroenterol Nutr.
2014;58(4):457-462. https://doi.org/10.1097/MPG.0000000000
000245

Ma Y, Su H, Yuksel M, et al. Human leukocyte antigen profile
predicts severity of autoimmune liver disease in children of Euro-
pean ancestry. Hepatology. 2021;74(4):2032-2046. https://doi.
0rg/10.1002/hep.31893

Elfaramawy AA, Elhossiny RM, Abbas AA, Aziz H. Hla-DRB1
as a risk factor in children with autoimmune hepatitis and its
relation to hepatitis A infection. Ital J Pediatr. 2010;36(1):73.
https://doi.org/10.1186/1824-7288-36-73

Maria A, Sood V, Khanna R, Lal BB, Trehanpati N, Alam S.
Association of HLA DRBI allele profile with pediatric autoim-
mune liver disease in India. J Clin Exp Hepatol. 2023;13(3):397—
403. https://doi.org/10.1016/j.jceh.2023.01.001

Lim YS, Oh HB, Choi SE, et al. Susceptibility to type 1 autoim-
mune hepatitis is associated with shared amino acid sequences
at positions 70-74 of the HLA-DRB1 molecule. J Hepatol.
2008;48(1):133-139. https://doi.org/10.1016/j.jhep.2007.08.019
Koay LB, Lin CY, Tsai SL, et al. Type 1 autoimmune hepatitis in
Taiwan: diagnosis using the revised criteria of the International
Autoimmune Hepatitis Group. Dig Dis Sci. 2006;51(11):1978-
1984. https://doi.org/10.1007/s10620-005-9068-y

Zeniya M, Takahashi H. Characteristics of autoimmune hepa-
titis in the Asia-Pacific region: historical review. Hepatol Int.
2012;6(1):342-349. https://doi.org/10.1007/s12072-011-9313-8
The Autoimmune Hepatitis Study Group, a subgroup of the
Intractable Hepato-Biliary Disease Study Group in Japan, Abe
M, Mashiba T, et al. Present status of autoimmune hepatitis in
Japan: a nationwide survey. J Gastroenterol. 2011;46(9):1136—
1141. https://doi.org/10.1007/s00535-011-0421-y

Kaur N, Minz RW, Anand S, et al. HLA DRBI alleles discrimi-
nate the manifestation of autoimmune hepatitis as type 1 or type
2 in North Indian population. J Clin Exp Hepatol. 2014;4(1):14—
18. https://doi.org/10.1016/j.jceh.2013.12.002

Wong RJ, Gish R, Frederick T, Bzowej N, Frenette C. The impact
of race/ethnicity on the clinical epidemiology of autoimmune
hepatitis. J Clin Gastroenterol. 2012;46(2):155-161. https://doi.
org/10.1097/MCG.0b013e318228b781

Mieli-Vergani G, Vergani D, Baumann U, et al. Diagnosis and
management of pediatric autoimmune liver disease: ESPGHAN
hepatology committee position statement. J Pediatr Gastroenterol
Nutr. 2018;66(2):345-360. https://doi.org/10.1097/MPG.00000
00000001801

Rodrigues AT, Liu PMF, Fagundes EDT, et al. Clinical character-
istics and prognosis in children and adolescents with autoimmune
hepatitis and overlap syndrome. J Pediatr Gastroenterol Nutr.
2016;63(1):76-81. https://doi.org/10.1097/MPG.0000000000
001125

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Jiménez-Rivera C, Ling SC, Ahmed N, et al. Incidence
and characteristics of autoimmune hepatitis. Pediatrics.
2015;136(5):e1237—-e1248. https://doi.org/10.1542/peds.
2015-0578

Maggiore G, Bernard O, Mosca A, Ballot E, Johanet C, Jac-
quemin E. Long-term outcomes of patients with type 1 or
2 autoimmune hepatitis presenting in childhood. J Hepatol.
2023;78(5):979-988. https://doi.org/10.1016/j.jhep.2023.01.013
Mittal R, Kumar K, Malhotra S, Sibal A. Pediatric liver
transplantation for autoimmune liver disease: ten-year expe-
rience from a liver transplant center in India. Indian J Gas-
troenterol. 2022;41(6):634—642. https://doi.org/10.1007/
$12664-022-01282-z

Jain V, Yachha SK, Bhatia E, Sarma MS, Srivastava A. Concur-
rent extrahepatic autoimmune disorders: unexplored dimension
of autoimmune liver disease in children. Eur J Gastroenterol
Hepatol. 2018;30(8):910-917. https://doi.org/10.1097/MEG.
0000000000001122

Paolella G, Farallo M, Degrassi I, et al. Pediatric autoimmune
liver disease and extra-hepatic immune-mediated comorbidities.
Dig Liver Dis. 2019;51(2):281-285. https://doi.org/10.1016/j.
dld.2018.07.033

Vajro P, Paolella G, Maggiore G, Giordano G. Pediatric celiac
disease, cryptogenic hypertransaminasemia, and autoimmune
hepatitis. J Pediatr Gastroenterol Nutr. 2013;56(6):663—-670.
https://doi.org/10.1097/MPG.0b013e31828dc5c5

Mogahed EA, Soliman HM, Morgan DS, et al. Prevalence of
autoimmune thyroiditis among children with autoimmune
hepatitis. Ital J Pediatr. 2024;50(1):72. https://doi.org/10.1186/
$13052-024-01639-4

Nastasio S, Sciveres M, Riva S, Filippeschi IP, Vajro P, Maggiore
G. Celiac disease-associated autoimmune hepatitis in childhood:
long-term response to treatment. J Pediatr Gastroenterol Nutr.
2013;56(6):671-674. https://doi.org/10.1097/MPG.0b013e3182
8bldfa

Wong G, Yeong T, Lawrence D, Yeoman AD, Verma S,
Heneghan MA. Concurrent extrahepatic autoimmunity in auto-
immune hepatitis: implications for diagnosis, clinical course and
long-term outcomes. Liver Int. 2017;37(3):449-457. https://doi.
org/10.1111/1iv.13236

Caprai S, Vajro P, Ventura A, Sciveres M, Maggiore G.
Autoimmune liver disease associated with celiac disease in
childhood: a multicenter study. Clin Gastroenterol Hepatol.
2008;6(7):803-806. https://doi.org/10.1016/j.cgh.2007.12.002
El-Shabrawi M, El-Karaksy H, Mohsen N, Isa M, Al-Biltagi
M, El-Ansari M. Celiac disease in children and adolescents
with autoimmune hepatitis: a single-centre experience. J Trop
Pediatr. 2011;57(2):104-108. https://doi.org/10.1093/tropej/
fmq057

Mack CL, Adams D, Assis DN, et al. Diagnosis and management
of autoimmune hepatitis in adults and children: 2019 practice
guidance and guidelines from the American Association for
the Study of Liver Diseases. Hepatology. 2020;72(2):671-722.
https://doi.org/10.1002/hep.31065

Aljumah AA, Al-Ashgar H, Fallatah H, Albenmousa A. Acute
onset autoimmune hepatitis: clinical presentation and treatment
outcomes. Ann Hepatol. 2019;18(3):439-444. https://doi.org/10.
1016/j.a0hep.2018.09.001

Abu Faddan NH, Abdel-Baky L, Aly SA, Rashed H, Allah G.
Clinico-laboratory study on children with auto-immune hepati-
tis in Upper Egypt. Arab J Gastroenterol. 2011;12(4):178-183.
https://doi.org/10.1016/j.2jg.2011.11.003

Feldstein AE, Perrault J, EI-Youssif M, Lindor KD, Freese DK,
Angulo P. Primary sclerosing cholangitis in children: a long-term
follow-up study. Hepatology. 2003;38(1):210-217. https://doi.
org/10.1053/jhep.2003.50289

@ Springer


https://doi.org/10.1016/j.jpeds.2019.11.028
https://doi.org/10.1016/j.jpeds.2019.11.028
https://doi.org/10.1016/j.jpeds.2020.10.009
https://doi.org/10.1016/j.jpeds.2020.10.009
https://doi.org/10.1097/MPG.0b013e3182602b20
https://doi.org/10.1097/MPG.0b013e3182602b20
https://doi.org/10.1097/MPG.0000000000000245
https://doi.org/10.1097/MPG.0000000000000245
https://doi.org/10.1002/hep.31893
https://doi.org/10.1002/hep.31893
https://doi.org/10.1186/1824-7288-36-73
https://doi.org/10.1016/j.jceh.2023.01.001
https://doi.org/10.1016/j.jhep.2007.08.019
https://doi.org/10.1007/s10620-005-9068-y
https://doi.org/10.1007/s12072-011-9313-8
https://doi.org/10.1007/s00535-011-0421-y
https://doi.org/10.1016/j.jceh.2013.12.002
https://doi.org/10.1097/MCG.0b013e318228b781
https://doi.org/10.1097/MCG.0b013e318228b781
https://doi.org/10.1097/MPG.0000000000001801
https://doi.org/10.1097/MPG.0000000000001801
https://doi.org/10.1097/MPG.0000000000001125
https://doi.org/10.1097/MPG.0000000000001125
https://doi.org/10.1542/peds.2015-0578
https://doi.org/10.1542/peds.2015-0578
https://doi.org/10.1016/j.jhep.2023.01.013
https://doi.org/10.1007/s12664-022-01282-z
https://doi.org/10.1007/s12664-022-01282-z
https://doi.org/10.1097/MEG.0000000000001122
https://doi.org/10.1097/MEG.0000000000001122
https://doi.org/10.1016/j.dld.2018.07.033
https://doi.org/10.1016/j.dld.2018.07.033
https://doi.org/10.1097/MPG.0b013e31828dc5c5
https://doi.org/10.1186/s13052-024-01639-4
https://doi.org/10.1186/s13052-024-01639-4
https://doi.org/10.1097/MPG.0b013e31828b1dfa
https://doi.org/10.1097/MPG.0b013e31828b1dfa
https://doi.org/10.1111/liv.13236
https://doi.org/10.1111/liv.13236
https://doi.org/10.1016/j.cgh.2007.12.002
https://doi.org/10.1093/tropej/fmq057
https://doi.org/10.1093/tropej/fmq057
https://doi.org/10.1002/hep.31065
https://doi.org/10.1016/j.aohep.2018.09.001
https://doi.org/10.1016/j.aohep.2018.09.001
https://doi.org/10.1016/j.ajg.2011.11.003
https://doi.org/10.1053/jhep.2003.50289
https://doi.org/10.1053/jhep.2003.50289

1306

Hepatology International (2025) 19:1275-1314

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Hennes EM, Zeniya M, Czaja Albert J, et al. Simplified cri-
teria for the diagnosis of autoimmune hepatitis. Hepatology.
2008;48(1):169-176. https://doi.org/10.1002/hep.22322

Mileti E, Rosenthal P, Peters MG. Validation and modification
of simplified diagnostic criteria for autoimmune hepatitis in chil-
dren. Clin Gastroenterol Hepatol. 2012;10(4):417-421.e2. https://
doi.org/10.1016/j.cgh.2011.11.030

Narkewicz MR, Horslen S, Belle SH, et al. Prevalence and sig-
nificance of autoantibodies in children with acute liver failure. J
Pediatr Gastroenterol Nutr. 2017;64(2):210-217. https://doi.org/
10.1097/MPG.0000000000001363

Bernal W, Ma Y, Smith HM, Portmann B, Wendon J, Vergani D.
The significance of autoantibodies and immunoglobulins in acute
liver failure: a cohort study. J Hepatol. 2007;47(5):664-670.
https://doi.org/10.1016/j.jhep.2007.05.011

Gregorio GV, McFarlane B, Bracken P, Vergani D, Mieli-Vergani
G. Organ and non-organ specific autoantibody titres and IgG lev-
els as markers of disease activity: a longitudinal study in child-
hood autoimmune liver disease. Autoimmunity. 2002;35(8):515—
519. https://doi.org/10.1080/0891693021000056721
Laschtowitz A, Zachou K, Lygoura V, et al. Histological activity
despite normal ALT and IgG serum levels in patients with auto-
immune hepatitis and cirrhosis. JHEP Rep. 2021;3(4): 100321.
https://doi.org/10.1016/j.jhepr.2021.100321

Rasool N, Hyder A, Tareen K, et al. Diagnostic performance
of shear-wave elastography in autoimmune hepatitis: evaluat-
ing baseline characteristics and accuracy across fibrosis stages.
Cureus. 2025. https://doi.org/10.7759/cureus.76789. (Published
online January 2, 2025)

Muratori L, Cataleta M, Muratori P, Lenzi M, Bianchi FB. Liver/
kidney microsomal antibody type 1 and liver cytosol antibody
type 1 concentrations in type 2 autoimmune hepatitis. Gut.
1998;42(5):721-726. https://doi.org/10.1136/gut.42.5.721
Vergani D, Alvarez F, Bianchi FB, et al. Liver autoimmune serol-
ogy: a consensus statement from the committee for autoimmune
serology of the International Autoimmune Hepatitis Group. J
Hepatol. 2004;41(4):677-683. https://doi.org/10.1016/j.jhep.
2004.08.002

Nastasio S, Mosca A, Alterio T, Sciveres M, Maggiore G. Juve-
nile autoimmune hepatitis: recent advances in diagnosis, manage-
ment and long-term outcome. Diagnostics. 2023;13(17):2753.
https://doi.org/10.3390/diagnostics 13172753

Liberal R, Mieli-Vergani G, Vergani D. Clinical significance
of autoantibodies in autoimmune hepatitis. J Autoimmun.
2013;46:17-24. https://doi.org/10.1016/j.jaut.2013.08.001
Zhang WC, Zhao FR, Chen J, Chen WX. Meta-analysis: diagnos-
tic accuracy of anti-nuclear antibodies, smooth muscle antibodies
and antibodies to a soluble liver antigen/liver pancreas in autoim-
mune hepatitis. PLoS ONE. 2014;9(3):€92267. https://doi.org/
10.1371/journal.pone.0092267. (Schnell MJ, ed.)

Lapierre P, Hajoui O, Homberg JC, Alvarez F. Formiminotrans-
ferase cyclodeaminase is an organ-specific autoantigen rec-
ognized by sera of patients with autoimmune hepatitis. Gas-
troenterology. 1999;116(3):643-649. https://doi.org/10.1016/
S0016-5085(99)70186-1

Vitozzi S, Djilali-Saiah I, Lapierre P, Alvarez F. Anti-Soluble
Liver Antigen/Liver-Pancreas (SLA/LP) antibodies in pedi-
atric patients with autoimmune hepatitis. Autoimmunity.
2002;35(8):485-492. https://doi.org/10.1080/089169302100005
6712

De Boer YS, Van Nieuwkerk CMJ, Witte BI, Mulder CJJ, Bouma
G, Bloemena E. Assessment of the histopathological key features
in autoimmune hepatitis. Histopathology. 2015;66(3):351-362.
https://doi.org/10.1111/his. 12558

Kumari N, Kathuria R, Srivastav A, Krishnani N, Poddar U,
Yachha SK. Significance of histopathological features in

@ Springer

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

differentiating autoimmune liver disease from nonautoimmune
chronic liver disease in children. Eur J Gastroenterol Hepatol.
2013;25(3):333-337. https://doi.org/10.1097/MEG.0b013e3283
5a68al

Balitzer D, Shafizadeh N, Peters MG, Ferrell LD, Alshak N,
Kakar S. Autoimmune hepatitis: review of histologic features
included in the simplified criteria proposed by the international
autoimmune hepatitis group and proposal for new histologic cri-
teria. Mod Pathol. 2017;30(5):773-783. https://doi.org/10.1038/
modpathol.2016.267

Ma D, Liu X, Ai G, et al. The etiology and differential diagnosis
of “autoimmune hepatitis-like liver disease” in children: a sin-
gle-center retrospective study. Front Pediatr. 2024;12: 1377333.
https://doi.org/10.3389/fped.2024.1377333

Gurung A, Assis DN, McCarty TR, Mitchell KA, Boyer JL,
Jain D. Histologic features of autoimmune hepatitis: a critical
appraisal. Hum Pathol. 2018;82:51-60. https://doi.org/10.1016/j.
humpath.2018.07.014

Lohse AW, Sebode M, Bhathal PS, et al. Consensus recommen-
dations for histological criteria of autoimmune hepatitis from
the International AIH Pathology Group: results of a workshop
on AIH histology hosted by the European Reference Network
on Hepatological Diseases and the European Society of Pathol-
ogy. Liver Int. 2022;42(5):1058-1069. https://doi.org/10.1111/
liv.15217

Stravitz RT, Lefkowitch JH, Fontana RJ, et al. Autoimmune acute
liver failure: proposed clinical and histological criteria. Hepatol-
ogy. 2011;53(2):517-526. https://doi.org/10.1002/hep.24080
Nguyen Canh H, Harada K, Ouchi H, et al. Acute presenta-
tion of autoimmune hepatitis: a multicentre study with detailed
histological evaluation in a large cohort of patients. J Clin
Pathol. 2017;70(11):961-969. https://doi.org/10.1136/jclin
path-2016-204271

Di Giorgio A, Bravi M, Bonanomi E, et al. Fulminant hepatic
failure of autoimmune aetiology in children. J Pediatr Gastroen-
terol Nutr. 2015;60(2):159-164. https://doi.org/10.1097/MPG.
0000000000000593

Gregorio G. Autoimmune hepatitis/sclerosing cholangitis overlap
syndrome in childhood: a 16-year prospective study. Hepatology.
2001;33(3):544-553. https://doi.org/10.1053/jhep.2001.22131
Di Giorgio A, D’Adda A, Marseglia A, et al. Biliary features
in liver histology of children with autoimmune liver disease.
Hepatol Int. 2019;13(4):510-518. https://doi.org/10.1007/
$12072-019-09948-1

Johnson PJ, McFarlane IG. Meeting report: International Auto-
immune Hepatitis Group. Hepatology. 1993;18(4):998-1005.
https://doi.org/10.1002/hep.1840180435

Ebbeson RL, Schreiber RA. Diagnosing autoimmune hepa-
titis in children: is the International Autoimmune Hepatitis
Group scoring system useful? Clin Gastroenterol Hepatol.
2004;2(10):935-940. https://doi.org/10.1016/s1542-3565(04)
00396-9

Alvarez F, Berg PA, Bianchi FB, et al. International Autoim-
mune Hepatitis Group Report: review of criteria for diagnosis
of autoimmune hepatitis. J Hepatol. 1999;31(5):929-938. https://
doi.org/10.1016/S0168-8278(99)80297-9

Arcos-Machancoses JV, Molera Busoms C, Julio Tatis E, et al.
Accuracy of the 2008 simplified criteria for the diagnosis of auto-
immune hepatitis in children. Pediatr Gastroenterol Hepatol Nutr.
2018;21(2):118. https://doi.org/10.5223/pghn.2018.21.2.118
Srivastava A, Mathias A, Yachha SK, Agarwal J, Aggarwal R.
Need for immunization against hepatotropic viruses in chil-
dren with chronic liver disease. J Pediatr Gastroenterol Nutr.
2014;59(3):393-397. https://doi.org/10.1097/MPG.0000000000
000437


https://doi.org/10.1002/hep.22322
https://doi.org/10.1016/j.cgh.2011.11.030
https://doi.org/10.1016/j.cgh.2011.11.030
https://doi.org/10.1097/MPG.0000000000001363
https://doi.org/10.1097/MPG.0000000000001363
https://doi.org/10.1016/j.jhep.2007.05.011
https://doi.org/10.1080/0891693021000056721
https://doi.org/10.1016/j.jhepr.2021.100321
https://doi.org/10.7759/cureus.76789
https://doi.org/10.1136/gut.42.5.721
https://doi.org/10.1016/j.jhep.2004.08.002
https://doi.org/10.1016/j.jhep.2004.08.002
https://doi.org/10.3390/diagnostics13172753
https://doi.org/10.1016/j.jaut.2013.08.001
https://doi.org/10.1371/journal.pone.0092267
https://doi.org/10.1371/journal.pone.0092267
https://doi.org/10.1016/S0016-5085(99)70186-1
https://doi.org/10.1016/S0016-5085(99)70186-1
https://doi.org/10.1080/0891693021000056712
https://doi.org/10.1080/0891693021000056712
https://doi.org/10.1111/his.12558
https://doi.org/10.1097/MEG.0b013e32835a68a1
https://doi.org/10.1097/MEG.0b013e32835a68a1
https://doi.org/10.1038/modpathol.2016.267
https://doi.org/10.1038/modpathol.2016.267
https://doi.org/10.3389/fped.2024.1377333
https://doi.org/10.1016/j.humpath.2018.07.014
https://doi.org/10.1016/j.humpath.2018.07.014
https://doi.org/10.1111/liv.15217
https://doi.org/10.1111/liv.15217
https://doi.org/10.1002/hep.24080
https://doi.org/10.1136/jclinpath-2016-204271
https://doi.org/10.1136/jclinpath-2016-204271
https://doi.org/10.1097/MPG.0000000000000593
https://doi.org/10.1097/MPG.0000000000000593
https://doi.org/10.1053/jhep.2001.22131
https://doi.org/10.1007/s12072-019-09948-1
https://doi.org/10.1007/s12072-019-09948-1
https://doi.org/10.1002/hep.1840180435
https://doi.org/10.1016/s1542-3565(04)00396-9
https://doi.org/10.1016/s1542-3565(04)00396-9
https://doi.org/10.1016/S0168-8278(99)80297-9
https://doi.org/10.1016/S0168-8278(99)80297-9
https://doi.org/10.5223/pghn.2018.21.2.118
https://doi.org/10.1097/MPG.0000000000000437
https://doi.org/10.1097/MPG.0000000000000437

Hepatology International (2025) 19:1275-1314

1307

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Sheiko MA, Sundaram SS, Capocelli KE, Pan Z, McCoy AM,
Mack CL. Outcomes in pediatric autoimmune hepatitis and sig-
nificance of azathioprine metabolites. J Pediatr Gastroenterol
Nutr. 2017;65(1):80-85. https://doi.org/10.1097/MPG.00000
00000001563

Czaja AJ, Carpenter HA. Thiopurine methyltransferase defi-
ciency and azathioprine intolerance in autoimmune hepatitis.
Dig Dis Sci. 2006;51(5):968-975. https://doi.org/10.1007/
$10620-006-9336-5

Desire S, Balasubramanian P, Bajel A, et al. Frequency of TPMT
alleles in Indian patients with acute lymphatic leukemia and effect
on the dose of 6-mercaptopurine. Med Oncol. 2010;27(4):1046—
1049. https://doi.org/10.1007/s12032-009-9331-8

Banerjee R, Ravikanth VV, Pal P, et al. NUDT15 C415T variant
compared with TPMT genotyping in predicting azathioprine-
induced leucopenia: prospective analysis of 1014 inflamma-
tory bowel disease patients in India. Aliment Pharmacol Ther.
2020;52(11-12):1683-1694. https://doi.org/10.1111/apt.16137
Miao Q, Yan L, Zhou Y, et al. Association of genetic variants
in TPMT, ITPA, and NUDT15 with azathioprine-induced mye-
losuppression in southwest China patients with autoimmune
hepatitis. Sci Rep. 2021;11(1):7984. https://doi.org/10.1038/
$41598-021-87095-0

Fragoulis GE, Nikiphorou E, Dey M, et al. 2022 EULAR rec-
ommendations for screening and prophylaxis of chronic and
opportunistic infections in adults with autoimmune inflamma-
tory rheumatic diseases. Ann Rheum Dis. 2023;82(6):742-753.
https://doi.org/10.1136/ard-2022-223335

Zhang C, Wu SS, Dong XQ, Wu Z, Zhao H, Wang GQ. The effi-
cacy and safety of different doses of glucocorticoid for autoim-
mune hepatitis: a systematic review and meta-analysis. Medicine
(Baltimore). 2019;98(52): €18313. https://doi.org/10.1097/MD.
0000000000018313

Manns MP, Woynarowski M, Kreisel W, et al. Budesonide
induces remission more effectively than prednisone in a con-
trolled trial of patients with autoimmune hepatitis. Gastroenter-
ology. 2010;139(4):1198-1206. https://doi.org/10.1053/j.gastro.
2010.06.046

Diaz-Gonzalez A, Hernandez-Guerra M, Pérez-Medrano I, et al.
Budesonide as first-line treatment in patients with autoimmune
hepatitis seems inferior to standard predniso(lo)ne administra-
tion. Hepatology. 2023;77(4):1095-1105. https://doi.org/10.
1097/HEP.0000000000000018

Woynarowski M, Nemeth A, Baruch Y, et al. Budeson-
ide versus prednisone with azathioprine for the treatment of
autoimmune hepatitis in children and adolescents. J Pediatr.
2013;163(5):1347-1353.el. https://doi.org/10.1016/j.jpeds.2013.
05.042

Wehrman A, Waisbourd-Zinman O, Shah A, Hilmara D, Lin
H, Rand EB. Steroid free treatment of autoimmune hepatitis in
selected children. J Pediatr. 2019;207:244-247. https://doi.org/
10.1016/j.jpeds.2018.12.070

Yassin S, De Lacy R, Pillay K, Goddard E. Characteristics and
outcomes of autoimmune hepatitis from a tertiary pediatric cen-
tre, Cape Town, South Africa. J Trop Pediatr. 2020;66(4):448—
457. https://doi.org/10.1093/tropej/fmz088

Aksoy B, Baran M, Cagan Appak Y, et al. Efficiency of aza-
thioprine monotherapy for maintenance treatment of auto-
immune hepatitis in children. Eur J Gastroenterol Hepatol.
2022;34(1):92-97. https://doi.org/10.1097/MEG.0000000000
001930

Nguyen TMH, Daubard M, Le Gall C, Larger M, Lachaux A,
Boulieu R. Monitoring of azathioprine metabolites in pedi-
atric patients with autoimmune hepatitis. Ther Drug Monit.
2010;32(4):433-437. https://doi.org/10.1097/FTD.0b013e3181
dbd712

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Bolia R, Goel A, Srivastava A. Systematic review and meta-anal-
ysis of thiopurine metabolite levels and biochemical remission in
autoimmune hepatitis. Ther Drug Monit. 2021;43(5):609-616.
https://doi.org/10.1097/FTD.0000000000000848

Dalekos GN, Arvaniti P, Gatselis NK, et al. Long-term results of
mycophenolate mofetil vs. azathioprine use in individuals with
autoimmune hepatitis. JHEP Rep. 2022;4(12): 100601. https://
doi.org/10.1016/j.jhepr.2022.100601

Lamers MMH, Van Oijen MGH, Pronk M, Drenth JPH. Treat-
ment options for autoimmune hepatitis: a systematic review of
randomized controlled trials. J Hepatol. 2010;53(1):191-198.
https://doi.org/10.1016/j.jhep.2010.01.037

De Boer YS, Liberal R, Vergani D, Mieli-Vergani G. Real-world
management of juvenile autoimmune liver disease. United Eur
Gastroenterol J. 2018;6(7):1032—-1038. https://doi.org/10.1177/
2050640618768922

Cananzi M, Jgrgensen MH, Buescher G, De Bruyne R, Samyn
M, ESPGHAN Hepatology Interest Group and the ERN RARE-
LIVER Autoimmune Hepatitis Working Group. Current prac-
tice in the management of paediatric autoimmune liver disease
in Europe. J Pediatr Gastroenterol Nutr. 2025;80(2):260-270.
https://doi.org/10.1002/jpn3.12424

Snijders RJALM, Stoelinga AEC, Gevers TJG, et al. An open-
label randomised-controlled trial of azathioprine vs. mycophe-
nolate mofetil for the induction of remission in treatment-naive
autoimmune hepatitis. J Hepatol. 2024;80(4):576-585. https://
doi.org/10.1016/j.jhep.2023.11.032

Jgrgensen MH, Almaas R, Kharrazi G, et al. Various regimens
for autoimmune hepatitis in Northern European children show
equivalent outcomes at 1 year: a retrospective study. J Pediatr.
2025. https://doi.org/10.1016/j.jpeds.2025.114635

EASL Clinical Practice Guidelines. Autoimmune hepatitis. J
Hepatol. 2015;63(4):971-1004. https://doi.org/10.1016/j.jhep.
2015.06.030

Wang G, Tanaka A, Zhao H, et al. The Asian Pacific Associa-
tion for the Study of the Liver clinical practice guidance: the
diagnosis and management of patients with autoimmune hepa-
titis. Hepatol Int. 2021;15(2):223-257. https://doi.org/10.1007/
$12072-021-10170-1

Pape S, Snijders RJALM, Gevers TJG, et al. Systematic review
of response criteria and endpoints in autoimmune hepatitis
by the International Autoimmune Hepatitis Group. J Hepatol.
2022;76(4):841-849. https://doi.org/10.1016/j.jhep.2021.12.041
Than NN, Wiegard C, Weiler-Normann C, et al. Long-term
follow-up of patients with difficult to treat type 1 autoim-
mune hepatitis on tacrolimus therapy. Scand J Gastroenterol.
2016;51(3):329-336. https://doi.org/10.3109/00365521.2015.
1095351

Hoeroldt B, McFarlane E, Dube A, et al. Long-term outcomes of
patients with autoimmune hepatitis managed at a nontransplant
center. Gastroenterology. 2011;140(7):1980-1989. https://doi.
org/10.1053/.gastro.2011.02.065

Buechter M, Dorn D, Mdhlendick B, et al. Characteristics and
long-term outcome of 535 patients with autoimmune hepatitis—
the 20-year experience of a high-volume tertiary center. J Clin
Med. 2023;12(13): 4192. https://doi.org/10.3390/jcm12134192
Mieli-Vergani G, Vergani D. Autoimmune hepatitis in chil-
dren: what is different from adult AIH? Semin Liver Dis.
2009;29(03):297-306. https://doi.org/10.1055/s-0029-1233529
Lohse AW, Sebode M, Jgrgensen MH, et al. Second-line and
third-line therapy for autoimmune hepatitis: a position state-
ment from the European Reference Network on Hepatological
Diseases and the International Autoimmune Hepatitis Group. J
Hepatol. 2020;73(6):1496-1506. https://doi.org/10.1016/j.jhep.
2020.07.023

@ Springer


https://doi.org/10.1097/MPG.0000000000001563
https://doi.org/10.1097/MPG.0000000000001563
https://doi.org/10.1007/s10620-006-9336-5
https://doi.org/10.1007/s10620-006-9336-5
https://doi.org/10.1007/s12032-009-9331-8
https://doi.org/10.1111/apt.16137
https://doi.org/10.1038/s41598-021-87095-0
https://doi.org/10.1038/s41598-021-87095-0
https://doi.org/10.1136/ard-2022-223335
https://doi.org/10.1097/MD.0000000000018313
https://doi.org/10.1097/MD.0000000000018313
https://doi.org/10.1053/j.gastro.2010.06.046
https://doi.org/10.1053/j.gastro.2010.06.046
https://doi.org/10.1097/HEP.0000000000000018
https://doi.org/10.1097/HEP.0000000000000018
https://doi.org/10.1016/j.jpeds.2013.05.042
https://doi.org/10.1016/j.jpeds.2013.05.042
https://doi.org/10.1016/j.jpeds.2018.12.070
https://doi.org/10.1016/j.jpeds.2018.12.070
https://doi.org/10.1093/tropej/fmz088
https://doi.org/10.1097/MEG.0000000000001930
https://doi.org/10.1097/MEG.0000000000001930
https://doi.org/10.1097/FTD.0b013e3181dbd712
https://doi.org/10.1097/FTD.0b013e3181dbd712
https://doi.org/10.1097/FTD.0000000000000848
https://doi.org/10.1016/j.jhepr.2022.100601
https://doi.org/10.1016/j.jhepr.2022.100601
https://doi.org/10.1016/j.jhep.2010.01.037
https://doi.org/10.1177/2050640618768922
https://doi.org/10.1177/2050640618768922
https://doi.org/10.1002/jpn3.12424
https://doi.org/10.1016/j.jhep.2023.11.032
https://doi.org/10.1016/j.jhep.2023.11.032
https://doi.org/10.1016/j.jpeds.2025.114635
https://doi.org/10.1016/j.jhep.2015.06.030
https://doi.org/10.1016/j.jhep.2015.06.030
https://doi.org/10.1007/s12072-021-10170-1
https://doi.org/10.1007/s12072-021-10170-1
https://doi.org/10.1016/j.jhep.2021.12.041
https://doi.org/10.3109/00365521.2015.1095351
https://doi.org/10.3109/00365521.2015.1095351
https://doi.org/10.1053/j.gastro.2011.02.065
https://doi.org/10.1053/j.gastro.2011.02.065
https://doi.org/10.3390/jcm12134192
https://doi.org/10.1055/s-0029-1233529
https://doi.org/10.1016/j.jhep.2020.07.023
https://doi.org/10.1016/j.jhep.2020.07.023

1308 Hepatology International (2025) 19:1275-1314

105. Dhaliwal HK, Anderson R, Thornhill EL, et al. Clinical signifi- 120. Jannone G, Scheers I, Smets F, Stephenne X, Sokal EM. Everoli-
cance of azathioprine metabolites for the maintenance of remis- mus is safe as a second-/third-line therapy in pediatric autoim-
sion in autoimmune hepatitis. Hepatology. 2012;56(4):1401— mune hepatitis. JPGN Rep. 2022;3(3): e227. https://doi.org/10.
1408. https://doi.org/10.1002/hep.25760 1097/PG9.0000000000000227

106. Weltzsch JP, Bartel CF, Waldmann M, et al. Optimizing thio- 121. Riveiro-Barciela M, Barreira-Diaz A, Esteban P, et al. Rituxi-
purine therapy in autoimmune hepatitis: a multicenter study on mab is a safe and effective alternative treatment for patients with
monitoring metabolite profiles and co-therapy with allopurinol. autoimmune hepatitis: results from the ColHai registry. Liver Int.
Hepatology. 2024;80(5):1026—1040. https://doi.org/10.1097/ 2024;44(9):2303-2314. https://doi.org/10.1111/1iv.15970
HEP.0000000000000940 122. Burak KW, Swain MG, Santodomino-Garzon T, et al. Rituximab

107. Candels LS, Rahim MN, Shah S, Heneghan MA. Towards per- for the treatment of patients with autoimmune hepatitis who are
sonalised medicine in autoimmune hepatitis: Measurement of refractory or intolerant to standard therapy. Can J Gastroenterol.
thiopurine metabolites results in higher biochemical response 2013;27(5):273-280. https://doi.org/10.1155/2013/512624
rates. ] Hepatol. 2021;75(2):324-332. https://doi.org/10.1016/]. 123. Than NN, Hodson J, Schmidt-Martin D, et al. Efficacy of rituxi-
jhep.2021.03.023 mab in difficult-to-manage autoimmune hepatitis: results from

108. Santiago P, Schwartz I, Tamariz L, Levy C. Systematic review the International Autoimmune Hepatitis Group. JHEP Reports.
with meta-analysis: mycophenolate mofetil as a second-line 2019;1(6):437-445. https://doi.org/10.1016/j.jhepr.2019.10.005
therapy for autoimmune hepatitis. Aliment Pharmacol Ther. 124. D’Agostino D, Costaguta A, Alvarez F. Successful treatment
2019;49(7):830-839. https://doi.org/10.1111/apt.15157 of refractory autoimmune hepatitis with Rituximab. Pediatrics.

109. Nicoll AJ, Roberts SK, Lim R, et al. Beneficial response to 2013;132(2):e526—e530. https://doi.org/10.1542/peds.2011-1900
mycophenolate mofetil by patients with autoimmune hepatitis 125. Costaguta GA, Alvarez F. B cell depletion for autoimmune liver
who have failed standard therapy, is predicted by older age and diseases: a retrospective review of indications and outcomes.
lower immunoglobulin G and INR levels. Aliment Pharmacol JPGN Rep. 2024;5(3):326-333. https://doi.org/10.1002/jpr3.
Ther. 2019;49(10):1314-1322. https://doi.org/10.1111/apt.15248 12098

110. Kolev M, Diem S, Diem L, et al. Mycophenolate mofetil as sec- 126. Weiler-Normann C, Schramm C, Quaas A, et al. Infliximab as
ond line treatment in autoimmune hepatitis—a retrospective sin- a rescue treatment in difficult-to-treat autoimmune hepatitis. J
gle center analysis. J Transl Autoimmun. 2022;5: 100172. https:// Hepatol. 2013;58(3):529-534. https://doi.org/10.1016/j.jhep.
doi.org/10.1016/j.jtauto.2022.100172 2012.11.010

111. Roberts SK, Strasser SI, Nicoll AJ, et al. Efficacy and safety 127. Efe C, Lytvyak E, Eskazan T, et al. Efficacy and safety of inflixi-
profile of calcineurin inhibitor salvage therapy in autoimmune mab in patients with autoimmune hepatitis. Hepatology. 2025.
hepatitis. Scand J Gastroenterol. 2020;55(11):1309-1317. https:// https://doi.org/10.1097/HEP.0000000000001089. (Published
doi.org/10.1080/00365521.2020.1821764 online September 6, 2024)

112. Baven-Pronk MA, Hew JM, Biewenga M, et al. Calcineurin 128. Nedelkopoulou N, Vadamalayan B, Vergani D, Mieli-Vergani
inhibitors in the treatment of adult autoimmune hepatitis: a sys- G. Anti-TNFo treatment in children and adolescents with com-
tematic review. J Clin Transl Hepatol. 2022;000(000):000-000. bined inflammatory bowel disease and autoimmune liver disease.
https://doi.org/10.14218/JCTH.2021.00535 J Pediatr Gastroenterol Nutr. 2018;66(1):100-105. https://doi.

113. Efe C, Hagstrom H, Ytting H, et al. Efficacy and safety of org/10.1097/MPG.0000000000001759
Mycophenolate Mofetil and Tacrolimus as second-line therapy 129. Haridy J, Nicoll A, Sood S. Methotrexate therapy for autoim-
for patients with autoimmune hepatitis. Clin Gastroenterol Hepa- mune hepatitis. Clin Gastroenterol Hepatol. 2018;16(2):288-289.
tol. 2017;15(12):1950-1956.e1. https://doi.org/10.1016/j.cgh. https://doi.org/10.1016/j.cgh.2017.07.003
2017.06.001 130. Xiong A, Li S, Dou X, Yao Y. Cyclophosphamide in refractory

114. Efe C, Taii HA, Ytting H, et al. Tacrolimus and mycophenolate autoimmune hepatitis and autoimmune hepatitis coexisting extra-
mofetil as second-line therapies for pediatric patients with auto- hepatic autoimmune disorders. Am J Med Sci. 2024;368(5):446—
immune hepatitis. Dig Dis Sci. 2018;63(5):1348-1354. https:// 454. https://doi.org/10.1016/j.amjms.2024.06.007
doi.org/10.1007/s10620-018-5011-x 131. Greten TF, Ormandy LA, Fikuart A, et al. Low-dose cyclophos-

115. Zizzo AN, Valentino PL, Shah PS, Kamath BM. Second-line phamide treatment impairs regulatory T cells and unmasks AFP-
agents in pediatric patients with autoimmune hepatitis: a sys- specific CD4+ T-cell responses in patients with advanced HCC.
tematic review and meta-analysis. J Pediatr Gastroenterol Nutr. J Immunother. 2010;33(2):211-218. https://doi.org/10.1097/CJ1.
2017;65(1):6-15. https://doi.org/10.1097/MPG.0000000000 0b013e3181bb499f
001530 132. Doycheva I, Watt KD, Gulamhusein AF. Autoimmune

116. Chang C, Tanaka A, Bowlus C, Gershwin ME. The use of bio- hepatitis: current and future therapeutic options. Liver Int.
logics in the treatment of autoimmune liver disease. Expert Opin 2019;39(6):1002-1013. https://doi.org/10.1111/1iv.14062
Investig Drugs. 2020;29(4):385-398. https://doi.org/10.1080/ 133. De Franchis R, Bosch J, Garcia-Tsao G, et al. Baveno VII—
13543784.2020.1733527 renewing consensus in portal hypertension. J Hepatol.

117. Chatrath H, Allen L, Boyer TD. Use of sirolimus in the 2022;76(4):959-974. https://doi.org/10.1016/j.jhep.2021.12.022
treatment of refractory autoimmune hepatitis. Am J Med. 134. Kaplan DE, Ripoll C, Thiele M, et al. Aasld practice guidance
2014;127(11):1128-1131. https://doi.org/10.1016/j.amjmed. on risk stratification and management of portal hypertension and
2014.06.016 varices in cirrhosis. Hepatology. 2024;79(5):1180—1211. https://

118. Kerkar N, Dugan C, Rumbo C, et al. Rapamycin successfully doi.org/10.1097/HEP.0000000000000647
treats post-transplant autoimmune hepatitis. Am J Transplant. 135. Hartl J, Denzer U, Ehlken H, et al. Transient elastography in
2005;5(5):1085-1089. https://doi.org/10.1111/j.1600-6143.2005. autoimmune hepatitis: timing determines the impact of inflam-
00801.x mation and fibrosis. J Hepatol. 2016;65(4):769-775. https://doi.

119. Kurowski J, Melin-Aldana H, Bass L, Alonso EM, Ekong UD. org/10.1016/j.jhep.2016.05.023
Sirolimus as rescue therapy in pediatric autoimmune hepatitis. J 136. Czaja AJ. Safety issues in the management of autoimmune hepa-

Pediatr Gastroenterol Nutr. 2014. https://doi.org/10.1097/MPG.
0b013e318291feaa

@ Springer

titis. Expert Opin Drug Saf. 2008;7(3):319-333. https://doi.org/
10.1517/14740338.7.3.319


https://doi.org/10.1002/hep.25760
https://doi.org/10.1097/HEP.0000000000000940
https://doi.org/10.1097/HEP.0000000000000940
https://doi.org/10.1016/j.jhep.2021.03.023
https://doi.org/10.1016/j.jhep.2021.03.023
https://doi.org/10.1111/apt.15157
https://doi.org/10.1111/apt.15248
https://doi.org/10.1016/j.jtauto.2022.100172
https://doi.org/10.1016/j.jtauto.2022.100172
https://doi.org/10.1080/00365521.2020.1821764
https://doi.org/10.1080/00365521.2020.1821764
https://doi.org/10.14218/JCTH.2021.00535
https://doi.org/10.1016/j.cgh.2017.06.001
https://doi.org/10.1016/j.cgh.2017.06.001
https://doi.org/10.1007/s10620-018-5011-x
https://doi.org/10.1007/s10620-018-5011-x
https://doi.org/10.1097/MPG.0000000000001530
https://doi.org/10.1097/MPG.0000000000001530
https://doi.org/10.1080/13543784.2020.1733527
https://doi.org/10.1080/13543784.2020.1733527
https://doi.org/10.1016/j.amjmed.2014.06.016
https://doi.org/10.1016/j.amjmed.2014.06.016
https://doi.org/10.1111/j.1600-6143.2005.00801.x
https://doi.org/10.1111/j.1600-6143.2005.00801.x
https://doi.org/10.1097/MPG.0b013e318291feaa
https://doi.org/10.1097/MPG.0b013e318291feaa
https://doi.org/10.1097/PG9.0000000000000227
https://doi.org/10.1097/PG9.0000000000000227
https://doi.org/10.1111/liv.15970
https://doi.org/10.1155/2013/512624
https://doi.org/10.1016/j.jhepr.2019.10.005
https://doi.org/10.1542/peds.2011-1900
https://doi.org/10.1002/jpr3.12098
https://doi.org/10.1002/jpr3.12098
https://doi.org/10.1016/j.jhep.2012.11.010
https://doi.org/10.1016/j.jhep.2012.11.010
https://doi.org/10.1097/HEP.0000000000001089
https://doi.org/10.1097/MPG.0000000000001759
https://doi.org/10.1097/MPG.0000000000001759
https://doi.org/10.1016/j.cgh.2017.07.003
https://doi.org/10.1016/j.amjms.2024.06.007
https://doi.org/10.1097/CJI.0b013e3181bb499f
https://doi.org/10.1097/CJI.0b013e3181bb499f
https://doi.org/10.1111/liv.14062
https://doi.org/10.1016/j.jhep.2021.12.022
https://doi.org/10.1097/HEP.0000000000000647
https://doi.org/10.1097/HEP.0000000000000647
https://doi.org/10.1016/j.jhep.2016.05.023
https://doi.org/10.1016/j.jhep.2016.05.023
https://doi.org/10.1517/14740338.7.3.319
https://doi.org/10.1517/14740338.7.3.319

Hepatology International (2025) 19:1275-1314

1309

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

Cortez APB, De Morais MB, Sperididao PDGL, Da Motta Mattar
RHG, Calanca F, Neto UF. Food intake, growth and body com-
position of children and adolescents with autoimmune hepatitis. J
Clin Gastroenterol. 2010;44(3):200-207. https://doi.org/10.1097/
MCG.0b013e3181b9145a

Prasad D, Poddar U, Kanaujia V, Yachha SK, Srivastava A. Effect
of long-term oral steroids on intraocular pressure in children with
autoimmune hepatitis: a prospective cohort study. J] Glaucoma.
2019;28(10):929-933. https://doi.org/10.1097/1JG.0000000000
001352

Manwani K, Mieli-Vergani G, Mancell S, Dhawan A, Hadzic N,
Samyn M. Long-term growth in children and young people with
autoimmune liver disease treated with daily steroids. J Pediatr
Gastroenterol Nutr. 2022;75(3):252-256. https://doi.org/10.1097/
MPG.0000000000003513

Van Den Brand FF, Van Der Veen KS, Lissenberg-Witte BI, et al.
Adverse events related to low dose corticosteroids in autoim-
mune hepatitis. Aliment Pharmacol Ther. 2019;50(10):1120—
1126. https://doi.org/10.1111/apt.15528

Miele E, Benninga MA, Broekaert I, et al. Safety of thiopurine
use in paediatric gastrointestinal disease. J Pediatr Gastroenterol
Nutr. 2020;71(2):156-162. https://doi.org/10.1097/MPG.00000
00000002802

Teich N, Mohl W, Bokemeyer B, et al. Azathioprine-induced
acute pancreatitis in patients with inflammatory bowel diseases—
a prospective study on incidence and severity. J Crohns Colitis.
2016;10(1):61-68. https://doi.org/10.1093/ecco-jcc/jjv188
Deswal S, Srivastava A. Role of allopurinol in optimizing thio-
purine therapy in patients with autoimmune hepatitis: a review.
J Clin Exp Hepatol. 2017;7(1):55-62. https://doi.org/10.1016/].
jeeh.2017.01.115

Aw MM, Dhawan A, Samyn M, Bargiota A, Mieli-Vergani
G. Mycophenolate mofetil as rescue treatment for autoim-
mune liver disease in children: a 5-year follow-up. J Hepatol.
2009;51(1):156-160. https://doi.org/10.1016/j.jhep.2009.02.024
Zachou K, Gatselis NK, Arvaniti P, et al. A real-world study
focused on the long-term efficacy of mycophenolate mofetil as
first-line treatment of autoimmune hepatitis. Aliment Pharmacol
Ther. 2016;43(10):1035-1047. https://doi.org/10.1111/apt.13584
Montano-Loza AJ, Carpenter HA, Czaja AJ. Improving the
end point of corticosteroid therapy in type 1 autoimmune hep-
atitis to reduce the frequency of relapse. Am J Gastroenterol.
2007;102(5):1005-1012. https://doi.org/10.1111/j.1572-0241.
2007.01153.x

Van Gerven NMF, Verwer BJ, Witte BI, et al. Relapse is almost
universal after withdrawal of immunosuppressive medication
in patients with autoimmune hepatitis in remission. J Hepatol.
2013;58(1):141-147. https://doi.org/10.1016/j.jhep.2012.09.009
Hartl J, Ehlken H, Weiler-Normann C, et al. Patient selection
based on treatment duration and liver biochemistry increases suc-
cess rates after treatment withdrawal in autoimmune hepatitis.
J Hepatol. 2015;62(3):642—-646. https://doi.org/10.1016/].jhep.
2014.10.018

Verma S, Gunuwan B, Mendler M, Govindrajan S, Redeker
A. Factors predicting relapse and poor outcome in type I auto-
immune hepatitis: role of cirrhosis development, patterns of
transaminases during remission and plasma cell activity in the
liver biopsy. Am J Gastroenterol. 2004;99(8):1510-1516. https://
doi.org/10.1111/j.1572-0241.2004.30457.x

Guirguis J, Alonso Y, Lopez R, Carey W. Well-controlled auto-
immune hepatitis treatment withdrawal may be safely accom-
plished without liver-biopsy guidance. Gastroenterol Rep.
2018;6(4):284-290. https://doi.org/10.1093/gastro/goy020

Ben Merabet Y, Barbe C, Heurgue-Berlot A, et al. Sus-
tained remission after treatment withdrawal in autoim-
mune hepatitis: a multicenter retrospective study. Dig

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

Dis Sci. 2021;66(6):2107-2117. https://doi.org/10.1007/
$10620-020-06444-7

Van Den Brand FF, Snijders RIALM, De Boer YS, et al. Drug
withdrawal in patients with autoimmune hepatitis in long-term
histological remission: a prospective observational study. Eur J
Intern Med. 2021;90:30-36. https://doi.org/10.1016/j.ejim.2021.
03.024

Deneau M, Book LS, Guthery SL, Jensen MK. Outcome
after discontinuation of immunosuppression in children with
autoimmune hepatitis: a population-based study. J Pediatr.
2014;164(4):714-719.e2. https://doi.org/10.1016/j.jpeds.2013.
12.008

Czaja AlJ, Carpenter HA. Histological features associated with
relapse after corticosteroid withdrawal in type 1 autoimmune
hepatitis. Liver Int. 2003;23(2):116-123. https://doi.org/10.
1034/j.1600-0676.2003.00810.x

Kirstein MM, Metzler F, Geiger E, et al. Prediction of short-
and long-term outcome in patients with autoimmune hepatitis.
Hepatology. 2015;62(5):1524-1535. https://doi.org/10.1002/hep.
27983

Radhakrishnan KR, Alkhouri N, Worley S, et al. Autoim-
mune hepatitis in children—impact of cirrhosis at presenta-
tion on natural history and long-term outcome. Dig Liver Dis.
2010;42(10):724-728. https://doi.org/10.1016/j.d1d.2010.01.002
Taneja S, Mehtani R, De A, et al. Spectrum of autoimmune liver
disease and real-world treatment experience from a tertiary care
hospital. J Clin Exp Hepatol. 2023;13(2):241-251. https://doi.
org/10.1016/j.jceh.2022.11.002

Werner M, Wallerstedt S, Lindgren S, et al. Characteristics
and long-term outcome of patients with autoimmune hepatitis
related to the initial treatment response. Scand J Gastroenterol.
2010:;45(4):457-467. https://doi.org/10.3109/003655209035558
61

Hartl J, Ehlken H, Sebode M, et al. Usefulness of biochemi-
cal remission and transient elastography in monitoring disease
course in autoimmune hepatitis. ] Hepatol. 2018;68(4):754-763.
https://doi.org/10.1016/j.jhep.2017.11.020

Olivas I, Arvaniti P, Gabeta S, et al. Liver stiffness measurement
predicts clinical outcomes in autoimmune hepatitis. JHEP Rep.
2024;6(11): 101213. https://doi.org/10.1016/j.jhepr.2024.101213
Roberts S, Therneau T, Czaja A. Prognosis of histological
cirrhosis in type 1 autoimmune hepatitis. Gastroenterology.
1996;110(3):848-857. https://doi.org/10.1053/gast.1996.v110.
pm8608895

Wang Z, Sheng L, Yang Y, et al. The management of autoimmune
hepatitis patients with decompensated cirrhosis: real-world expe-
rience and a comprehensive review. Clin Rev Allergy Immunol.
2017;52(3):424-435. https://doi.org/10.1007/s12016-016-8583-2
Sood V, Lal BB, Rastogi A, Khanna R, Rawat D, Alam S. Regres-
sion of fibrosis in pediatric liver diseases. Indian J Gastroenterol.
2018;37(3):266-270. https://doi.org/10.1007/s12664-018-0847-8
Tansel A, Katz LH, El-Serag HB, et al. Incidence and determi-
nants of hepatocellular carcinoma in autoimmune hepatitis: a
systematic review and meta-analysis. Clin Gastroenterol Hepatol.
2017;15(8):1207-1217.e4. https://doi.org/10.1016/j.cgh.2017.02.
006

Ismail H, Broniszczak D, Kalicinski P, et al. Liver transplantation
in children with hepatocellular carcinoma do Milan criteria apply
to pediatric patients? Pediatr Transplant. 2009;13(6):682-692.
https://doi.org/10.1111/§.1399-3046.2009.01062.x

Rahim MN, Liberal R, Miquel R, Heaton ND, Heneghan MA.
Acute severe autoimmune hepatitis: corticosteroids or liver trans-
plantation? Liver Transpl. 2019;25(6):946-959. https://doi.org/
10.1002/1t.25451

Anand L, Choudhury A, Bihari C, et al. Flare of autoimmune
hepatitis causing acute on chronic liver failure: diagnosis and

@ Springer


https://doi.org/10.1097/MCG.0b013e3181b9145a
https://doi.org/10.1097/MCG.0b013e3181b9145a
https://doi.org/10.1097/IJG.0000000000001352
https://doi.org/10.1097/IJG.0000000000001352
https://doi.org/10.1097/MPG.0000000000003513
https://doi.org/10.1097/MPG.0000000000003513
https://doi.org/10.1111/apt.15528
https://doi.org/10.1097/MPG.0000000000002802
https://doi.org/10.1097/MPG.0000000000002802
https://doi.org/10.1093/ecco-jcc/jjv188
https://doi.org/10.1016/j.jceh.2017.01.115
https://doi.org/10.1016/j.jceh.2017.01.115
https://doi.org/10.1016/j.jhep.2009.02.024
https://doi.org/10.1111/apt.13584
https://doi.org/10.1111/j.1572-0241.2007.01153.x
https://doi.org/10.1111/j.1572-0241.2007.01153.x
https://doi.org/10.1016/j.jhep.2012.09.009
https://doi.org/10.1016/j.jhep.2014.10.018
https://doi.org/10.1016/j.jhep.2014.10.018
https://doi.org/10.1111/j.1572-0241.2004.30457.x
https://doi.org/10.1111/j.1572-0241.2004.30457.x
https://doi.org/10.1093/gastro/goy020
https://doi.org/10.1007/s10620-020-06444-7
https://doi.org/10.1007/s10620-020-06444-7
https://doi.org/10.1016/j.ejim.2021.03.024
https://doi.org/10.1016/j.ejim.2021.03.024
https://doi.org/10.1016/j.jpeds.2013.12.008
https://doi.org/10.1016/j.jpeds.2013.12.008
https://doi.org/10.1034/j.1600-0676.2003.00810.x
https://doi.org/10.1034/j.1600-0676.2003.00810.x
https://doi.org/10.1002/hep.27983
https://doi.org/10.1002/hep.27983
https://doi.org/10.1016/j.dld.2010.01.002
https://doi.org/10.1016/j.jceh.2022.11.002
https://doi.org/10.1016/j.jceh.2022.11.002
https://doi.org/10.3109/00365520903555861
https://doi.org/10.3109/00365520903555861
https://doi.org/10.1016/j.jhep.2017.11.020
https://doi.org/10.1016/j.jhepr.2024.101213
https://doi.org/10.1053/gast.1996.v110.pm8608895
https://doi.org/10.1053/gast.1996.v110.pm8608895
https://doi.org/10.1007/s12016-016-8583-2
https://doi.org/10.1007/s12664-018-0847-8
https://doi.org/10.1016/j.cgh.2017.02.006
https://doi.org/10.1016/j.cgh.2017.02.006
https://doi.org/10.1111/j.1399-3046.2009.01062.x
https://doi.org/10.1002/lt.25451
https://doi.org/10.1002/lt.25451

1310

Hepatology International (2025) 19:1275-1314

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

response to corticosteroid therapy. Hepatology. 2019;70(2):587—
596. https://doi.org/10.1002/hep.30205

Sharma S, Agarwal S, Saraya A, et al. Identifying the early
predictors of non-response to steroids in patients with flare of
autoimmune hepatitis causing acute-on-chronic liver failure.
Hepatol Int. 2023;17(4):989-999. https://doi.org/10.1007/
$12072-023-10482-4

Yasui S, Fujiwara K, Yonemitsu Y, Oda S, Nakano M, Yokosuka
O. Clinicopathological features of severe and fulminant forms
of autoimmune hepatitis. J Gastroenterol. 2011;46(3):378-390.
https://doi.org/10.1007/s00535-010-0316-3

Yeoman AD, Westbrook RH, Zen Y, et al. Prognosis of acute
severe autoimmune hepatitis (AS-AIH): the role of corticos-
teroids in modifying outcome. J Hepatol. 2014;61(4):876-882.
https://doi.org/10.1016/j.jhep.2014.05.021

Téllez L, Sanchez Rodriguez E, Rodriguez De Santiago E,
et al. Early predictors of corticosteroid response in acute severe
autoimmune hepatitis: a nationwide multicenter study. Aliment
Pharmacol Ther. 2022;56(1):131-143. https://doi.org/10.1111/
apt.16926

De Martin E, Coilly A, Chazouilleres O, et al. Early liver
transplantation for corticosteroid non-responders with acute
severe autoimmune hepatitis: the SURFASA score. J Hepatol.
2021;74(6):1325-1334. https://doi.org/10.1016/j.jhep.2020.12.
033

Enke T, Livingston S, Rule J, et al. Autoimmune hepatitis pre-
senting as acute liver failure: a 20-year retrospective review of
North America. Liver Transpl. 2023;29(6):570-580. https://doi.
org/10.1097/LVT.0000000000000105

Lal BB, Sood V, Rastogi A, et al. Safety, feasibility, yield, diag-
nostic and prognostic implications of transjugular liver biopsy
in children and adolescents. J Pediatr Gastroenterol Nutr. 2021.
https://doi.org/10.1097/MPG.0000000000003249

Fawzy A, Sutton H, Vandriel SM, Sonnenberg M, Kamath BM.
Outcomes and management in paediatric autoimmune hepatitis
presenting as acute liver failure: individual patient data meta-
analysis. Liver Int. 2024;44(8):1797-1807. https://doi.org/10.
1111/1iv.15943

Lal BB, Khanna R, Sood V, et al. Diagnosis and management
of pediatric acute liver failure: consensus recommendations of
the Indian Society of Pediatric Gastroenterology, Hepatology,
and Nutrition ISPGHAN). Hepatol Int. 2024;18(5):1343-1381.
https://doi.org/10.1007/s12072-024-10720-3

Maggiore G, Socie G, Sciveres M, et al. Seronegative autoim-
mune hepatitis in children: spectrum of disorders. Dig Liver
Dis. 2016;48(7):785-791. https://doi.org/10.1016/j.d1d.2016.
03.015

Islek A, Keskin H. Seronegative autoimmune hepatitis in chil-
dren: a single-center experience. Acta Gastro-Enterol Belg.
2021;84(2):305-310. https://doi.org/10.51821/84.2.305

Khedr MA, Salem TA, Boghdadi GM, et al. Seronegative autoim-
mune hepatitis in children: a real diagnostic challenge. Wien Klin
Wochenschr. 2022;134(5-6):195-201. https://doi.org/10.1007/
s00508-021-01907-x

Gassert DJ, Garcia H, Tanaka K, Reinus JF. Corticosteroid-
responsive cryptogenic chronic hepatitis: evidence for seronega-
tive autoimmune hepatitis. Dig Dis Sci. 2007;52(9):2433-2437.
https://doi.org/10.1007/s10620-006-9665-4

Wang QX, Jiang WJ, Miao Q, et al. Clinical and histological fea-
tures of autoantibody-negative autoimmune hepatitis in Chinese
patients: a single center experience. J Dig Dis. 2013;14(4):175-
180. https://doi.org/10.1111/1751-2980.12022

Czaja AJ. Behavior and significance of autoantibodies in type 1
autoimmune hepatitis. J Hepatol. 1999;30(3):394-401. https://
doi.org/10.1016/S0168-8278(99)80096-8

@ Springer

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

Czaja AJ, Carpenter HA. Autoimmune hepatitis overlap syn-
dromes and liver pathology. Gastroenterol Clin North Am.
2017;46(2):345-364. https://doi.org/10.1016/j.gtc.2017.01.008
Deneau MR, El-Matary W, Valentino PL, et al. The natural his-
tory of primary sclerosing cholangitis in 781 children: a multi-
center, international collaboration. Hepatology. 2017;66(2):518—
527. https://doi.org/10.1002/hep.29204

Kumar N, Poddar U, Yadav R, et al. Autoimmune sclerosing
cholangitis in children: a prospective case-control study. Pediatr
Gastroenterol Hepatol Nutr. 2021;24(2):154. https://doi.org/10.
5223/pghn.2021.24.2.154

Ricciuto A, Kamath BM, Hirschfield GM, Trivedi PJ. Primary
sclerosing cholangitis and overlap features of autoimmune
hepatitis: a coming of age or an age-ist problem? J Hepatol.
2023;79(2):567-575. https://doi.org/10.1016/j.jhep.2023.02.030
Kerkar N, Chan A. Autoimmune hepatitis, sclerosing cholangi-
tis, and autoimmune sclerosing cholangitis or overlap syndrome.
Clin Liver Dis. 2018;22(4):689-702. https://doi.org/10.1016/j.
¢ld.2018.06.005

Warner S, Rajanayagam J, Russell E, et al. Biliary disease pro-
gression in childhood onset autoimmune liver disease: a 30-year
follow-up into adulthood. JHEP Reports. 2024;6(2): 100901.
https://doi.org/10.1016/j.jhepr.2023.100901

Umetsu S, Notohara K, Nakazawa T, et al. Long-term outcomes
of pediatric-onset primary sclerosing cholangitis: a single-center
experience in Japan. Hepatol Res. 2019;49(12):1386-1397.
https://doi.org/10.1111/hepr.13421

Jerregérd Skarby A, Casswall T, Bergquist A, Lindstrom L. Good
long-term outcomes of primary sclerosing cholangitis in child-
hood. JHEP Rep. 2024;6(8): 101123. https://doi.org/10.1016/j.
jhepr.2024.101123

Hensel KO, Kyrana E, Hadzic N, et al. Sclerosing cholangitis in
pediatric inflammatory bowel disease: early diagnosis and man-
agement affect clinical outcome. J Pediatr. 2021;238:50-56.¢3.
https://doi.org/10.1016/j.jpeds.2021.07.047

Joosse ME, Haisma SM, Sterk MFM, et al. Disease progression
in paediatric- and adult-onset sclerosing cholangitis: results from
two independent Dutch registries. Liver Int. 2019;39(9):1768—
1775. https://doi.org/10.1111/1iv.14159

Valentino PL, Wiggins S, Harney S, Raza R, Lee CK, Jonas MM.
The natural history of primary sclerosing cholangitis in children:
a large single-center longitudinal cohort study. J Pediatr Gastro-
enterol Nutr. 2016;63(6):603-609. https://doi.org/10.1097/MPG.
0000000000001368

Curci F, Rubino C, Stinco M, et al. Paediatric-onset autoimmune
liver disease: insights from a monocentric experience. Dig Liver
Dis. 2025;57(2):494-501. https://doi.org/10.1016/j.d1d.2024.09.
020

Bjornsson ES, Medina-Caliz I, Andrade RJ, Lucena MI. Setting
up criteria for drug-induced autoimmune-like hepatitis through
a systematic analysis of published reports. Hepatol Commun.
2022;6(8):1895-1909. https://doi.org/10.1002/hep4.1959
Martinez-Casas OY, Diaz-Ramirez GS, Marin-Zuluaga JI, et al.
Differential characteristics in drug-induced autoimmune hepati-
tis. JGH Open. 2018;2(3):97-104. https://doi.org/10.1002/jgh3.
12054

Nagral A, Adhyaru K, Rudra OS, Gharat A, Bhandare S. Herbal
immune booster-induced liver injury in the COVID-19 pandemic
- a case series. J Clin Exp Hepatol. 2021;11(6):732—738. https://
doi.org/10.1016/j.jceh.2021.06.021

Kulkarni AV, Hanchanale P, Prakash V, et al. Tinospora cor-
difolia (giloy)-induced liver injury during the COVID-19 pan-
demic—multicenter nationwide study from India. Hepatol Com-
mun. 2022;6(6):1289-1300. https://doi.org/10.1002/hep4.1904
Panneer Selvam K, Payyappallimana U, Ravikumar K, Ven-
katasubramanian P. Can Guduchi (Tinospora cordifolia), a


https://doi.org/10.1002/hep.30205
https://doi.org/10.1007/s12072-023-10482-4
https://doi.org/10.1007/s12072-023-10482-4
https://doi.org/10.1007/s00535-010-0316-3
https://doi.org/10.1016/j.jhep.2014.05.021
https://doi.org/10.1111/apt.16926
https://doi.org/10.1111/apt.16926
https://doi.org/10.1016/j.jhep.2020.12.033
https://doi.org/10.1016/j.jhep.2020.12.033
https://doi.org/10.1097/LVT.0000000000000105
https://doi.org/10.1097/LVT.0000000000000105
https://doi.org/10.1097/MPG.0000000000003249
https://doi.org/10.1111/liv.15943
https://doi.org/10.1111/liv.15943
https://doi.org/10.1007/s12072-024-10720-3
https://doi.org/10.1016/j.dld.2016.03.015
https://doi.org/10.1016/j.dld.2016.03.015
https://doi.org/10.51821/84.2.305
https://doi.org/10.1007/s00508-021-01907-x
https://doi.org/10.1007/s00508-021-01907-x
https://doi.org/10.1007/s10620-006-9665-4
https://doi.org/10.1111/1751-2980.12022
https://doi.org/10.1016/S0168-8278(99)80096-8
https://doi.org/10.1016/S0168-8278(99)80096-8
https://doi.org/10.1016/j.gtc.2017.01.008
https://doi.org/10.1002/hep.29204
https://doi.org/10.5223/pghn.2021.24.2.154
https://doi.org/10.5223/pghn.2021.24.2.154
https://doi.org/10.1016/j.jhep.2023.02.030
https://doi.org/10.1016/j.cld.2018.06.005
https://doi.org/10.1016/j.cld.2018.06.005
https://doi.org/10.1016/j.jhepr.2023.100901
https://doi.org/10.1111/hepr.13421
https://doi.org/10.1016/j.jhepr.2024.101123
https://doi.org/10.1016/j.jhepr.2024.101123
https://doi.org/10.1016/j.jpeds.2021.07.047
https://doi.org/10.1111/liv.14159
https://doi.org/10.1097/MPG.0000000000001368
https://doi.org/10.1097/MPG.0000000000001368
https://doi.org/10.1016/j.dld.2024.09.020
https://doi.org/10.1016/j.dld.2024.09.020
https://doi.org/10.1002/hep4.1959
https://doi.org/10.1002/jgh3.12054
https://doi.org/10.1002/jgh3.12054
https://doi.org/10.1016/j.jceh.2021.06.021
https://doi.org/10.1016/j.jceh.2021.06.021
https://doi.org/10.1002/hep4.1904

Hepatology International (2025) 19:1275-1314

1311

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

well-known ayurvedic hepato-protectant cause liver damage? J
Ayurveda Integr Med. 2023;14(1): 100658. https://doi.org/10.
1016/j.jaim.2022.100658

Vento S, Cainelli F. Is there a role for viruses in triggering auto-
immune hepatitis? Autoimmun Rev. 2004;3(1):61-69. https://
doi.org/10.1016/S1568-9972(03)00053-3

Das S, Sood V, Rastogi A, et al. Clinico-pathological spectrum of
hepatitis A virus-induced autoimmune-like hepatitis in children.
J Viral Hepat. 2025;32(4): e14028. https://doi.org/10.1111/jvh.
14028

Kerkar N, Hadzic N, Davies ET, et al. De-novo autoimmune hep-
atitis after liver transplantation. Lancet. 1998;351(9100):409—
413. https://doi.org/10.1016/S0140-6736(97)06478-7
Hernandez HM, Kovarik P, Whitington PF, Alonso EM. Autoim-
mune hepatitis as a late complication of liver transplantation. J
Pediatr Gastroenterol Nutr. 2001;32(2):131-136. https://doi.org/
10.1097/00005176-200102000-00007

Gupta P, Hart J, Millis JM, Cronin D, Brady L. De novo hepa-
titis with autoimmune antibodies and atypical histology: a rare
cause of late graft dysfunction after pediatric liver transplanta-
tion. Transplantation. 2001;71(5):664—668. https://doi.org/10.
1097/00007890-200103150-00016

Andries S, Casamayou L, Sempoux C, et al. Posttransplant
immune hepatitis in pediatric liver transplant recipients: inci-
dence and maintenance therapy with azathioprine. Transplan-
tation. 2001;72(2):267-272. https://doi.org/10.1097/00007890-
200107270-00018

Spada M, Bertani A, Sonzogni A, et al. A cause of late graft
dysfunction after liver transplantation in children: de-novo auto-
immune hepatitis. Transplant Proc. 2001;33(1-2):1747-1748.
https://doi.org/10.1016/S0041-1345(00)02826-8

Petz W, Sonzogni A, Bertani A, et al. A cause of late graft dys-
function after pediatric liver transplantation: de novo autoim-
mune hepatitis. Transplant Proc. 2002;34(5):1958-1959. https://
doi.org/10.1016/S0041-1345(02)03137-8
Miyagawa-Hayashino A, Haga H, Sakurai T, Shirase T, Manabe
T, Egawa H. De novo autoimmune hepatitis affecting allograft
but not the native liver in auxiliary partial orthotopic liver trans-
plantation. Transplantation. 2003;76(1):271-272. https://doi.org/
10.1097/01.TP.0000072338.88465.59

Gibelli NE, Tannuri U, Mello ES, et al. Successful treatment of
de novo autoimmune hepatitis and cirrhosis after pediatric liver
transplantation. Pediatr Transplant. 2006;10(3):371-376. https://
doi.org/10.1111/§.1399-3046.2005.00470.x

Venick R, McDiarmid S, Farmer D, et al. Rejection and steroid
dependence: unique risk factors in the development of pediatric
posttransplant de novo autoimmune hepatitis. Am J Transplant.
2007;7(4):955-963. https://doi.org/10.1111/j.1600-6143.2006.
01717.x

Cho JM, Kim KM, Oh SH, Lee YJ, Rhee KW, Yu E. De novo
autoimmune hepatitis in Korean children after liver trans-
plantation: a single institution’s experience. Transplant Proc.
2011;43(6):2394-2396. https://doi.org/10.1016/j.transproceed.
2011.05.030

Demetris AJ, Bellamy C, Hiibscher SG, et al. 2016 compre-
hensive update of the Banff working group on liver allograft
pathology: introduction of antibody-mediated rejection. Am J
Transplant. 2016. https://doi.org/10.1111/ajt.13909

Kerkar N, Vergani D. De novo autoimmune hepatitis — is
this different in adults compared to children? J Autoimmun.
2018;95:26-33. https://doi.org/10.1016/j.jaut.2018.10.023
Salcedo M, Rodriguez-Mahou M, Rodriguez-Sainz C, et al. Risk
factors for developing de novo autoimmune hepatitis associated
with anti—glutathione S-transferase T1 antibodies after liver
transplantation. Liver Transpl. 2009;15(5):530-539. https://doi.
org/10.1002/1t.21721

215.

216.

217.

218.

219.

220.

221.

222.

223.

224,

225.

226.

227.

228.

229.

230.

231.

Wozniak LJ, Hickey MJ, Venick RS, et al. Donor-specific
HLA antibodies are associated with late allograft dysfunc-
tion after pediatric liver transplantation. Transplantation.
2015;99(7):1416-1422. https://doi.org/10.1097/TP.0000000000
000796

Salcedo M, Vaquero J, Baiiares R, et al. Response to steroids in
de novo autoimmune hepatitis after liver transplantation. Hepa-
tology. 2002;35(2):349-356. https://doi.org/10.1053/jhep.2002.
31167

Harrington CR, Levitsky J. Alloimmune versus autoim-
mune hepatitis following liver transplantation. Clin Liver Dis.
2022;20(1):21-24. https://doi.org/10.1002/c1d.1234

Saravanan N, Demetris A, Fiel MI, et al. Serum and tissue bio-
markers of plasma cell-rich rejection in liver transplant recipi-
ents. Am J Transplant. 2025;25(2):259-268. https://doi.org/10.
1016/j.ajt.2024.10.006

Gonzalez-Koch A, Czaja AJ, Carpenter HA, et al. Recurrent
autoimmune hepatitis after orthotopic liver transplantation. Liver
Transpl. 2001;7(4):302-310. https://doi.org/10.1053/j1ts.2001.
21449

Ayata G, Gordon FD, Lewis DW, et al. Liver transplantation for
autoimmune hepatitis: a long-term pathologic study. Hepatology.
2000;32(2):185-192. https://doi.org/10.1053/jhep.2000.9077
Montano-Loza AJ, Bhanji RA, Wasilenko S, Mason AL. Sys-
tematic review: recurrent autoimmune liver diseases after liver
transplantation. Aliment Pharmacol Ther. 2017;45(4):485-500.
https://doi.org/10.1111/apt. 13894

Aravinthan AD, Doyle AC, Issachar A, et al. First-degree living-
related donor liver transplantation in autoimmune liver diseases.
Am J Transplant. 2016;16(12):3512-3521. https://doi.org/10.
1111/ajt.13828

Montano-Loza AJ, Ronca V, Ebadi M, et al. Risk factors and out-
comes associated with recurrent autoimmune hepatitis following
liver transplantation. J Hepatol. 2022;77(1):84-97. https://doi.
org/10.1016/j.jhep.2022.01.022

Chouik Y, Chazouilleres O, Francoz C, et al. Long-term out-
come of liver transplantation for autoimmune hepatitis: a French
nationwide study over 30 years. Liver Int. 2023;43(5):1068—
1079. https://doi.org/10.1111/1iv.15552

Birnbaum AH, Benkov KJ, Pittman NS, McFarlane-Ferreira Y,
Rosh JR, LeLeiko NS. Recurrence of autoimmune hepatitis in
children after liver transplantation. J Pediatr Gastroenterol Amp
Nutr. 1997;25(1):20-25. https://doi.org/10.1097/00005176-
199707000-00003

Bahar RJ, Yanni GS, Martin MG, et al. Orthotopic liver trans-
plantation for autoimmune hepatitis and cryptogenic chronic hep-
atitis in children. Transplantation. 2001;72(5):829-833. https://
doi.org/10.1097/00007890-200109150-00015

Couchonnal E, Jacquemin E, Lachaux A, et al. Long-term results
of pediatric liver transplantation for autoimmune liver disease.
Clin Res Hepatol Gastroenterol. 2021;45(3): 101537. https://doi.
org/10.1016/j.clinre.2020.08.013

Chai PF, Lee WS, Brown RM, et al. Childhood autoimmune
liver disease: indications and outcome of liver transplantation. J
Pediatr Gastroenterol Nutr. 2010;50(3):295-302. https://doi.org/
10.1097/MPG.0b013e3181bf0ef7

Graziadei IW, Wiesner RH, Batts KP, et al. Recurrence of pri-
mary sclerosing cholangitis following liver transplantation.
Hepatology. 1999;29(4):1050-1056. https://doi.org/10.1002/
hep.510290427

Martinez M, Perito ER, Valentino P, et al. Recurrence of pri-
mary sclerosing cholangitis after liver transplant in children: an
international observational study. Hepatology. 2021;74(4):2047—
2057. https://doi.org/10.1002/hep.31911

Jones D, Manns MP, Terracciano L, Torbenson M, Vierling JM.
Unmet needs and new models for future trials in autoimmune

@ Springer


https://doi.org/10.1016/j.jaim.2022.100658
https://doi.org/10.1016/j.jaim.2022.100658
https://doi.org/10.1016/S1568-9972(03)00053-3
https://doi.org/10.1016/S1568-9972(03)00053-3
https://doi.org/10.1111/jvh.14028
https://doi.org/10.1111/jvh.14028
https://doi.org/10.1016/S0140-6736(97)06478-7
https://doi.org/10.1097/00005176-200102000-00007
https://doi.org/10.1097/00005176-200102000-00007
https://doi.org/10.1097/00007890-200103150-00016
https://doi.org/10.1097/00007890-200103150-00016
https://doi.org/10.1097/00007890-200107270-00018
https://doi.org/10.1097/00007890-200107270-00018
https://doi.org/10.1016/S0041-1345(00)02826-8
https://doi.org/10.1016/S0041-1345(02)03137-8
https://doi.org/10.1016/S0041-1345(02)03137-8
https://doi.org/10.1097/01.TP.0000072338.88465.59
https://doi.org/10.1097/01.TP.0000072338.88465.59
https://doi.org/10.1111/j.1399-3046.2005.00470.x
https://doi.org/10.1111/j.1399-3046.2005.00470.x
https://doi.org/10.1111/j.1600-6143.2006.01717.x
https://doi.org/10.1111/j.1600-6143.2006.01717.x
https://doi.org/10.1016/j.transproceed.2011.05.030
https://doi.org/10.1016/j.transproceed.2011.05.030
https://doi.org/10.1111/ajt.13909
https://doi.org/10.1016/j.jaut.2018.10.023
https://doi.org/10.1002/lt.21721
https://doi.org/10.1002/lt.21721
https://doi.org/10.1097/TP.0000000000000796
https://doi.org/10.1097/TP.0000000000000796
https://doi.org/10.1053/jhep.2002.31167
https://doi.org/10.1053/jhep.2002.31167
https://doi.org/10.1002/cld.1234
https://doi.org/10.1016/j.ajt.2024.10.006
https://doi.org/10.1016/j.ajt.2024.10.006
https://doi.org/10.1053/jlts.2001.21449
https://doi.org/10.1053/jlts.2001.21449
https://doi.org/10.1053/jhep.2000.9077
https://doi.org/10.1111/apt.13894
https://doi.org/10.1111/ajt.13828
https://doi.org/10.1111/ajt.13828
https://doi.org/10.1016/j.jhep.2022.01.022
https://doi.org/10.1016/j.jhep.2022.01.022
https://doi.org/10.1111/liv.15552
https://doi.org/10.1097/00005176-199707000-00003
https://doi.org/10.1097/00005176-199707000-00003
https://doi.org/10.1097/00007890-200109150-00015
https://doi.org/10.1097/00007890-200109150-00015
https://doi.org/10.1016/j.clinre.2020.08.013
https://doi.org/10.1016/j.clinre.2020.08.013
https://doi.org/10.1097/MPG.0b013e3181bf0ef7
https://doi.org/10.1097/MPG.0b013e3181bf0ef7
https://doi.org/10.1002/hep.510290427
https://doi.org/10.1002/hep.510290427
https://doi.org/10.1002/hep.31911

1312

Hepatology International (2025) 19:1275-1314

232.

233.

234,

235.

236.

237.

238.

hepatitis. Lancet Gastroenterol Hepatol. 2018;3(5):363-370.
https://doi.org/10.1016/S2468-1253(18)30043-8

Czaja AJ. Introducing molecular chaperones into the causal-
ity and prospective management of autoimmune hepatitis.
Dig Dis Sci. 2023;68(11):4098-4116. https://doi.org/10.1007/
$10620-023-08118-6

Van Eden W, Hauet-Broere F, Berlo S, et al. Stress proteins as
inducers and targets of regulatory T cells in arthritis. Int Rev
Immunol. 2005;24(3—4):181-197. https://doi.org/10.1080/08830
180590934958

Van Herwijnen MJC, Wieten L, Van Der Zee R, et al. Regulatory
t cells that recognize a ubiquitous stress-inducible self-antigen
are long-lived suppressors of autoimmune arthritis. Proc Natl
Acad Sci U S A. 2012;109(35):14134-14139. https://doi.org/10.
1073/pnas.1206803109

Harrington C, Krishnan S, Mack CL, Cravedi P, Assis DN, Levit-
sky J. Noninvasive biomarkers for the diagnosis and management
of autoimmune hepatitis. Hepatology. 2022;76(6):1862-1879.
https://doi.org/10.1002/hep.32591

Behairy OG, Behiry EG, El Defrawy MS, El Adly AN. Diagnos-
tic value of soluble programmed cell death protein-1 in type-1
autoimmune hepatitis in Egyptian children. Scand J Clin Lab
Invest. 2020;80(1):59-65. https://doi.org/10.1080/00365513.
2019.1695283

Hadley T, Gillespie S, Espinoza H, et al. Soluble PD1 levels
are increased with disease activity in paediatric onset autoim-
mune hepatitis and inflammatory bowel disease. Autoimmunity.
2020;53(5):253-260. https://doi.org/10.1080/08916934.2020.
1755964

Sirbe C, Badii M, Crisan TO, et al. Detection of novel biomarkers
in pediatric autoimmune Hepatitis by proteomic profiling. Int J
Mol Sci. 2023;24(8): 7479. https://doi.org/10.3390/ijms240874
79

Authors and Affiliations

Rajeev Khanna' - Bikrant Bihari Lal’ - Vikrant Sood' - Seema Alam'

239.

240.

241.

242.

243.

244,

245.

Sun C, Zhu D, Zhu Q, He Z, Lou Y, Chen D. The significance of
gut microbiota in the etiology of autoimmune hepatitis: a nar-
rative review. Front Cell Infect Microbiol. 2024;14: 1337223.
https://doi.org/10.3389/fcimb.2024.1337223

WuJ, Lyu S, Guo D, Yang N, Liu Y. Protective effects of YCHD
on the autoimmune hepatitis mice model induced by Ad-
CYP2D6 through modulating the Th1/Treg ratio and intestinal
flora. Front Immunol. 2024;15: 1488125. https://doi.org/10.3389/
fimmu.2024.1488125

Meng Z, Yang Y. Advances in the treatment of autoimmune hepa-
titis. J Clin Transl Hepatol. 2024;000(000):000-000. https://doi.
org/10.14218/JCTH.2024.00193

Shen M, Zhou L, Fan X, et al. Metabolic reprogramming of
CD4+ T cells by Mesenchymal Stem Cell-derived extracellular
vesicles attenuates autoimmune hepatitis through mitochondrial
protein transfer. Int J Nanomedicine. 2024. https://doi.org/10.
2147/1IN.S472086

Zhang H, Liu M, Liu X, et al. Bifidobacterium animalis ssp. Lac-
tis 420 mitigates autoimmune hepatitis through regulating intes-
tinal barrier and liver immune cells. Front Immunol. 2020;11:
569104. https://doi.org/10.3389/fimmu.2020.569104

Liwinski T, Casar C, Ruehlemann MC, et al. A disease-spe-
cific decline of the relative abundance of Bifidobacterium in
patients with autoimmune hepatitis. Aliment Pharmacol Ther.
2020;51(12):1417-1428. https://doi.org/10.1111/apt. 15754

Ma L, Song J, Chen X, Dai D, Chen J, Zhang L. Fecal micro-
biota transplantation regulates TFH/TFR cell imbalance via
TLR/MyD88 pathway in experimental autoimmune hepatitis.
Heliyon. 2023;9(10): e20591. https://doi.org/10.1016/j.heliyon.
2023.e20591

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

- Aabha Nagral®*3 - Aathira Ravindranath? -

Aditi Kumar® - Aniket Deshmukh® - Anoop Saraya’ - Anshu Srivastava® - Anupam Sibal® - Archana Rastogi'® -
Arjun Maria'" - Arul Premanand Lionel'? - Ashok Choudhury’ - A. Ashritha'® . Bhaswati C. Acharyya' .

Cara L. Mack'® - Durga Prasad'® - Geetha S. Mammayil'’ - Ishaq Malik'® - Jagadeesh Menon'® -

Jayendra Seetharaman'? . John Matthai?’ - Kalpana Panda?' - Karunesh Kumar® - Lalit Bharadia®? - Marion Aw?3 .
Malathi Sathiyasekaran®* - Marianne Samyn?® - Maya Peethambaran?® - Moinak Sen Sarma® - Nagendra Kumar?” -
Nanda Kerkar?® - Nirmala Dheivamani?’ - Parijat Ram Tripathi3° - Piyush Upadhyay?' - Prabhsaran Kaur3? .
Prasanth K. Sobhan33 . Rakhi Maiwall” - R. Bhanu Vikraman Pillai** - Sadhna Lal®’ - Sakshi Karkra3® -

Shivani Deswal®” - Snehavardhan Pandey3® . Somashekara Hosaagrahara Ramakrishna - Srikanth P. Kadyada® -
Srinivas Sankaranarayanan®' - Surender Kumar Yachha*? - Sumathi Bavanandam*? - Sumit Kumar Singh** -
Vaibhav Shah® - Vibhor Borkar?® - Vikas Jain*’ - Vipul Gautam*®® . Viswanathan M. Sivaramakrishnan® -

Shiv Kumar Sarin’

< Seema Alam
seema_alam @hotmail.com

Rajeev Khanna
drrajeev_khanna@rediffmail.com

Bikrant Bihari Lal
bikrant18may @gmail.com

Vikrant Sood
drvickyster@gmail.com

@ Springer

Aabha Nagral
aabhanagral @gmail.com

Aathira Ravindranath
aathira.r@gmail.com

Aditi Kumar
aditil4kumar @ gmail.com

Aniket Deshmukh
drdeshmukhaniket@gmail.com


https://doi.org/10.1016/S2468-1253(18)30043-8
https://doi.org/10.1007/s10620-023-08118-6
https://doi.org/10.1007/s10620-023-08118-6
https://doi.org/10.1080/08830180590934958
https://doi.org/10.1080/08830180590934958
https://doi.org/10.1073/pnas.1206803109
https://doi.org/10.1073/pnas.1206803109
https://doi.org/10.1002/hep.32591
https://doi.org/10.1080/00365513.2019.1695283
https://doi.org/10.1080/00365513.2019.1695283
https://doi.org/10.1080/08916934.2020.1755964
https://doi.org/10.1080/08916934.2020.1755964
https://doi.org/10.3390/ijms24087479
https://doi.org/10.3390/ijms24087479
https://doi.org/10.3389/fcimb.2024.1337223
https://doi.org/10.3389/fimmu.2024.1488125
https://doi.org/10.3389/fimmu.2024.1488125
https://doi.org/10.14218/JCTH.2024.00193
https://doi.org/10.14218/JCTH.2024.00193
https://doi.org/10.2147/IJN.S472086
https://doi.org/10.2147/IJN.S472086
https://doi.org/10.3389/fimmu.2020.569104
https://doi.org/10.1111/apt.15754
https://doi.org/10.1016/j.heliyon.2023.e20591
https://doi.org/10.1016/j.heliyon.2023.e20591
http://orcid.org/0000-0003-0888-8625

Hepatology International (2025) 19:1275-1314

1313

Anoop Saraya
ansaraya@yahoo.com

Anshu Srivastava
avanianshu @yahoo.com

Anupam Sibal
anupamsibal @apollohospitals.com

Archana Rastogi
drarchanarastogi @ gmail.com

Arjun Maria
arjunmaria0 @ gmail.com

Arul Premanand Lionel
arulpremanand @ gmail.com

Ashok Choudhury
doctor.ashokchoudhury @ gmail.com

A. Ashritha
ashrithaavalareddy @ gmail.com

Bhaswati C. Acharyya
bacharyya21 @gmail.com

Cara L. Mack
cmack@mcw.edu

Durga Prasad
durgambbs03 @ gmail.com

Geetha S. Mammayil
drgeethasanil @ gmail.com

Ishaq Malik
sfsyedfarheen @ gmail.com

Jagadeesh Menon
jagadeeshmenonv @ gmail.com

Jayendra Seetharaman
jayendra.seetharaman @ gmail.com

John Matthai
psg_peds@yahoo.com

Kalpana Panda
drkalpanapanda@gmail.com

Karunesh Kumar
karuneshgastro@ gmail.com

Lalit Bharadia
lalitbharadia@gmail.com

Marion Aw
pacawm@nus.edu.sg

Malathi Sathiyasekaran
mal.bwcs @gmail.com

Marianne Samyn
marianne.samyn@nhs.net

Maya Peethambaran
mayapeethambaran @ gmail.com

Moinak Sen Sarma
moinaksen@yahoo.com

Nagendra Kumar
nagendra.kvr@gmail.com

Nanda Kerkar
nkerkar @mgh.harvard.edu

Nirmala Dheivamani
nirmalanatarajan89 @ gmail.com

Parijat Ram Tripathi
parijattripathi1986 @ gmail.com

Piyush Upadhyay
uppiyush@yahoo.com

Prabhsaran Kaur
prabhsaran.kaur @gmail.com

Prasanth K. Sobhan
drprasanthksobhan @ gmail.com

Rakhi Maiwall
rakhi_2011@yahoo.co.in

R. Bhanu Vikraman Pillai
bhanupillai @yahoo.com

Sadhna Lal
sadhnalal2014 @gmail.com

Sakshi Karkra
sakshi.karkra@hotmail.com

Shivani Deswal
shivaniltx @ gmail.com

Snehavardhan Pandey
snehavardhan.p @ gmail.com

Somashekara Hosaagrahara Ramakrishna
somu_cmch@yahoo.com

Srikanth P. Kadyada
kpkantha@gmail.com

Srinivas Sankaranarayanan
dr.srinis @gmail.com

Surender Kumar Yachha
skyachha@yahoo.co.in

Sumathi Bavanandam
drbsumathi @rediffmail.com

Sumit Kumar Singh
drsumitkgmu @gmail.com

Vaibhav Shah
drvsshah88 @gmail.com

Vibhor Borkar
vibhor.borkar @ gmail.com

Vikas Jain
vjoinl11@gmail.com

Vipul Gautam
iam.vipulgautam @ gmail.com

Viswanathan M. Sivaramakrishnan
vichums @rediffmail.com

Shiv Kumar Sarin

shivsarin @gmail.com

Department of Pediatric Hepatology, Institute of Liver
and Biliary Sciences, New Delhi, India 110070

Department of Gastroenterology, Jaslok Hospital
and Research Center, Mumbai, India

Apollo Hospital, Navi Mumbai, India

@ Springer



1314

Hepatology International (2025) 19:1275-1314

20

21

22

23

24

25

26

Department of Pediatric Gastroenterology, Apollo BGS
Hospital, Mysuru, Karnataka, India

Department of Pediatrics, All India Institute of Medical
Sciences, Bhubaneshwar, India

Department of Pediatric Hepatology, Nanavati Max
Superspeciality Hospital, Vile Parle, Mumbai, India

Department of Hepatology, Institute of Liver and Biliary
Sciences, New Delhi, India

Department of Pediatric Gastroenterology, Sanjay Gandhi
Post Graduate Institute of Medical Sciences, Lucknow, India

Department of Pediatric Gastroenterology and Liver
Transplantation, Indraprastha Apollo Hospitals, New Delhi,
India

Department of Pathology, Institute of Liver and Biliary
Sciences, New Delhi, India

Department of Pediatric Gastroenterology, Hepatology
and Liver Transplant, Amrita Institute of Medical Sciences
and Hospital, Faridabad, India

Division of Pediatric Gastroenterology and Hepatology,
Department of Pediatrics, Christian Medical College,
Vellore, India

Division of Pediatric Hepatology and Liver Transplantation,
Integrated Liver Care, Aster Hospitals, Bengaluru, India

Department of Pediatric Gastroenterology, Institute of Child
Health, Kolkata, India

Department of Pediatric Gastroenterology, Hepatology
and Nutrition, Medical College of Wisconsin and Children’s
Wisconsin, Milwaukee, USA

Department of Pediatric Gastroenterology, Medanta Super
Speciality Hospital, Lucknow, India

Department of Pediatric Gastroenterology, Aster Medcity,
Kochi, India

Department of Pediatrics, Government Medical College,
Srinagar, India

Department of Pediatric Gastroenterology, Hepatology
and Liver Transplant, Dr Rela Institute and Medical Center,
Chennai, India

Department of Pediatric Gastroenterology, Masonic Children
Hospital, Coimbatore, India

Department of Pediatrics, Institute of Medical Sciences
and SUM Hospital, Bhubaneshwar, India

Pediatric Gastroenterology, Neoclinic Children Hospital,
Jaipur, India

Division of Pediatric Gastroenterology, Nutrition,
Hepatology and Liver Transplantation, Department

of Pediatrics, National University Health System, Singapore,
Singapore

Department of Pediatric Gastroenterology, Rainbow
Children’s Hospital, Chennai, India

Department of Pediatric Hepatology, King’s College
Hospital, London, UK

Department of Pediatric Gastroenterology and Hepatology,
VPS Lakeshore Hospital, Kochi, Kerala, India

@ Springer

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

Department of Pediatric Gastroenterology, Hepatology
and Nutrition, Rainbow Hospitals and Indira Gandhi Institute
of Child Health, Bengaluru, India

Division of Pediatric Gastroenterology and Nutrition, Section
of Pediatric Hepatology and Liver Transplant, Massachusetts
General Brigham for Children, Boston, USA

Department of Pediatric Gastroenterology, Institute of Child
Health and Hospital for Children, Chennai, India

Department of Pediatric Gastroenterology and Hepatology,
Ankura Hospital for Women and Children, Hyderabad, India

Department of Pediatrics, Dr. Ram Manohar Lohia Institute
of Medical Sciences, Lucknow, India

Department of Gastroenterology, Seth G S Medical College
and KEM Hospital, Mumbai, India

Division of Pediatric Gastroenterology, Department
of Pediatrics, SAT Hospital, Government Medical College,
Thiruvananthapuram, India

Department of Pediatric Gastroenterology, Hepatology
and Nutrition, Amrita Hospital, Kochi, India

Department of Pediatric Gastroenterology, Post Graduate
Institute of Medical Education and Research, Chandigarh,
India

Department of Pediatric Gastroenterology, Hepatology
and Liver Transplant, Artemis Hospital, Gurugram, India

Department of Pediatric Gastroenterology, Hepatology
and Liver Transplant, Narayana Health, DLF Phase 3,
Gurugram, India

Department of Pediatric Hepatology and Liver
Transplantation, Sahyadri Superspeciality Hospital Pvt Ltd,
Pune, India

Department of Pediatric Hepatology and Liver Transplantation,
Rainbow Children’s Hospital, Chennai, India

Pediatric Gastroenterology, Hepatology and Nutrition,
Manipal Hospitals, Bengaluru, India

Department of Pediatric Gastroenterology and Hepatology,
Kanchi Kamakoti Childs Trust Hospital, Chennai, India

Department of Pediatric Gastroenterology, Hepatology
and Liver Transplantation, Sakra World Hospital, Bangalore,
India

Department of Gastroenterology, Stanley Medical College,
Chennai, India

Department of Pediatric Gastroenterology and Hepatology,
Choithram Hospital and Research Centre, Indore, India

Department of Pediatric Hepatology and Gastroenterology,
Gujarat Superspeciality Clinic, Ahmedabad, India

Department of Pediatric Hepatology, Gastroenterology
and Liver Transplantation, Gleneagles Hospital, Mumbai,
India

Department of Pediatric Gastroenterology, Postgraduate
Institute of Child Health, Noida, India

Department of Pediatric Gastroenterology, Hepatology
and Liver Transplantation, Max Superspeciality Hospital,
New Delhi, India

Department of Pediatric Gastroenterology and Hepatology,
Apollo Children’s Hospital, Chennai, India



	Autoimmune hepatitis in children: Guidelines of the Indian Society of Pediatric Gastroenterology, Hepatology, and Nutrition (ISPGHAN)
	Abstract
	Introduction
	Epidemiology
	Clinical presentation
	Extra-hepatic involvement
	Diagnosis
	How to suspect
	Immunoglobulin G
	Autoantibodies
	Histology
	Diagnostic scores

	Management
	Pre-treatment evaluation
	Induction therapy
	Maintenance therapy
	Difficult-to-treat autoimmune hepatitis
	Salvage treatment
	Monitoring a child with autoimmune hepatitis
	Managing adverse effects of immunosuppression

	Withdrawal of immunosuppression
	Long-term outcome
	Relapse on treatment
	Survival with native liver and need for liver transplant
	Risk of hepatocellular carcinoma

	Special scenarios
	Severe acute presentations of autoimmune hepatitis
	Seronegative autoimmune hepatitis
	Autoimmune sclerosing cholangitis or overlap syndrome
	Drug and virus-induced autoimmune-like hepatitis
	De novo autoimmune hepatitis
	Recurrence of autoimmune hepatitis after liver transplant

	Conclusion
	Future directions
	References




