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Abstract

Autoimmune hepatitis (AIH) is a rare liver disease, of unknown origin, characterized by
considerable heterogeneity. AIH can affect both sexes, of all ages, ethnicities and races. The revised
Clinical Practice Guidelines (CPGs) of the Hellenic Association for the Study of the Liver aim
to provide updated guidance to clinicians. The diagnosis of AIH is based on clinicopathological
characteristics, such as elevation of immunoglobulin G (IgG) levels, detection of autoantibodies,
portal or lobular hepatitis at the histological level, absence of viral hepatitis markers, and a
favorable response to immunosuppressive treatment. Clinical manifestations at onset vary, from
no symptoms to the fulminant form of the disease. Aminotransferases and bilirubin levels also
vary, while liver biopsy is a prerequisite to establish a firm diagnosis. Investigation for detection of
autoantibodies is the cornerstone for diagnosis, if it is performed according to the CPGs. Treatment
of AIH should aim towards the achievement of complete biochemical response (CBR; normalization
of aminotransferases and IgG) no later than 6-12 months after treatment initiation, and also
histological remission of the disease. All patients with active disease, irrespective of the presence
of cirrhosis, should receive personalized and response-guided first-line induction treatment with
predniso(lo)ne combined with mycophenolate mofetil or azathioprine. Treatment should be given
for at least 3-5 years, and for at least 2 years after the achievement of CBR, while liver biopsy
should be considered before treatment cessation. The updated CPGs also provide guidance for the
management of difficult-to-treat patients, including those with variants and specific forms of ATH.
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In 2019, the Hellenic Association for the Study of the Liver
(HASL) published the first Clinical Practice Guidelines (CPGs)
for the diagnosis and management of autoimmune hepatitis
(AIH) [1]. Since then, there has been considerable progress
in terms of disease pathogenesis, serological, histological
and response criteria, and endpoints, along with treatment
schedules for AIH; this has resulted in an unmet need for
updating the CPGs [2-7].

The revised CPGs aim to provide updated
recommendations and statements designed to improve the
care of AIH patients. Thus, the HASL Governing Board
appointed a panel of experts who were responsible for
literature research and writing. Searching was performed
through PubMed, Embase, Google Scholar and Scopus.

www.annalsgastro.gr
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The quality of evidence was assessed according to the
criteria of the Oxford Centre for Evidence-based Medicine
(OCEBM), while the strength of recommendations
and statements was assessed using the OCEBM criteria
(strong or weak/open) [8] (Table 1). All statements and
recommendations, including grading and the level of
evidence, underwent thorough discussion and approval by
all panel members during an in-person meeting and many
email communications.

Epidemiological aspects

AIH is an autoimmune liver disease characterized by
a distinct increase of immunoglobulin G (IgG) levels,
detection of autoantibodies, portal or lobular hepatitis at
the histological level, absence of viral hepatitis markers,
and a favorable response to immunosuppression [1,9-11].
Although predominantly found in females (ratio 3-4:1), AIH
is now recognized to affect people from all ethnic groups,
irrespective of race, age and sex [1,9-14]. The worldwide
annual prevalence and incidence in adults and children
varies from 4-42.7/100,000 and 2.4-9.9/100,000 population,
and from 0.67-2.2/100,000 and 0.23-0.4/100,000 per year,
respectively [9,12,13,15-17]. Apart from genetic differences,
these disparities could be attributed to external (medications,
infections, toxins, and personal habits) or internal
(microbiome) factors, socioeconomic status, and healthcare
access [12,13,17]. The net result suggests that, in most
countries, the incidence of AIH is increasing significantly,
as was recently shown by an English population-based
study between 1997 and 2015 (from 1.27 to 2.56/100,000
population per year) [18]. Notably, in that study, the 10-year
cumulative all-cause mortality was 31.9% and the 10-year
cumulative liver-related mortality, including hepatocellular
carcinoma (HCC), was 10.5% [18].

Ethnicity and race seem important, as AIH patients
of Asian, African American, or Latino-American origin
demonstrate poor outcomes [19,20]. Again, genetic
predisposition, triggering and socioeconomic factors, along
with problems in healthcare access, could explain these
differences [19,20].
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Statements 1-2

e AIH is a very heterogeneous disease, with increasing
incidence and prevalence worldwide, which affects women
and men of all ages, and all ethnic groups and races
(Evidence 1, Strong statement)

e Race and ethnicity may affect disease presentation and
outcome (Evidence 2, Weak statement)

Clinical presentation

In the appropriate clinical and laboratory background, the
possibility of AIH should be seriously taken into consideration
under any circumstances [1,9-11,14,21-24]. Male patients with
AIH seem to be younger, more likely to present advanced
disease at first evaluation, and may experience worse outcomes
compared to females [20,25,26]. Sex-related comorbidities,
sex hormones that may influence the activity of AIH and its
progression, sex-associated dissimilarities in immunogenetics,
and differences in medical adherence could explain these
disparities, at least in part [27].

AIH is commonly associated with several extrahepatic
autoimmune diseases, such as Hashimoto thyroiditis (the
strongest association), Grave’s disease, celiac disease, rheumatoid
arthritis, vitiligo, alopecia, psoriasis, systemic lupus erythematosus
(SLE), diabetes mellitus type 1, inflammatory bowel disease (IBD),
and Sjogrens syndrome [21,24,28,29]. A large study in 2479 AIH
patients showed that the presence of other autoimmune diseases
negatively affects not only the quality of life, but also mortality,
which was higher in those with multiple extrahepatic autoimmune
diseases (Table 2) [28]. As in most chronic diseases, AIH is also
characterized by high rates of anxiety and depression [30-32].

Manifestations of the disease vary considerably, from entirely
asymptomatic to acute liver failure (ALF) [1,9-11,18,22,33,34].
Acute presentation occurs in about 30% of patients and is
indistinguishable from viral or other causes of hepatitis [34,35].
Acute ATH, either icteric or non-icteric, can present as an acute
flare of chronic AIH that had not been diagnosed previously,
or as a genuine episode of acute hepatitis without lesions of
chronic disease on liver histology [9,22,33-36]. Some of these
patients can present an acute-severe type of AIH (AS-AIH)
(Table 2) [11,34-37].

Most patients (65%-70%) are either completely
asymptomatic or present with general symptoms of various
severity, such as weakness, fatigue, malaise, amenorrhea,
lethargy, anorexia, weight loss, upper right quadrant pain,
nausea, low-grade fever and polyarthralgia, usually involving
the small joints, without arthritis, dating back even for
years [9,13-15,19,20,22,38]. Almost a third of adults and 40-
50% of children already have cirrhosis at baseline [15,38], even
though these figures seem to be declining in recent studies
from several countries, including Greece, probably reflecting
improvements in early diagnosis and treatment [13,22,39,40].
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Table 1 Levels of evidence (A) and grades of recommendations (B) based on the Oxford Centre for Evidence-based Medicine (adapted from: [8])

A
Level Criteria Simple model for high, intermediate, and low
evidence
1 Systematic reviews (SR) (with homogeneity) of randomized-controlled trials Further research is unlikely to change our
(RCT) confidence in the estimate of benefit and risk
2 RCT or observational studies with dramatic effects; SR of lower quality studies
(i.e. non-randomized, retrospective)
3 SR of lower quality studies (i.e. non-randomized, retrospective) Further research (if performed) is likely to have
4 Case-series, case-control, or historically controlled studies (SR are generally an impact on our euilitines in i estujnate ot
e . benefit and risk and may change the estimate
better than individual studies)
5 Expert opinion (mechanism-based reasoning) Any estimate of effect is uncertain
B
Grade Wording Criteria
Strong Must, shall, should, is recommended Evidence, consistency of studies, risk-benefit
Shall not, should not, is not recommended ratio, patient preferences, ethical obligations,
. feasibility
Weak Can, may, is suggested
oropen  May not, is not suggested

Table 2 Common and uncommon variants and specific forms of autoimmune hepatitis (ATH)

Common

Uncommon

ATH with normal IgG - 10%-15% of AIH patients; no differences in
terms of liver biochemistry, serology, histology, and treatment response
rates to those with high IgG; possible higher chance of long-term
remission after treatment withdrawal

DI-ALH - Histologically and clinically indistinguishable from classical
AIH; often resolves after stopping the causative agent or short-term
immunosuppression

ATH-PBC - About 10%; for criteria of diagnosis see Suppl. Tables 1 and
2; association with severe disease and worse outcome compared to PBC
alone; treat with combination with UDCA

AIH-PSC - 6.5-14%; MRCP in all children; in adults only when
cholestasis is present and PBC-specific antibodies are negative; better
outcome compared to PSC but worse compared to AIH

AS-ATH - <26 weeks, jaundice, INR >1.5 but <2 without hepatic
encephalopathy; INR >2 and encephalopathy denotes AS-AIH with ALF

ATH coexistence with other autoimmune diseases — Very common
(Hashimoto thyroiditis by far the strongest association); first-degree
relatives also; appears to negatively affect mortality, being higher in

those with multiple extrahepatic autoimmune diseases

AIH coexistence with MASLD - Difficult to treat; may affect outcome
and prognosis; close surveillance and follow up is justified

AIH in elderly - a third 265 years (10% =70 years); 30% already
cirrhotic at diagnosis; more frequent treatment response; higher
frequency of autoimmune diseases compared to youngers

Autoantibodies-negative AIH - Extremely rare if guidelines for
autoantibodies detection are followed strictly

ATH with concurrent HBV, HCV or HIV infection - Rare; difficult to
diagnose; treat first HBV or HCV or simultaneously for HIV

AIH coexistence with alcohol-associated liver disease - Rare; difficult to
diagnose; follow the related guidelines for both diseases

SLA/LP-positive AIH - Concurrent with Ro52 antibodies in 98% of SLA/
LP positive patients; Permanent immunosuppression is needed

Plasma cell rich-rejection (previous de-novo AIH in liver transplant
recipients) - Rare; difficult to diagnose; treat like genuine AIH

ATH in pregnancy - Rare but does occur; frequently postpartum as it
attenuates during pregnancy; high rates of hypertensive disorders, gestational
diabetes mellitus, preterm birth, and fetal growth restriction but congenital
malformations, neonatal mortality and stillbirth are not affected

AIH with AMA seropositivity - About 5%; no association with disease
severity, treatment response and outcome

Viral induced AIH - Rare; molecular mimicry and IFN« therapies have
been implicated; might be a result of bias

ALF, acute liver failure; AMA, antimitochondrial antibodies; AS-AIH, acute severe autoimmune hepatitis; DI-ALH, drug-induced autoimmune-like hepatitis;
HBYV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IgG, immunoglobulin G; IFNa, interferon-alpha; MASLD, metabolic
dysfunction-associated steatotic liver disease; PBC, primary biliary cholangitis; PSC, primary sclerosing cholangitis; SLA/LP, soluble liver antigens/ liver pancreas;

UDCA, ursodeoxycholic acid
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AIH is classified in 2 subtypes, AIH-type 1 (AIH-1) and
AIH-type 2 (AIH-2), according to the circulating autoantibodies,
although the importance of this distinction is still uncertain.
Indeed, a recent long-term observational study in children with
ATH showed that disease severity, treatment response and outcomes
were not associated with the type of ATH [41]. Patients with ATH-1
have seropositivity for antinuclear autoantibodies (ANA), smooth
muscle autoantibodies (SMA) and/or soluble liver antigens/liver
pancreas antibodies (anti-SLA/LP), while those with ATH-2 have
seropositivity for anti-liver/kidney microsomal antibody type-1
(anti-LKM1) and/or antibodies against liver cytosol type-1 antigen
(anti-LC1) or rarely anti-LKM-type 3 (anti-LKM3) [1,10,42,43].

Statements 3-7

e Early diagnosis is of utmost importance, as it positively
affects the patient’s outcome (Evidence 1, Strong statement)

e Males may represent a subgroup with advanced disease at
diagnosis and worse outcome (Evidence 3, Weak statement)

e Almost a third of adults and 40-50% of children already
have cirrhosis at diagnosis, because of undiagnosed or
misdiagnosed disease (Evidence 2, Strong statement)

e Acute AIH presents as an acute flare of undiagnosed AIH,
or as a genuine episode of acute hepatitis (Evidence 2,
Strong statement)

e AS-AIH is defined by the presence of jaundice, prolongation
of international normalized ratio (INR >1.5 and <2) and no
hepatic encephalopathy (Evidence 2, Strong statement)

Recommendations 1-4

e Thorough investigation for suspected AIH should be
performed in all cases of unexplained hepatitis, especially
when IgG levels are elevated (Evidence 2, Strong
recommendation)

e ATH patients should be screened at diagnosis and during
follow up for the presence of Hashimoto thyroiditis, the
most common concurrent extrahepatic autoimmune
disease (Evidence 2, Strong recommendation)

e Patients with ATH can be screened according to symptoms
for other extrahepatic autoimmune diseases, as they may
affect mortality, being higher in those with more than one
autoimmune disease (Evidence 2, Weak recommendation)

e Sub-classification of AIH into AIH-1 and AIH-2 is not
recommended (Evidence 4, Strong recommendation)

Specific forms of AIH

ATH may present in the context of any other hepatic and
non-hepatic disease or syndromes (Table 2). In this regard,
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some of the uncommon specific forms of AIH include
seronegative AIH, coexistence of AIH with hepatitis B virus
(HBV), hepatitis C virus (HCV), human immunodeficiency
virus (HIV) or alcohol-associated liver disease, plasma cell
rich-rejection hepatitis (known also as de-novo AIH), anti-
SLA/LP-positive AIH, AIH in pregnancy, AIH with anti-
mitochondrial antibodies (AMA), and ATH development after
viral infections (Table 2) [44-53].

Considering AMA, the specific autoantibody for the
diagnosis of primary biliary cholangitis (PBC) [54,55], a
recent large study from the International ATH Group (IAIHG)
showed that AMA can be detected in about 5% of patients,
either at diagnosis or during the course of AIH, even though
this finding was not associated with liver biochemistry,
bile duct injury, disease severity at diagnosis, response to
treatment or liver-related mortality [56]. However, AMA
positivity in ATH patients with incidental findings of bile duct
injury on baseline liver biopsy may be of significance, as they
may bear a higher risk of disease progression [56]. Rarely,
development of AIH has also been reported in association
with previous viral infections [1,10,57], including HCV
after treatment with interferon alpha [58], and acute HCV
infection irrespective of viral clearance [59]. The recent acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) has also
been proposed as a potential trigger of AIH development in
a few case reports [60]. However, all the above associations
might be a result of bias, as previous undiagnosed AIH can be
unmasked during an incidental episode of acute viral infection,
or because the diagnosis of the supposed viral hepatitis could
rely on serology only (possible false-positive result due to the
considerable hypergammaglobulinemia of ATH).

More common specific forms of AIH include AS-AIH, ATH
with normal IgG, drug-induced autoimmune-like hepatitis (DI-
ALH), the coexistence of ATH with other autoimmune diseases,
or the metabolic dysfunction-associated steatotic liver disease
(MASLD), previously termed nonalcoholic fatty liver disease,
and AIH in the elderly (Table 2) [14,21,24,28,29,34,35,61-66].

Many drugs, including SARS-CoV-2 vaccines, dietary
supplements and/or herbals, may result in a phenotype of liver
injury resembling that of classical AIH, which was known as
drug-induced AIH [1,10,11,67,68]. However, recently, an expert
opinion meeting report, along with the CPGs of the European
Association for the Study of the Liver (EASL), chose the term
DI-ALH, instead of drug-induced AIH, as the preferred term
to describe this quite enigmatic and problematic entity [62,67].
According to the EASL CPGs, DI-ALH is defined as an
‘acute drug-induced liver injury (DILI) with serological and/or
histological markers of idiopathic AIH” [67]. Indeed, liver injury
in DI-ALH is clinically and histologically indistinguishable from
that observed in classical ATH, while features of hypersensitivity,
such as rash, eosinophilia or fever, are usually absent [62,67].
DI-ALH often resolves either spontaneously within 6 months
after withdrawal of the causative agent, or after a short course of
immunosuppression with corticosteroids [62,63,69]. Recently, 5
criteria were proposed for DI-ALH definition [69], namely: 1)
drug as a trigger of liver injury with markers of autoimmunity
(elevation in any of SMA, ANA and IgG) and liver histology
compatible with AIH, according to the simplified criteria for



ATH diagnosis [70]; 2) incomplete or no recovery, or worsening
of liver biochemistry after drug discontinuation; 3) need for
corticosteroid administration or spontaneous recovery; 4) lack
of relapse during at least 6 months follow up after stopping
corticosteroids; and 5) drugs potentially inducing DI-ALH with
achronic course. The first4 criteria are needed to define probable,
while 3 indicates possible DI-ALH [62,69]. Nevertheless, these
criteria need to be validated in future prospective studies.

MASLD and  metabolic  dysfunction-associated
steatohepatitis (MASH) represent a modern “pandemic” which
affects at least a quarter of the population worldwide, making
its coexistence with other liver diseases inevitable [66,71]. In
this context, a large study from the IATHG, including 640 ATH
patients, investigated the clinical significance of the coexistence
of MASLD or components of the metabolic syndrome
(MetS) [65]. MASLD prevalence in ATH patients was similar
to that in the general population. However, the coexistence of
MASH denotes a more severe disease and probably low rates
of treatment response, whereas the presence of even simple
steatosis may underline a worse prognosis in AIH patients
with established cirrhosis at baseline. Type 2 diabetes and
dyslipidemia in patients with AIH were also associated with
disease progression and worse prognosis [65].

Almost a third of patients are older than 65 years at diagnosis,
with those older than 70 years representing about 10% of all
patients [12-15,22,39]. Among them, approximately 30% have
severe fibrosis or cirrhosis at baseline, even though most are
asymptomatic [14,30,72]. This finding could be explained
by delayed diagnosis, as physicians may not consider AIH in
asymptomatic elderly subjects with unexplained transaminasemia.

Statements 8-13

e AJH can rarely be diagnosed during pregnancy (more
frequently after delivery), concurrently with HBV, HCV
or HIV infections, alcohol-associated liver disease or after
viral infections (Evidence 4, Weak statement)

e AMA are detected in about 5% of patients, without affecting
treatment response and mortality (Evidence 3, Strong
statement)

e Normal IgG levels at diagnosis can be found in 10-15% of
ATH patients, representing a subgroup with rather higher
chance of long-term remission after treatment withdrawal
(Evidence 3, Weak statement)

e DI-ALH is defined as an acute DILI with serological and/or
histological markers of idiopathic/classical AIH, in which
long-term immunosuppression is rarely needed (Evidence
2, Strong statement)

e Concurrent MASLD or MASH is common in AIH patients
resulting in a worse prognosis (Evidence 3, Strong
statement)

e AIH is present in the elderly (>65 years; about 30%) a third
of whom already have cirrhosis at diagnosis (Evidence 3,
Strong statement)
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Recommendation 5

e In case of suspicion, investigation for AIH is recommended
under any circumstances, such as other liver diseases
including MASLD, pregnancy or postpartum, after
administration of drugs, supplements and/or herbals,
viral infections or liver transplantation, and in the elderly
(Evidence 3, Strong recommendation)

AlH Variants

Patients with ATH may present with additional characteristics
of autoimmune cholestatic diseases, namely PBC or primary
sclerosing cholangitis (PSC) [1,10,11,54,73,74]. In most cases of
ATH with PBC variant, the 2 diseases present simultaneously,
but consecutive manifestations have also been observed, even
years after PBC diagnosis, while in most cases of AIH with PSC
variant, AIH and PSC development occurs sequentially, with
the ATH diagnosis frequently preceding that of PSC by several
years (Table 2) [1,10,11,54,73,74]. However, it is important not
to overdiagnose “variant syndromes” to avoid unnecessary
exposure of PBC or PSC patients to steroids [1,10,11,54,73,74].

Depending on the predominant clinical and histological
phenotype, the diagnosis of AIH-PBC (and PBC-AIH) and
ATH-PSC (and PSC-AIH) variants is difficult in everyday clinical
practice, as no consensus diagnostic criteria exist [1,10,73,75].
Up to the present, the “Paris criteria” published 26 years ago
are still in use (Supplementary Table 1) [75]. However, 20 years
after the original work by Chazouilléres et al [75], a study
from the United States reported a quite complex new score
(Supplementary Table 2) with high sensitivity and specificity
(cutoft score >21; sensitivity 98.5%, specificity 92.8%, positive
predictive value 81.0%, and negative predictive value 99.5%) [76].
Regardless of the score used, all international liver authorities
agree and recommend liver biopsy to confirm the presence
or not of moderate/severe hepatitis [1,10,11,73]. This strategy
is mandatory, particularly in patients with PBC, who have an
incomplete response to ursodeoxycholic acid (UDCA) and a
disproportionate increase—usually >5x upper limit of normal
(ULN)—of alanine aminotransferase (ALT) and/or IgG [73,77].

Robust criteria for the diagnosis of AIH-PSC variant (or
PSC-AIH) are lacking [78-81]. This variant is characterized by
a high prevalence of concurrent IBD, even though in a very
recent large multicenter study, including 7121 PSC patients
from the International PSC Study Group (IPSCSG), PSC-
ATH patients appear to have concurrent ulcerative colitis less
frequently compared to those with the classical PSC [81]. The
diagnosis is based on the cholangiographic and/or histological
characteristics of PSC, along with features of AIH, where the
presence of moderate to severe interface hepatitis on liver
biopsy is of fundamental importance [74,80,82]. In children,
this variant, also known in childhood as “autoimmune sclerosing
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cholangitis”, has been observed in about 50% of cases with AIH,
irrespective of elevated cholestatic enzymes [74,78,80,83].
Therefore, magnetic resonance cholangiopancreatography
(MRCP) screening is recommended at baseline for all children
and adolescents with AIH (Table 2) [1,10,11,74,78,83,84].
In contrast, this strategy is not recommended at baseline
in adults with AIH, but only when there are biochemical
indices of cholestasis and PBC-specific autoantibodies are
negative [80,85].

Statements 14-15

e Concurrent AIH with autoimmune cholestatic diseases
can be observed both at diagnosis and during follow up
(Evidence 3, Weak statement)

e Physicians should be cautious, as overdiagnosis of variants
results in unnecessary exposure of PBC or PSC patients to
steroids (Evidence 5, Strong statement)

Recommendations 6-9

e Variant syndromes should be considered when a patient
with ATH, PBC or PSC deviates from the standard clinical
course, common findings in terms of biochemistry and
serology, and the expected treatment response (Evidence 4,
Strong recommendation)

e Autoimmune serology, IgG determination and liver biopsy
are recommended in cases with PBC or PSC when there is
disproportionate elevation of ALT and/or IgG (Evidence 3,
Strong recommendation)

e All children and adolescents with AIH should undergo
MRCP at baseline, irrespective of elevated cholestatic
enzymes, to exclude AIH-PSC variant (Evidence 2, Strong
recommendation)

e In adult AIH patients, MRCP should be performed only
in cases of cholestasis with negative investigation for PBC-
specific antibodies (Evidence 2, Strong recommendation)

Long-term complications

Development of cirrhosis, with or without decompensation,
portal hypertension and HCC may occur during the disease
process [86]. In terms of HCC, a recent large observational,
multicentric, retrospective study, involving 1428 patients with
AIH from the IAIHG, confirmed previous studies [17,87,88],
indicating that HCC prevalence and incidence are low (1.7%
and 1.44 cases/1000 patient-years, respectively) compared
to other liver diseases, but with a significantly increasing
incidence after cirrhosis development (cumulative HCC
incidence: 2.6%, 4.6%, 5.6% and 6.6% at 5, 10, 15 and 20 years
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after cirrhosis) [89]. The risk for HCC development in patients
with ATH-associated cirrhosis remains below the cutoff recently
proposed for surveillance strategies (0.5% instead of 1.0%
annually) [90]; therefore, surveillance with ultrasonography
and o-fetoprotein (o-FP) determination every 6 months
may not be cost-effective. In this subgroup of AIH patients,
personalized surveillance strategies could be adopted, taking
into consideration the presence of additional risk factors.

Statement 16

e The incidence and prevalence of HCC in AIH patients are
extremely low compared to other liver diseases, even in
cirrhotic patients (Evidence 2, Strong statement)

Recommendation 10

e A surveillance strategy for HCC detection with
ultrasonography, with or without o-FP determination
every 6 months, can be suggested in patients with AIH-
related cirrhosis and additional independent risk factors,
such as obesity, advanced age, alcohol consumption,
and AIH-PSC variant at diagnosis (Evidence 2, Weak
recommendation)

Laboratory testing

Liver biochemistry

Aminotransferases and bilirubin can range from just above
the ULN to very high, while the cholestatic enzymes are
usually normal or moderately elevated [1,9-11,13,22,38,70].
Spontaneous normalization of aspartate aminotransferase
(AST) and ALT can be observed, even though there is usually
ongoing inflammatory activity on liver biopsy. This can explain,
at least in part, the observed delay and underestimation of ATH
diagnosis, as well as the presence of cirrhosis in a fair number
of patients at diagnosis, since a second hit of the disease
months or years after the first hit may even be completely
asymptomatic.

Most patients (approximately 85%), irrespective
of the presence of cirrhosis, have high serum IgG or
y-globulins [1,9-11,22,70]. It should be emphasized
however, that the “normal” range of IgG serum levels is
abundant, because it is impractical to define its “reliable
normal” values in every population where a patient resides.
In addition, in the acute form of AIH, some patients may
have negative results at first investigation for ANA or SMA
and normal IgG, leading the physicians not to consider
ATH as a probable diagnosis [1,9-11].
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Autoimmune serology intracellular fibrils in renal tubule) by IFA seem quite specific
for ATH (Table 3) [42,43,91]. It should be emphasized that both

The detection of autoantibodies remains one of the SMA and ANA are only useful for ATH diagnosis, as they are
cornerstones for the diagnosis of ATH, even though they cannot not associated with prognosis and outcome. Typically, SMA

support a definite ATH diagnosis on their own [42,43]. In this are detected in association with ANA in about 50% of patients
(isolated ANA or SMA in approximately 15% and 35%,

respectively) [42,43,91].

Anti-SLA/LP antibodies carry very high specificity for ATH
diagnosis, albeit low sensitivity, but they do not characterize a
specific subgroup of patients with ATH (Table 3) [42,43,48,93-95].
Patients ~ with  anti-SLA/LP  may need permanent
immunosuppression, as many of them relapse after treatment
withdrawal [48]. A specific characteristic of anti-SLA/LP is its
concurrence with autoantibodies against the ribonucleoprotein

context, the immunofluorescence assay (IFA) on freshly frozen
cryostat sections of rodent substrates (kidney, liver, and stomach)
is the assay of choice for first screening (Fig. 1) [1,10,42,43,91].
In parallel, investigation for anti-SLA/LP by molecular-based
techniques—enzyme-linked immunosorbent assay (ELISA),
immunoblot or radioligand assays—should be performed
(Fig. 1). IFA and anti-SLA/LP testing should be performed
ideally before the initiation of treatment, as immunosuppressive

therapy may affect the results. The clinical significance of 52kDa/Sjogren's syndrome A antigen in almost all anti-SLA/LP-
antibodies in AIH is illustrated in Table 3. positive European and North American patients [94,96].

SMA and ANA can be detected in various liver diseases, Anti-LKM1 and anti-LC1 often coexist in patients
several extrahepatic autoimmune diseases concurrently with AIH-2, but they are not specific, as they can be
with AIH, or in healthy individuals, and therefore they lack observed in patients with HCV (the anti-LKM3 in chronic
specificity [42,43,62,92]. However, SMA of VG (staining  hepatitis D) [22,42,43,58,91]. Apart from IFA, anti-LKM1, anti-
of arterial vessels and mesangium of renal glomeruli) or LKM3 and anti-LC1 antibodies can also be detected by other
VGT patterns (staining of arterial vessels, glomeruli, and validated techniques (ELISAs or immunoblotting) [42,43,91].

| Unexplained elevation of aminotransferases |

IgG determination

1gG > ULN (~~ 85% Within normal limits but suspicion
of chronic AlH)* remains (~~ 15% of chronic AlH)*

IFA on fresh frozen multi-organ (liver, kidney, stomach) rodent substrates in parallel with anti-
SLA/LP (ELISAs, western blot, radioligand assays) preferentially before start of treatment

|
! I !

ANA or SMA** Anti-SLA/LP Anti-LKM1 (+) Negative results
(+) (+) or anti-LC1 (+)
| Clinical suspicion remains |
v
> - Repeat testing preferentially at reference labs for standard and non -standard
Indicates Indicates antibodies (PANNA, anti -dsDNA, anti-SLA/LP, anti-LKM1, anti-LKM3, anti-
AlH-1 AlH-2 LClI, anti-F-actin, anti-Ro52, anti-a-actinin with usual and specific techni -
| ques); ask for potential availability of plgG or NMR spectroscopy testing
I
l |i|
Liver biopsy
(establish diagnosis/ assess ]| Highly likely or Very unlikely AlH or
severity and potential presence of possible AlH "autoantibody neg AIH"
other concomitant liver di ) (extremely rare)

Figure 1 Proposed diagnostic algorithm for patients with suspected AIH. Antibodies are detected in >95% of patients if testing strictly adheres to
the guidelines. In cases with acute severe AIH (AS-AIH), a trial with corticosteroid administration may be justified before obtaining the results, as
autoimmune serology testing may be quite time-consuming.

*IgG may also be within normal levels in about 39% of AS-AIH

**ANA and SMA can also be evaluated by IFA on HEp2 cells or ELISAs (for details and rules see text and Table 6) [5]. All labs should strictly adhere
to the guidelines in terms of the techniques used and the cutoffs considered for reactivity

IgG, immunoglobulin G; ULN, upper limit of normal; AIH, autoimmune hepatitis; IFA, immunofluorescence assay; anti-SLA/LE, antibodies against
soluble liver antigens/liver pancreas; ELISA, enzyme-linked immunosorbent assay; ANA, antinuclear antibodies; SMA, smooth muscle antibodies; anti-
LKM1, anti-liver kidney microsomal type-1 antibodies; anti-LC1, anti-liver cytosol type-1 antibodies; pANNA, perinuclear anti-neutrophil nuclear
antibodies; anti-dsDNA, antibodies against double stranded DNA; anti-LKM3, anti-liver kidney microsomal type-3 antibodies; anti-F actin, antibodies
against filamentous actin; anti-Ro52, antibodies against Ro52 autoantigen; pIgG, polyreactive IgG; NMR, nuclear magnetic resonance
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Table 3 Major autoantibodies and their significance in autoimmune hepatitis (AIH) (adapted from: [42,43])

Autoantibody Autoantigens/Methods Significance

ANA Chromatin, ribonucleoproteins, histones; single and double stranded ~ Frequent in AIH-1; not specific; Rare in ATH-2
DNA; centromere; cyclin A; undefined antigens (20-30%); IFA on
multi-organ rodent substrates*

SMA Filamentous actin, vimentin, desmin; undefined antigens (20%); IFA  AIH-1 frequently combined with ANA; VG/VGT
on multi-organ rodent substrates* patterns highly specific; Rare in ATH-2

Anti-LKM1 Cytochrome P4502D6 (MW: 50kDa); IFA on multi-organ rodent Very specific for ATH-2; present in HCV infection
substrates; ELISA or WB (10%)

Anti-LKM3 UGT1 (MW: 55kDa); IIF on multi-organ rodent substrates or by WB  Very specific but rare (AIH-2); present in HDV

infection (13%)
Anti-LC1 FTCD (MW: 58-62kDa); IFA on multi-organ rodent substrates; Liver specific antibody (AIH-2); rare in HCV;

Anti-SLA/LP

pANNA

ELISA, immunodiffusion or WB (very important in patients with
concurrent anti-LKM1 by IFA)

Synthase (S) converting O-phosphoseryl-tRNA (Sep) to
selenocysteinyl-tRNA (Sec) (MW: 50kDa); ELISA, WB or
radioligand assays

Unknown autoantigen(s); IFA on fixed granulocytes

usual coexistence with anti-LKM1; can be the only
marker (10% of ATH-2)

Highly specific (ATH-1, 15-30%); specificity: 99%;
rare in AIH-2; concurrent with anti-Ro52 (77-98%
of cases); need for permanent therapy

Exclusively in ATH-1 (60-96%); isolated detection

in few cases; also, in IBD, PSC and ATH-PSC
variant

*For updates regarding their detection by IFA on HEp2-cells or ELISAs see Table 5 and text [5]

IFA, immunofluorescence assay; ANA, antinuclear antibodies; SMA, smooth muscle antibodies; VG, staining of arterial vessels and mesangium of renal glomeruli;
VGT, staining of arterial vessels, glomeruli, and intracellular fibrils in renal tubule; anti-LKM]1, anti-liver kidney microsomal type-1 antibodies; CYP2D6,
cytochrome P450 2D6; MW, molecular weight; ELISA, enzyme-linked immunosorbent assay; WB, western blot; HCV, hepatitis C virus; anti-LKM3, anti-liver
kidney microsomal type-3 antibodies; UGT1, family 1 of uridine diphosphate glucuronosyl-transferases; HDV, hepatitis D virus; anti-LC1, anti-liver cytosol type-1
antibodies; FTCD, formiminotransferase cyclodeaminase; anti-SLA/LP, antibodies against soluble liver antigens/liver pancreas autoantigen; anti-Ro52, antibodies
against Ro52 autoantigen; pANNA, perinuclear anti-neutrophil nuclear antibodies; PSC, primary sclerosing cholangitis; IBD, inflammatory bowel disease;

AIH-PSC variant, autoimmune hepatitis-primary sclerosing cholangitis variant

In case of diagnostic problems between anti-LKM1/3 and
AMA by IFA, complementary specific ELISAs or immunoblot
are recommended.

A perinuclear pattern of anti-neutrophil nuclear antibodies
(pPANNA), also known as “atypical” perinuclear anti-neutrophil
cytoplasmic antibodies, is detected frequently by IFA almost
exclusively in AIH-1 patients [42,43,83,91]. However, very few
patients with ATH-1 have isolated pANNA and therefore, it
should only be performed in patients who have tested negative
for ANA, SMA, and anti-SLA/LP.

Negative results, besides clinical suspicion, justify additional
specific investigation and repeated testing, preferably in a
reference laboratory, as the titers may vary during the disease
course (Fig. 1) [42,43,91].

In adults, clinically significant titers for ANA, SMA, anti-
LKM1 and anti-LC1 are >1:40 (>1:20 for ANA or SMA and
>1:10 for anti-LKM1 or anti-LC1 in children) [1,10,42,43,83].
Monitoring of autoantibody titers is not recommended in
adults, but might be of clinical significance in children and
adolescents [83].

The routine laboratories should comply with the guidelines
in reporting the techniques and cutoffs for positivity. This
information should be clearly given to physicians in order to
assist them in the interpretation of the results [1,10,42,43,91].
It is also pivotal that the laboratory report should provide all
patterns of renal reactivity of SMA, as SMA of VG or VGT
patterns have the highest diagnostic accuracy for the diagnosis
of ATH.

Annals of Gastroenterology 37

Other potential markers

Alpha-actinin antibodies have been detected in patients
with ATH-1 and SLE [97]. They seem to characterize a more
severe subgroup of AIH patients, whereas they might be used
as predictors of response [98]. Antibodies against double
stranded DNA (anti-dsDNA) may also be detected by ELISA
in approximately 30% of patients with ATH, and in up to 60% of
patients with ATH-PBC variant [42,43,99-101]. For this reason,
reactivity for both ANA and anti-dsDNA should not always
result in a “superficial diagnosis” of SLE if other criteria for its
diagnosis are lacking.

Recently, a large study in 1568 adults with AIH using a
protein microarray, identified several IgG antibodies with
binding capacities to many human and foreign proteins [102].
As a result, a polyreactive IgG (pIgG) was quantified by
reactivity against human huntingtin-interacting protein
1-related protein (HIP1R), as reactivity against HIP1R showed
a significantly higher area under the curve to discriminate
ATH from other liver diseases compared to reactivities against
other identified proteins. This new marker showed similar
sensitivity to SMA (65% vs. 63%), and lower than that of
ANA (65% vs. 76%), but significantly higher specificity than
SMA and ANA (74% vs. 65% and 74% vs. 59%, respectively)
even though the specificity of anti-LKM and anti-SLA/LP
remains very high (99% and 100%, respectively) [102]. Most
importantly, reactivity against HIP1R was also observed
in most patients with normal IgG, whereas after therapy



the values returned to those of patients with other liver
disorders. Similar findings seem to have been obtained in a
preliminary evaluation of pediatric patients with AIH [103].
Taken together, these results may suggest considering pIgG
as a potential promising marker to improve the diagnostic
workup of liver diseases.

The metabolomic profile has been studied in patients
with diverse autoimmune diseases, such as SLE and Sjogren’s
syndrome [104]. In this context, the metabolomic profile
by nuclear magnetic resonance (NMR) spectroscopy was
recently investigated in patients with AIH, in an attempt to
assess its diagnostic and pathogenetic significance in ATH
compared to other autoimmune and non-autoimmune liver
diseases, including MASLD [105]. After multivariate analysis,
it was shown that a panel of 15 metabolites could safely
discriminate ATH from healthy individuals and patients with
PBC, HBV, HCV or MASLD, with 95% sensitivity and 92%
specificity. To sum up, metabolomic investigation can be
used as a promising additional marker for the diagnosis of
ATH, considering that the NMR technique has a low cost, is
highly reproducible, and there is no need for much sample
handling [105].

Statements 17-18

e Thelevels of AST, ALT and bilirubin vary in AIH (Evidence
1, Strong statement)

e AIH patients with anti-SLA/LP reactivity may represent
a subgroup with permanent need of immunosuppression
(Evidence 3, Weak statement)

Recommendations 11-15

e Normal IgG should not rule out ATH diagnosis, although
high IgG, particularly in the absence of IgM and IgA
elevation, is an important and common feature of the
disease (Evidence 2, Strong recommendation)

e First autoimmune serology screening for ANA, SMA, anti-
LKM and anti-LC1 should ideally be performed before
treatment initiation by IFA, in parallel with anti-SLA/LP
testing by ELISA and/or immunoblotting (Evidence 2,
Strong recommendation)

e In the appropriate clinical context, reactivity against 1 or
more autoantibodies should lead to liver biopsy, as AIH is
highly likely (Evidence 2, Strong recommendation)

e Routine laboratories should comply with the guidelines,
regarding both the assays used and the cutoffs of reporting
(Evidence 3, Strong recommendation)

e At present, antibodies to alpha-actinin and dsDNA, as well
as pIgG and metabolomic screening, although promising,
are not recommended as routine diagnostic markers of AIH
(Evidence 4, Strong recommendation)
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Liver histopathology in AIH

The presence of hepatitis in liver tissue is a prerequisite for
ATH diagnosis [1,6,9-11,42,70,82]. Noninvasive scores, serum
markers, liver stiffness measurements (LSMs) and imaging
methods are not able to replace liver biopsy at diagnosis
and before treatment discontinuation [106]. Nevertheless,
repeat LSMs by vibration-controlled transient elastography
(FibroScan) is a reliable tool for ATH monitoring [107-112].

Liver histopathology is best evaluated before starting
treatment, as inflammatory severity and fibrosis extent do
not always parallel liver biochemistry [1,6,10,11,42,70,82]. In
addition, liver histopathology can provide information on ATH
prognosis and management. An adequate liver biopsy sample
should ideally be obtained with a 16 G or wider needle (18 G
needle is also acceptable; minimum length of 1.5 cm containing
at least 6-8 portal tracts) [6].

ATH has a broad histopathology spectrum and there are
no pathognomonic features (Fig. 2) [82,113]. Two main
histological patterns of liver injury are recognized depending
on the topography of the hepatitic lesions: portal-based or
lobular (Fig. 2A-C). Recently, the International ATH Pathology
Group (IAIHPG) developed consensus recommendations
for the histological diagnosis of both acute and chronic
presentations of ATH in the native liver, based on liver injury
pattern (Table 4). On this basis, a diagnosis of likely, possible, or
unlikely ATH can be made [6]. Validation and generalizability
studies of the IAIHPG criteria are currently ongoing, and
initial results show that they can accurately identify ATH with
acute onset [114]. The scores provided by the semi-quantitative
evaluation of necroinflammatory activity using the modified

Figure 2 Representative images from needle liver biopsies
with autoimmune hepatitis: (A) Chronic hepatitis pattern with

portal/periportal inflammation, hematoxylin-eosin (H-E) x40;
(B) Dense portal lymphoplasmacytic inflammation with interface
activity (black arrows), H-E x100. Inset shows plasma cell clusters,
H-E x400; (C) Centrilobular lymphoplasmacytic inflammation, H-E
x200; (D) Portal/periportal fibrosis (white arrows), Masson trichrome
stain for collagen (blue) x40; (E) Portal-central bridging fibrosis (black
arrowheads), Sirius red stain for collagen (red) x10

PT, portal tract; THV, terminal hepatic venule
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hepatic activity index (mHAI) [115] are helpful during therapy
and follow up.

The portal-based pattern of inflammation is characterized
by a mainly portal chronic lymphocytic or lymphoplasmacytic
inflammatory infiltrate, that may or may not extend into the
immediate periportal parenchyma, a lesion termed interface
hepatitis (Figs. 2A and 2B). In the absence of histological
features suggestive of another liver disease, the additional
presence of more than mild interface hepatitis and/or more
than mild lobular hepatitis defines a likely AIH diagnosis
(Table 4). If there are features suggestive of another liver
disease, or if there is no more than mild lobular or interface
hepatitis, a diagnosis of possible AIH can be made.

In the lobular pattern of inflammation, the presence of
more than mild lobular hepatitis, with or without centrilobular
injury, and at least one of the likely histological features that
include lymphoplasmacytic infiltrates, interface hepatitis or
portal-based fibrosis, renders the diagnosis of likely AIH in
the absence of histological features suggestive of another liver
disease (Fig. 2C; Table 4). If the latter are present, then the
diagnosis of possible AIH can be made. Lobular hepatitis of
any severity, with or without centrilobular necroinflammation
but without lymphoplasmacytic infiltrates, interface hepatitis
or portal fibrosis, also suggests possible AIH, in the absence
of features of another liver disease. Therefore, using the
new consensus IAIHPG criteria, cases with predominantly
centrilobular injury without significant portal/periportal
inflammation, or cases with exclusively centrilobular necrosis,
most likely representing an early stage of AIH [116], can now
be diagnosed as possible ATH in the absence of another liver
disease and can be treated with immunosuppressive agents [6].

Hepatocyte rosetting and emperipolesis (intracytoplasmic
localization of an inflammatory cell, usually a lymphocyte,

within a hepatocyte) are no longer considered typical lesions of
ATH because they are non-specific [6]. However, they can still be
reported if detected, as surrogate markers of ATH severity [6]. An
absence of plasma cells may be seen in up to one third of ATH
cases and does not rule out the diagnosis [42,82,117]. Bile
duct changes with lymphocytic cholangitis have been reported
in 10-28% of AIH biopsies, without any other indication
of PBC [118,119]. At presentation, various fibrosis stages
may be seen (Figs. 2D and 2E) [15,22,38,40]. Portal-based
fibrosis provides evidence of underlying chronic liver damage
and is helpful in the differential diagnosis of acute hepatitis,
supporting an AIH over a drug-induced etiology [6].

Statements 19-23

e There are no pathognomonic features for the histological
diagnosis of ATH (Evidence 1, Strong statement)

e The presence of portal-based and/or lobular hepatitis at
the histological level is a prerequisite for AIH diagnosis
(Evidence 1, Strong statement)

e The preferred terminology for the lowest, medium and
highest likelihood of an AIH diagnosis in a given case is
unlikely, possible and likely, respectively (Evidence 2,
Strong statement)

e The presence of exclusive or predominant centrilobular
injury is not uncommon in acute-onset AIH (Evidence 2,
Strong statement)

e The diagnosis of possible AIH should not be excluded
because of the presence of features of another liver disease
(Evidence 2, Strong statement)

Table 4 Consensus on the histological criteria of likely, possible, or unlikely autoimmune hepatitis (AIH) by the International ATH Pathology

Group (adapted from: [6])

Portal hepatitis

Lobular hepatitis

Likely ATH In the absence of histological features suggestive In the absence of histological features suggestive of another liver
of another liver disease, presence of portal disease, presence of more than mild lobular hepatitis (with or
lymphoplasmacytic infiltrate with one or both of the without centrilobular inflammatory activity) with at least one of
following characteristics: the following characteristics:

a. More than mild interface hepatitis a. Portal lymphoplasmacytic infiltrates
b. More than mild lobular inflammation b. Interface hepatitis
c. Portal-based fibrosis

Possible ATH Portal lymphoplasmacytic infiltrate Any lobular hepatitis (with or without centrilobular

- Without either of the likely feature “a” or “b” above in inflammation)
the absence of histological features suggestive of another - Without any of the likely features “a-c” above in the absence of
liver disease histological features suggestive of another liver disease

OR OR

- With one or both of the likely features above in the - With any of the likely features above in the presence of
presence of histological features suggestive of another histological features suggestive of another liver disease
liver disease

Unlikely ATH  Portal hepatitis Any lobular hepatitis

- Without either of the likely features above in the

presence of histological features suggestive of another

liver disease

- Without any of the likely features above in the presence of
histological features suggestive of another liver disease
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Recommendations 16-20

e An adequate liver biopsy sample should be obtained with
a 16 G or wider needle and have a minimum length of
1.5 cm and at least 6-8 portal tracts (Evidence 1, Strong
recommendation)

e The consensus criteria and terminology of the IAIHPG
should be applied for the histological diagnosis of AIH
(Evidence 2, Strong recommendation)

e Predominantly or exclusively centrilobular injury should
be diagnosed as possible AIH in the absence of features
suggestive of another liver disease (Evidence 2, Strong
recommendation)

e If additional features of PBC, PSC or MASLD are present,
a liver biopsy should still be classified as possible AIH if
likely histological features are present (Evidence 2, Strong
recommendation)

e The pathology report should include a comment on the
presence and severity of fibrosis (Evidence 1, Strong
recommendation)

Differential diagnosis

Almost all causes of acute and chronic liver diseases are
included in the differential diagnosis of ATH. As a result, HBV
(including hepatitis delta), HCV, and viral hepatitis A (HAV)
and E (for the acute cases), alcohol-associated liver disease, DI-
ALH, Wilson’s disease, MASLD, PBC, PSC, ATH-PBC and ATH-
PSC variants, hemochromatosis, c1-antithrypsin deficiency,
as well as celiac disease and SLE should be considered [1,9-
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11,42,43]. Among these, one of the most challenging is the
differentiation between AIH and DI-ALH, as there is no reliable
serological or histological biomarker to discriminate effectively
between these 2 conditions [62,67]. A proposed management
of such cases is shown in Fig. 3, even though the evidence and
grading for most of the suggested options is low.

Discrimination between SLE and AIH is also a challenge. As
a fair number of patients with ATH present with polyarthralgia,
it is reasonable for physicians to consider SLE instead of ATH in a
patient with ANA and anti-dsDNA reactivity. It should be stressed,
however, that liver involvement is not a common manifestation
of SLE. Concurrent viral hepatitis, MASLD (commonly induced
by corticosteroids) and DILI because of SLE-associated therapies
are the most frequent causes of abnormal liver enzymes in
patients with SLE [42,43,120,121]. In case of uncertainty, the
use of IFA on a Crithidia luciliae substrate, which includes high
dsDNA quantities, could solve the problem, as this assay seems
to detect anti-dsDNA antibodies with higher specificity than the
ELISAs [42,43,100,101].

Recommendation 21

o Differential diagnosis of AIH should include all causes
of liver diseases, particularly DI-ALH, along with celiac
disease and SLE (Evidence 1, Strong recommendation)

Diagnosis of AIH

In 2008, a user-friendly, simplified score for the diagnosis
of ATIH was proposed by the IATHG, with excellent sensitivity,

‘ Proposed diagnostic algorithm between AIH and DI-ALH ‘

Hepatitis with high IgG and
autoantibodies presence

I

’ History of drugs, supplements or herbals

Restart P t
therapy in ermanen
line with avoidance of
CPG the agent
T T YES
‘ Definite AIH ‘ ‘ DI-ALH
T T Possible DI-ALH
Relapse Remission Withdrawal of the

.

/

suspected agent

]

[vo]

AlH

Liver biopsy and treatment
according to CPG if results show
likely or possible AIH

Try stop treatment (if CBR)
with fast tapering (2-3 months)

Liver biopsy if liver injury
does not improve or worsens

Likely or possible AlH:
Initiate immunosuppression

Unlike AIH
(possible DILI)

—| withholding the
agent and monitor

Continue\~

| Other diagnosis }—o| Specific treatment

Figure 3 Suggested algorithm for the differential diagnosis between autoimmune hepatitis (AIH) and drug-induced autoimmune-like hepatitis

(DI-ALH)

IgG, immunoglobulin G; CPG, clinical practice guidelines; DILI, drug induced liver injury; CBR, complete biochemical response
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specificity and  diagnostic accuracy (Supplementary
Table 3) [70]. This score is based on only 4 parameters (serum
IgG, autoantibodies, liver histology, and absence of viral
hepatitis markers). However, the simplified score has not been
validated extensively in patients with AS-AIH or ALF-related
AIH, AIH variants, DI-ALH and children [33,34,35,65].
Subsequently, a new diagnostic score has recently been
suggested for ATH and AIH-PSC in the pediatric population
(Supplementary Table 4), even though external validation of
this score did not reveal any statistically significant superiority
compared to the simplified score [83,122,123].

Autoantibodies are detected in >95% of cases if
tested according to the CPGs [42,43,91]. However, these
recommendations are rarely followed by the routine
clinical laboratories, and IFA on HEp2 cells and ELISAs
are frequently used instead, even though the simplified
score for AIH diagnosis does not account for ANA and
SMA detection by the latter methods. For these reasons, a
recent large multicenter study from the IAIHG, including
341 patients, was designed to assess the diagnostic validity
of IFA on HEp2 and ELISAs testing and make the simplified
score usable all over the world [5]. The results showed that
a) IFA on HEp-2 cells is a valid alternative for AIH diagnosis
when cutoff titers are increased, and b) ANA ELISAs and
F-actin (the major target-autoantigen of SMA) ELISA
represent potential alternatives to IFA for AIH diagnosis,
but the ANA ELISA kits, apart from well recognized nuclear
antigens, should also include HEp-2 nuclear extracts, while
ELISA cutoffs need to be validated locally [5]. The staining
pattern of ANA on HEp2 cells is not pathognomonic of
ATH and does not seem to have any clinical and diagnostic
significance [42,43]. In conclusion, this study suggested
adaptation of the simplified score so that it could be used
in everyday practice by different laboratories (Table 5) [5].
Special attention should be given, however, to the presence
of specific patterns of ANA, such as the multiple nuclear
dots (anti-sp100) and rim-like membranous patterns (anti-
gp210) by IFA on HEp2 cells, which are highly specific for
PBC but not for AIH [54,55,124].

IFA (Evidence 1, Strong recommendation)

e The updated simplified score can be used if HEp-2 cells or
ELISAs are utilized for ANA and SMA detection by IFA or
ELISAs (Evidence 3, Weak recommendation)

e Caution is required when using ELISA testing, as ANA
ELISA kits should include HEp-2 nuclear extracts for
unrecognized autoantigens, while ELISA cutoffs need to be
established locally (Evidence 3, Strong recommendation)

e The specific spl00 and gp210 ANA pattern on HEP-
2 cells should not be counted in the diagnostic scores, as
they represent specific markers of PBC and not of AIH
(Evidence 2, Strong recommendation)

e In the pediatric population, a different diagnostic score may
be of value for AIH and ATH-PSC diagnosis (Evidence 3,
Weak recommendation)

e Diagnostic scores should be used with caution in the case of
AS-ATH, ALF-associated AIH, AIH variants and DI-ALH
(Evidence 3, Strong recommendation)

Table 5 Adaptation of the simplified score of the IAIHG for AIH
diagnosis (adapted from: [5] and [70])

Feature Cutoff Points'
ANA or SMA/anti- Positive? 1
F-actin
ANA or SMA/anti- Strongly positive®
F-actin >1:40 2
or anti-LKM Positive
or anti-SLA/LP
IgG >Upper limit of 1
normal
>1.1 x upper limit 2
of normal
Liver histology (with ~ Compatible with 1
evidence of hepatitis) ~ AIH
Typical ATH 2
Absence of viral Yes 2
hepatitis

>6: Probable ATH
>7: Definite ATH

Statements 24-25

e AJH is a clinicopathological diagnosis that is based on the
presence of autoantibodies, distinct IgG elevation, and likely
or possible liver histology (Evidence 1, Strong statement)

e Autoantibodies are detected in >95% of AIH cases if testing
is performed according to CPGs (Evidence 1, Strong
statement)

Recommendations 22-27

o The simplified score must be used for AIH diagnosis if
rodent tissues are utilized for ANA and SMA detection by
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'Addition of points achieved (maximum 2 points for autoantibodies).

?[FA: 21:40 when assessed on tissue sections; >1:80 or 1:160 for ANA when
assessed on HEp-2 cells, depending on local standards. F-actin or ANA
ELISAs with locally established cut-offs.

3IFA: >1:80 when assessed on tissue sections; >1:160 or 1:320 for ANA when
assessed on HEp-2 cells. F-actin or ANA ELISAs with cut-offs established
locally; Important note: If ELISA-based autoantibody assessment is negative
despite clinical suspicion of AIH, IFA should be performed in addition.
Definition of compatible or typical findings at the histological level is shown
in Supplementary Table 3. However, substitution of the above histological
findings with the 2022 IAIHPG criteria [6] (likely for typical and possible
for compatible) should be considered, as they may increase the sensitivity of
the diagnosis of ATH and ultimately, optimize clinical diagnosis.

IAIHG, international autoimmune hepatitis group; AIH, autoimmune hepatitis;
ANA, anti-nuclear autoantibodies; SMA, smooth muscle autoantibodies; anti-
LKM, anti-liver kidney microsomal antibodies; anti-SLA/LP, antibodies against
soluble liver antigens/liver pancreas autoantigen; IgG immunoglobulin G;

IFA, immunofluorescence assay; ELISA, enzyme-linked immunosorbent assay;
IAIHPG, international AIH pathology group



Management of AIH

All patients with active disease should receive
immunosuppressivetreatment(Fig.4)[1,7,9-11,22,40-42,89].
Indeed, several old studies have shown that untreated
patients with moderate to severe AIH have a poor
prognosis  [125,126].

immunosuppression in patients with mild activity is still

Decision on the initiation of
controversial, particularly for older patients, as treatment-
associated side-effects should be balanced against the risk
of disease progression [127,128]. In addition, resolution
of ATH may occur spontaneously, resulting in treatment
withholding (Fig.4). However, if ALT or IgG levels increase
or fluctuate, close long-term follow up (every 3-6 months),
including new liver biopsy, is advised in these patients in
order not to miss a subclinical relapse.

Before treatment initiation, investigation for HBV
and HAV serological markers is recommended, with the
appropriate vaccinations for unvaccinated patients or
those without previous virus exposure. Yearly vaccination
against influenza virus, SARS-CoV-2, and Streptococcus
pneumoniae according to the local guidelines should also
be administered to all patients. As AIH patients suffer
from age-dependent deterioration of the cortical bone
microarchitecture [129], evaluation of the bone mineral
density by dual energy X-ray absorptiometry (DEXA) at
baseline and during follow up seems rational to identify
patients who are at increased risk of osteoporosis. In this
regard, a recent retrospective cross-sectional study revealed
that almost 20% of AIH patients older than 50 years have
osteoporosis, whereas older age, low body mass index
(<23 kg/m?), corticosteroid use for >90 months, and
liver fibrosis (transient elastography values >8 kPa) were
independent risk factors for bone loss [130].
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Recommendations 28-33

e AIH management should aim to achieve a complete clinical,
biochemical and histological response in an attempt to
tackle the progression of liver disease (Evidence 2, Strong
recommendation)

e Treatment should be initiated in all patients with active
disease, including those with severe fibrosis and/or cirrhosis
(Evidence 1, Strong recommendation)

e Treatment may not be required in patients with spontaneous
resolution, but close long-term follow up is advised to
promptly diagnose possible subclinical disease progression
(Evidence 4, Weak recommendation)

e Vaccination against HAV and HBV should be given
before treatment initiation to all susceptible AIH patients
(Evidence 5, Strong recommendation)

e Other vaccinations (influenza, SARS-CoV2,
Streptococcus pneumoniae, etc.) should comply with local
recommendations (Evidence 5, Strong recommendation)

e DEXA measurement should be considered before
treatment initiation and during follow up, according to the
osteoporosis risk, in all AIH patients before initiation or
during therapy (Evidence 3, Strong recommendation)

Primary treatment endpoints

In 2022, the IATHG conducted a systematic review, including
2-round Delphi processes and external validation in a large
cohort of ATH patients, to identify and standardize the definitions
of the most important outcome measures of treatment response;
the aim was to harmonize and enable comparisons of these
parameters among studies (Table 6) [7]. Accordingly, “complete
biochemical response” (CBR) was defined as normalization of
aminotransferases and IgG no later than 6 months after starting

] Confirmed AIH

/

Advanced fibrosis
and/or cirrhosis*

Active AlH (mHAI >3)

Mild AIH (ALT<2-3x ULN,
mHAI <4, mild or absence
of fibrosis)

Treatment may be withheld
according to comorbidities,

Start immunosuppression

* Treatment is strongly not recom-
mended in decompensated cirrhosis
without necroinflammatory activity

Figure 4 Indications for initiation of treatment in patients with ATH

age, symptoms, patients' pre-
ference, bone mass status and
profile of autoantibodies

Close and careful follow-up is
advised including follow-up liver
biopsy if ALT or IgG increase to avoid
loss of subclinical severe relapses

AIH, autoimmune hepatitis; ULN, upper limit of normal; mHAI modified hepatic activity index; ALT, alanine aminotransferase; IgG, immunoglobulin G
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immunosuppression. “Insufficient response” was defined as a
lack of CBR after 6 months of immunosuppressive therapy, and is
applicable for both first-line and second-line treatments. It should
be emphasized, however, that an “insufficient response” does not
necessarily mean that treatment should be changed immediately;
nevertheless, it should alert the physician, as it may have some
prognostic value. In addition, as the comparison of patients
achieving CBR within 6 months with those who responded after
6 months was based on a relatively inadequate sample size, the
evaluation of “insufficient response” no later than 12 months
could be an alternative option [7]. In a recent retrospective study
by the IATHG, including the largest cohort of AIH patients in
the world (n=2559), it was shown that the achievement of CBR
within 6 months was an independent prognostic factor for a
favorable outcome, even though 17% of patients without CBR
at 6 months achieved it at 12 months and this finding also had
prognostic significance [40]. Similar findings were reported in
a recent retrospective study from South Korea, where patients
with CBR within 12 months had the highest chance of favorable
outcomes [131]. To define the “insufficient response” in an index
patient, appropriate predniso(lo)ne and azathioprine (AZA) or
mycophenolate mofetil (MMF) doses should be administered
and adherence to treatment must be confirmed.

“Non-response” wasdefined asareduction ofaminotransferases
in <50% from baseline values within 4 weeks after initiation of
immunosuppression [7]. However, a recent retrospective cohort
study reported that a rapid decrease of aminotransferases (>80%
from baseline within 8 weeks) was associated with normalization
of AST/ALT levels at 6 and 12 months and significantly better
outcomes compared to slow responders, suggesting that the
proposed 4-week timeframe for the definition of “non-response”
may be too early [132]. An initial “non-response” should raise

Table 6 Definitions of response criteria and endpoints in AIH
(adapted from [7])

Endpoints Definitions
Complete Normalization of aminotransferases and IgG;
biochemical it should be achieved in less than 6 months

response (CBR) after treatment initiation*

Lack of CBR; It should be determined
no later than 6 months after initiation of
immunosuppression*

Insufficient
response

<50% decrease of aminotransferases within 4
weeks after initiation of treatment**

Non-response

mHATI <4/18; it could be obtained 12 months
after initiation of immunosuppression or at
any time point during treatment

Remission

Intolerance to
treatment

Any adverse event possibly related to
treatment, as assessed by the treating
physician, leading to discontinuation of the
drug

*Assessment of CBR and insufficient response no later than 12 months
could also be an alternative option under real-life conditions.

**Four weeks may be too early, and non-response at 8 weeks could also be
evaluated

AIH, autoimmune hepatitis; IgG, immunoglobulin G; mHAI modified hepatic
activity index
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serious concerns regarding alternative diagnosis or potential
problems with treatment adherence [1,10,11]. The term
“remission” was defined at the histological level by the absence of
necroinflammatory activity (mHAI <4/18), which can be assessed
12 months after starting immunosuppression or at any time
during treatment (Table 6). “Intolerance to treatment” was defined
as any adverse event potentially related to the immunosuppressive
treatment leading to drug cessation [7].

Statements 26-31

e Definition of CBR: Normalization of aminotransferases and
IgG (Evidence 2, Strong statement)

e Definition of insufficient response: Lack of CBR (Evidence
2, Strong statement)

e Definition of non-response: Aminotransferase decrease
less than 50% from baseline after 4 weeks from treatment
initiation (Evidence 2, Strong statement)

e Definition of remission of the disease: mHAI less than 4 on
liver biopsy (Evidence 2, Strong statement)

e Definition of intolerance: Any adverse event potentially
related to treatment leading to drug withdrawal (Evidence
2, Strong statement)

e Rapid decrease of aminotransferases (=80% from baseline
levels) after 8 weeks of treatment is associated with CBR at
6 and 12 months after treatment initiation and significantly
better outcomes (Evidence 3, Strong statement)

Recommendations 34-37

e CBR and insufficient response should be assessed no later
than 6-12 months after initiation of either first-line or second-
line treatment (Evidence 2, Strong recommendation)

¢ An “insufficient response” should be defined only if patients
have received at least 0.5 mg/kg/day predniso(lo)ne and
up to 10 mg/day as maintenance therapy, along with the
appropriate dose of MMF or AZA (Evidence 2, Strong
recommendation)

e An initial non-response after 4 weeks of treatment
should alert clinicians to the possibility of an alternative
diagnosis or problems with adherence (Evidence 2, Strong
recommendation)

e Remission of the disease should be assessed by second liver
biopsy, ideally 12 months after treatment, or pragmatically
at any time during therapy (Evidence 2, Strong
recommendation)

Induction of treatment response

Traditionally, for more than 40 years, the first-line
induction treatment has been predniso(lo)ne in combination



with AZA, as this combination strategy has been proven
to bear considerably fewer side-effects than predniso(lo)ne
monotherapy [1,10,11,41,42,126]. The dose of predniso(lo)ne
ranges between 0.5 and 1 mg/kg/day, preferably in a once daily
dose in the morning, followed by progressive tapering under
strict monitoring of aminotransferases. Rapid tapering of
corticosteroids (e.g., 5-10 mg/1-2 weeks) is desirable, but should
be done strictly in accordance with the response. A recent
retrospective multicenter study tried to address whether
lower predniso(lo)ne doses were sufficient for induction of
response in patients with ATH [133]. This retrospective study
in 451 adults with ATH showed that the rate of biochemical
response at 6 months, defined only by ALT normalization,
was not statistically different between those who received
high- (0.5 mg/kg/day; median initial dose: 50 mg/day) and
low-dose predniso(lo)ne (<0.5 mg/kg/day; median initial
dose: 20 mg/day). Even though this study pointed out that
high-dose corticosteroids might not be necessary to induce
a response, it should be emphasized that it was retrospective
study extending over 4 decades, while there were no data on
IgG or histology [133]. In addition, the 2 comparison groups
differed significantly at baseline, in terms of simplified score,
ALT, bilirubin and presence of cirrhosis [133].

AZA at an initial dose of 50 mg/day is frequently added
after 2 weeks of predniso(lo)ne treatment if bilirubin is <6 mg/
dL, to avoid diagnostic uncertainties and clinical challenges
between primary non-response and AZA toxicity [1,10,11,43].
AZA is then progressively increased according to response or
its toxicity up to 1-2 mg/kg/day [1,10,11,42,43]. AZA should
never be used alone as induction therapy [1,9-11,42,43].
AZA should be given cautiously in patients with cytopenias,
pregnancy, malignancies or thiopurine methyltransferase
(TPMT) deficiency. The primary aim of predniso(lo)ne/AZA
combination or predniso(lo)ne monotherapy should be the
achievement of a clinical and biochemical response as soon as
possible, at the lowest level of corticosteroid use. Ideally, the
clinical and biochemical response should persist after complete
cessation of corticosteroids.

Systematic reviews have reported suboptimal CBR rates
(£50%) [126,134,135]. It should be stressed that the standard
treatments are based on randomized studies conducted during
the past 5 decades, with the inevitable inherent problems of no
investigation for HCV, using different criteria of response from
that recently endorsed by the IATHG [7], while the last report
was published almost 30 years ago [125,136,137].

Budesonide has been recommended by the American
Association for the Study of Liver Diseases (AASLD) CPGs, as
an alternative first-line treatment option instead of predniso(lo)
ne in non-cirrhotic adults without AS-AIH, in an attempt to
reduce the corticosteroid-related side-effects [11]. To date,
only 1 randomized trial showed that a combination therapy of
budesonide (9 mg/day) with AZA resulted in significantly higher
biochemical response rates, defined only by normalization of
aminotransferases, without the development of the common
corticosteroid-related side-effects compared to the control group,
while side-effects were fewer [138]. However, many uncertainties
and concerns have been raised about this study, as the blinded
phase of randomization for a chronic and quite rare disease
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lasted only 6 months, IgG normalization was not included in
the response criteria, and no information was provided on
the rapidity of response and outcome in terms of histology
remission, cirrhosis progression and liver-related mortality.
Moreover, side-effects and response rates in the controls were
surprisingly higher and lower, respectively, compared to
previous studies, probably as a result of the initial fixed dose and
fixed reduction dose schedule of predniso(lo)ne in the control
group, compared to the budesonide, which was given at a high
dose until achievement of response. Another point is the scanty
information we have regarding the best approach to budesonide
reduction, as the proposed initial dose is equivalent to 30-40 mg
of predniso(lo)ne, which is considered too high for long-term
treatment. Notably, the same treatment schedule failed to show
any important benefit in children, as the primary endpoint was
achieved in only 16% and 15% of AIH patients in the budesonide
and predniso(lo)ne group, respectively [139].

To sum up, the abovementioned serious concerns may
indicate a therapeutic bias [138]. Therefore, it is reasonable
to conclude that we need more robust data before making a
positive recommendation for a more expensive agent as first-
line therapyin ATH. On the other hand, a veryrecent multicenter
study in 381 AIH patients from Spain showed that budesonide
was inferior to standard predniso(lo)ne therapy, as attested by
the significantly higher CBR rates at 6 and 12 months, as well as
during follow up, in the predniso(lo)ne group, whereas adverse
events did not differ between the 2 groups when patients with
AIH-related cirrhosis were excluded [140].

In the last 15 years, MMF—the first selective, potent,
non-competitive, and reversible inhibitor of isoform type-
II of inosine-5-monophosphate dehydrogenase [141]—in
combination with predniso(lo)ne has been efficiently used
as first-line induction treatment [38,142-146]. A number of
real-world prospective studies, propensity matching trials
and meta-analyses indicate MMF at 1.5-2 g/day as a safe and
effective first-line treatment option for the induction and
maintenance of response [38,142-146]. A proposed schedule
for MMF administration is shown in Fig. 5.

A recent, prospective, open-label, randomized, multicenter
superiority trial (CAMARO trial; NCT02900443) has recently
confirmed the previous studies by indicating the superiority of
MMEF compared to AZA in treatment-naive ATH patients [147].
Most importantly, patients in the AZA group experienced
severe adverse events significantly more frequently, which
subsequently led to higher rates of cessation of treatment
compared to the MMF group, suggesting superior tolerability
of MMFE.

However, female patients of childbearing age with AIH
should be informed in detail about the potential risks, as MMF
is teratogenic. Thus, effective and strict contraceptive measures
are strongly advised during immunosuppression, and up
to 12 weeks after drug withdrawal. At screening, all female
patients should have a negative pregnancy test, and they should
be willing to use, or already using, 2 methods of birth control,
such as diaphragm, copper intrauterine device, hormonal
contraceptives, condom by the partner, sponge or spermicide.
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Recommendations 38-43

e Predniso(lo)ne (0.5-1 mg/kg/day) in combination with
MMEF (1.5-2 g/day) should be the first-line treatment of
ATH (Evidence 2, Strong recommendation)

e The combination of predniso(lo)ne with AZA (starting at
50 mg/day whenever bilirubin is <6 mg/dL, and ideally after
2 weeks from corticosteroid initiation to a final dose of 1-2 mg/
kg/day) is still a first-line treatment option for ATH, but it seems
inferior to the MMF combination, considering the response
rates and tolerability (Evidence 2, Strong recommendation)

e Counseling of female patients of reproductive age about
effective contraceptive measures during immunosuppression
with MMF and up to 12 weeks after drug cessation is strongly
recommended (Evidence 2, Strong recommendation)

e Alower predniso(lo)ne dose (<0.50 mg/kg/day) may also be
effective in inducing a response in some patients (Evidence
3, Weak recommendation)

e Induction therapy and a tapering schedule of corticosteroids
should be individualized strictly according to the response
(Evidence 4, Strong recommendation)

e Budesonide (9 mg/day) is not recommended as first-line
therapy in AIH instead of predniso(lo)ne, as it is inferior
to the standard corticosteroids (Evidence 2, Strong
recommendation)

Maintenance therapy
The standard maintenance treatment is
monotherapy  with either tailored doses of MMF

MMF at 1 g/day followed by gradual increase (500 mg/week) up to 2 g/day (two
divided doses) + Predniso(lo)ne 0.5 - 1 mg/kg/day

« Predniso(lo)ne tapering (5 mg/7-10 days up to 20 mg/day)*

« Tapering 2.5 mg/2-3 weeks up to complete cessation of predniso(lo)ne (aiming
to stop at 6-12 months)*

* Measurement of AST, ALT and IgG every 2 months and adjust treatment
accordingly*

MMF monotherapy at 2 g/day (lasting 3 years from starting treatment)
at least 2 years from first CBR remaining continuously in CBR

|

Gradual decrease of MMF at 1-1.5 g/day (with stable CBR all the time)*

Continue up to 5 years from the initiation of treatment

Figure 5 Proposed algorithm for the use of predniso(lo)ne with
mycophenolate mofetil (MMF) in treatment-naive patients with ATH
*In case of flares or relapses, predniso(lo)ne should be increased or
restarted, respectively, up to the dose that achieved initial CBR, and then
tapered, either by decreasing the predniso(lo)ne tapering dose by half
with the same interval time, or by a twofold increase of the interval time
AIH, autoimmune hepatitis; CBR, complete biochemical response;
AST, aspartate aminotransferase; ALT, alanine aminotransferase;
IgG, immunoglobulin G
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(1.5-2 g/day) or AZA (2 mg/kg/day) after predniso(lo)ne
withdrawal [14,35,38,42,126,134,137,143,145,146]. Patients with
mild disease at initial biopsy who demonstrated intolerance to
both AZA and MMF and have achieved CBR can continue with
predniso(lo)ne monotherapy at the lowest dose to maintain
response. The minimum duration of immunosuppression should
be 4 years, with at least the last 2 years being in persistent CBR.

In patients who are on maintenance treatment with AZA
and have not achieved CBR, measurement of 6-thioguanine
(6-TGN), its active metabolite, is warranted to assess whether
biochemical activity might be due to underdosing of AZA or
non-adherence [1,10,11,148].

Recommendations 44-47

e The optimal maintenance therapy should be monotherapy
with MMF or AZA (Evidence 1, Strong recommendation)

e Low-dose predniso(lo)ne monotherapy can only be used
in patients with mild disease who achieved CBR and are
intolerant to both MMF and AZA (Evidence 3, Weak
recommendation)

e Maintenance therapy should be adjusted to a dosage
that maintains persistent CBR (Evidence 1, Strong
recommendation)

e The minimum total duration of treatment should be 4 years,
and at least 2 years after the achievement of CBR (Evidence
2, Strong recommendation)

Treatment cessation

One important and critical decision is in whom and when
immunosuppression can be safely stopped. The achievement
of CBR and histological remission of the disease, followed
by sustained off-treatment remission in the long-term, is of
paramount importance and is the ideal aim of ATH management
in both children and adults [1,10,11,41,42,149,150]. A recent
systematic review of published studies between 1972 and 2018
reported a wide range of relapse rates between 25% and 100% [149].
A low probability of relapse after immunosuppression withdrawal
has been associated with the presence of DI-ALH or viral-induced
ATH, absence of other autoimmune diseases, normal IgG levels
at baseline, seronegativity for anti-SLA/LP, a shorter time to
achieve continuous and sustained CBR (e.g., <6 months), absence
of relapse episodes, longer duration of treatment (>4 years), and
deeply normal aminotransferases (below half the ULN) and IgG
levels (<1200 mg/dL) at the time of withdrawal, suggesting that
careful selection of patients is essential [95,126,146,149-151].

Ongoing necroinflammatory activity or cirrhosis on
second liver biopsy despite CBR is an additional important
predictive marker of relapse after treatment withdrawal. In
this context, a recent multicenter study showed that CBR alone
is a poor marker of histological remission in patients with
already established severe fibrosis and/or cirrhosis; therefore,
only liver biopsy can reliably assess the activity of AIH in



such patients [152]. In general, liver biopsy before treatment
withdrawal is desirable, as a considerable number of patients
with CBR still have interface hepatitis on histology or may have
progression of liver disease to cirrhosis; thus, they cannot stop
immunosuppressive therapy because of the potential harmful
effects of a relapse [149,150,153,154]. However, many patients
are reluctant to undergo a second liver biopsy. In that case,
LSMs by FibroScan can offer a completely safe and probably
reliable and effective noninvasive method for monitoring
fibrosis progression. Indeed, recent studies have shown that
LSMs correlate efficiently with fibrosis stage, indicating quite
precisely the cutoff points for severe fibrosis and cirrhosis
(9 kPa and 12.5-16 kPa, respectively) [107-112]. Liver fibrosis
can be accurately assessed in patients with ATH who have been
treated for >6 months [107,110,111,155]. Fig. 6 illustrates a
proposed algorithm for the selection and follow up of patients
with AIH in whom immunosuppression cessation can be
implemented.

Regarding children, several small studies in the past,
with short follow up and using strict criteria including liver
histology, have shown a relapse-free rate ranging between
45% and 87% after treatment withdrawal [156-159]. In the
largest ever published multicenter study with long-term
follow up (n=117; median follow up 20 years), it was shown
that treatment cessation is feasible even without prior liver
biopsy [41]. The authors were able to show that 53% of patients
in whom treatment cessation was achieved under medical
surveillance, without prior liver biopsy, did not relapse.
Continuously deep normal aminotransferase levels, along with
a prothrombin ratio >70%, were the best prognostic markers of
successful withdrawal [41].

A trial of treatment withdrawal needs close cooperation
between the patient and clinicians. It should be considered only
when there is sustained CBR for >24 months. Unfortunately,
there are no clear cut CPGs on how to taper the drugs safely and
efficiently. Practically, the duration of corticosteroid tapering
varies from 6-8 weeks to 3-4 months, while some physicians
stop AZA and MMF completely and others withdraw these
drugs gradually [1,10,134,146,149,150]. After withdrawal,
as many as around three quarters of AIH patients may suffer
from myalgias and arthralgias, which may persist in the long
term. Following treatment withdrawal, all patients should be
monitored closely by determination of aminotransferases
and IgG every 3-4 weeks for 23 months, and every 3 months
thereafter, over the first year, when there is the highest risk of
relapse [1,10,11,149,150]. Subsequently, laboratory monitoring
should be performed every 6 months for the next 3 years,
followed indefinitely by annually assessment [134,160]. In
parallel, periodic assessment of fibrosis by LSMs (e.g., annually)
may also be helpful to identify those with fibrosis progression.
In case of relapse, subsequent attempts should be avoided, as
further relapses are very common and are related to worse
outcomes [149,150].

After treatment withdrawal, aminotransferases may elevate
transiently (usually <2xULN), and therefore, it is advisable
to repeat the test in the first instance to check for potential
normalization. Other causes, such as viral hepatitis, alcohol-
associated liver disease, DILI, hepatic or portal vein thrombosis,
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MASLD and biliary tract disease should be carefully excluded
before a final diagnosis of relapse is established.

Statements 32-33

e Relapse rates after treatment withdrawal vary between 25%
and 100%, with the lowest being observed among MMF-
treated patients (Evidence 2, Strong statement)

e After withdrawal of corticosteroids, about 75% of patients
may suffer from myalgias and arthralgias, which may persist
for up to 12 months or more (Evidence 3, Weak statement)

Recommendations 48-54

e A trial of treatment withdrawal is reccommended in carefully
selected patients (Evidence 1, Strong recommendation)

e Liver biopsy before treatment withdrawal is desirable, but
as many patients are reluctant to undergo this procedure,
alternative noninvasive assessment of severe fibrosis and/or
cirrhosis by transient elastography (FibroScan) should be
considered (Evidence 2, Strong recommendation)

e In children, treatment withdrawal may be feasible even
without prior liver biopsy, especially in those with
aminotransferases <0.5 x ULN and prothrombin ratio
>70% (Evidence 3, Weak recommendation)

e DPatients who have received adequate induction and
maintenance treatment (>4 years) without achieving CBR
or with ongoing necroinflammatory activity (mHAI>3)
and/or severe fibrosis/cirrhosis on second liver biopsy or
by LSM (FibroScan) should continue immunosuppression
indefinitely (Evidence 1, Strong recommendation)

e When treatment withdrawal has been decided upon,
tapering of corticosteroids may last from 6-8 weeks to
3-4 months, whereas AZA and MMF cessation can be
done either instantly or gradually (Evidence 3, Weak
recommendation)

¢ Lifelong close monitoring following treatment withdrawal
is recommended for all patients, as relapse can occur at
any time after treatment cessation (Evidence 1, Strong
recommendation)

e Subsequent attempts at drug withdrawal after a relapse
episode following first withdrawal are not recommended
(Evidence 2, Strong recommendation)

Relapse and flare of AIH

Relapse can occur in patients after complete discontinuation
of treatment, while flares represent an increase of liver
biochemical indices during tapering of induction therapy or
during maintenance therapy. Even though a strict definition
of relapse in AIH is lacking, it should be considered when
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Non-cirrhotic AIH on immunosuppression
with CBR 2 the last 2 years

No

Discuss for liver biopsy to
evaluate remission
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suggestive of severe Non-invasive assessment of
fibrosis/cirrhosis or severe fibrosis and/or cirrhosis

mHAI >3 or
severe fibrosis
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Continue
treatment
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Figure 6 Proposed algorithm for treatment withdrawal in AIH patients

AIH, autoimmune hepatitis; CBR, complete biochemical response; LSM, liver stiffness measurement; mHAIL modified hepatic activity index

clinical and/or laboratory indices reappear (ALT >2-3 x
ULN and/or elevation of IgG which usually precedes ALT
increase) [1,10,11,148]. A new biopsy is not usually needed to
confirm relapse or flare.

Relapses and flares are successfully treated quite easily with
the initial treatment regimens used in the induction therapy
schedule, by increasing the corticosteroid dose slightly and
transiently. The net result is the re-achievement of CBR in most
patients [149,150]. As in relapse cases, other causes of increased
aminotransferases and problems with treatment adherence
should be carefully excluded to avoid a misconception of flare
episodes [42,161].

its toxicity occurs most frequently during the first 6 weeks of
treatment [1,10,11,162]. In the MMF-treated group, initial
investigation of the same parameters can be determined only
at 4 weeks to assess non-response [7].

Subsequently, clinical and laboratory monitoring (including
IgG determination) should be performed at 2-3-month intervals
to assess CBR [7]. If CBR has been achieved, monitoring
intervals can be performed every 3-6 months. As in other
autoimmune diseases under treatment with corticosteroids,
dietary restrictions (low salt diet, avoidance of carbohydrates,
etc.) and administration of calcium and vitamin D supplements
seems reasonable.

Recommendations 55-56

Re-biopsy is not recommended to confirm relapse or flare if
other causes of high aminotransferases have been carefully
excluded (Evidence 2, Strong recommendation)
Treatment of relapses or flares should be identical to the
starting schedule, and results in re-achievement of CBR in
almost all patients (Evidence 1, Strong recommendation)

Monitoring during treatment

Considerable attention is warranted in patients with MetS,
as extended corticosteroid treatment may exaggerate several of
its components. An individualized approach to corticosteroid
regimen, modification of treatment for MetS components,
and lifestyle adaptations (weight loss, physical exercise) are
recommended [10,11,63-65,71].

Patients under AZA should be monitored regularly (on a
weekly basis) during the first month with aminotransferases,
prothrombin time, fasting glucose and full blood count, as
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Recommendations 57-59

In patients with concurrent MASLD or components of the
MetS, an individualized approach to corticosteroid regimen,
modification of treatment for diabetes mellitus, hypertension
and dyslipidemia, as well as lifestyle adaptations are
recommended (Evidence 2, Strong recommendation)
Regular clinical and laboratory evaluation should be
performed at least at 1, 3, 6 and 12 months after treatment
initiation to assess drug toxicity and response to treatment
(Evidence 2, Strong recommendation)

Vitamin D supplementation and adequate calcium intake
shouldbe considered in patients underlong-term corticosteroid
treatment (Evidence 3, Strong recommendation)

Intolerance to and side-effects of first-line therapies

A fair number of patients develop intolerance to predniso(lo)
ne and/or AZA or MME. Administration of corticosteroids has



been associated with several side-effects, especially in those
receiving predniso(lo)ne therapy >15 mg/day for >2 years.
In general, corticosteroid cessation due to side-effects is
reported in 15% of cases [1,10,11,42]. Physicians should aim
at administering high dose of corticosteroids for short periods
and adjust MMF or AZA sufficiently promptly to spare steroids.
A switch to budesonide in predniso(lo)ne responders who
nevertheless develop side-effects, even though MMF or AZA
have been increased to the highest dose, is not recommended,
as recent data showed that adverse events in non-cirrhotic
patients were similar in predniso(lo)ne and budesonide treated
patients [140].

Side-effects related to AZA administration can occur
in up to 25% of patients; they include arthralgias, fever,
gastrointestinal problems, pancreatitis, hepatotoxicity, skin
rash, bone marrow suppression, opportunistic infections and
malignancy [1,10,11,41,42,146,147,162]. Recently, a large
retrospective study reported a 15% discontinuation rate of AZA
inthefirstyear [162]. Furthermore, the first prospective data from
the European Reference Network (ERN)-Rare-Liver registry
showed that the rate of AZA intolerance within the first 6 months
was much higher (37%) [135]. In this regard, TPMT activity or
genotyping, along with determination of AZA metabolites, could
help in guiding AZA treatment [1,10,11,148,163,164]. However,
these procedures are time consuming, not widely available, and
are not covered by most health insurance services.

MMF has been proven safer and  more
tolerable [38,42,142-147]. In most cases, MMF is not
discontinued because of intolerance, but for other reasons,
such as patient’s wish for pregnancy or a shortage of drug
supplies [42,146]. In addition, recent systematic reviews with
meta-analyses [165-167] showed that MMF is an excellent
option for second-line treatment in patients intolerant to
AZA, or with related side-effects, with response rates ranging
from 62-82%. Therefore, apart from first-line treatment, MMF
should be considered as the appropriate second-line therapy in
AZA intolerant patients [11,165-168].

6-methyl mercaptopurine (6-MP), the first active metabolite
of AZA, might be a potential alternative treatment in AIH
patients experiencing intolerance, as 50-75% of this group will
eventually tolerate 6-MP [148]. Initial recommended doses
range from 0.5-1 mg/kg/day, and are subsequently titrated
according to 6-TGN levels. However, this choice is not widely
acceptable by many authorities [11], as data on 6-MP come from
small retrospective studies with low rates of CBR (approximately
36%) compared to MME, whereas its use stipulates monitoring
of 6- TGN, which is not widely available [11,168,169].

Tacrolimus (TAC), a calcineurin inhibitor, has also been
investigated as second-line treatment in the setting of AZA
intolerance. One large multicenter study reported normalization
of aminotransferases in 94.1% of AZA intolerant patients,
with the respective rate of MMF administration being
92% [170]. Based on these results, AASLD recommended both
MMF- and TAC-based therapies as appropriate second-line
treatments [11]. However, HASL, EASL, the TAIHG and the
ERN on Hepatological Diseases [1,10,148] do not endorse TAC
as a potential second-line option, since the abovementioned
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study [170] was retrospective, included a very heterogeneous
group of patients who were treated with different treatment
schedules, and had irregular follow-up data. Recently, many
other similar studies with more systematic data showed that, even
though TAC is a very potent drug, it requires close monitoring
because of a quite small therapeutic window, while toxicity
remains a major issue [171-173]. A recent study confirmed the
limited effectiveness and the risks of this therapy in intolerant
patients [174]. Therefore, for the time being, it seems reasonable
for MMF to be given first to all patients who are intolerant to
thiopurines, and TAC should be kept as third-line treatment for
cases with ongoing insufficient response (Fig. 7) [168].

Statements 34-35

e Determination of TPMT activity and AZA metabolites
can help in guiding AZA treatment, but they are time-
consuming and not widely available (Evidence 3, Weak
statement)

e The discontinuation rate of AZA because of intolerance in
the first year of treatment is high (15-37%) (Evidence 2,
Strong statement)

Recommendations 60-63

e MMF should be the second-line treatment of choice
in patients with intolerance or side-effects related to
thiopurines (Evidence 2, Strong recommendation)

e 6-MP can be an alternative option in AZA-related intolerant
patients (Evidence 4, Weak recommendation)

e Switching to budesonide in predniso(lo)ne responders
because of steroid side-effects is not usually recommended,
as adverse events are similar in both groups and the
efficacy of budesonide is inferior (Evidence 3, Strong
recommendation)

e TAC should not be used as second-line treatment for AZA
intolerant patients (Evidence 2, Strong recommendation)

Insufficient response to first-line therapies

In AIH patients who show an insufficient response under
combination treatment with predniso(lo)ne and AZA,
6-TGN levels should be determined first [148,163]. Patients
with 6-TGN levels less than 220 pmol/8 x 10° red blood cells
should be assessed for non-adherence. After non-adherence
is ruled out, optimization of 6-TGN levels, either by
increasing the dose of AZA up to 2 mg/kg/day or by adding
allopurinol, which blocks the 6-methylmercaptopurine
pathway, and reducing the dose of AZA to about 25% of the
previous dose, should be tried [148,175]. In patients with
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mHAIZ4

1¢t line induction treatment
PRED 0.5-1 mg/kg/day in combination with
MMF 1.5-2 g/day or AZA 1-2 mg/kg/day*

No response/or
intolerance

Response

* After 2 weeks and if Bil < 6mg/dL. Genotyping
of TPMT is recommended if possible

No response is defined as less than 50%
decrease of transaminases at 4 weeks

« Assess adherence

« Exclude other diagnosis

« In case of AZA intolerance
[toxicity change to MMF

Assess for CBR at 6-12 months
after treatment initiation

CBR is defined as normalization of
transaminases and IgG at 6-12 months

Insufficient response |

| CBR

Assess 6-TGN levels

| Continue treatment |

CBR

|___ 3 line treatment (TAC, TNFa-blockade,
Belimumab, Rituximab)

Figure 7 Proposed treatment algorithm for patients with ATH

Insufficient response

AIH, autoimmune hepatitis; mHAI, modified hepatic activity index; PRED, predniso(lo)ne; MME, mycophenolate mofetil; AZA, azathioprine; Bil,
bilirubin; TPMT, thiopurine methyltransferase; CBR, complete biochemical response; IgG, immunoglobulin G; 6-TGN, 6-thioguanine; TAC, tacrolimus;

TNFa, tumor necrosis factor alpha

insufficient response and 6-TGN levels above 220 pmol/8 x
10% red blood cells, it is prudent to first exclude an alternative
or concurrent diagnosis [1,10,11,148]. Viral infections by
Epstein-Barr virus and cytomegalovirus, MASLD and/
or MASH because of corticosteroid use, and DILI because
of supplements and/or herbals, should be appropriately
excluded before an index patient is defined as an insufficient
responder [42,148].

The suggested cutoft for 6-TGN levels has been chosen from
previous experience in transplantation and IBD, as well as from
2 retrospective studies in ATH patients [176,177], even though
another recent retrospective study from the UK showed that
lower cutoff levels could also be of clinical significance [163].
Repeated relapses during maintenance therapy should also be
considered as insufficient response. MMF can be used after
unsuccessful intensification of AZA related first-line therapies,
as recent systematic reviews and real-world studies have shown
response rates ranging from 32-57% in insufficient responders,
resulting in a considerable reduction in the number of patients
who are candidates for third-line therapies [145,146,165-167].
In addition, in case of insufficient response to MMF first-line
therapy, switching to thiopurine-related therapies should be
attempted before third-line therapies are initiated [145,146].

There are no robust data on the use of TAC as a potential
second-line treatment in insufficient responders. An ongoing
phase IIIB, multicenter, open-label, parallel-group, randomized
controlled trial (TAILOR study) will probably address this
issue, as it will investigate the effectiveness and safety of TAC
versus MMF in these patients [178].

Patients experiencing an insufficient response to first-and/or
second-line regiments are expected to exhibit lower response rates
to third-line therapies, compared to those with drug intolerance,
and often need double and/or triple immunosuppression to
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achieve CBR [148]. Several agents have been used, though existing
data to date rely only on uncontrolled small case series, where
individual agents were used according to local expertise: TAC,
cyclosporin, methotrexate, cyclophosphamide, mTOR inhibitors
and biologic regimens, including tumor necrosis factor-o. (TNF-o)
blockade agents, anti-CD20 (rituximab), B cell activating factor
(BAFF) inhibitors (belimumab and ianalumab) or ustekinumab
(Fig. 7) [168,170,174,176,179-186]. The use of these drugs
required the exclusion of latent infections that could emerge in the
context of profound immunosuppression [187,188]. Therefore,
they should only be given in reference centers. Additionally,
among TNF-o blockade agents, infliximab should be considered
with caution, as it may result in unforeseen complications with
opposite outcomes, such as induction of an immune-mediated
liver disease resembling ATH, or even true ATH [17,168,186].

Recommendations 64-68

e In patients with insufficient response to AZA-based
therapies, measurement of 6-TGN levels is recommended
first in order to assess whether biochemical activity is due
to underdosing of AZA or non-adherence (Evidence 2,
Strong recommendation)

o After non-adherence is ruled out, intensification of
treatment, either by increasing the dose of AZA up to
2 mg/kg/day or by adding allopurinol (contraindicated
in pregnancy), is recommended (Evidence 3, Strong
recommendation)

e MMTF should be used before starting third-line therapies
after unsuccessful intensification of AZA-related first-line
therapies (Evidence 2, Strong recommendation)

e In patients with insufficient response after adequate



first- and second-line treatments, third-line therapies with
cyclosporin or TAC, methotrexate, cyclophosphamide,
mTOR inhibitors, rituximab, TNF-a blockade agents, BAFF
inhibitors or ustekinumab may be initiated in expertise
centers (Evidence 4, Weak recommendation)

e Patients undergoing these therapies should be assessed
for the risk of opportunistic infections and receive
appropriate prophylaxis or vaccination (Evidence 3, Strong
recommendation)

Adherence to treatment

Adherence to treatment is a prerequisite for a successful
outcome in AIH [1,10,11,42]. Non-adherence to treatment
should always be considered in cases who fail to meet the
criteria of treatment response, and even more in those
presenting with flares and relapses [159,189,190].

As stated previously, depending on availability,
measurement of 6-TGN may be a useful tool to evaluate non-
adherence to AZA-based first-line treatment. Accumulating
data suggest that AIH patients, and especially children and
adolescents, have an impaired quality of life, mainly related
to increased anxiety and depression, and further stress their
impact on treatment non-adherence [30-32,189,191]. As
several factors related to patients, physicians and the disease
per se have been recognized to influence quality of life in ATH,
it is evident that physicians face great challenges in treating
these patients, and they should rely on a multidisciplinary
approach [159,189,191].

Pre-treatment guidance and discussion of treatment
risks and benefits is essential, and might actively engage
patients and ensure treatment compliance. Specialty units
with integrated psychologists, psychiatrists, social and
youth workers, committed specialist nurses, as well as
dedicated transition clinics, will aid in bridging the gap
between pediatric and adult care and improve patients’
outcomes [192].

Recommendations 69-71

e Adherence to treatment is a prerequisite for a
favorable outcome in all patients (Evidence 2, Strong
recommendation)

e Transition from childhood to adulthood should be handled
by a dedicated multidisciplinary team (Evidence 3, Strong
recommendation)

e A multidisciplinary approach should be offered to
patients with anxiety or depression to ensure compliance
and prevent physicians from erroneously characterizing
patients as non-responders (Evidence 4, Strong
recommendation)
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Management of specific forms of AIH
Adults and children with AS-AIH

The treatment of patients with AS-AIH or AS-AIH with
ALF, including AIH cases with acute-on-chronic liver failure
(ACLF), has been a matter of contention during the last
decades. Untreated AS-AIH patients have a dismal prognosis,
with progression to ALF in 50-60% of patients, death rates up to
20%, and a need for liver transplantation in 20% [1,11,193-195].
Existing data originate mostly from real-life studies, while early
studies relied on small numbers of patients without a uniform
definition of AS-AIH [35,37,193,196-200]. Overall treatment
response ranged between 36-100%. Extrapolating data from
these studies has yielded evidence to suggest that stratifying
patients with AS-AIH according to individual characteristics
is essential, as they carry different prognoses and should be
managed accordingly. Patients who have AS-AIH with ALF
or ACLF carry the worst prognosis, with response rates to
corticosteroid treatment of 8-41%, and should be referred for
liver transplantation as soon as possible [35,37,196-200].

Recent studies have assisted in delineating the role and
timing of corticosteroids as modifiable factors of outcome
in AS-AIH, even though the optimal dose and route of
administration remain to be determined [35,37,196,199,200].
Early administration of corticosteroids in patients with genuine
AS-ATH (icteric with INR 21.5 but without encephalopathy
and chronic lesions on histology) seems to be highly effective,
with significantly increased 90-day transplant-free survival.
The success of treatment relies closely on the correct selection
of patients, and accumulating data strongly justify a trial of
oral or preferentially intravenous corticosteroids early during
disease presentation [35,37,42,43,196,199,200]. In a Greek
cohort of AS-AIH patients, such an approach resulted in 95.2%
long-term survival without liver transplantation (median
follow up: 5.3 years) [35].

Studies evaluating treatment of AS-AIH, with or without
ALF/ACLE, in childhood and adolescence are scarce and do
not allow firm conclusions [83]. Only 2 small studies in 9
and 13 children with ALF due to AIH reported recovery with
corticosteroids in 44.4% and 76.9%, respectively [201,202].

To sum up, even though established guidelines do not
exist, available data, although of low quality, suggest that all
AIH patients with AS-AIH without encephalopathy should
be considered for a trial of corticosteroid administration
with sufficiently high doses (=1 mg/kg/day), and probably
best intravenously, as soon as possible (the sooner the
better) [1,10,35,42,199,203]. Subsequently, evaluation of liver
function—INR, bilirubin, and model for end-stage liver disease
(MELD) score—both at treatment initiation and early during
follow up (treatment day 3-7) is imperative to recognize those
with a low probability of response who might benefit from early
referral for liver transplantation [37,42,196,203]. This approach
will also minimize possible infectious complications from
longstanding immunosuppression. There is no evidence to
support the prophylactic use of antibiotics and/or antifungals in
this setting. Rather, as the role of corticosteroids in patients with
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AS-ATH and ACLF or ALF is very limited, this group of patients
should be immediately listed for liver transplantation [194,195].

Statement 36

e Data on the role of corticosteroids in patients with AS-ATH
with ALF or ACLF are very limited (Evidence 4, Strong
statement)

Recommendations 72-74

e Patients with AS-AIH should receive a treatment trial
with corticosteroids (preferably intravenously) as early
as possible, whereas patients with AS-AIH and ALF or
ACLF should be evaluated directly for liver transplantation
(Evidence 3, Strong recommendation)

e If corticosteroids are given to patients with AS-AIH and
ALF or ACLE strict surveillance for the development
of infections and close monitoring of the efficacy of
corticosteroids should be performed (Evidence 2, Strong
recommendation)

e Patients with AS-AIH without ALF or ACLF who do
not improve within 3-7 days of corticosteroid initiation
should be immediately evaluated for liver transplantation
(Evidence 3, Strong recommendation)

AlH in pregnant women

The management of AIH in a pregnant woman
with already established AIH, or new-onset AIH, is
identical to the non-pregnant state, apart from the use of
MMEF [1,10,11,49]. Immunosuppression (corticosteroids with
or without thiopurines) is safe, and should be continued during
pregnancy and breastfeeding to prevent exacerbation of the
disease [49,50,53]. Data on budesonide use in non-cirrhotic
pregnant women with AIH are extremely limited [204].
Counseling for the achievement of CBR at least 1 year prior
to conception is an important issue, as it is associated with
favorable outcomes for both mothers and babies [49,205,206].

A minimal adjustment of immunosuppressive therapy (e.g.,
5-10 mg/day predniso(lo)ne +50-75 mg/day AZA) in pregnant
women with previously established AIH in CBR appears possible,
as the disease usually has lower activity throughout pregnancy
[1,10,11,49,205,206]. However, higher doses after delivery to
minimize the risk of relapse in the postpartum period should be
considered. In cases with AIH-PBC or ATH-PSC variants, UDCA
can be continued along with immunosuppression throughout
pregnancy to theoretically mitigate pruritus and improve
cholestatic markers, even though a recent large retrospective
study on PSC pregnant patients including 46 with ATH-PSC
variant did not show a protective effect of UDCA [49,207].
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Statement 37

e Women of childbearing age with previously known AIH,
and particularly those with CBR for at least 1 year before
conception, should not be excluded from pregnancy and
breastfeeding (Evidence 2, Strong statement)

Recommendations 75-77

e Pregnant women with either previously known or new-
onset AIH should be managed as in the non-pregnant state,
except for MMF use, which is contraindicated (Evidence 2,
Strong statement)

e Treatment with predniso(lo)ne, with or without
thiopurines, should be continued in preexisting AIH, and
should be administered in new-onset AIH (Evidence 2,
Strong recommendation)

e Lowering of immunosuppressive therapy should be
considered during pregnancy, followed by an increase after
delivery (Evidence 3, Strong recommendation)

Patients with DI-ALH

Evidence-based data on the management of DI-ALH are
limited [1,10,11,62,67,208,209]. Initially, in any suspected case
of DI-ALH the implicated agent should be stopped immediately
(Fig.3). Thesubsequentdecision onashortcourse of corticosteroids
should be individualized in patients with symptoms, and
particularly when liver biochemistry does not improve or even
worsens after withdrawal of the suspected agent [42,62,67,210].
However, the exact period of waiting for improvement is largely
unknown, even though an international collaborative study
showed that corticosteroids should be initiated, at least in those
who have accelerating disease, within 30 days of stopping the
offending drug [211]. When corticosteroids are being considered,
a liver biopsy is very useful for confirmation of AIH-like lesions
and exclusion of other diagnoses (Fig. 3) [42,62,67,208,209].

The rapidity of response is significantly faster in DI-ALH
patients compared to those with ATH [212,213], but data on the
corticosteroid dose that should be used are very limited, with
a recent study suggesting prednisolone at 30-40 mg/day for
jaundiced patients [62,67,210,214]. The outcome of DI-ALH after
the achievement of CBR and a fast tapering of corticosteroids is
generally good, with practically very low risk of relapse (Fig. 3).

Recommendations 78-80

e In patients with DI-ALH, the implicated agent should be
stopped immediately (Evidence 1, Strong statement)

e A short course of corticosteroids (2-3 months) should
be considered in all patients with no improvement or



worsening of liver tests after withdrawal of the suspected
agent, but data on their dosage are limited (Evidence 2,
Strong recommendation)

e Liver biopsy should be considered to confirm AIH-like
lesions and exclude other diagnoses (Evidence 2, Strong
recommendation)
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schedules should be considered carefully, irrespectively of
age (Evidence 3, Strong recommendation)

e In elderly asymptomatic patients with mild
necroinflammatory activity and concurrent comorbidities
a watch-and-wait strategy is recommended (Evidence 4,
Strong recommendation)

Patients with HIV and AIH

AIH has been reported in patients with HIV [215,216].
Although this association was thought to be initially very rare, a
recent cross-sectional study from the USA showed a prevalence
of 52.8/100,000 HIV infected patients [217]. The underlying
pathogenesis is quite enigmatic, but the development of an
immune reconstitution-related ATH after antiretroviral therapy
should be considered [218]. Treatment of AIH in this setting
should be individualized, although significant complications
(e.g., opportunistic infections) are rare (Table 2).

Elderly patients with AIH

Treatment schedules in elderly patients with AIH are
similar to those used in other adults. Elderly patients are
characterized by a more frequent response to treatment and
a higher prevalence of concomitant autoimmune diseases
compared to younger patients, but the liver-related mortality is
identical (Table 2) [14,21,28].

In elderly patients with no symptoms and mild disease
on liver biopsy, the initiation of treatment could be withheld
if other established comorbidities with considerable severity
are present (e.g., uncontrolled diabetes, severe osteoporosis,
current or past history of psychosis and refractory arterial
hypertension). In elderly patients with mild disease, but
without severe comorbidities, initiation of treatment with low
predniso(lo)ne dose (e.g., <0.5 mg/kg/day), followed by a rapid
steroid de-escalation in combination with MMF or AZA could
be considered [14,72,127,128].

Immunosuppressive therapy is recommended in all elderly
patients with ATH who have at least moderate activity, but the
dose and tapering schedules should be considered carefully
according to concurrent comorbidities.

Recommendations 81-84

e In patients with HIV and concurrent AIH,
immunosuppression should be administered on an
individualized basis (Evidence 4, Strong recommendation)

o Inelderly patients with at least moderate necroinflammatory
activity immunosuppressive therapy is recommended
(Evidence 3, Strong recommendation)

e In the case of comorbidities, the dose and tapering

Variants of AIH

There are no randomized controlled trials assessing
the best treatment options for patients with AIH
variants [1,10,11,73,74,79,80]. These cases can be treated
according to the predominant pattern of histological injury.
As a result, the addition of immunosuppression to UDCA in
patients with well-established PBC, if there is at least moderate
necroinflammatory activity on liver histopathology, is
recommended [73,219]. Patients with PBC-AIH variant seem
to need lower doses of immunosuppression and maintain CBR
after stopping treatment at higher rates compared to patients
with AIH. A recent systematic review and meta-analysis
revealed similar favorable results of combination therapy, with
higher transplant-free survival, when studies with long-term
follow up (>90 months) were included [220]. It is not certain
whether patients with ATH who develop features of PBC will
benefit from the addition of UDCA, but this management
appears reasonable, as combination therapy may theoretically
protect them from the long-term complications of PBC.

Similarly, the treatment of patients with AIH-PSC variant
is largely empiric [1,10,11,79,80,84]. In clinical practice,
immunosuppressive treatment with or without UDCA may
be considered in these patients if biochemical, serological, and
histological activity are present [74,79,80,84]. Response criteria
have recently been suggested for the pediatric population [83].
In this context, a simplified score >5 and an mHAI >3 could
prompt physicians to initiate immunosuppression in patients
with PSC [74,80,221]. Small retrospective studies showed that
AZA administration may increase survival without increasing
the risk of cholangiocarcinoma in PSC patients [84,222].

Recommendations 85-87

e UDCA plus immunosuppression is recommended in
patients with PBC-AIH variant and mHAI>3 (Evidence 2,
Strong recommendation)

e If ATH is the predominant component, immunosuppression
can be started first, and UDCA could be added if CBR is not
achieved (Evidence 4, Weak recommendation)

e In patients with AIH-PSC (or PSC-AIH) variant,
immunosuppression with or without UDCA can be
considered under close follow up (Evidence 3, Weak
recommendation)
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Patients with AIH and liver-related comorbidities

ATH can coexist with other hepatic diseases, such as
rarely with chronic HBV or HCV infection (depending on
their prevalence in an index area), alcohol-associated liver
disease, and more frequently with MASLD and/or MASH
(Table 2) [44,45,63-65,223-226]. In these cases, the concurrent
diagnosis of AIH is very difficult and may be missed, resulting
in a poorer prognosis [44,45]. HBV patients with concurrent
features of AIH at baseline should be treated first for HBV,
and AIH management should be reassessed after a successful
suppression of the virus. Immunosuppression for AIH should
be started, along with antiviral prophylaxis, according to
the EASL and the Hellenic Center for Disease Control and
Prevention (HCDCP) CPGs in those with hepatitis B surface
antigen positivity, but without detectable HBV DNA, or
without indications for HBV therapy [227,228]. Likewise, in
patients with concurrent HCV, direct acting antivirals should
be used first, and immunosuppressive therapy can be initiated
after the eradication of HCV if biochemical activity and mHAI
are still high (mHAI >3).

The management of AIH patients with concurrent alcohol-
associated liver disease or MASLD is also difficult, as the
coexistence of MASLD or even components of the MetS, or
alcohol-associated liver disease, affect the prognosis. Therefore,
a closer and stricter surveillance and follow up seems
reasonable [45,63-65]. In this setting, concurrent diseases
should be managed intensively in parallel with AIH, according
to the respective CPGs [63-65,71,226,229]. A proposed
algorithm for the management of ATH with concurrent alcohol-
associated liver disease or MASLD is illustrated in Fig. 8A,B.

Recommendations 88-91

e In patients with AIH and coexistence of chronic HBV
or HCV, antiviral treatment should start first, and AIH
management should be reassessed after HBV suppression
or HCV eradication, respectively (Evidence 4, Strong
recommendation)

e Patients with chronic HBV infection but without typical
indications for HBV treatment should be assessed
for the need of HBV prophylaxis, depending on the
immunosuppressive therapy for AIH (Evidence 4, Strong
recommendation)

e In patients with AIH who are infected with HBV or HCV
during follow up, antiviral treatment is recommended
without stopping immunosuppressive therapy (Evidence 4,
Strong recommendation)

e In patients with ATH and coexistence of alcohol-associated
liver disease, MASLD or MASH, a closer and stricter follow
up is recommended, managing both concurrent diseases
and aiming at the lowest effective dose of corticosteroid
(Evidence 3, Strong recommendation)
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Patients with AlH and decompensated cirrhosis

Management of patients with decompensated cirrhosis
at AIH diagnosis can be challenging, because of the risk of
treatment-related complications and the lack of data. Very
few small and heterogeneous studies have addressed the safety
and efficacy of immunosuppressive treatment in patients with
ATH who present with decompensated cirrhosis [230,231].
Recently, a large retrospective multicenter study from the
IATHG in 214 patients showed that the absence of overt
hepatic encephalopathy and MELD-Na <28 at diagnosis were
benign signs, while a decline of MELD-Na >11 after 4-weeks
of immunosuppression had 100% negative predictive value for
death or liver transplantation. Almost half of the patients who
received immunosuppression recompensated, suggesting that
treatment is beneficial in carefully selected patients with ATH-
related decompensated cirrhosis and active disease [232].

Recommendation 92

e Immunosuppression should be considered in carefully
selected AIH patients with decompensated cirrhosis at
diagnosis (absence of overt hepatic encephalopathy, and
MELD-Na <28) (Evidence 3, Strong recommendation)

Management of AlH after liver transplantation

In the setting of liver transplantation, 2 entities related to
ATH have been considered: namely, plasma cell rich-rejection
hepatitis (known also as de-novo AIH) in patients who have
been transplanted for other than AIH causes (about 5%),
and recurrence of ATH (20-25% of patients) [233,234]. Both
conditions are usually managed with the standard predniso(lo)
ne schedules combined with MMF or AZA [1,10,11,46,234].
Early recognition of plasma cell rich-rejection hepatitis is
important, as it can avoid re-transplantation and improve the
patients’ long-term survival [1,10,11,46,233,234].

Recommendation 93

o AIH after liver transplantation, either as plasma cell rich-
rejection hepatitis in patients transplanted for another
reason, or recurrent AIH, should be treated according to
the basic principles of AIH management (Evidence 2,
Strong recommendation)

Concluding remarks

AIH diagnosis is based on a combination of laboratory
(increase of IgG), serological (autoantibodies), and
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Suspected ALD based on history, clinical and
laboratory characteristics (e.g. moderate/severe
alcohol consumption, high y-GT, AST/ALT ratio>1)

Suspected AlIH based on clinical and laboratory characte-
ristics (e.g. F>M, extrahepatic autoimmune diseases,
fatigue, arthralgias, IgG>ULN, positive autoantibodies)

l

|

Probable coexistence of AIH with ALD based on compatible clinical (e.g. M>F sex, history of
alcohol consumption, arthralgias, fatigue, other extrahepatic autoimmune diseases) and
laboratory characteristics (e.g. ALT and/or AST>300 U/L, AST/ALT ratio>l, high y-GT, IgG>ULN)

]

| Positive autoimmune serology |

l—| Proceed to liver biopsy |—l
'

Supportive Supportive of AIH Supportive

of AlH only concurrent with ALD of ALD only

Treatn_went Treatment according to .
according to AlH and ALD CPGs Treatment according to ALD
AlIH CPGs Integrate treatment CPGs. Integrate treatment
according to CPGs for AUD according to CPGs for AUD

Suspected MASLD with clinical and/or laboratory
features of AIH (e.g. fatigue, arthralgias without
arthritis, Hashimoto's thyroiditis, high 1gG)

Suspected AlH (e.g. high IgG, absence of hepatitis viruses,
positive autoimmune serology, no history of drugs/
herbals or AUD, history of other autoimmune diseases)

l

Proceed to liver biopsy ‘1

Supportive of Supportive of AIH Supportive of
AlH only concurrent with MASLD MASLD only
Management | | Common or lower starting doses (< 0.5 mg/kg/day) Management
according to | |of predniso(lo)ne followed by rapid tapering according to

AlH CPGs according to response. Budesonide can be used MASLD CPGs

instead in non-cirrhotic difficult to control diabetics
if there is response

Addition of AZA or MMF early up to the highest safe
dose. Try to stop corticosteroids in < 6-8 months

Strict and close follow-up and strive to control all

components of the MetS

Figure 8 Proposed algorithm for the management of patients with suspected AIH and concurrent alcohol-associated liver disease (A, adapted from

ref. 45) or MASLD (B, adapted from ref. 63)

ALD, alcohol-associated liver disease; y-GT, gamma-glutamyl transpeptidase; AST, aspartate aminotransferase; ALT, alanine aminotransferase;
AIH, autoimmune hepatitis; F, female; M, male; IgG, immunoglobulin G; ULN, upper limit of normal; AUD, alcohol use disorder; CPGs, clinical practice
guidelines; MASLD, metabolic dysfunction-associated steatotic liver disease; AZA, azathioprine; MME, mycophenolate mofetil; MetS, metabolic syndrome

histological findings (portal and/or lobular hepatitis with or
without interface hepatitis), usually in the absence of other
liver diseases. As there is no specific diagnostic marker, the
disease islargely underestimated or unrecognized. The reliable
detectionand interpretation of autoantibodies and histological
findings are the cornerstones for a prompt diagnosis. Most
patients respond very efficiently to immunosuppression, with
almost normal life expectancy and a quite good quality of
life. However, many still experience considerable morbidity
because of delayed or missed diagnosis, drug intolerance and
side-effects, insufficient response, relapses or flares, and poor
adherence.

The establishment of the ERN on Hepatological
Diseases, consisting of major European expertise centers in

the diagnosis and management of AIH, will be a decisive
factor in improving the holistic management of patients.
In addition, research on the etiopathogenetic mechanisms
and diagnostics of AIH will improve our understanding
and timely diagnosis of this potentially catastrophic liver
disease. In this regard, pIgG and metabolomics, along
with the need for standardization of immunoassays for
autoantibody detection, have recently gained attention, as
all may soon improve the diagnostic workup of patients with
suspected AIH [102,105,235]. In particular, the results from
metabolomics suggest different metabolic processes in ATH
compared to other liver diseases, but it is currently unknown
whether certain of these metabolites could theoretically affect
the immune responses and the development of ATH [105].
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Moreover, the development of noninvasive imaging testing,
such as LSMs by FibroScan and multiparametric magnetic
resonance imaging, is expected to further assist our effective
follow up of patients without the need for repeated liver
biopsies [236-238].

Up to the present, most AIH patients need long-term
immunosuppression, but patients would prefer cure and
management of both hepatic and non-hepatic symptoms,
not only disease remission. A hopeful sign is that, during
recent years, several Phase II/III trials have been under
way to investigate the effectiveness of novel treatments
(NCT03217422, phase II/III randomized placebo-control trial
investigating ianalumab, a BAFF receptor blocker, in patients
with an insufficient response or intolerance to standard of
care; NCT04371718, phase II trial investigating JKB-122,
a TLR4 antagonist that has resulted in attenuation of liver
inflammation in animal models of ATH; NCT05569759, phase
ITa study investigating zetomipzomib, a selective inhibitor of
immunoproteasome, in patients with insufficient response
to first-line treatment). Considering the above data, it seems
that the future of AIH is rather promising, but more efforts
and new ideas in the field are still warranted. The recent data
on MMF efficacy could further enhance these encouraging
efforts by minimizing the percentage of patients with an
insufficient response. Furthermore, the identification of
immunophenotypic alterations in AIH patients taking MMF,
along with genotyping analysis on specific polymorphisms of
the involved genes of MMF metabolic pathways, could help
us elucidate the differences between AIH patients’ responses
and move towards an optimized and more personalized
management.
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Supplementary material

Supplementary Table 1 Diagnostic criteria for ATH-PBC variant
(adapted from [75])
PBC criteria*

ALP > 2xULN or y-GT > 5xULN
AMA = 1:40

Liver biopsy showing florid bile duct lesions
AIH criteria*

ALT > 5xULN

IgG > 2xXULN or a positive test for SMA

Liver biopsy showing moderate or severe periportal or periseptal
lymphocytic piecemeal necrosis

*At least 2 of the 3 criteria should be satisfied for each disease

PBC, primary biliary cholangitis; AIH, autoimmune hepatitis; ALP, alkaline
phosphatase; ULN, upper limit of normal; AMA, antimitochondrial
antibodies; ALT, alanine aminotransferase; IgG, immunoglobulin G;

SMA, smooth muscle antibodies

Supplementary Table 2 New diagnostic score for ATH-PBC variant
diagnosis (adapted from [76])

Component Result Score

Biochemical category

AST or ALT above ULN >2 +3
1.5-2 +2
1-1.5 +1
<1 0
ALP above ULN >1 +2
0.75-1 +1
<0.75 0
Serum globulin above ULN >1.5 +2
1-1.5 +1
<1 0
Immunologic category
ANA, SMA, or LKM1 >1:80 +3
1:80 +2
1:40 +1
<1:40 0
Or
anti-SLA/LP, pANCA Positive +2
AMA Positive +3
Histologic category
Interface hepatitis +3
Lymphoplasmacytic
Hepatic rosettes +1
Granulomas +3
Florid ductal lesion +1
Ductular proliferation +1
Bile duct loss +1
Others category
Viral markers Positive =3
Negative +3
Drugs Yes -4
No +1
Alcohol <25 g/day +2
>60 g/day -2
Interpretation of score Definitive 221
Probable 19 or 20
Rejected <19

AIH, autoimmune hepatitis; PBC, primary biliary cholangitis; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase;
ULN, upper limit of normal; ANA, antinuclear antibodies; SMA, smooth muscle
antibodies; anti-LKM], live kidney microsomal type 1 antibodies; anti-SLA/LP,
antibodies against soluble liver antigens/liver pancreas; pANCA, perinuclear anti-
neutrophil cytoplasmic antibodies; AMA, antimitochondrial antibodies



Supplementary Table 3 Simplified criteria for the diagnosis of
autoimmune hepatitis (adapted from [70])

Parameter Finding Points
ANA or SMA positive > 1:40 +1
ANA or SMA positive > 1:80 +2%
or anti-LKM positive > 1:40
or anti-SLA/LP Positive
positive
Liver histology Typical ATH** +2
(presence Compatible +1
of hepatitis is with ATH**
necessary) Atypical*™* 0
Serum IgG levels > ULN +1

> 1.1 x ULN +2
Absence of viral Yes +2
hepatitis*** No 0
Sum > 6: Probable ATH

> 7: Definite ATH

*Addition of points achieved for all autoantibodies (maximum, 2 points).

**Definition of typical lesions as in ref. 74; Compatible liver histology:
chronic hepatitis with lymphocytic infiltration without all the features
considered typical; Atypical: histological lesions supporting another
diagnosis.

***In chronic cases absence of hepatitis B and C viral markers; in acute cases
absence of serological markers of acute hepatitis A, B, C, D and E is needed.
ANA or SMA detection refers to the use of immunofluorescence assay on
rodent tissues, not ELISA

ANA, antinuclear antibodies; SMA, smooth muscle antibodies; anti-LKM],
live kidney microsomal type 1 antibodies; anti-SLA/LP, antibodies against
soluble liver antigens/liver pancreas; AIH, autoimmune hepatitis;

IgG, immunoglobulin G; ULN, upper limit of normal; ELISA, enzyme-linked
immunosorbent assay



Supplementary Table 4 Proposed scoring criteria for the diagnosis
of ATH and ATH-PSC variant in the pediatric population (adapted
from [83])

Characteristic Cutoff ATH ATH-PSC
points points

ANA and/or SMA* >1:20%* 1 1
>1:80 2 2

Anti-LKM1* or >1:10** 1 1
>1:80 2 1

Anti-LC1 Positive** 2 1

Anti-SLA/LP Positive** 2 2

PANNA Positive 1 2

IgG >ULN 1 1
>1.2 ULN 2 2

Liver histology Compatible 1 1
Typical 2 2

Absence of viral hepatitis Yes 2 2

(A, B,E, EBV), MASH,

Wilson, and drug exposure

Extrahepatic Yes 1 1

autoimmunity

Family history of Yes 1 1

autoimmune disease

Cholangiography Normal 2 -2
Abnormal -2 2

Score >7 = Probable AIH; >8: Definite AIH. Score >7: Probable AIH-PSC;
>8: Definite ATH-PSC.

*Antibodies measured by immunofluorescence assay on a composite rodent
substrate (kidney, liver, stomach).

**Addition of points achieved for ANA, SMA, anti-LKM-1, anti-LC-1, and
anti-SLA/LP autoantibodies cannot exceed a maximum of 2 points

AIH, autoimmune hepatitis; AIH-PSC, autoimmune hepatitis — primary
sclerosing cholangitis; ANA, antinuclear antibody; SMA, smooth muscle
antibodies; anti-LKM-1, anti-liver kidney microsomal antibody type I;
anti-LC-1, anti-liver cytosol type 1; anti-SLA/LP, anti-soluble liver antigen/
liver pancreas; pANNA, peripheral antinuclear neutrophil antibodies;

IgG, immunoglobulin G; ULN, upper limit of normal, EBV, Epstein-Barr
virus; MASH, metabolic-dysfunction associated steatohepatitis



