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Introduction
Autoimmune hepatitis (AIH) was the ﬁrst liver disease for which
an effective therapeutic intervention, corticosteroid treatment,
was convincingly demonstrated in controlled clinical trials.
However, 50 years later AIH still remains a major diagnostic
and therapeutic challenge. There are two major reasons for this
apparent contradiction: Firstly, AIH is a relatively rare disease.
Secondly, AIH is a very heterogeneous disease.
Like other rare diseases, clinical studies are hampered by the
limited number of patients that can be included in trials. Possibly
and more importantly, the interest of the pharmaceutical industry to develop effective speciﬁc therapies for rare diseases is limited due to the very restricted market for such products. The wide
heterogeneity of affected patients and clinical manifestations of
the disease limits both diagnostic and further therapeutic studies.
AIH’s age spectrum is extremely wide, it can affect small infants
and can manifest for the ﬁrst time in octogenarians. AIH can run a
very mild subclinical course or be very acute, rarely leading to
fulminant hepatic failure. AIH sometimes demonstrates quite
dramatic disease ﬂuctuations with periods of apparent spontaneous remissions, acute ﬂares and/or smouldering disease. AIH
can be associated with a number of other hepatic conditions, in
particular the cholestatic liver diseases; primary biliary cirrhosis
(PBC) or primary sclerosing cholangitis (PSC), but also with
drug-induced liver injury (DILI), alcoholic or non-alcoholic
steatohepatitis (NASH) or viral hepatitis. Each condition provides
special diagnostic and therapeutic challenges. Despite these challenges and complexities, diagnosis and treatment of AIH has seen
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striking progress, and now patients in specialised centres have an
excellent prognosis, both in respect to survival and to quality of
life.
The aim of the present Clinical Practice Guideline (CPG) is to
provide guidance to hepatologists and general physicians in the
diagnosis and treatment of AIH in order to improve care for
affected patients. In view of the limited data from large controlled studies and trials, many recommendations are based on
expert consensus. This is to some extent a limitation of this
EASL-CPG, but at the same time it is its special strength: consensus in this guideline is based on intensive discussions of experts
from large treatment centres. The core consensus group has
experience of over one thousand AIH patients managed personally, and the recommendations have been reviewed by both the
EASL Governing Board as well as external experts, who have a
similarly wide personal experience. Therefore, the guidelines
are a resource of information and recommendations based on
the largest experience available thus far. At the same time, we
formulate key scientiﬁc questions that result from the consensus
discussions on the limitations of our knowledge. All recommendations of this CPG were agreed upon unanimously (100%) consensus. Grading of the recommendations is based on the
GRADE system for evidence (Table 1) [1].

Epidemiology of AIH
AIH is an non-resolving chronic liver disease that affects mainly
women and is characterized by hypergammaglobulinaemia even
in the absence of cirrhosis, circulating autoantibodies, association
with human leukocyte antigens (HLA) DR3 or DR4, interface hepatitis on liver histology, and a favourable response to immunosuppression [2–5]. The disease, if untreated, often leads to
cirrhosis, liver failure and death.
AIH is considered relatively rare, as its prevalence ranges from
16 to 18 cases per 100,000 inhabitants in Europe [6–11]. Until
recently, the incidence and prevalence of AIH on a populationbased level was assessed in only two studies [6,9]. Interestingly
however, higher prevalence rates have been reported in areas
with quite stable populations. For instance, prevalence rates of
42.9 cases per 100,000 and 24.5 cases per 100,000 inhabitants
have been reported in Alaska natives [12] and New Zealand [9],
respectively. In addition, a large Danish nationwide populationbased study assessed the incidence and prevalence of AIH in
Denmark during a nearly 20 year time period ranging from
1994 to 2012 including 1721 AIH patients [13]. The most striking
observation in that study was the marked increase in AIH incidence over time, which could not be attributed to a relative
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Table 1. Grading of recommendations.

I
II-1
II-2
II-3
III

Randomised controlled trials
Controlled trials without randomisation
Cohort or case-control analytic studies
Multiple time series, dramatic uncontrolled experiments
Opinions of respected authorities, descriptive
epidemiology

Adapted from: [1].

change in case ascertainment rates. Actually, the incidence rate of
AIH in Denmark has nearly doubled between 1994 to 2012,
reaching a point prevalence in 2012 of 24/100,000 (35/100,000
for females) [13].
AIH prevalence and clinical expression seem to vary according
to ethnicity. Alaskan natives appear to have a high frequency of
acute icteric disease at the disease onset [12], and the disease
is more common and more severe in North American
Aboriginal/First Nations populations compared with predominantly Caucasian, non-First Nations populations [14]. AfricanAmerican patients more commonly have cirrhosis, a higher frequency of treatment failure and higher mortality than white
American patients [15,16]. Mexican Mestizos commonly show
cirrhosis at initial evaluation [17] and patients of Hispanic origin
are characterized by an aggressive presentation both biochemically and histologically with a very high prevalence of cirrhosis
and cholestatic features [18,19], whereas patients of Asian or
other non-European Caucasoid background have very poor outcomes [18,20]. Although most of the above mentioned studies
are retrospective and have been performed in tertiary centres,
these observations have led to the assumption that AIH has
diverse clinical phenotypes and outcomes in different ethnic
groups within a country and between countries. These differences may reﬂect genetic predispositions, indigenous etiological
agents, and/or pharmacogenomic mechanisms, but they might
also be primarily due to complex socioeconomic reasons such
as variations in the delivery of health care, delayed diagnosis as
well as competing risk factors [21].

1.

Prevalence of AIH ranges from 15 to 25 cases per
100,000 inhabitants in Europe and is increasing in both
women and men (II-2)
AIH can affect all populations and all age groups (II-2)

Clinical spectrum
Clinical features of AIH
In the early 1950s, a novel type of chronic hepatitis with several
particular features, such as a predilection for young women, a
progressive and usually fatal outcome accompanied by arthralgia,
endocrine dysfunction, cutaneous striae and acne, and very high
levels of immunoglobulins in the serum that correlated with an
excess of plasma cells in the liver, was reported ﬁrstly by the
Swedish physician Jan Waldenström [22] and later by Kunkel
et al. [23]. In 1955, the lupus erythematosus cell phenomenon
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was demonstrated in these patients and therefore, the term
‘‘lupoid hepatitis’’ was introduced by the group of Ian Mackay
in 1956 [24], but ten years later this term was replaced by
‘Autoimmune hepatitis’ [25], which after a variety of different
terms was accepted in the 1990s by the International AIH
Group (IAIHG) as the ﬁnal one [26].
It is now well established that AIH is a clinically distinct syndrome characterized by a large heterogeneity of clinical, laboratory and histological manifestations (Table 2). Therefore, AIH
should be considered in any patient with acute or chronic liver
disease, particularly if hypergammaglobulinemia is present, and
if the patient has features of other autoimmune diseases
(Table 3) [2–4,26–28]. The disease can also affect males (ca.
25–30% of all AIH patients) and may present at any age and in
all ethnic groups [8–13,29–33]. In most studies, a bimodal age
pattern at presentation has been reported with one peak during
childhood/teenage years and another in middle age between
the 4th and 6th decade of life [8,11,13,33,34]. Recent studies have
shown that an increasing number of patients are diagnosed also
at older ages (above 65 years) [30–32,35]. Recently it has been
shown that appropriate attention should also be paid to the
health related quality of life (HRQoL) parameters, since a high
rate of previously unrecognised mental impairment with depression and anxiety symptoms are present in patients with AIH [36].
The spectrum of clinical manifestations is variable, ranging
from no obvious signs or symptoms of liver disease to a severe
and almost identical form of an acute or even fulminant episode
of viral hepatitis (Table 2) [3,4,37]. Indeed, approximately 25% of
patients present with an acute onset of AIH, which is phenotypically similar to acute hepatitis cases of other causes [33,38].
However, acute presentation of AIH actually may contain two different clinical entities. One is the acute exacerbation of chronic
AIH (acute exacerbation form of undiagnosed or misdiagnosed
AIH cases) and the other is the genuine acute AIH without chronic
histological changes (acute form of AIH; Table 2) [33,37–39]. Of
note, in some patients with acute presentation of AIH,
immunoglobulin G (IgG) levels may be within the normal range
and antinuclear (ANA) and/or smooth muscle antibodies (SMA)
as ﬁrst screening may be negative and thus, the clinician may
not consider AIH [3,4,34,40,41]. A more extensive and sensitive
autoimmune liver serology testing could be helpful in such cases.
Furthermore, in some patients autoantibodies may only become
positive some months later in the disease course. Some of these
acute cases of AIH may rarely progress to acute liver failure and
this should be kept in mind. The identiﬁcation of AIH as the aetiology of acute hepatitis and/or fulminant hepatic failure is very
important because a delay of the diagnosis and thus delay of initiation of therapy results in poorer prognosis of AIH, whereas
administration of immunosuppression with steroids might avoid
the need for liver transplantation (LT) [33,37–39,41–43].
Commonly (about one third of patients), the clinical presentation is characterized by the presence of one or more of several
non-speciﬁc symptoms listed in Table 2 [8,11,13,18,21,29,33,
44,45]. Amenorrhea is also common whereas maculopapular skin
rash and unexplained low-grade fever are rare features. Physical
ﬁndings may be normal, but sometimes hepatomegaly, occasionally painful, splenomegaly and, when frank cirrhosis has developed, signs and symptoms of chronic liver disease like palmar
erythema and spider naevi may be found. In advanced stages,
the clinical picture of portal hypertension dominates including
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Table 2. Clinical spectrum of autoimmune hepatitis.

Characteristic
Patients affected

•

Presentation of disease
at onset

•
•
•
•

•

•
Subclassification

•

•

•
Physical findings

•

Complications

•
•

Any age (with a bimodal distribution usually with peaks around puberty and between 4th and 6th
decade although a significant proportion of patients are even older (above 65 years of age))
Both sexes (♀: ♂ 3:1)
All ethnic groups
Broad range from asymptomatic to acute/severe or even fulminant
Most common clinical phenotype of the disease (two thirds of patients) is characterized by an insidious
onset either without any apparent symptom or with one or more of the following non-specific symptoms:
fatigue, general ill health, right upper quadrant pain, lethargy, malaise, anorexia, weight loss, nausea,
pruritus, fluctuating jaundice and polyarthralgia involving the small joints without arthritis, sometimes
dating back years
Acute onset of AIH does exist (about 25% of patients); there are two different clinical entities (the acute
exacerbation of chronic AIH and the true acute AIH without histological findings of chronic liver disease);
centrilobular zone 3 necrosis (central perivenulitis) usually present in patients with acute presentation;
autoantibodies or other classical features can be absent; not always responsiveness to corticosteroids
One third of patients at diagnosis have already developed cirrhosis irrespective of the presence of
symptoms due to delay in diagnosis
AIH-1: the more frequent type of AIH (accounts almost for 90% of AIH cases); detection of ANA, SMA
or anti-SLA/LP; association with HLA DR3, DR4 and DR13; any age at onset of variable clinical and
histopathological severity; rare failure of treatment but variable relapse rates after drug withdrawal and
variable need for long-term maintenance therapy
AIH-2: accounts for up to 10% of AIH cases; detection of anti-LKM1, anti-LC1 and rarely antiLKM3; association with HLA DR3 and DR7; onset usually in childhood and young adulthood; clinical
and histopathological severity commonly acute and advanced; frequent failure of treatment and frequent
relapse rates after drug withdrawal; need for long-term maintenance therapy very common
AIH-3: SLA/LP positive, otherwise very similar to AIH-1; often Ro52-antibody positive. Possibly more
severe
Depend on the clinical status of the disease ranging from completely normal to signs and symptoms of
chronic liver disease and/or portal hypertension
HCC development in AIH is less common than in other liver diseases, but it does occur; is strictly
associated with cirrhosis suggesting surveillance in all cirrhotic patients with AIH
Drug-related complications are also significant in up to 25% of patients; these are most commonly
related to long-term corticosteroids use or azathioprine toxicity and/or drug intolerance

AIH, autoimmune hepatitis; HCC, hepatocellular carcinoma; HLA, human leukocyte antigens; ANA, antinuclear antibodies; SMA, smooth muscle antibodies; anti-SLA/LP,
soluble liver antigen/liver pancreas antibodies; anti-LKM1, liver/kidney microsomal antibody type 1; anti-LKM3, liver/kidney microsomal antibody type 3; anti-LC1,
antibodies against liver cytosol type 1 antigen.

Table 3. Differential diagnosis of autoimmune hepatitis.

Other autoimmune liver diseases
- Primary biliary cirrhosis
- Primary sclerosing cholangitis (including small duct primary
sclerosing cholangitis)
- IgG4-associated cholangitis
Chronic viral hepatitis
- Chronic hepatitis B with or without hepatitis delta
- Chronic hepatitis C
Cholangiopathy due to human immunodeficiency virus infection
Alcoholic liver disease
Drug-induced liver injury
Granulomatous hepatitis
Hemochromatosis
Non-alcoholic steatohepatitis
α1-antithrypsin deficiency
Wilson’s disease
Systemic lupus erythematosus
Celiac disease

ascites, oesophageal varices and portal hypertensive gastropathy,
cytopenias due to hypersplenism as well as hepatic
encephalopathy.
Up to a third of patients have an insidious onset and gradual
progression without apparent symptoms at diagnosis (asymptomatic) and the ﬁnal diagnosis is usually established during
investigation for unexplained elevation of serum aminotransferases on routine testing or testing performed for other reasons
[8,11,13,29,31,32,44,45]. However, approximately one third of
adult patients and about half of children at diagnosis have
already developed advanced disease with the presence of cirrhosis, which in most studies is associated with lower overall survival irrespective of the presence of symptoms or not
[8,13,29,44–47]. The latter ﬁnding along with the presence of histological evidence of chronic disease on liver biopsy in a proportion of patients with acute presentation imply that they probably
have had subclinical disease for a long time [37,38,42]. Actually,
this is one important diagnostic challenge, because subclinical
disease often precedes the onset of the disease symptoms,
whereas long periods of subclinical disease may also occur after
presentation.
According to the pattern of autoantibodies detected, a subclassiﬁcation of the disease into two or three subtypes has been
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proposed. Initially, two major types, AIH-1 and AIH-2, have been
proposed (Table 2). AIH-1 is characterized by the presence of ANA
and/or SMA [3,4,27,28,34,40]. AIH-2 is characterized by the
detection of speciﬁc anti-liver/kidney microsomal antibody type
1 (anti-LKM1) or infrequently anti-LKM type 3 (anti-LKM3)
and/or antibodies against liver cytosol type 1 antigen (anti-LC1)
[3,4,27,28,34,40]. This distinction was initially based on circulating autoantibodies alone but thereafter other differences have
been reported (Table 2). Similarly, the discovery of antibodies
against soluble liver antigens (anti-SLA), later found to be identical with previously described antibodies against liver pancreas
(anti-LP) and therefore called anti-SLA/LP antibodies, lead to
the deﬁnition of a third subtype, AIH-3 (Table 2) [48].
Differences between AIH-1 and AIH-3 seemed less pronounced
than between AIH-1 and AIH-2, but some authors postulated
more severe disease and the need for lifelong immunosuppression in most if not all AIH-3 patients [48–50]. The validity of
these sub-classiﬁcations, however, is questionable and subject
of an ongoing debate [3].
Speciﬁc clinical features and presentations of AIH
Variant forms of AIH and cholestatic liver disease
Some patients within the spectrum of AIH present either simultaneously or consecutively, with clinical, biochemical, serological,
and/or histological characteristics of PBC or PSC [51]. Vice versa,
some patients with a diagnosis of PBC or PSC show or develop
features of AIH. So far, several terms have been used to describe
these phenomena, in particular ‘‘overlap syndromes’’, but also ‘‘the
hepatitic forms of PBC ’’, ‘‘secondary autoimmune hepatitis’’,

‘‘autoimmune cholangitis’’, ‘‘autoimmune sclerosing cholangitis’’ or
‘‘combined hepatitic/cholestatic syndromes’’ to describe patients
with features of both AIH and PBC or PSC [51–54]. A descriptive
terminology of these variant forms (e.g. PBC with features of
AIH) is probably the most appropriate terminology in the absence
of a clear pathogenetic understanding of these variants.
Internationally agreed criteria deﬁning these variant conditions are lacking, and therefore the characteristics of these entities vary between studies making it difﬁcult to give
standardised recommendations. Recently, on behalf of the
IAIHG, an international working party critically reviewed ‘‘overlap
syndromes’’ and found a low sensitivity of the scoring systems for
AIH diagnosis (either revised or simpliﬁed) in clinically deﬁned
‘‘overlap’’ patients [51], which is in keeping with results of previous studies (Table 4) [55]. As a consequence, use of these AIH
scoring systems is not generally recommended for the distinction
of these particular patients. Interface hepatitis is a fundamental
component of hepatitis and histology is therefore vital in evaluating patients with overlap presentation. The degree of interface
hepatitis can be considered a measure of AIH-like disease activity
irrespective of co-existence or underlying cholestatic liver
disease [51].
The pathogenesis of these ‘‘variant forms’’ is debated and it
remains unclear whether this syndrome forms a distinct entity
or a variant of PBC, PSC or AIH. It has been suggested that features
of AIH develop in patients with immune-mediated cholestatic
liver disease and a genetic susceptibility for AIH as shown by
the high prevalence of the AIH-susceptibility HLA-genes DR3 or
DR4 in PBC patients with features of AIH, leading to the term
‘‘secondary AIH’’ in patients with PBC and overlapping features

Table 4. Speciﬁc characteristics and features of autoimmune hepatitis.

Characteristic
Clinical features in
special conditions

Specific characteristics

•

Some patients within AIH spectrum have characteristics of either PBC or PSC (overlap or variant forms);
though these conditions really do exist, diagnosis is usually difficult and problematic as internationally
agreed criteria are lacking; concurrent cholestatic findings require investigation for AMA and
cholangiography (particularly in children - autoimmune sclerosing cholangitis)

•

Presentation of AIH in pregnant women or more frequently after delivery can occur; the disease usually
subsides during pregnancy but post-partum exacerbations are common; maternal and fetal complications
are similar to general population

•
•

AIH-like disease can arise after liver transplantation for other liver diseases (de novo AIH)
Onset of disease after viral infections (e.g. hepatitis A, Epstein-Barr, human herpes 6, measles) has been
described; AIH should be considered as an alternate “emerging” diagnosis in cases with previous viral
infections followed by unexplained and prolonged hepatitis

•

Development after administration of drugs, supplements or herbals (drug-induced AIH – difficult to
differentiate from DILI); nitrofurantoin and minocycline implicated in most cases; treatment with biological
agents has been implicated (TNF- blockade) as well as after interferon- for HCV

•

Concurrent autoimmune or immune-mediated diseases in the patient or first-degree relatives are common
(Hashimoto thyroiditis - the strongest association, Grave’s disease, vitiligo, alopecia, rheumatoid arthritis,
diabetes mellitus type-1, inflammatory bowel disease, psoriasis, systemic lupus erythematosus, Sjögren’s
syndrome, celiac disease, panniculitis, mononeuritis, urticaria pigmentosa, Sweet´s syndrome, idiopathic
thrombocytopenic purpura, polymyositis, hemolytic anemia, uveitis)

•

An unusual form of AIH occurs in 10-18% of patients with APECED - also known as APS-1

AIH, autoimmune hepatitis; PBC, primary biliary cirrhosis; PSC, primary sclerosing cholangitis; AMA, antimitochondrial antibodies; IAIHG, International AIH Group; DILI,
drug-induced liver injury; TNF, tumour necrosis factor; HCV, hepatitis C virus; APECED, autoimmune polyendocrinopathy candidiasis ectodermal dystrophy; APS-1,
autoimmune polyglandular syndrome type 1.
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of AIH [56]. In this regard, the name ‘‘overlap’’ that strongly suggests the presence of two distinct diseases could be a misnomer.
It should be kept in mind that ‘‘variant forms’’ of AIH should not
be over-diagnosed in order not to expose PBC or PSC patients
unnecessarily to the risk of steroid side effects.
Features of both AIH and PBC. With no codiﬁed diagnostic
approach, reported prevalence ﬁgures are variable, but it is generally assumed that the prevalence of AIH-PBC variant is approximately 8–10% of adult patients with either PBC or AIH [57,58].
The ‘‘Paris criteria’’ are currently the most commonly used tool
for diagnosing AIH-PBC variant form as attested by the presence
of at least two of the three accepted key criteria of each disease
namely, for PBC: 1) alkaline phosphatase (ALP) P2 upper
normal limit (ULN) or c-glutamyl-transpeptidase (c-GT)
P5  ULN; 2) presence of antimitochondrial antibodies (AMA);
3) a liver biopsy specimen showing ﬂorid bile duct lesions; and
for AIH: 1) alanine aminotransferase (ALT) P5  ULN; 2) serum
IgG levels P2  ULN or presence of SMA, 3) a liver biopsy showing moderate or severe periportal or periseptal lymphocytic
piecemeal necrosis [57]. Indeed, a recent study [59], has shown
that the criteria strictly deﬁned previously by Chazouilleres
et al. [57] could identify patients with a clinical diagnosis of
AIH-PBC ‘‘variant’’ with high sensitivity (92%) and speciﬁcity
(97%). In addition, the 2009 EASL guidelines on the management
of cholestatic liver diseases endorsed these diagnostic criteria,
but speciﬁed that histologic evidence of moderate to severe lymphocytic piecemeal necrosis (interface hepatitis) was mandatory.
It was stated that these ‘‘variants’’ should always be considered
once PBC has been diagnosed and the patient responds poorly
to ursodeoxycholic acid (UDCA) because of potential therapeutic
implications (i.e. the need of immunosuppression) [60].
Simultaneous presence of features of both diseases is the usual
presentation, but it should be noted that occasionally the onset
of AIH and PBC is temporally dissociated, usually with PBC presenting ﬁrst. Interestingly, in most cases, it is possible to deﬁne
one primary disorder (‘‘dominant’’ disease), usually PBC [51].
Features of both AIH and PSC. The co-existence of features of AIH
and features of PSC variant has been described both in children
and adults and is assumed to exist in a considerable part of
mainly young patients with autoimmune liver disease
[51–54,61]. Unfortunately, diagnostic criteria for these conditions
are even less well-deﬁned than in AIH-PBC variant cases. As a
result, reported prevalence ﬁgures vary greatly but an approximate prevalence of 7–14% is generally assumed [51]. The diagnosis of large duct PSC should always be established on typical
cholangiographic ﬁndings, keeping in mind that an intrahepatic
biliary tree which simulates a sclerosing pattern can also be
observed in any liver disease with extensive ﬁbrosis and nodular
regeneration or in cirrhosis [62]. In addition, magnetic resonance
cholangiopancreatography (MRCP) may lead to false positive
diagnosis due to its limited speciﬁcity. Some cases of small duct
PSC (normal cholangiogram)-AIH variant forms have also been
reported, but it can be argued that approximately 10% of patients
with typical AIH, with or without ulcerative colitis, may have histological features of bile duct injury, thus making this diagnosis
particularly uncertain [63]. In clinical practice, the diagnosis of
AIH-PSC ‘‘variants’’ is made in a patient with overt

cholangiographic or histological features of PSC, alongside robust
biochemical, serological and histological features of AIH. It
appears that patients with features of AIH and PSC also require
immunosuppression [64,65].
It should be noted that in children with AIH a speciﬁc entity
has been described in almost half of patients characterized by
lesions of both AIH and sclerosing cholangitis. Thus, the term
‘‘autoimmune sclerosing cholangitis (AISC)’’ was introduced by
Mieli-Vergani’s group [52] suggesting also the need of an investigation of the biliary tree at least with MRCP in all children with a
diagnosis of AIH (Table 4) [52,54]. At present, this variant seems
unique for children, as a prospective study in adults with AIH was
negative and thus, in the absence of cholestatic indices, MRCP
screening does not seem justiﬁed in adult-onset AIH [62].
However, particularly in young adults with AIH and cholestatic
features, and in AIH patients with remaining cholestasis despite
adequate immunosuppression, MRCP for the detection of possible
underlying or co-existent PSC is recommended.
IgG4-related AIH. In the emerging era of IgG4-related diseases, the
role of IgG4 response has been investigated in AIH patients
[66,67]. Typically IgG4 disease in the liver manifests as a differential diagnosis of PSC with features of cholangiopathy and jaundice. Despite anecdotal reports from Japan, conﬁrmation is
lacking. Therefore it is difﬁcult to judge, if an entity of AIH-like
IgG4 disease exists and presents a separate disease entity.
In summary, based on the current, very limited knowledge
about the aetiopathogenesis of AIH, PBC, and PSC, deﬁnition of
diagnostic criteria for these ‘‘variant forms’’ of AIH are very difﬁcult to be established and can only be arbitrary. Consequently,
patients with autoimmune liver diseases should rather be categorized according to the primary clinical and histological manifestation of the disease as AIH, PBC, or PSC, and additional
features of the respective other immune-mediated liver disease
should be listed as such (e.g. PBC with features of AIH). In addition, the low prevalence of these variants has made it impractical
to perform randomised controlled trials for their management.
However, as these variant conditions do occur quite frequently,
speciﬁc therapeutic considerations may be required in patients
with PBC or PSC with features of AIH [68]. In general, features
of AIH should be managed like AIH, as untreated AIH has a poor
prognosis, but response to therapy is generally very good.
DILI and AIH
The relationship between DILI and AIH is complex and not fully
understood. In principle, three scenarios are possible [69,70]:
1. DILI with a strong immunoallergic component mimicking AIH
2. AIH mimicking as DILI due to drug exposure in recent weeks
and spontaneous improvement after cessation of drug
exposure
3. AIH triggered by an offending drug (DILI-induced AIH)
It appears that all three scenarios occur. As both immunoallergic DILI and AIH are presumably mediated by speciﬁc immune
reactions to antigens in hepatocytes, clinical and histological
overlap between these conditions is not surprising.
Nonetheless, the differential diagnosis between these conditions
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and the implications for the pathogenesis of AIH are both
important.
Drug-induced AIH has been particularly well described for
drugs no longer in use such as tienilic acid and dihydralazine
[71,72]. Reactive metabolites created through hepatic metabolism of drugs have been shown to bind to cellular proteins such
as components of CYP450, i.e. CYP2C9 in the case of tienilic acid
and CYP1A2 in the case of dihydralazine. These can then be recognized by the immune system as neoantigens [71,72]. Among
drugs still widely used, drug-induced AIH has been well documented for nitrofurantoin and minocycline [73]. When comparing patients with drug-induced AIH to those with genuine AIH,
the two groups were found to have quite similar clinical and histological patterns, although the former has lower histological
activity and does not seem to require long-term immunosuppression [74].
Histologically distinguishing DILI from AIH remains a challenge. A recent study has suggested that sufﬁcient differences
exist so that pathologists can use the pattern of injury to suggest
a correct diagnosis in many cases [75]. Nevertheless, the differentiation is often very difﬁcult, because DILI lacks a reliable diagnostic test and, like AIH, the diagnosis is mainly based on
clinical and serological grounds [76]. Although the frequency of
drug-induced AIH-like syndrome is difﬁcult to be assessed, it
can account for approximately 9–12% of cases with classical features of AIH [74,77]. An important element in the identiﬁcation of
this syndrome is the patient’s history that should focus on recent
exposure to drugs that can induce AIH-DILI [74]. In 30% of cases it
can be associated with features of hypersensitivity such as fever,
rash and eosinophilia [78]. The absence of cirrhosis at presentation can also be an element in favour of AIH-DILI [78]. Severe
AIH-DILI usually responds to high doses of steroids in the same
way as severe AIH, if treatment is started without delay.
Sometimes only the follow-up can differentiate between AIH
and DILI: steroid treatment can be discontinued without relapse
in DILI, whereas in genuine AIH relapse will occur universally, if
immunosuppression is stopped within a few months. A trial of
steroid treatment and close observation upon steroid tapering
and possible withdrawal is therefore recommended for uncertain
cases (see treatment algorithm Fig. 1).
AIH and pregnancy
The disease is very rarely diagnosed during pregnancy, but, like
other autoimmune diseases, may notably manifest in the postpartum period. In patients with known AIH, improvement or
even spontaneous remissions during pregnancy can be observed,
while ﬂares after delivery are frequently observed [79–84]. This is
presumably due to immune reconstitution following delivery.
Therefore, the possibility of AIH should be strongly considered
in the differential diagnosis of liver dysfunction, particularly
accompanied by hypergammaglobulinemia with selective IgG
elevation, in the post-partum period, but even during pregnancy,
as ﬂares can also occur anytime during pregnancy. Effective
immunosuppression has enabled the occurrence of pregnancy
in young females with AIH presenting initially with amenorrhea,
and immunosuppression should almost always be continued during pregnancy with generally good pregnancy outcome.
Viral hepatitis and AIH
It has been suggested, that in susceptible individuals, AIH may be
induced by viral infections, and a number of possible cases have
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Probable or possible AIH vs. DILI

0.5-1 mg/kg predniso(lo)ne

Response

Non-response

Taper steroids
until withdrawal

Relapse

No relapse

Definite AIH

DILI*

Treatment of AIH

Avoid this
drug in future

Consider alternative
diagnoses

Fig. 1. Suggested diagnostic algorithm for autoimmune hepatitis using
routine autoantibody testing by indirect immunoﬂuorescence (IFL) and
enzyme linked immunosorbent assay (ELISA) testing with a set of four
autoantibodies. A liver biopsy is always required for the demonstration of
inﬂammatory hepatitis, as well as for staging and grading of the liver disease.
⁄
Long-term follow-up is advised in order not to miss a late relapse of AIH (e.g. 6
monthly for 3 years).

been reported [3,4,85,86]. Molecular mimicry between viral epitopes and epitopes of autoantigens have supported the concept of
virally induced AIH. On the other hand, the few cases reported
might also represent a diagnostic bias in two forms: ﬁrstly,
patients with subclinical AIH previously overlooked may become
diagnosed when suffering from an acute incidental viral hepatitis; secondly, patients with acute AIH and marked hypergammaglobulinaemia might display false positive results on serology for
viral markers. On the other hand, the development of AIH, or of
features of AIH, has also been reported in some patients with
hepatitis C virus (HCV) after treatment with interferon-alpha
[87,88] and rarely in acute HCV infection even after viral clearance [89]. The differentiation between AIH and chronic HCV
was a challenge in the past, particularly because of the immunostimulatory side effects of interferon-alpha, but due to the advent
of interferon-free treatment regimens, this represents no longer a
difﬁcult clinical problem: HCV infection should be treated primarily, and if inﬂammatory liver disease persists, the diagnosis
of AIH should be considered.
De novo AIH in liver transplant recipients
AIH, or an AIH-like syndrome, can develop after LT undertaken
for other liver diseases, both in adults and children. This situation
has been called ‘‘de novo AIH’’ [90,91], although it has been suggested that alternative nomenclature such as ‘‘post-transplant
immune hepatitis’’ or ‘‘graft dysfunction mimicking AIH’’ or ‘‘posttransplant plasma cell hepatitis’’ may be more appropriate as the
transplanted hepatocytes are not strictly ‘‘self’’ and thus the conditions not strictly ‘‘autoimmune’’ [5,92]. Nevertheless, the
timely recognition of this entity appears to be helpful for avoiding graft rejection, and the need for another LT and for improving
long-term survival, as these patients beneﬁt from increased
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immunosuppression including steroids and azathioprine like in
genuine AIH [90].
Associated autoimmune conditions
AIH is associated with the presence of a wide variety of other
autoimmune or immune-mediated diseases (Table 4)
[8,13,29,45,93–96]. Actually, concurrent autoimmune diseases
are common in patients with AIH and mirror the full range of
known autoimmune diseases. Therefore, an extended diagnostic
screening for other autoimmune diseases, especially autoimmune
thyroiditis, seems reasonable in patients with AIH, both at diagnosis and at regular intervals during follow-up [95]. In addition
to the patient being affected by immune-mediated diseases, their
occurrence is also more frequent in ﬁrst-degree relatives of AIH
patients, and therefore a careful family history should be undertaken. A careful personal and family history may also help in
identifying rare variants of AIH due to autosomal recessive
genetic aberrations such as the autoimmune polyendocrinopathy-cadidiasis ectodermal dystrophy syndrome (APECED) also
known as autoimmune polyendocrinopathy syndrome type 1
(APS-1) which is caused by mutations in the autoimmune regulator gene (AIRE) and characterized by chronic mucocutaneous
candidiasis, ectodermal dystrophy and autoimmune destruction
of several endocrine organs, leading mainly to hypoparathyroidism, adrenocortical failure and gonadal failure in females
(Table 4) [8,13,29,45,93–96].
Complications of AIH
In principle the complications of AIH are the same as in any other
acute or chronic progressive liver disease. In acute presentations
the risk of liver failure and infectious complications are predominant and may be aggravated by immunosuppressive treatment.
In chronic disease, especially in patients undiagnosed or insufﬁciently treated, complications of cirrhosis occur. In particular,
hepatocellular carcinoma (HCC) is a known consequence of
AIH-related cirrhosis although its occurrence in association with
AIH is signiﬁcantly less frequent compared to most other causes
of liver cirrhosis (Table 2) [3,11,13,97,98]. A recent populationbased study showed that the risk of hepatic and extra-hepatic
malignancy was signiﬁcantly increased in AIH patients [99].
Studies from Denmark, Germany, Netherlands, UK, USA and
Japan identiﬁed male gender as a particular risk factor, and the
presence of cirrhosis was a universal prerequisite for HCC development, which was observed in the at risk cirrhotic population at
a rate of 1–2% per year [11,13,97,98,100–102]. Surveillance recommendations have not been validated in AIH and cirrhosis,
but as the HCC risk appears to be signiﬁcant, liver ultrasonography every six months in patients with cirrhosis appears
reasonable.
In addition to complications of the liver disease, complications
of long-term immunosuppression need to be considered, and the
two risks may associate. Of note, extra-hepatic malignancies of
diverse cell types occur in 5% of patients in an unpredictable fashion with non-melanoma skin cancers being the most common
[99,103]. It is likely that this risk is primarily due to the long-term
immunosuppression required in most patients. To what extent
the risk for extra-hepatic malignancy is different from the normal
population is poorly studied. Nonetheless, it appears sensible to
apply routine health screening measures for other malignancies
in AIH patients.

2.

AIH should be considered in any patient with acute
or chronic liver disease, particularly in the context of
hypergammaglobulinemia (II-2)

3.

Prompt and timely diagnosis is crucial as untreated AIH
has a high mortality rate (I)

4.

Approximately 1/3 of adult patients and about 1/2 of
children with AIH have cirrhosis at presentation (II-2)

5.

Acute presentation of AIH can occur and may manifest
as acute exacerbation form of previously undiagnosed
AIH or new onset acute AIH without histological
changes suggestive of chronic disease (II-2)

6.

AIH is associated with a broad variety of other
autoimmune diseases (II-2)

7.

All children with a diagnosis of AIH should undergo
(MR-) cholangiography to exclude autoimmune
sclerosing cholangitis (II-2)

8.

AIH patients with cirrhosis should undergo liver
ultrasound in six-month-intervals for HCC screening
(II-2)

9.

Counselling for UV-protective measures should be
considered for patients on immunosuppressants.
Dermatological monitoring for non-melanoma skin
cancer after long-term immunosuppressant treatment
may be considered (III)

Diagnostic work-up and diagnostic criteria
The diagnosis of AIH is usually based on the presence of the typical phenotype of the disease along with the exclusion of other
causes of chronic liver diseases (Tables 2 and 4). The diagnostic
criteria for AIH and a diagnostic scoring system have been codiﬁed by a group of experts in the IAIHG in 1993 [26], revised in
1999 [27] and more recently proposed in a simpliﬁed manner
for routine clinical use (Table 6) [28].
Obvious features raise the suspicion of AIH and the application of published criteria (Tables 5 and 6) allows a ready diagnosis [26]. Unfortunately, in a considerable proportion of cases, the
diagnosis is challenging and referral to hepatologists with speciﬁc
clinical expertise in AIH may be warranted. In patients with an
insidious onset and gradual progression without apparent symptoms, the diagnosis relies predominantly on laboratory ﬁndings.
Therefore, the diagnostic work-up rests on such central elements
as circulating non-organ speciﬁc autoantibodies associated with
polyclonal hypergammaglobulinemia and typical or compatible
histology in the absence of viral hepatitis markers. Histology is
also essential in making the diagnosis.
Laboratory ﬁndings
A predominantly hepatitic pattern, with bilirubin concentrations
and aminotransferases ranging from just above the upper limits
of normal to more than 50 times these levels, with usually normal or only moderately elevated cholestatic enzymes, is the typical biochemical proﬁle of the disease [4,26–28]. However, the
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Table 5. Summary of the criteria for the diagnosis of autoimmune hepatitis, on which the 1999 International Autoimmune Hepatitis Group (IAIHG) diagnostic score
was based [27].

Definite AIH
Normal α-1AT phenotype
Normal ceruloplasmin level
Normal iron and ferritin levels
No active hepatitis A,B,C infection
Daily alcohol <25 g/day
No recent hepatotoxic drugs
Predominant AST/ALT abnormality
γ-globulins or IgG level >1.5 times the upper normal limit
ANA, SMA anti-LKM1 >1:80, in adults and >1:20 in children
AMA negative
Liver histology
Interface hepatitis moderate to severe
No biliary lesions, granulomas or prominent
changes suggestive of another disease

Table 6. Simpliﬁed diagnostic criteria of the International Autoimmune
Hepatitis Group [28].

Feature/parameter
ANA or SMA+
ANA or SMA+
or LKM+
or SLA/LP+
IgG or γ-globulins level
Liver histology (evidence
of hepatitis is a necessary
condition)
Absence of viral hepatitis

Discriminator
≥1:40
≥1:80
≥1:40
Any titer
>upper limit of normal
>1.1x upper limit
Compatible with AIH
Typical of AIH
Atypical
No
Yes

Score
+1*
+2*
+2*
+2*
+1
+2
+1
+2
0
0
+2

Deﬁnite autoimmune hepatitis: P7; Probable autoimmune hepatitis: P6.
⁄
Addition of points achieved for all autoantibodies (maximum, two points).
Typical liver histology for autoimmune hepatitis = each of the following features
had to be present namely, interface hepatitis, lymphocytic/lymphoplasmacytic
inﬁltrates in portal tracts and extending into the lobule, emperipolesis (active
penetration by one cell into and through a larger cell), and hepatic rosette formation. Compatible liver histology for autoimmune hepatitis = chronic hepatitis
with lymphocytic inﬁltration without all the features considered typical.
Atypical = showing signs of another diagnosis, like steatohepatitis.

degree of ALT elevation does not reliably reﬂect severity of AIH at
the histological level. Of interest, recent studies have shown that
along with the elevations of aminotransferases, c-GT levels but
not ALP can also be increased in AIH and furthermore, might be
used as independent predictor of treatment outcome [29,45]. In
keeping with the ﬂuctuating nature of the disease, the aminotransferases and c-GT levels may even spontaneously normalise
(spontaneous biochemical remission), despite histological evidence of persisting inﬂammatory activity, sometimes even severe
inﬂammation. Such spontaneous apparent biochemical remissions are a critical issue that may sometimes result in delay
and/or underestimation of the diagnosis, since reappearance of
clinical disease may only become obvious several months or
years later, or may even be completely asymptomatic. This disease behaviour may sometimes explain the presence of already
established cirrhosis in almost one third of patients at the time
of initial diagnosis.
978

Probable AIH
Partial α-1AT deficiency
Non-diagnostic ceruloplasmin/copper levels
Non-diagnostic iron and/or ferritin changes
No active hepatitis A,B,C infection
Daily alcohol <50 g/day
No recent hepatotoxic drugs
Predominant AST/ALT abnormality
Hypergammaglobulinemia of any degree
ANA, SMA, anti-LKM1 >1:40 in adults
Other autoantibodies
Liver histology
Interface hepatitis moderate to severe
No biliary lesions, granulomas or prominent changes
suggestive of another disease

Increased serum c-globulin or IgG levels are found in approximately 85% of patients with AIH even in the absence of cirrhosis
[29,104,105]. This prevalence tends to be lower in patients with
an acute onset of the disease, in which a higher proportion of
patients (25% to 39%) with normal IgG levels has been reported
[106,107]. The presence of high IgG levels is a very distinctive
feature (IgA and IgM levels are usually normal) [28]. Increased
IgA or IgM levels suggest different diseases such as alcoholic
steatohepatitis and PBC, respectively.
It is important to underline that the range within which cglobulins and IgGs are considered normal is wide. This may
explain why a proportion of patients may show apparently ‘‘normal’’ IgG levels at diagnosis. Many, if not most of these patients
have IgG levels in the upper range of normal, and show a marked
fall upon initiation of therapy, sometimes even to levels below
the normal range. These patients have a relative increase of their
IgG levels considering their very low natural IgG levels but are
still within the statistical normal range hampering initial diagnosis. The drop in IgG levels observed during treatment seems to
conﬁrm this hypothesis. Indeed, the level of immunoglobulins
is an important and useful marker in monitoring the response
to treatment and the achievement of remission. Reaching normal
levels of immunoglobulins has been shown to correlate well with
the improvement of inﬂammatory activity, even if sometimes a
mild inﬂammatory activity (hepatitis activity index (HAI) 5–6)
may coexist with normal IgG levels [108]. Normalisation of both
transaminase levels and IgG levels has therefore been agreed
upon as diagnostic marker of full biochemical remission [34].
The absence of viral markers is one of the four elements
included in the simpliﬁed diagnostic criteria for AIH [28], but in
countries with a high prevalence of viral hepatitis co-existence
of AIH and viral hepatitis may exist [109–111]. In these cases
the diagnosis of AIH may be overlooked and AIH could remain
untreated, if absence of viral hepatitis is considered a prerequisite
for making the diagnosis AIH. Usually AIH has a more aggressive
course and more severe prognosis than viral hepatitis (either B or
C) and a careful evaluation of the liver biopsy along with liver
autoimmune serology testing can help in identifying the co-existence of a double mechanism of liver damage. With the advent of
interferon-free regimens for the treatment of HCV infection, the
possibility of treating both AIH and viral hepatitis has become
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together with a broad spectrum of titers. The ﬂuorescence pattern
of ANA in AIH is usually homogeneous using Hep2 cells but speckled pattern is not infrequent. The antibody is found in 43% of AIH1 patients [29], and is associated with a variety of antigenic speciﬁcities including histones, double-stranded DNA (15%), chromatin
and ribonucleoprotein complexes. However, no single pattern or
combination is pathognomonic of AIH, whereas investigation for
different staining of ANA patterns seems to have no practical clinical implications and diagnostic relevance in routine clinical practice and, therefore, the use of Hep2 cells at the screening stage of
AIH is not recommended [112–114]. SMA reacts to several
cytoskeletal elements including F-actin with a reported prevalence of anti-actin antibodies in 41% of patients. When kidney sections are utilised as a substrate for IFL SMAvg (vessel/glomeruli)
and SMAvgt (vessel/glomeruli/tubules) patterns can be identiﬁed,
which are frequently associated with, but not pathognomonic of,
AIH. They correlate with F-actin antigenicity [112]. In the diagnostic work-up for AIH, SMA/anti-actin antibody testing is appropriate and may also be done by ELISA [114,115]. However, IFL
remains superior to ELISA and provides the best speciﬁcity/sensitivity compromise for testing for SMA. In fact, actin is not the only
target antigen of AIH-speciﬁc SMA reactivity and thus ELISA can
miss the diagnosis in about 20% of cases [4,112,113,116–118].
ANA and SMA re-activities frequently coexist in the same serum
and this improves the strength of the diagnosis.
Anti-LKM1 and/or anti-LC1 are the serologic markers of AIH-2.
The two antibodies often coexist and in a series of 38 AIH-2
patients, the reported prevalence was 66% for anti-LKM1 and
53% for anti-LC1, respectively [29]. Unlike the antigen

much easier, and in milder cases HCV infection should be treated
ﬁrst and then liver disease reassessed.
Autoantibodies
Autoantibodies are the hallmark of AIH and represent an important part of the diagnostic work-up. Indirect immunoﬂuorescence
(IFL) is the preferable and main technique for routine autoantibody testing [112] for all autoantibodies except anti-SLA/LP antibodies (Fig. 2). It should be performed on freshly frozen rodent
substrate that usually includes kidney, liver and stomach. This
combination allows detection of ANA, SMA, anti-LKM1, as well
as the rare antibodies anti-LC1 and anti-LKM3, if anti-LKM1 is
absent. At the same time, AMA are also reliably detected by initial
IFL screening and can thus help detect co-existent or variant
forms of AIH-PBC. Positive sera should be titrated up to extinction. In adults, signiﬁcant titers are P1:40 dilution by IFL. In children, titers of 1:20 for ANA or SMA and 1:10 for anti-LKM1 are
already strongly supportive of the diagnosis of AIH when used
in combination with other laboratory and clinical features suggestive of the disease [54]. Other immunochemical techniques
like ELISA or immunoblotting are available for the search of
autoantibodies such as anti-LKM1, anti-LKM3, anti-LC1 and the
only diagnostic tests for anti-SLA/LP, whose exact target antigens
have been identiﬁed on a molecular level and are used in solid
phase assays [4,112,113].
ANA and SMA are markers of AIH-1, which account for about
75% of patients [8,11,29], but are not disease speciﬁc and show
a wide range of heterogeneity in terms of antigenic speciﬁcity,

Liver disease of unknown origin

IFL autoantibody test on rodent tissue
sections
+ SLA/LP (ELISA or blot)

ANA+

SMA+

LKM1/LC1+

Consider AIH*

Liver biopsy

SLA/LP+

Test negative

Clinical suspicion*
remains

Repeat testing in specialty lab
(including pANCA and specific
immunoassays for LKM1,
LKM3, LC1, SLA/LP, F-actin,
Ro52, gp 210**, sp100**)

Negative

Consider alternate
diagnoses or
autoantibodynegative AIH

Positive

Consider AIH
Fig. 2. A case based algorithm for patients with a suspicion of autoimmune hepatitis or drug-induced liver injury (DILI) using a response guided approach. ⁄Test also
for elevated IgG-levels. ⁄⁄These antibodies are highly speciﬁc for the diagnosis of PBC.
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heterogeneity seen for ANA and SMA the major target autoantigen of anti-LKM1 has been clearly identiﬁed as the cytochrome
P4502D6 (CYP2D6) and the formiminotransferase cyclodeaminase (FTCD) for anti-LC1. Despite a well characterized target antigen, neither anti-LKM1 nor anti-LC1 are disease speciﬁc, as they
have been described in a small proportion (5–10%) of adult and
paediatric patients with chronic HCV infection [87,88,119–123].
The presence of homology sequences between CYP2D6 and HCV
proteins is the basis for the appearance of anti-LKM1 antibody
in HCV patients who are genetically susceptible for AIH (mainly
DRB1⁄07 positive) through a mechanism of molecular mimicry
[124]. Homologies of the target antigen of anti-LKM1 antibodies
with other viral proteins have also been observed [5]. Also,
anti-LKM1 antibodies have been described in a liver transplant
recipient transplanted for Wilsońs disease following rejection
episodes [125].
Anti-SLA/LP is the only disease speciﬁc autoantibody and
therefore it has high diagnostic value. The target antigen has been
identiﬁed as a synthase (S) converting O-phosphoseryl-tRNA
(Sep) to selenocysteinyl-tRNA (Sec), whose terminological correct
label is SepSecS [126,127]. This has led to the development of
reliable commercial assays for anti-SLA/LP detection (ELISA and
dot-blot) [126,128]. Anti-SLA/LP is detected in approximately
30% of patients with AIH more commonly associated with conventional autoantibodies, and is often associated with antiRo52 antibodies [128–132], but sometimes it is the only autoantibody reactivity detectable. Its presence may identify patients
with more severe disease and worse outcome [49,50,133,134]
though these prognostic associations are controversial [129,132].
Further autoantibody testing may be helpful, in particular for
those patients testing initially negative in the above assays.
Antineutrophil cytoplasmic antibodies (ANCA) are detected using
ethanol-ﬁxed human neutrophils with serum diluted 1:20.
Atypical pANCA antibodies, originally considered speciﬁc of PSC
and inﬂammatory bowel disease, are also frequently present in
patients with AIH-1 [135,136]. Recent evidence indicates that
the target antigen is located in the nuclear membrane and for this
reason some authors describe these antibodies as perinuclear
anti-neutrophil nuclear antibodies (p-ANNA) [137,138]. Their
positivity can be an additional element used towards the diagnosis of AIH, particularly if other autoantibodies are negative
[27,112]. AMA, the speciﬁc serologic marker of PBC diagnosis,
can be occasionally detected (8–12%) [139,140] in patients with
the classical phenotype of AIH without any other evidence of
PBC, and may hint at co-existent or underlying PBC.
Nonetheless, these patients should be classiﬁed and treated
according to their clinical phenotype.
Autoimmune serology remains the Achilles’ heel in the diagnostic work-up for AIH. In fact IFL using rodent tissue, which
has been indicated by the committee for autoimmune serology
of the IAIHG as the best technique for the detection of autoantibodies is time-consuming, requires experienced technicians and
is insufﬁciently standardised. Indeed, in real life the development
of in-house validated sections for IFL does not seem to be feasible.
Commercial substrates are also available; their quality however
is variable. These are treated with ﬁxatives in order to lengthen
their shelf life, but this also causes enhanced background staining
which can potentially cause difﬁculties in the interpretation of
ﬂuorescence patterns.
Therefore, methods other than IFL, like ELISA, are gaining popularity. This shift has been supported by the introduction of
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assays based on recombinant/puriﬁed target antigens (CYP2D6,
FTCD, SLA/LP, and F-actin). However, the use of ELISA as the sole
primary screening test for AIH-related autoantibodies is inappropriate because there is no useful combination of molecular speciﬁcities for a dependable detection of ANA and SMA, while the
results are interchangeable with IFL for those autoantibodies
(anti-LKM1, anti-LC1) whose target antigen has been identiﬁed
at the molecular level [141]. Fig. 2 provides an algorithm for
autoantibody testing in AIH.
Autoantibody titers and speciﬁcity may vary during the
course of the disease, and seronegative individuals at diagnosis
may express the conventional autoantibodies later in the disease
course [142,143]; in fact, repeated testing may allow autoantibody detection and, thus, correct disease diagnosis and classiﬁcation [27,112,113]. In adults, autoantibody titers correlate only
roughly with disease activity, clinical course and treatment
response [144] and, therefore, they do not need to be monitored
regularly unless a signiﬁcant change in the clinical phenotype
does appear. However, in paediatric patients, autoantibody titers
may be useful biomarkers of disease activity and can be used to
monitor treatment response [145]. In particular anti-LC1 antibodies have been shown to correlate well with disease activity
showing a signiﬁcant decrease in titer (>50%) or disappearance
during remission and ﬂare up during relapse [146].
The detection of autoantibodies plays a pivotal role in the
diagnosis of AIH. Laboratory personnel and clinicians need to
increase their expertise with disease expression and the
interpretation of liver autoimmune serology in order to derive
maximal beneﬁts for patients. Tests must be ordered speciﬁcally on the basis of reliable clinical data and test results must
not be interpreted outside the speciﬁc clinical context. Only
then, can sensible evidence-based decisions be made, and the
potential of serological work-up be exploited to the beneﬁt of
the patient. Finally, complete work-up for autoimmune
serology is not available in all laboratories; it is important to
identify laboratories, which are able to fully characterize
patients’ sera, and patient sera should be sent to such reference
laboratories for full evaluation especially in cases of diagnostic
uncertainty.
Histology
Liver biopsy is considered a prerequisite for the diagnosis of AIH
[26–28]. Apart from diagnosis, it is used to guide treatment decisions and should be performed before starting treatment, provided there are no contraindications [27,28]. When severe
coagulopathy is present the transjugular approach can be used,
in particular, in acute/fulminant onset of the disease.
Alternatively, biopsy under visual control by mini-laparoscopy
has also been shown to be safe [147] even in cases of advanced
coagulopathy [148], and may yield additional information
[147,149]. Interface hepatitis (hepatitis at the portal-parenchymal interface) with dense plasma cell-rich lymphoplasmocytic
inﬁltrates, hepatocellular rosette formation, emperipolesis
(active penetration by one cell into and through a larger cell)
and hepatocyte swelling and/or pycnotic necrosis are the typical
hallmarks of AIH [28,150,151]. Plasma cells are typically abundant at the interface and throughout the lobule, but their paucity
in the inﬂammatory inﬁltrate (34% of cases) does not preclude
the diagnosis [150,152,153]. However, there is no morphological
feature that is pathognomonic of AIH. Interface hepatitis is not

Journal of Hepatology 2015 vol. 63 j 971–1004

JOURNAL OF HEPATOLOGY
disease speciﬁc and patients with drug-related, viral or immunemediated disease may show similar features.
Panlobular hepatitis, bridging necrosis and massive necrosis
all of which are signs of severe inﬂammatory activity, are present
less commonly but are part of the histological spectrum [27] and
may occur in acute disease onset. The characteristic histological
pattern is panacinar hepatitis (parenchymal collapse) especially
in biopsies performed during an acute onset and closely resembles drug-induced hepatitis [154,155]. Alternatively pericentral
(Rappaport zone 3) necrosis may be present, which also resembles acute toxic injury [107,156,157]. These histological lesions
have recently been proposed by the US NIH Acute Liver Failure
Study Group as a set of diagnostic criteria for AIH presented as
acute liver failure [37]. Additional features in cases of acute liver
failure due to AIH include the presence of portal lymphoid follicles, a plasma cell-enriched inﬂammatory inﬁltrate and central
perivenulitis [37,107]. Transition from pericentral hepatitis to
interface hepatitis has been demonstrated in sequential biopsies
from patients with acute disease onset [158]. These observations
suggest that the perivenular pattern of injury may be an early
histological manifestation of AIH that is missed in biopsies
obtained later in the course of the disease. Other lesions such
as granulomata, cholangitis, steatosis or steatohepatitis can be
seen, but if prominent they reduce the probability of the diagnosis of AIH. An inﬂammatory lymphocytic inﬁltrate of bile ducts
has been described in 10% of cases but such individuals usually
lack clinical, serological and immunological features of PBC, and
they respond to corticosteroid therapy as patients with classical
AIH [63,159]. At the time of diagnosis different stages of ﬁbrosis
are present and about one third of patients already display established cirrhosis [150,151,160]. Macroscopic assessment by minilaparoscopy increases the detection rate of cirrhosis by up to one
third, as the macronodular nature of AIH cirrhosis may lead to
false negative biopsy results missing the ﬁbrous septa between
regenerative nodules [147,161]. Of interest, the histological features of necroinﬂammatory activity and severity of AIH are often
not in parallel with the biochemical activity of the disease
[27,28,34,40]. Liver biopsy, therefore, provides information on
prognosis and management as for instance the presence of cirrhosis may inﬂuence the choice and dose of the immunosuppressive agents prescribed while suggesting the need for regular
screening for complications, such as oesophageal varices and
HCC. It is highly recommended to have the histology reviewed
by an experienced liver histopathologist who should discuss the
most difﬁcult cases with the clinician. The pathologist should
weigh the inﬂammatory activity with the aid of the HAI score
in order to give a quantitative evaluation of the inﬂammatory
process to be monitored during treatment and follow-up.
Despite the growing interest for non-invasive methods for the
assessment of ﬁbrosis and inﬂammation, most studies with these
techniques have been performed in the ﬁeld of viral hepatitis C
and very few data are available on AIH. The limits for the clinical
use of these methods in AIH, in particular Fibroscan, are related to
the interference of necroinﬂammatory activity in the ﬂorid phase
of the disease and to the overlap of adjacent stages of ﬁbrosis
[162]. A recent proposed non-invasive diagnostic score to predict
inﬂammatory activity and severity of ﬁbrosis based on routine
laboratory parameters in AIH provides a useful tool for monitoring disease activity during treatment but cannot at present substitute the need of a biopsy, particularly at diagnosis [163].

Diagnostic scoring criteria
A comprehensive scoring system which grades every clinical, laboratory and histological feature of AIH, including response to corticosteroid treatment, has been published in 1999 by the IAIHG
[27]. This scoring system was initially developed to deﬁne homogeneous cohorts of AIH patients for clinical trials rather than
diagnosing AIH in individual patients. This scoring system has
been validated in several papers [164–166] and, although developed as a research tool to provide comparability among populations in clinical trials, it has been widely used in clinical practice
in assessing patients with few or atypical features of the disease
not readily captured by the descriptive criteria [167]. The typical
features, on which the diagnostic score is based, are summarized
in Table 5. The drawbacks of this scoring system as a clinical tool
are its complexity and failure to consistently distinguish AIH
from cholestatic syndromes. In 2008, a simpliﬁed scoring system
designed for every day clinical practice was proposed by the
IAIHG [28]. It is based on four parameters: presence and titer of
autoantibodies detected by IFL or ELISA (for anti-SLA/LP), serum
IgG concentration, presence of typical or compatible histology,
and absence of viral hepatitis markers (Table 6). Compared with
the original revised score system the simpliﬁed score has somehow lower sensitivity (95% vs. 100%) but higher speciﬁcity (90%
vs. 73%) and accuracy (92% vs. 82%) [55,166,168,169] and, according to some studies, seems to work well in patients with AIH-PBC
variant [168,170]. It does not grade response to corticosteroid
therapy [169] whose inclusion has been advocated as an additional criterion, but is primarily meant to serve as a guide for
the initiation of treatment, at which time point information on
response can naturally not be available. The simpliﬁed scoring
system is useful in excluding AIH in patients with other conditions and concurrent immune features [166,170], but it is more
likely to result in the exclusion of atypical cases [166,169,171].
Prospective evaluation of these criteria is required to corroborate
these observations.
In conclusion, the simpliﬁed criteria are user-friendly and a
good tool for daily clinical practice but without a diagnostic ‘‘gold
standard’’ the clinicians must regard any diagnostic score only as
an aid to diagnosis of AIH [172] and the criteria should be used
alongside clinical judgement. In this context, a subgroup of
patients especially those with acute or fulminant onset of AIH
may be missed by standard diagnostic criteria and therefore
require special attention. Acute or fulminant AIH is characterized
by an abrupt onset of symptoms and frequently with acute liver
failure. The challenge in the diagnosis is related to the lack of a
widely accepted deﬁnition [173] and of the phenotype characteristic of AIH. In fact, 25% to 39% of patients with acute onset AIH
have normal levels of IgG [106,107] while 9% to 17% test negative
for circulating autoantibodies [39,106]. The higher percentage of
those patients with normal IgG in this setting can be explained by
the short duration of the inﬂammatory process. A liver biopsy is
essential although the classical lesions pathognomonic of AIH are
frequently lacking and the most prominent lesion is the pericentral necrosis [37,156–158]. So far, few data are available on the
use of the published scoring systems in acute onset of AIH
[169,174]. In 70 patients with fulminant liver failure, the revised
scoring system supported the diagnosis of AIH in 40% of cases,
whereas only 24% were identiﬁed by the simpliﬁed scoring system [169]. In another series of 55 patients with acute/fulminant
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onset 91% had a score compatible with AIH with the revised scoring system vs. 40% with the simpliﬁed version [174]. The use of
the diagnostic scoring systems in this setting of patients should
be further evaluated prospectively.

10. AIH is a clinical diagnosis. The diagnosis of AIH
relies particularly on the presence of autoantibodies,
hypergammaglobulinemia and typical or compatible
histology (II-2)
11. The presence of elevated IgG levels, especially in the
absence of cirrhosis, is a distinctive feature of AIH. A
selectively elevated IgG in the absence of IgA and IgM
elevation is particularly suggestive of AIH (II-3)
12. Normal IgG or γ-globulin levels do not preclude the
diagnosis of AIH. Most of these patients demonstrate a
fall of IgG levels upon treatment (III)
13. Circulating non-organ specific antibodies are present in
the vast majority of AIH patients. Autoantibody profiles
have been used for sub-classification of AIH.
- AIH-1 (ANA and/or SMA positive)
- AIH-2 (LKM1, LKM3 and/or LC-1 positive)
- AIH-3 (SLA/LP positive).
The clinical implications arising from this subclassification are uncertain (II-2)
14. Indirect immunofluorescence is the test of choice
for the detection of ANA, SMA, LKM and LC-1.
Immunoassays (ELISA/Western blotting) are the tests
of choice for the detection of SLA/LP. Methods and cutoff values should be reported by the laboratory (III)
15. Histological demonstration of hepatitis is a prerequisite
for the diagnosis of AIH and needs to be part of the
initial diagnostic work-up (II-2)
16. There are no morphological features that are
pathognomonic of AIH, but interface hepatitis,
periportal necrosis, emperipolesis and rosetting of
hepatocytes are suggestive of AIH. These features
should be reported by the pathologist in addition to
grading (hepatitis activity index) and staging of disease
(II-2)
17. Pericentral necrosis may be present in the acute onset
of AIH and histologically indistinguishable from DILI
(II-3)
18. The simplified scoring system (2008) of the IAIHG
is a useful tool for every day clinical practice (II-2)
By considering response to treatment, the revised
scoring system (1999) of the IAIHG can be helpful in
diagnosing difficult cases (II-2)

Treatment of AIH
The aim of treatment in AIH is to obtain complete remission of
the disease and to prevent further progression of liver disease.
This requires mostly permanent maintenance therapy, or (only
achievable in a minority of patients) induction of a sustained
remission following treatment withdrawal.
The current immunosuppressive treatment regimens are
based on studies that were mostly published in the 1970s and
80s [175–179]. These studies revealed that untreated, moderate
to severe AIH (conﬂuent necrosis on liver biopsy, AST levels
>5 times the ULN, c-globulin levels >2  ULN) had a very poor
prognosis and have demonstrated that immunosuppressive therapy improves liver functions tests, ameliorates symptoms and
prolongs survival. As these studies were performed before discovery of the HCV they are likely to have included patients with
viral hepatitis C.
The beneﬁts of immunosuppressive treatment in asymptomatic older patients with mild necroinﬂammatory activity on
liver biopsy are not well established in terms of clinical endpoints
and their management remains controversial (Fig. 3). Treatment
related side effects should be counterbalanced to the risk of subclinical disease progression and evolution into symptomatic disease as well as the prospect of a complete and sustained response
to treatment. Ten-year survival in untreated patients with mild
disease was reported to be 67–90% [180,181], and in an uncontrolled study untreated asymptomatic patients had similar survival to those receiving immunosuppression [44]. Thus, a
decision not to treat might be justiﬁed, especially if there are relative contraindications to the use of steroids. In addition, spontaneous resolution of AIH may occur [182]. However, it also has to
be acknowledged that untreated AIH has a ﬂuctuating, unpredictable disease behaviour and a substantial proportion of
asymptomatic patients become symptomatic during the course
of their disease follow-up [44,183], and progression towards

Diagnosis AIH

Advanced fibrosis/
cirrhosis*

Active disease
(HAI ≥4/18)

Treatment required

Induction
therapy
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Treatment optional,
individual decision based
on:
- age
- co-morbidity
- patient preference
- serology

If no treatment,
monitor every 3 months
(ALT, IgG); follow-up liver
biopsy if there is increase
of ALT and/or IgG

19. Adult patients with AIH and cholestatic lab changes
should be considered for (MR) cholangiography to
recognize sclerosing cholangtitis (II-3)
20. Co-existence of features of AIH and cholestatic liver
diseases can be observed, both at diagnosis and
during follow-up.Diagnostic tests for PBC and PSC
should be performed in patients showing features of
cholestasis (II-2)

Mild disease (ALT <3x ULN;
HAI <4/18)
and no advanced fibrosis

Fig. 3. Therapeutic algorithm with case-by-case decisions about commencing
steroid therapy, informed by baseline assessments. For example, a patient with
active disease (elevated transaminases >3 normal values and hepatitis activity
index (HAI) >4/18) requires treatment. ⁄Treatment probably no longer indicated
in decompensated, burn-out cirrhosis, unless high inﬂammatory score on liver
biopsy.
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end-stage liver disease with liver failure and development of HCC
is possible [181]. In addition, as AIH is a lifelong disease, and progressive ﬁbrosis may take many years to become clinically apparent, the observational studies published may have been too short
and may have included too few patients in order to demonstrate
the beneﬁt of immunosuppressive therapy in milder disease. The
ﬂuctuating course of disease and the danger of subclinical disease
progression make it of critical importance, that if patients with
mild disease are left untreated, they must nonetheless undergo
a regular subsequent monitoring including follow-up liver
biopsy, if ALT and/or IgG levels increase or ﬂuctuate (Fig. 3). In
symptomatic patients and patients with advanced ﬁbrosis or cirrhosis, treatment should always be initiated as this represents a
negative prognostic predictor [44,104,160,184]. In addition, even
in advanced ﬁbrosis and cirrhosis substantial regression of scarring after successful treatment has been reported. In view of
the progressive nature of AIH and the effectiveness of immunosuppressive therapy, the consensus group recommends that all
patients with active disease should receive treatment.

21. Treatment of AIH should be aimed to obtain complete
biochemical and histological resolution of the disease
in order to prevent further progression of liver disease
(II-2)
22. The management of patients with AIH should also
include early recognition of extra-hepatic manifestations
and symptoms, and associated autoimmune diseases
as well as surveillance for disease specific, and
treatment-associated complications (III)
23. All patients with active AIH should be treated (I)
Dosage of therapy should be adapted to the activity of
the disease (III)
Only patients in (spontaneous) remission may not
require therapy but must be closely followed (three-six
monthly) (III)

Remission induction (Fig. 4)
The survival beneﬁt of corticosteroid therapy with or without
azathioprine has been shown in a number of controlled trials performed in the 1960s and 1970s [175–179]. In 1971, Cook et al.
demonstrated survival beneﬁts of immunosuppressive therapy
comparing prednisolone monotherapy (15 mg/day) with placebo.
Mortality rates differed markedly (14% vs. 56%) [175]. The results
were conﬁrmed in a study from the Mayo Clinic one year later.
This study compared prednisone monotherapy (starting with
60 mg/day and reduced to 20 mg over four weeks), azathioprine
monotherapy (100 mg/day), combination therapy (prednisone
starting at 30 mg/day reducing to 10 mg/day maintenance combined with azathioprine at 50 mg/day) and placebo, [176] the
beneﬁcial effect on survival was similar with prednisone
monotherapy and prednisone/azathioprine combination therapy
(mortality rate: 6% vs. 7% vs. 41% in the placebo group) [179].
However, the combination regimen was associated with fewer
side effects (10% vs. 44%) [185]. Histological remission was
achieved in 75% of patients after 18 months of active prednisone
based treatment but lagged behind clinical and biochemical

remission by several months. This trial further illustrated that
azathioprine monotherapy, used as induction therapy, resulted
in a high mortality (36%). Murray-Lyon et al. also reported a
higher mortality rate of azathioprine monotherapy as induction
therapy, compared to prednisone (24% vs. 5%) [177].
Comparing another strategy with titrated doses of prednisone (starting also at 60 mg/day) to maintain serum transaminase activity at less than twice the upper limit of normal,
Summerskill et al. showed that this led to less severe side
effects compared with the ﬁxed dose regimen (starting with
60 mg/day and reducing to 20 mg over four weeks) with comparable effect on clinical symptoms and biochemical parameters. However, histological remission was achieved in only
25% and 30% after 24 and 36 weeks respectively [186]. In
1982 Tage-Jensen et al. demonstrated once more superiority
of prednisone monotherapy over azathioprine monotherapy in
inducing remission [187].
Despite the limitations of these early studies (no testing for
HCV available at that time), they provide compelling evidence
that the use of a prednis(ol)one/azathioprine combination regimen has the best proﬁle in combining high efﬁcacy with minimal
side effects. Although prednisolone monotherapy and prednisolone/azathioprine combination therapy is considered equally
effective [34], frontline combination therapy with use of azathioprine may be preferable, particularly in patients with a high
anticipation of side effects such as in post-menopausal women,
individuals with emotional instability, pre-existent osteoporosis,
brittle diabetes, labile hypertension or obesity. Similarly, young
female patients are often concerned about weight gain and cosmetic side effects due to steroid treatment which might adversely
affect adherence and outcome. A pragmatic approach to this issue
is needed to ensure the best long-term outcomes. A proposed
dosing regimen is shown in Table 7. Caution for the use of azathioprine is advisable in patients with malignancy, cytopenia
and established thiopurine methyltransferase (TPMT) deﬁciency
(see below) as well as pregnancy, and in these situations, a
risk-beneﬁt analysis should be undertaken at an individual
patient level (see below).
Additional to the classical prednisolone/azathioprine regimen
that are also recommended in the AASLD [34] and BSG guidelines,
[40] several slight modiﬁcations have been proposed and are
being used in clinical practice in many expert centres. A higher
dose of predniso(lo)ne (up to 1 mg/kg/day) in combination with
azathioprine was shown to result in a more rapid normalisation
of serum transaminases in patients without cirrhosis [188].
Although the absence of an early fall of transaminases
[185,189] and failure to normalise [190–192] are negative predictors of treatment success, this strategy seems promising. It needs
to be conﬁrmed that this translates into better long-term outcome and is really suitable for all patients.
Another reasonable strategy is to delay institution of azathioprine and start with prednisone monotherapy. Delaying introduction of azathioprine (usually by about two weeks) can be
pragmatically helpful in managing patients with AIH, as it may
on the one hand help to resolve diagnostic uncertainties while
on the other hand avoids the diagnostic dilemma of discrimination between azathioprine-induced hepatotoxicity from primary
non-response. Although hepatotoxicity of azathioprine is uncommon, its frequency is increased in patients with advanced liver
disease [3]. In general, treatment of AIH should be response
guided and treatment regimens should be individualised
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AIH

0.5-1 mg/kg/d predniso(lo)ne

Good response

Insufficient response

Add azathioprine gradually
up to 1-2 mg/kg/d

Consider
non-compliance

Consider
alternative diagnoses

Azathioprin- intolerance

Second-line therapy
(usually MMF)

Increase to

Taper steroids (ideally trial of
steroid withdrawal)

100 mg prednisolone i.v.

Insufficient response

Response

Individualize doses (consider checking 6-TG levels)
to achieve and maintain normal ALT and IgG

Manage
alternative disease

Refer to specialist centre for confirmation of diagnosis,
LTX-evaluation and/or alternative immunosuppressives

Fig. 4. Therapeutic strategy in autoimmune hepatitis. Treatment requires induction of remission and prolonged maintenance therapy. Induction is delivered by steroids
and thiopurines are added as steroid sparing strategy. Laboratory endpoints are normalisation of IgG and ALT. MMF, mycophenolate mofetil.

Table 7. Treatment proposal for adult patients with AIH (e.g. 60 kg).

Week
1

Prednisolone (mg/day)
60
(= 1 mg/kg body weight)
2
50
3
40
4
30
5
25
6
20
7+8
15
8+9
12.5
From week 10 10

Azathioprine (mg/day)
50
50
100*
100*
100*
100*
100*

Reduction of prednisolone to 7.5 mg/day if aminotransferases reach normal levels
and after three-months to 5 mg/day, tapering out at three-four months intervals
depending on patient’s risk factors and response. *Azathioprine dose of 1–2 mg/kg
according to body weight.

according to the response of the patient and tolerance of treatment. A suggested induction strategy is shown in Fig. 4.
Therapy is aimed to obtain complete biochemical and histological remission. In patients showing a prompt response with
complete normalisation of transaminases and IgG within the normal limits of a follow-up, liver biopsy to demonstrate also histological remission is normally not required, as chances of
signiﬁcant inﬂammatory activity requiring increased immunosuppression are very low. Follow-up biopsy is, like any invasive
procedure, recommended, if a change of management is somewhat likely to result from the procedure; this is particularly the
case in patients with sub-optimal response to immunosuppression, and in patients with treatment side effects. In these cases,
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individual risk assessment of disease progression needs to be
weighed against (possible) treatment side effects, and assessment of disease grading can help in this. Ongoing studies suggest
that Fibroscan can also be used in follow-up. Increase in liver
stiffness can be due to either disease reactivation with increased
inﬂammatory inﬁltrates and oedema, or due to progressive ﬁbrosis (or both).
In a recent prospective, double blind, randomised, phase IIb
trial of patients without cirrhosis [193], budesonide (9 mg/day)
and azathioprine (1–2 mg/kg/day) given for six months was compared to conventional prednisone and azathioprine-based
immunosuppression. Budesonide/azathioprine was shown to
normalise transaminases more commonly and had fewer side
effects compared to prednisone (40 mg/day tapered to
10 mg/day) azathioprine (1–2 mg/kg/day) combination, and was
superior in a combined endpoint. A complete biochemical remission without steroid speciﬁc side effects was achieved in 47% of
patients given budesonide vs. 18.4% given prednisolone.
However, follow-up data on histology and long-term data are
not available. Remission rates in the control arm in this trial were
very low, and clearly lower than in earlier published case series,
presumably due to ﬁxed dose reduction schedule in the prednisone group and a fairly low used prednisone dose. While budesonide in this trial was given at a high dose until response was
observed and treatment was response guided, the control arm
was not, introducing a bias in the trial. Nonetheless, this trial
has demonstrated efﬁcacy of budesonide in AIH. The successful
use of budesonide in AIH has also been reported in other small
case series [194–196], but failure was also described in other series [197].
The decision to use budesonide in a particular patient should
balance the anticipated beneﬁcial side effect proﬁle against
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uncertainties in strength and long-term efﬁcacy. Budesonide has
a 90% ﬁrst pass hepatic clearance and should not be used in cirrhotic patients, or those with peri-hepatic shunting, because of
the high risk of side effects in patients not protected by effective
ﬁrst pass metabolism [198,199]. In addition, the decision should
be inﬂuenced by the presence of concurrent extra-hepatic
immune-mediated diseases as exacerbations of these might be
possible [197,200]. Budesonide (9 mg/day) plus azathioprine
may therefore be considered in treatment-naive non-cirrhotic
patients with early stage disease and in whom untoward major
steroid speciﬁc side effects are highly anticipated. However, we
have little information about the best approach to dose reduction
in budesonide treatment. Due to the short half-life of budesonide,
it is not clear if reduction to twice daily (6 mg) and to once daily
(3 mg) dosing is reasonable, or if the thrice daily dosing should be
continued, reducing individual dose from 3 mg to 2 mg and 1 mg.

24. Predniso(lo)ne as initial therapy followed by the
addition of azathioprine after two weeks is the first line
treatment of AIH (I)
Initial dose of predniso(lo)ne should be between 0.5
and 1 mg/kg/day. Higher initial doses can induce
remission more quickly albeit at the expense of steroid
related side effects (II-2)
25. Azathioprine can be initiated whenever bilirubin
levels are below 6 mg/dl (100 µmol/L) and ideally two
weeks after the initiation of steroid treatment. The
initial dosage should be 50 mg/day, and increased
depending on toxicity and response up until a
maintenance dose of 1-2 mg/kg (II-2)
26. Treatment of AIH should be response guided and
treatment regimens should be individualised (III)

A complete clinical, biochemical and histological remission
with a sustained off-treatment response after treatment withdrawal is the most desirable treatment endpoint. However, this
cannot be reached in the majority of patients. In 80 to 90% of
patients, transaminases promptly improve after institution of
immunosuppressive treatment. In approximately 20% of patients,
a sustained remission following withdrawal of immunosuppressive treatment can be achieved by ﬁnite treatment therapy (with
a median follow-up of more than six years) [201], which might be
improved by the application of stringent endpoint criteria before
treatment withdrawal (see below). Primary non-response to
immunosuppressive treatment is experienced in only a small
proportion of patients with AIH. Non-response (or very slow
response) should therefore always lead to a careful reconsideration of the diagnosis and/or re-evaluation of adherence to treatment. In particular, young, non-Caucasian patients with an
acute or fulminant presentation and the ﬁnding of conﬂuent
necrosis in liver tissue have a higher risk of treatment failure
[20,202–205]. Patients with liver failure and lack of improvement
of serum bilirubin and MELD score during treatment should be
referred early to a transplant centre and LT should be considered
since this disease phenotype has a high mortality without LT
[42,202–206]. In patients without liver failure and not responding to initial treatment an increased dose regimen or alternative
treatment strategies can be applied (as discussed in detail in
section ‘Special patient populations’) [207].

27. A failure of adequate response should lead to a
reconsideration of diagnosis or re-evaluation of
adherence to treatment (II-2)
28. In patients with sub-optimal response despite
reconfirmation of diagnosis and adherence, dosage of
prednisolone and azathioprine should be increased or
alternative medications should be used (please see
section on “difficult to treat patients”) (II-2)
29. Patients with acute severe AIH should be treated with
high doses of intravenous corticosteroids (≥1 mg/
kg) as early as possible. Lack of improvement within
seven days should lead to listing for emergency liver
transplantation (III)

Treatment withdrawal (Fig. 5)
The majority of AIH patients respond well to steroid based
immunosuppressive treatment and serum transaminases
improve to levels within the normal range [190,208–210].
Complete normalisation of transaminases as well as normalisation of IgG levels should be the aim of treatment in patients with
autoimmune hepatitis as persisting elevations of transaminases
are predictive of; (i) a relapse after treatment withdrawal;
(ii) activity on liver biopsy; (iii) progression to cirrhosis; and
(iv) poor outcome [185,190–192,208,211,212].
Histological resolution of disease typically lags behind after
reaching the biochemical endpoint [176]. There is no clear evidence of optimal treatment duration. However, treatment should
be continued long enough to reach histological remission as
residual interface hepatitis is still found in patients with normalised ALT levels and is predictive of disease relapse [212].
Together with normalised serum transaminases normalisation
of serum IgG appears to also be predictive of histological resolution [108].
Treatment should be continued for at least three years and for
at least 24 months after complete normalisation of serum
transaminases and IgG levels (biochemical remission). Longer
treatments may decrease the frequency of relapse and may therefore be considered. For patients with severe initial presentation
and low tolerance of induction treatment, performance of a liver
biopsy prior to treatment withdrawal is advisable as histological
ﬁndings are predictive of ﬁbrosis progression and relapse [108].
In patients with continued histological disease activity (HAI >3),
immunosuppressive treatment should not be discontinued, as
relapse is almost certain to occur. A recent paper showed that
ALT levels below half the upper limit of normal together with
IgG levels below 12 g/L were highly predictive for successful
treatment withdrawal [213]. A trial of treatment withdrawal
should be undertaken by stepwise reduction of immunosuppressive agents, and patients monitored closely. Flares of AIH activity
during maintenance therapy or following treatment reduction
require increased doses of immunosuppression and preclude
complete drug withdrawal (Fig. 5).
A relapse of the disease is frequent (50–90%) after drug withdrawal and typically occurs in the ﬁrst 12 months after stopping
treatment [201,214–216]. However, later relapse can also occur
and underscores the need for regular lifelong monitoring of
patients even without immunosuppressive therapy [217]. A
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relapse is deﬁned as reappearance of ALT elevation >3 times the
ULN according to the IAIHG criteria, but may also present with
milder ALT elevations and/or increase in IgG levels. A liver biopsy
is usually not necessary to conﬁrm the relapse as ALT elevations
are highly predictive. A higher frequency of relapse has been
reported to be associated with; (i) slow response to immunosuppressive treatment; (ii) persistent elevation of serum transaminases and/or serum globulins and IgG; (iii) residual
inﬂammation on liver biopsy; and (iv) shorter treatment duration
[191,209,211,218,219]. In patients with an identiﬁable (and
avoidable) trigger of initial presentation, a relapse seems to be
more uncommon [74].
Treatment of the relapse corresponds to initial treatment with
prednis(ol)one and azathioprine and is equally effective in inducing a remission as in primary induction therapy. However, close
monitoring after treatment withdrawal with early detection of
relapse allows lower doses of immunosuppressants to re-induce
full remission. Importantly, patients with multiple relapses were
shown to experience more side effects and have adverse outcomes [201,208,216,220]. Therefore, long-term, probably permanent, maintenance treatment is advisable in patients after a
relapse.

30. Biochemical remission is defined as normalisation
of IgG and transaminases. Histological remission is
defined as normal histology or minimal hepatitis (HAI
<4 or equivalent) (II-2)
31. Immunosuppressive treatment should be continued for
at least three years and for at least two years following
complete normalisation of transaminases and IgG (II-2)
32. In patients without biochemical remission, treatment
should not be discontinued. In patients who have been
in biochemical remission for more than two years, a
liver biopsy should be considered prior to treatment
withdrawal. In patients with continued histological
disease activity (HAI >3), treatment should also not be
discontinued (II-2)
33. Only a small minority of patients stay in remission
without maintenance therapy. A trial of treatment
withdrawal requires close cooperation between patient
and physician. A relapse occurs most commonly
within 12 months after treatment withdrawal. However,
relapse may even occur many years later. Patients
should therefore be closely monitored after treatment
withdrawal, and surveillance continued lifelong. An
increase in IgG can precede the rise of transaminases
in a relapse (II-2)
34. Treatment of the relapse or flare may require
steroid doses similar to the induction regimen.
Earlier detection of relapse allows lower doses of
immunosuppressants to re-induce full remission (II-2)
35. Patients who have received adequate
immunosuppression and have relapsed during
drug withdrawal, or who experienced a flare during
adequate maintenance therapy should be kept on
immunosuppression permanently (II-2)
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Maintenance treatment
After reinstitution of therapy and achievement of clinical and laboratory resolution, the dose of azathioprine should be increased
to 2 mg/kg/day as the dose of predniso(lo)ne is gradually withdrawn. Azathioprine should subsequently be continued indeﬁnitely as a continuous maintenance therapy. The data regarding
maintenance therapy with azathioprine monotherapy at a dosage
of 2 mg/kg/day are encouraging in terms of prevention of steroid
speciﬁc side effects and relapse, with no relapse during azathioprine maintenance therapy after one year and 83% remission rate
over a median follow-up of 67 months [179,221,222]. During azathioprine maintenance therapy, patients should be monitored for
cytopenias. An increased risk of malignancies is possible,
although this is, as discussed, controversial [223]. In a small case
series of azathioprine withdrawal after a median of ﬁve years,
50% of patients relapsed after a median of seven years [35]. The
major advantage of the azathioprine regimen is the avoidance
of corticosteroids and their possible detrimental long-term side
effects.
An alternative strategy is to administer prednisolone at the
lowest dose possible to maintain the serum transaminase levels
within normal limits. The major advantages of the low dose prednisolone schedule are avoidance of long-term azathioprine therapy in fertile young adults and elimination of the theoretical
risks of onco- and teratogenicity. The beneﬁt and potential risks
of a maybe lifelong azathioprine or prednisolone maintenance
therapy should be discussed with the patients and the choice of
which strategy to apply in patients who have achieved remission
should be individualised. Factors taken into consideration include
the stage of liver disease and severity of initial presentation, tolerance of induction treatment, bone density measurements, associated diseases and risk factors as well as the age of the patient.

36. In patients with mild disease and intolerant to
azathioprine, prednisolone monotherapy can be
considered (II-2)
37. In all other patients, steroid-free monotherapy
with azathioprine (or MMF) should be the goal of
maintenance therapy. Maintenance treatment should
be adapted in dose to sustain stable remission with
normalised transaminases and IgG levels. The rate of
relapse after prednisolone withdrawal can be reduced
by application of azathioprine at a dose of up to 2 mg/
kg/day (II-2)

Monitoring during treatment
Patients initiated on prednisolone/azathioprine combination
therapy should have baseline clinical and laboratory parameters
monitored during the ﬁrst four weeks. As the steroid dose is
tapered, monitoring intervals can be extended to one- to threemonths. Patients with AIH require lifelong monitoring, as disease
ﬂares and relapses are frequent even after complete remission. A
relapse after treatment withdrawal occurs commonly within
12 months. Patients should therefore be closely monitored after
treatment withdrawal. During maintenance treatment, patients
should be seen in three- to six-month intervals.
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TPMT deﬁciency

Special patient populations

TPMT is an enzyme involved in azathioprine metabolism.
Azathioprine is converted to 6-mercaptopurine (6-MP), and this
intermediate metabolite is subsequently converted in the liver
to either 6-thioguanine, 6-thiouric acid or 6-methy mercaptopurine. [224] Genotyping of or measuring activity of the TPMT
enzyme, which catalyses conversion of 6-mercaptopurine into
inactive products, may to some extent predict azathioprine toxicity [225–227].
The 6-thioguanine nucleotides (6-TGN) which are responsible for immunosuppressive and anti-inﬂammatory properties
of azathioprine can also cause myelosuppressive toxicity
[228]. Impaired conversion of 6-MP to 6-thiouric acid can
increase the conversion of 6-MP to the 6-TGN and can therefore
increase toxicity of ﬁxed dose azathioprine [229]. Low TPMT
activity is associated with various alleles with the most common being the ⁄3A allele. Homozygosity with full TPMT deﬁciency is rare (0.3%) and is associated with a very low
enzyme activity, serious toxicity may be encountered due to
an accumulation of active 6-MP metabolites, although TPMT
genotyping has shown rather variable results in predicting toxicity [230,231]. This is likely due to alternative pathways of
metabolism, variable penetrance and possible substrate induction of TPMT activity [232]. Therefore, patients who develop
azathioprine related side effects cannot be reliably identiﬁed
by measuring TPMT activity or genotyping and patients with
azathioprine intolerance were shown to have normal or near
normal TPMT activity [230,233].
In addition, it has been shown in patients with inﬂammatory bowel disease that this toxicity may be avoided by use
of low doses with careful monitoring of metabolites in the
blood [234–236]. Heterozygosity for the low-activity allele with
intermediate enzyme activity is found in about 10% of the
patients. In patients with autoimmune hepatitis neither
heterozygosity nor 6-MP metabolite levels were shown to be
reliable predictors of azathioprine efﬁcacy or toxicity
[231,233,237] and cytopenia is frequently encountered due to
cirrhosis.
However, given the potentially serious consequence of azathioprine treatment in patients with TPMT deﬁciency, the beneﬁt
in terms of safety and reassurance may outweigh the arguments
against universal testing so that, if available, TPMT testing may be
performed prior to initiation of azathioprine therapy in patients
with AIH. In patients with TPMT deﬁciency, prednisolone
monotherapy regime or a lower dose of prednisolone combined
with mycophenolate mofetil (MMF) may be used. However, as
azathioprine toxicity is more frequently encountered in the
absence of TPMT deﬁciency, close monitoring of all patients
started on azathioprine is mandatory, even following TPMT activity testing.

Pregnancy

38. TGN-measurements may help to guide azathioprine
dosage and to detect possible non-adherence.
Undetectable TGN-levels may be due to altered
metabolism or non-adherence. High TGN-levels may
suggest toxicity (II-2)

For patients with stable AIH, the issue of conception and pregnancy frequently arise. An evolving literature on which to base
recommendations now exists.
In a large series of patients that attended King’s College
Hospital between 1983 and 1998, 18 patients had 35 pregnancies; 31 live births were reported with birth abnormalities seen
in only two cases [82]. Flares in disease activity occurred during
four pregnancies and in additional four within three-months of
delivery. In an expanded series from the same institution, 81
pregnancies were reported in 53 women with 41% of pregnancies
occurred in the context of cirrhosis [81]. At conception, 61 pregnancies (75%) were on therapy for AIH and 75% of patients were
receiving pharmacotherapy. Of these, 27 patients were on prednisolone monotherapy (mean dose 10 mg/day, range 2.5 mg–
40 mg), seven were on azathioprine monotherapy (range 1 mg/
kg/day–2 mg/kg/day) and 25 patients were on combination therapy of azathioprine (range 1–2 mg/kg/day) and prednisolone
(mean dose 5 mg/day, range 2.5–20 mg). In addition, one patient
received tacrolimus (2 mg/day) in conjunction with prednisolone
[81]. Among those patients on medication, 46 (74%) were stable
on their medication regimen for over one year prior to
conception.
The live birth rate (LBR) was 73% (59/81). Prematurity
occurred in 12/59 (20%) and six infants (11%) required admission
to special care baby unit (SCBU). In mothers who were cirrhotic at
the time of conception the LBR was lower and need for admission
to SCBU was higher. The overall maternal complication rate was
31/81 (38%) conceptions. A ﬂare in disease activity occurred in
26/81 (33%) pregnancies. A serious maternal adverse event
(death or need for liver transplant) during or within 12-months
of delivery, or hepatic decompensation during or within threemonths of delivery, occurred with nine pregnancies (11%) and
was signiﬁcantly more common in women with cirrhosis.
Maternal therapy had no signiﬁcant impact on the LBR, termination rate, miscarriage rate or gestational period. Flares of the
underlying AIH were more likely in patients who were without
therapy or who had a disease ﬂare in the year prior to conception.
Patients who had a ﬂare in association with pregnancy were more
likely to decompensate from a liver standpoint. Importantly, no
further birth abnormalities were reported beyond those reported
in the original report [81].
In a German series, 42 pregnancies in women with AIH, 11
adverse outcomes were reported with serious maternal complications in four [238]. The unexplained adverse outcomes were
associated with the presence of anti-SLA/LP and anti-Ro/SSA antibodies. Flares during pregnancy occurred in 21% of patients,
whereas 52% of patients had post-partum ﬂares. In a survey of
63 pregnancies in patients with AIH, higher caesarean section
rate but no increase in stillbirth or fetal malformation rate was
observed [239].
In all these large series, no apparent relationship existed
between azathioprine use during pregnancy and an adverse outcome. In large studies of patients with inﬂammatory bowel disease (IBD), the relative safety of azathioprine or 6-MP during
pregnancy has also been well established [240]. Indeed, results
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teratogenicity and should be withdrawn prior to considering
pregnancy and avoided entirely [245].
With regard to breastfeeding in the context of autoimmune
hepatitis and immunosuppression, little data exist. The data
available is derived from use for other conditions such as IBD
or rheumatological disorders. In general, azathioprine or 6-MP
is considered safe for breastfeeding although small amounts of
metabolite can be detected in breastmilk. However, this does
not appear to result in complications for the feeding infant
[246,247].

39. Controlled AIH is neither a contraindication to
pregnancy nor to breastfeeding (II-2)
Maintenance treatment of azathioprine plus/minus
predniso(lo)ne should be continued (II-2)
Mild flares can occur in the first trimester and in
particular after delivery and may require transient
increase in immunosuppression (II-2)
MMF is contraindicated in pregnancy (II-2)

Fig. 5. Follow-up of autoimmune hepatitis patients who have achieved
remission. Note that drug-free remission of autoimmune hepatitis is infrequent
and cannot be achieved in the majority of patients.

Children
of a meta-analysis evaluating the outcome of women with IBD
exposed to thiopurines, the pooled odds ratio for low birth
weight, preterm birth, and congenital abnormalities were 1.01
(95% CI (conﬁdence interval) 0.96, 1.06), 1.67 (95% CI 1.26,
2.20), and 1.45 (95% CI 0.99, 2.13), respectively. In men, the
pooled OR for congenital abnormality was 1.87 (95% CI 0.67,
5.25) [241].
Therefore continuation of this drug during pregnancy appears
to be justiﬁed. Moreover, in a small case series of 14 patients in
whom immunosuppression was reduced during pregnancy, following delivery (or stillbirth in one patient), 12/14 patients had
a rapid ﬂare of AIH [79].
AIH may also present for the ﬁrst time during pregnancy or
(more frequently) in the immediate post-partum period
[80,242]. Index presentations should be treated in the same
fashion as the non-pregnant patients. Overall, the available large
series support a strategy of minimal adjustment to standard
immunosuppression (prednisolone/azathioprine) during the
course of pregnancy so that the risk of ﬂare can be minimized
both during pregnancy and post-partum. Similar, due consideration should be given to calcineurin inhibitor (CNI) therapy,
although exact data pertaining to the use of ongoing CNI use
in pregnancy can only be derived from transplant series
[79,80,243].
The ﬁnal decision to modify immunosuppression either preconception or during pregnancy should be based on the perceived
risk to the patient and the pregnancy. Unquestionably, patients
with established cirrhosis are at greatest risk of adverse outcomes both during pregnancy and in the ﬁrst year following
delivery and therefore this group should have closest attention
during this time. Notwithstanding the fact that azathioprine is
considered a category D drug by the US Food and Drug
Administration [244], azathioprine and 6-MP have both demonstrated relative safety in pregnancy. In contrast, MMF which is
in the same category, has signiﬁcantly greater risk of
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As discussed in section ‘Epidemiology of AIH’, AIH is seen in all
ages and races, and a considerable cohort of patients is increasingly derived from transition or adolescent clinics. The general
principles of management of AIH presenting in childhood are
similar to those presented in adult patients with some caveats.
Indications for therapy are similar [248]. Multiple large series
have demonstrated that the disease entity appears to be more
aggressive at presentation than that seen in adults with AIH.
Whether this relates to the presence of other autoimmune diseases, delays in diagnosis or genetic susceptibility is unclear
[249]. Similarly, the potential overlap with an alternative disease
entity, speciﬁcally AISC complicates the diagnostic pathway
[52,248,250,251].
Since at diagnosis, more than 50% of children will have evidence of cirrhosis, and the milder forms of disease are not usually
seen, this justiﬁes initiation of early treatment following diagnosis [52,248,250,251]. The aggressive course of disease and reports
that delays in diagnosis may affect prognosis, legitimizes early
drug therapy. As with adult AIH, treatment may be withheld in
only rare circumstances, most speciﬁcally in the context of burnt
out cirrhosis without inﬂammatory activity, and only in consultation with a specialised hepatologist.
Treatment regimens in childhood AIH
In comparison to adult AIH, treatment regimens in children have
been derived primarily from large single-centre practices and
reﬂect the experience and experience bias of these institutions
[52,248,250–257]. Until recently, no randomised trial in the management of AIH in childhood had been undertaken [258].
However, despite the lack of controlled trials in children with
AIH, multiple reports have documented the efﬁcacy of induction
treatment regimens at a level similar to adult patients with normal liver enzymes in up to 90% of patients after six-nine months
of therapy [52,248,250–252].
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Until now, prednis(ol)one has been the mainstay of therapy in
virtually all reported regimens for children, and it is typically
administered initially in a dose of 1–2 mg/kg daily (up to 60 mg
daily) [52,248,250,251]. Variability exists regarding the tapering
of steroid dose. Opinion varies regarding this aspect of care with
some institutions advocating rapid switch to alternate day steroid therapy in order to minimize the effects on growth retardation. In contrast, other centres favour a low dose daily schedule
of prednis(ol)one.
Since a concern exists for physicians, parents and children of
high dose therapy on linear growth, bone growth, and cosmesis,
early introduction of azathioprine (1–2 mg/kg daily) or 6-MP
(1.5 mg/kg daily) for all children is usually recommended unless
contraindications exist [52,248,250,251].
A recent important study evaluated an alternative induction
regimen in children and adolescents with AIH [258]. It currently
represents the only double blind, controlled trial of therapeutics
in AIH in childhood. Using budesonide as an alternative to prednisone, 46 patients were enrolled in a six-month, prospective,
double blind, randomised, active-controlled, multicentre phase
IIb study that compared budesonide in 19 patients (dosed at
3 mg twice or three times daily) with 27 patients that received
prednisone (40 mg/day tapered to 10 mg/day). Both groups
received azathioprine (1–2 mg/kg/day), followed by a further
six months of open-label budesonide therapy.
The primary efﬁcacy endpoint was deﬁned as complete biochemical remission (normal serum ALT and AST) without predeﬁned steroid speciﬁc side effects. The results identiﬁed no
statistically signiﬁcant difference in the percentage of patients
who met the primary endpoint between the budesonide (3/19;
16%) and prednisone groups (4/27; 15%) after six months of treatment, nor in the percentage of patients who experienced biochemical remission (budesonide, 6/19 [32%]; prednisone, 9/27
[33%]), lack of steroid speciﬁc side effects (budesonide, 10/19
[53%]; prednisone, 10 of 27 [37%]). Overall, there was signiﬁcantly less weight gain in the budesonide group (1.2 ± 3.5 kg vs.
5.1 ± 4.9 kg in the prednisone group (p = 0.006). In the subsequent six-month open-label limb of the study, a total of 42
patients received open-label budesonide after which, 46% of
these patients achieved complete remission. Based on these data,
oral budesonide with azathioprine can both induce and maintain
remission in paediatric patients with AIH and may be considered
an alternative therapy to prednisone in non-cirrhotic patients.
Long-term effects of this regimen on bone growth and linear
growth remain to be assessed.
The use of azathioprine in isolation as a maintenance regimen
in children is limited. In ﬁve eligible patients, who were withdrawn from steroids 4/5 remained in remission [252].
Cyclosporine A has also been used as alternative induction regimen, although, no advantage to conventional therapy can be
identiﬁed over standard initiation regimens [255]. MMF has been
utilised in children as a rescue regimen in unresponsive disease
[253]. Of 26 patients with autoimmune liver disease, 18
responded with 14 having complete normalisation of transaminases in follow-up [253]. Interestingly, of the non-responders,
six had AISC.
Like all adult patients, all children should be assessed for evidence of immunity against hepatitis A and hepatitis B virus (HBV)
infection and vaccinated accordingly [259]. Similarly, assessment
of bone density should be undertaken at diagnosis and during
follow-up as described in adults.

40. Children with AIH require higher doses of steroid at
initiation of therapy. The principles of management of
AIH in children are otherwise similar as in adults (II-2)

Co-morbidity and old age
Individualisation of therapy may be appropriate for certain
groups of patients. In making the decision to devise strategies
in management, one needs to consider the presence of co-morbidity in conjunction with the severity of disease and the goals
of treatment. In that regard, it is possible to identify certain categories of patients, i.e. patients with evidence of osteoporosis at
disease onset, patients with established diabetes mellitus and
metabolic syndrome, patients with co-existing viral hepatitis
such as HBV or HCV infection. In a similar way, consideration
needs to be given to strategies of treating patients who present
in older age, who may have a more responsive disease process
and who will also have less symptoms at onset of disease
[35,44,260].
Old age
Older patients are often less symptomatic at presentation [35,44]
and will also be more biochemically responsive to therapy
[35,260,261]. Moreover, genetic inﬂuences in particular a higher
prevalence of the HLA DR4 alleles in this group seems to at least
contribute in part in Western populations to this clinical phenotype of more responsive disease [260]. In a large US single-centre
experience, the prevalence of cirrhosis at accession was identiﬁed
to be 33% in patients >60 years compared to a prevalence of 10%
in a comparison group of patients who were aged <30 years at
presentation [260]. Similar ﬁndings regarding the prevalence of
cirrhosis or more advanced ﬁbrosis (F3) at accession have been
reported from Japan [261]. These patients also had a higher
prevalence of concurrent autoimmune disease [260,262]. In these
studies, patients >60 years were all treated with standard
regimes of corticosteroids and azathioprine.
In contrast to the elderly patient with established cirrhosis or
marked inﬂammation, an unresolved question particularly
among elderly patients, is the presence of mild interface activity
with low necroinﬂammatory scores on liver biopsy [263]. In that
context, an unanswered question is whether these patients
should be treated, especially if other co-morbidity exists. In a series of patients from the 1970s, ten-year survival was 90% [180],
although a more recent study from the Mayo Clinic described a
range of outcomes including progressive liver failure, ascites,
and HCC during a follow-up interval of ten years (range, 2.7–
19.9 years) [181]. These untreated patients with mild disease also
were less likely to improve (12% vs. 63%) and had a ten-year survival of 67% compared to a treated control group whose survival
was 98% [181]. It is noteworthy, however, that these outcomes
reﬂect only a small number of patients. In a Canadian study,
the absence of symptoms at presentation did not translate to
poorer outcomes when compared to treated patients, although
in follow-up, 25% of patients developed symptoms [44].
Pragmatically, clinical judgement is required if embarking on a
watchful waiting strategy. Close follow-up of these patients is
essential, as activation and relapse can occur any time, occasionally decades after the initial presentation. If liver function tests
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remain abnormal or worsen, then repeat liver biopsy is appropriate and treatment initiation should be undertaken.
In elderly patients or in those with co-morbidity, the choice of
steroid therapy should be considered carefully. For patients without cirrhosis, when severe steroid–related side effects are likely
to exacerbate poorly controlled diabetes, osteoporosis, and psychosis, budesonide 9 mg/day plus azathioprine 1–2 mg/kg/day
may be an appropriate choice [193]. Although, these endpoints
have not been evaluated at a long-term, current management
would favour this approach. Clearly attempts at early steroid
withdrawal should be undertaken.
Presence of osteopenia/osteoporosis
In the classic early standard immunosuppression trials in AIH,
side effects were particularly problematic in the steroid-only regimens. The presence of Cushingoid facies and buffalo hump were
reported in up to 50% of patients, diabetes mellitus in between
15–20% of patients [176–178,186]. Reports of hypertension, psychosis, cataract development, osteoporosis and vertebral collapse
related to osteoporosis were of the order of between 5 and 10%
and although less commonly seen on combined regimens, the
prevalence of these side effects is nonetheless approximately
5% [176–178,186].
Worldwide, it is estimated that over 200 million individuals
suffer with osteoporosis with the major complication relating
to increased bone fragility and subsequent reduced quality of life,
morbidity and mortality [264]. Although steroid induced osteoporosis represents only a fraction of the osteoporotic population,
its impact is important in terms of complications. For example,
patients with AIH who may receive several courses of high dose
steroids (daily dose P15 mg and cumulative exposure >1 g) have
a substantially increased risk of fracture [265]. There is a considerable scope to intervene in susceptible patients using preventive
measures. Moreover despite numerous data being available in
relation to intervention to bone health, it is estimated that only
between 5 and 62% of patients on glucocorticoid therapy in the
United States and Europe receive appropriate preventive therapies [266].
In 2003, the combined guidelines of the American College of
Gastroenterology (ACG) and the American Gastroenterological
Association (AGA) were published, recommending lifestyle modiﬁcations and medical therapy, including supplemental calcium,
vitamin D and bisphosphonates, to prevent or treat bone loss in
patients who receive long-term steroid therapy [267]. Indeed
implementation of these guidelines concurrently in a population
of patients with IBD led to the detection of osteopenia and osteoporosis with initiation of speciﬁc therapies in a majority of gastroenterology clinic patients who met the guidelines’ criteria
for dual energy X-ray absorptiometry (DEXA) scanning [268].
Interestingly, evaluation of a similar type of strategy at a US
based Gastroenterology and Hepatology tertiary centre suggested
that tertiary care physicians were most likely to recommend
bone health medications, lifestyle changes or DEXA scan to
patients if they had AIH, IBD, or were current smokers, had liver
disease or had a history of osteoporosis or osteopenia.
Remarkably, previous fracture, advanced age, steroid use and
reduced body mass index were not associated with tertiary
physician bone health recommendations in the study [269].
Pragmatically, and consistent with previous recommendations relating to cholestatic liver disease and in particular PBC,
for patients with AIH bone mineral density assessment (DEXA)

990

is a useful guide for treatment and should be undertaken when
possible in probably all patients at presentation, along with follow-up assessment between one and ﬁve years depending on
outcome and general osteoporosis risk, although, no speciﬁc data
can be used to support this assertion. The use of calcium and vitamin D supplements is supported by epidemiological data with
proven reduction or reversal in the natural rate of bone loss,
but no trial data supports or refutes this approach in AIH, while
as a general principle hormone replacement therapy is effective
in post-menopausal female patients. There are trial data to support the use of bisphosphonates (particularly alendronate) when
osteoporosis is present [270,271].

41. Measurement of bone density is recommended at
the initiation of steroid therapy. Supplementation of
Vitamin D and adequate calcium intake should be
recommended to all patients receiving steroid therapy
(II-2)

Difﬁcult to treat patients
Most, but not all patients respond well to conventional treatment, and those who do respond may develop side effects related
to the treatment. Depending on the remission criteria used (full
response with normal aminotransferase activity, normal
immunoglobulin concentration and normal histology or only biochemical normalisation), at least 10–15% of patients seem to be
refractory to standard treatment, as a result of non-compliance,
partial compliance or true non-response. Furthermore, some
patients might have variant syndromes with features of PSC or
PBC precluding full normalisation of liver enzymes. Finally, comorbidities may limit therapeutic options and thus alter the
management.
Biochemical response to standard immunosuppression is the
rule and is often viewed as an additional diagnostic criterion.
As a result, non-response should question the diagnosis and
adherence to treatment. Non-response is not well-deﬁned in
AIH. A lack of a reduction of transaminase by more than 25% after
two weeks should be regarded as non-responsive. Numerous diseases can resemble AIH including Wilson’s disease, NASH, DILI
and atypical forms of PSC or PBC (variant syndromes). These conditions may be unrecognised at presentation and should be
reconsidered if apparent non-response is observed. Moreover,
AIH may undergo transitions during its course, with a cholestatic
syndrome emerging that might be refractory to the original treatment (secondary non-response). Lastly, another condition may be
superimposed upon the original process during the course of AIH
such as viral infection, drug toxicity or fatty liver.
Non-response
Different grades of non-response have to be considered; null
response (treatment failure) with or without immediate severity
and incomplete (partial) response requiring individualised therapeutic management. In patients with sub-optimal response
despite reconﬁrmation of diagnosis and adherence, dosage of
prednisolone and azathioprine should be increased or alternative
medications should be used.
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Treatment failure
A) With immediate severity
A particularly challenging scenario is the setting of severe
acute presentation. Indeed, treatment failure is more likely
to be seen in patients presenting (sub) fulminant disease.
Unfortunately, there is a paucity of published data on
patients with acute severe AIH at presentation; consisting
mostly of anecdotal case reports or small case series with
varying inclusion criteria [42,206,272,273]. As a result, it
remains unclear whether such patients should be given a
trial of corticosteroids, be priority listed for LT, or both;
and if corticosteroids are indeed initiated, how and at what
time point failure of medical treatment should be deﬁned
[274]. Nevertheless, prognosis is poor with overall mortality ranging from 19% to 45% and rate of LT required range
from 9% up to 81%. The largest study came from the UK and
included 32 patients with acute severe AIH as an acute
presentation with an INR of P1.5 at any time without histological evidence of cirrhosis [272]. Twenty-three patients
were treated with corticosteroids (640 mg/day) of whom
ten (48%) required LT, while all nine untreated patients
required LT (p = 0.01). Untreated patients demonstrated
higher MELD scores at presentation and a non-signiﬁcant
decrease in episodes of sepsis but no difference in sepsis
or mortality was observed between untreated or treated
patients. Among treated patients, no difference in MELD
scores was observed between responders or failures and
two patients already demonstrating hepatic encephalopathy were rescued from LT by corticosteroids. Six deaths
(19%) occurred, all post-transplant. Taken together, the
available data suggests (with a very low level of evidence)
that all patients should be considered for a trial of corticosteroids at the earliest opportunity and in sufﬁciently high
doses (P1 mg/kg) and probably best intravenously [275],
but the risk of infections in liver failure has to be kept in
mind and may justify the use of prophylactic antibiotics
and antifungal agents [206]. LT needs to be considered as
an alternative, but the optimal timing is unknown. While
no general futility threshold can be identiﬁed, it has been
shown that failure to improve serum bilirubin, MELD-Na
or UKELD within seven days in icteric presentations of
AIH has a strong negative prognostic value and should lead
to the early consideration of alternative therapeutic strategies including LT [204].
B) Without immediate severity
Other patients may experience treatment failure deﬁned
by a lack of, or only minimal, improvement in clinical
and laboratory features after several weeks of standard
treatment but without liver failure. It is a rare event
(probably less than 5%) once the original diagnosis has
been corroborated and the compliance with therapy conﬁrmed. When lack of compliance or altered metabolism
of azathioprine is suspected, measurement of active TGN
metabolites may be helpful although the target range has
not been fully determined in AIH. Usually 235–450 pmol
per 8  108 red blood cells by analogy with Crohn’s disease
is recommended [276,277]. Recently, TGN concentrations
>220 pmol per 8  108 red blood cells were shown to
be associated with remission in AIH patients [278]. In
these non-responding or very slow responding patients,

the usual recommendation, based on limited data [207],
is to increase predniso(lo)ne to about 60 mg/day (for at
least one month) and azathioprine to 2 mg/kg/day if
tolerated, as endorsed by the AASLD and BSG guidelines
[34,40]. Clinical and laboratory features may improve but
most patients remain at risk for drug-related side effects
and/or disease progression [207]. In true non-responders,
alternative immunosuppression might be required
(see below), and expert advice should be sought early for
these patients.

Incomplete response
Incomplete response is deﬁned by the occurrence of some
improvement in clinical, biochemical and histological parameters
but without reaching complete resolution. It includes abnormal
liver enzymes or presence of interface hepatitis on a liver biopsy
performed in patients with normal liver tests. Once the possibility
of non-compliance has again been considered, the optimum strategy remains unclear. In some patients treated with budesonidebased regimen, budesonide (9 mg/day) is insufﬁcient to induce
and/or maintain remission and replacement of budesonide with
predniso(lo)ne (>20 mg/day initially) should be considered
[279]. In other patients treated with predniso(lo)ne-based regimen, increasing the dose of predniso(lo)ne to >10 mg/day is not
generally recommended in the long-term because of side effects
[40]. Increasing the dose of azathioprine to 2 mg/kg/day, the dose
to prevent relapse without corticosteroids [222], together with
5–10 mg/day predniso(lo)ne is a more attractive option.
Alternatively, other immunosuppressive drugs may be considered
(see below). Whatever regimen is used, a repeat liver biopsy is
recommended after a further 18–24 months [40]. The ideal endpoint with complete biochemical and histological resolution
may not be attainable in some patients and the goal should be
the lowest achievable biochemical activity with a minimum of
side effects. While no transaminase threshold has been clearly
identiﬁed, it is generally assumed that treatments should be
adjusted to maintain serum transaminase level below threefold
greater than ULN to reduce the likelihood of aggressive interface
hepatitis and progression of the disease [212,280]. Histological
measures of attenuated disease activity (e.g. HAI <5/18) may be
a more reliable guide for these difﬁcult to manage cases.

Alternative drug therapies for unsatisfactory responses
The current choices of second line immunosuppressive therapy
include MMF and CNI (cyclosporin or tacrolimus). Many agents
have been used with variable success but none have been tested
in a randomised controlled trial. Their use in AIH has largely been
extrapolated from experience in LT. Their major beneﬁts are
potent immunosuppressive activity with a rapid onset of action
but these agents exhibit their own side effects: hypertension,
renal dysfunction, diabetes mellitus, hyperlipidemia and neurological disturbances for CNIs; diarrhoea, leukopenia and teratogenicity for MMF as well as long-term increased risk of
malignancy for both [281]. Unfortunately, available evidence for
their use in AIH is mainly based on small, predominantly retrospective case series whose interpretation is hampered by heterogeneity of outcome measures, dosing and indication for therapy
(non-response or intolerance).
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MMF
MMF is an inosine monophosphate inhibitor with both anti-T and
-B cell proliferation effects [45]. A prospective but uncontrolled
study has examined the role of MMF (1.5–2 g/day) in combination with prednisolone as ﬁrst line therapy in 59 treatment-naïve
AIH patients and found that 88% were responders (normalisation
of transaminases and c-globulins), 37% achieved remission off
prednisolone and only two had to discontinue MMF because of
severe side effects [45]. Even if these results look promising, further data, including histological outcome, are needed before MMF
can be recommended as an alternative ﬁrst line treatment. A
number of case series have reported experience with MMF in
patients intolerant to azathioprine or with insufﬁcient response
to this drug. Most studies have used 2 g/day in divided doses
and, although generally well tolerated, up to one third of patients
discontinued MMF due to side effects in some series [282]. In
patients intolerant to azathioprine, MMF seems to be an effective
alternative with response rates ranging from 43% (12/28) to 88%
(8/9) [283,284]. In adult patients with refractory disease, efﬁcacy
appears much lower since only 0% (0/12) to 25% (2/8) of patients
enter biochemical remission but biochemical improvement
occurs in a majority and steroid requirement decreases as well
[283,284]. Experience in children is more favourable with a 67%
(14/20) response rate [253]. It should be kept in mind that
MMF is contraindicated in pregnancy, potentially making other
drugs preferable in patients of potential child-bearing age.
CNI
CNI have been shown to be effective in a variety of case series in
refractory patients. However, it appears that once CNI are started,
it is almost always impossible to taper out these drugs again.
a) Cyclosporin
Experience of cyclosporin in AIH in the paediatric population is mainly as a primary therapy in severe disease or to
prevent steroid side effects. Series consistently reported
good efﬁcacy with a biochemical response rate ranging
from 84 to 100% [255,256,285]. Evidence for cyclosporin
in adults with non-responsive AIH is much smaller but
again a high biochemical response rate (P80%) was
reported at a dose of 2–3 mg/kg/day in small series (with
a maximum of six patients) [286,287]. However the number of patients is limited and no long-term reports are
available.
b) Tacrolimus
The picture is similar with tacrolimus that has been used
predominantly as salvage therapy in small series with a
maximum of 13 patients or case reports at a dose of 1 to
6 mg/day [288,289]. In the largest single-centre experience
with refractory AIH or intolerance to other immunosuppressive drugs, 12/13 patients achieved normalisation of
liver tests under tacrolimus (mean trough level of 6 ng/
ml) [290]. Furthermore tacrolimus was successful in 7/9
well documented non-responsive severe AIH as reported
recently by another centre [204]. Taken together, these
data suggest that tacrolimus shows promise in nonresponsive AIH and is probably safe although the limitation of all series relates to the short degree of follow-up.
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Other immunomodulatory therapy
Other agents have been used with anecdotal evidence of
efﬁcacy, including cyclophosphamide (1–1.5 mg/kg/day) [291],
methotrexate (7.5 mg/week) [292], rituximab (1000 mg two
weeks apart) [293] and inﬂiximab (5 mg/kg at day 0, weeks
two and six, and thereafter every four to eight weeks depending
on laboratory and clinical course) [294]. Anti-tumour necrosis
factor (TNF) antibodies may also induce an immune-mediated
liver disease resembling AIH. [295,296]. The use and efﬁcacy of
sirolimus has been reported initially in the context of post-transplant AIH [297] and recently for refractory AIH in a non-transplant setting (median through level of 12.5 ng/ml): a sustained
>50% fall in ALT was achieved in 4/5 patients including normalisation in two [298]. Main side effects of sirolimus include hyperlipidemia, proteinuria and oedema, but its relatively good safety
proﬁle makes it an interesting option. No strong recommendations can be drawn from such small sample sizes and it should
be kept in mind that stronger immunosuppression is associated
with severe infectious complications, especially in cirrhotic
patients [294].
The decision is based on local expertise, AIH severity and
patient circumstance. The available evidence does not allow a
recommendation as to which of the possible second line drugs
should be preferred in an individual patient. Therefore, expert
advice should always be sought for applying these experimental
second line therapies. In general, at initiation of treatment with
non-standard therapy, the doses of current immunosuppression
drugs are left unchanged (conversion of azathioprine to MMF
excepted) but are gradually decreased thereafter in case of
response.

42. In patients requiring high dose, long-term (>20 mg/
day) steroid therapy, conventional treatment should be
optimized (high doses of predniso(lo)ne combined with
2 mg/kg/day azathioprine). Alternatively, a trial of CNIs
(ciclosporine or tacrolimus), infliximab, methotrexate,
or cyclophosphamide can be initiated. The relative
effectiveness of second line treatments has not been
examined in clinical trials. Therefore, these drugs
should be used after consultation with a specialist
centre only (II-3)
43. In patients with incomplete response under
budesonide-based regimen, replacement of
budesonide with predniso(lo)ne (>20 mg/day initially)
should be considered (III)
44. In patients with incomplete response under
azathioprine-predniso(lo)ne-based regimen, increasing
the dose of azathioprine to 2 mg/kg/day, together with
5-10 mg/day predniso(lo)ne may be tried, with
repeat liver biopsy after a further 12-18 months (II-3)
45. Complete response may not be attainable in some
patients and the goal should be the lowest achievable
biochemical activity with a minimum of side effects.
Histological control of treatment effect and/or disease
progression may be necessary (II-3)
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Non-compliance
As in any chronic disease, compliance can be a problem during
long-term follow-up, especially in paediatric patients entering
puberty [299]. Adolescents frequently display poor compliance
with medical advice together with poor adherence to therapy
and clinic appointments. This may be exacerbated by the cosmetic side effects of steroids. Disease can be even denied in an
attempt to be ‘‘normal’’ in a context of need to become self-reliant. As a consequence, non-adherence in this population plays
a major role in relapse [300]. Regular monitoring of immunosuppressant drugs is indicated. The management of non-adherence is
difﬁcult and relies on a non-judgemental approach. Efforts to
improve education, social functioning and behavioural strategies
to encourage self-motivation; is better achieved by an active
multidisciplinary team including psychologists, youth workers
and dedicated nurses who can provide education and support
during this difﬁcult period and the transition to adult care.
During this time, both paediatric and adult hepatologists should
be included. [301,302].

46. Maintaining treatment-adherence is of particular
importance in adolescents and young adults (II-2)
Management of the transition to adult care is better
achieved in specialised transition services with a
multidisciplinary approach (II-3)

Drug intolerance and side effects
Drug toxicity compels dose reduction or premature discontinuation of the offending drug. Prednisone or prednisolone in AIH has
numerous adverse effects (up to 80% after two years) including
cosmetic changes (weight gain, facial rounding, and hirsutism),
diabetes, emotional instability or psychosis, hypertension and
osteoporosis. Severe adverse effects occur mainly at doses
>20 mg/day for more than 18 months and lead to treatment discontinuation in about 15% of patients. The combination regimen
with azathioprine is associated with much lower occurrence of
corticosteroid related adverse events [179]. In the large randomised study by Manns et al. (207 non-cirrhotic patients), comparing prednisone and budesonide (9 mg/day), most of the
difference between the two groups at six months was a reduction
of steroid side effect in the budesonide group (51.5% vs. 26.0%,
respectively) [193]. At the end of the six-month trial, the prednisone group was crossed over to budesonide (6 mg/day) and a
40% reduction of the incidence of steroid side effects was
observed in a six-month period. As a result, in predniso(lo)ne
responders presenting steroid side effects, a switch to budesonide
(6 mg/day) may be considered; alternatively, higher doses of azathioprine (2 mg/kg) should be applied; furthermore conversion of
azathioprine to MMF (2 g/day) with subsequent tapering of predniso(lo)ne may be tried, if azathioprine dose is limited by drug
toxicity or side effects [283,284].
Up to 25% of patients with AIH develop side effects on azathioprine requiring withdrawal of the drug in about 10% of cases.
Side effects are more common in cirrhotic patients. About 5% of
patients develop a severe and early reaction with arthralgias,
fever, skin rash or pancreatitis within a few days or weeks which

warrants its immediate discontinuation. Resolution of symptoms
usually occurs in a couple of days. As already discussed above, in
patients intolerant to azathioprine, MMF (2 g/day) seems to be a
good alternative. 6-MP may be tried even in apparent azathioprine intolerance, as some patients may nonetheless tolerate this
active metabolite [303]. Other alternatives are steroid monotherapy in patients with mild disease and little steroid risk factors
including good bone density, or those drugs that are also used
in case of non-response. The efﬁcacy and tolerance of long-term
budesonide monotherapy have not been assessed.

47. In patients without cirrhosis, budesonide plus
azathioprine may be used as induction therapy and
can be considered for patients with co-morbidities that
might be exacerbated by predniso(lo)ne treatment (II-2)
Long-term data on budesonide safety and efficacy in
AIH are lacking (I)
48. If adequately dosed therapy with azathioprine is
insufficient to maintain remission in predniso(lo)ne
responders with severe steroid side effects, a switch
from predniso(lo)ne to budesonide may be considered
(II-3)
49. In patients intolerant to azathioprine, mycophenolate is
the second line drug of choice (II-2)
The relative efficacy and tolerability of MMF in other
patients compared to azathioprine has not been
established (II-2)
A trial of 6-MP or 6-TG in patients intolerant to
azathioprine is an alternative option (III)

Variant syndromes
The low prevalence of the variant syndromes as well as the lack
of universal agreement on deﬁnition has made it impractical to
perform randomised controlled trials in this setting.
Patients with features of both PBC and AIH
Patients with features of both PBC and AIH seem to have a more
severe disease compared to conventional PBC as illustrated by a
higher frequency of extensive ﬁbrosis at presentation (despite a
younger age in some reports) and most series (but not all) support a worse outcome in terms of biochemical response to
UDCA, progression of ﬁbrosis and liver-related mortality
[58,170,304,305]. Despite the lack of controlled trials, EASL
guidelines, based on the results of small series, have recommended adding steroids (predniso(lo)one or budesonide) either
at the time of diagnosis of ‘‘variant syndrome’’ or in case of inadequate biochemical response after three-months of UDCA
[58,60,304,306]. The results of a large multi-centre study (88
patients) have been recently reported: as ﬁrst line therapy, 30
patients received UDCA alone and 58, a combination of UDCA
and immunosuppression (prednisone ± azathioprine); in patients
with moderate interface hepatitis, UDCA alone and combination
therapy had similar efﬁcacy (80%) in terms of biochemical
response whereas in patients with severe hepatitis, efﬁcacy of
UDCA alone was much lower (14 vs. 71%, respectively). The presence of extensive ﬁbrosis was associated with a lack of response
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to the combination therapy but not to UDCA alone; second line
immunosuppressive agents (cyclosporine, tacrolimus and MMF)
led to biochemical remission in half of the patients who were
non-responders to initial immunosuppression [307]. These ﬁndings strongly support the use of a combination of UDCA and
immunosuppression as ﬁrst line therapy in PBC patients with
severe interface hepatitis. Interestingly, it has been suggested
that, in responders, the dose of immunosuppressors in the
long-term could be lower and rate of successful withdrawal
higher than in classical AIH [304,307]. In UDCA-treated PBC
developing AIH (‘‘sequential variant syndrome’’) use of immunosuppressive treatment is mandatory [308].
Patients with features of both PSC and AIH
Various results of therapy (usually prednisolone and
azathioprine with or without UDCA) have been reported in
patients with features of both PSC and AIH [51]. It is difﬁcult
to draw any ﬁrm conclusions because of the small number of
patients, the usually retrospective nature of the studies and
the heterogeneity of the regimens. In the paediatric AISC form
treated with immunosuppressors, liver biopsies may show
improvement in inﬂammation but cholangiographic appearances may progress and transplant-free survival at ten years
(65%) is lower than in AIH (100%) [52]. The combination of
UDCA and immunosuppressive therapy may improve liver biochemistry and this approach has been advocated by EASL
guidelines [60]. In the series with the most homogeneous regimen (UDCA, prednisolone and azathioprine) including seven
patients with a mean follow-up of eight years, a signiﬁcant fall
in transaminases was observed but not in alkaline phosphatase
levels, and more interestingly, the Mayo Risk score did not
change and transplant-free survival was much better (100%)
than that of 34 classical PSC (43%) with the same follow-up
and treated with UDCA [309]. However, in the long-term
(>10 years), progression towards cirrhosis seems to occur in
the majority of patients [64]. Another study reported a similar
proportion of patients with AIH-PSC ‘‘variant syndrome’’
(mainly young adults) and AIH achieving AIH biochemical
response within one-year of therapy (although the exact
combination of azathioprine, prednisone and UDCA varied
between individual patients), but the long-term prognosis of
patients with an PSC-AIH ‘‘variant syndrome’’ was worse
than in AIH without PSC features [310]. Taken together,
all these data support the use of UDCA in combination
with an immunosuppressive regimen in most patients with
features of both PSC and AIH despite the lack of adequate
studies [65].

50. In AIH patients with features of PBC (“AIH-PBC
variant syndrome”), combined therapy with UDCA
and immunosuppressants is recommended (III). In
AIH patients with PSC features (“AIH-PSC variant
syndrome”) addition of UDCA to immunosuppressant
can be considered (III)
In patients with dominant AIH features, an alternative
approach is to start with immunosuppressants only and
then add UDCA if response is insufficient (III)
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AIH following LT
Recurrent and ‘‘de novo’’ AIH may occur years after grafting and
must be distinguished from acute rejection, chronic rejection,
viral infection, and drug toxicity. Diagnosis is often challenging
because of the lack of a speciﬁc marker. Recurrent AIH is reported
in about 20–25% of cases [311,312] and is usually managed by
increasing the dose of corticosteroids or re-instituting its use
with or without azathioprine or MMF [311,313]. In non-responders, conversion of azathioprine/MMF to sirolimus may be successful [297]. Prophylactic use of azathioprine in patients
transplanted for AIH has not been evaluated systematically, but
appears prudent.
‘‘De novo’’ AIH has been described in 2–7% of patients undergoing LT for a range of diseases unrelated to autoimmunity, particularly in the paediatric setting [91,312]. The management
strategy is similar to that proposed for recurrent AIH [297,314].
Finally, re-transplantation should be considered in patients
with recurrent or ‘‘de novo’’ AIH that is progressing to graft loss,
a rare event provided that a prompt therapeutic management
has been provided [91].

51. Treatment of AIH following liver transplantation
(recurrent or de novo) should follow the standard
management principles of AIH (II-3)

Treating AIH in the context of liver co-morbidity
Non-alcoholic fatty liver disease (NAFLD)
NAFLD is the hepatic manifestation of the highly prevalent
metabolic syndrome which includes obesity and insulin resistance that are known to increase the risk of progression of other
liver diseases, especially chronic HCV infection [315,316]. As
both AIH and NAFLD may cause persistently elevated aminotransferases and presence of autoantibodies, it is important to
have a clear picture of what has to be treated. Liver biopsy is
very helpful, and often indispensable, for this distinction. In
patients with AIH, the prevalence of the metabolic syndrome
or the impact on outcome is unknown, but it is reasonable to
presume that the presence of steatohepatitis in patients with
AIH will increase the risk of progressive disease. Features of
the metabolic syndrome, including diabetes, hypertension and
obesity, are exacerbated by corticosteroids. Thus, associated
NAFLD should be considered and treated according to current
recommendations (lifestyle interventions and pharmacological
measures if appropriate). In this population, every effort to
use the lowest dose of corticosteroids (combination regimen)
should be encouraged.
Chronic viral hepatitis
Although hepatitis B or C should to be excluded before making a
diagnosis of AIH, AIH can sometimes develop in patients with
HBV or HCV infection either spontaneously or under interferon
treatment, and patients with AIH can contract viral infection.
Vaccination against hepatitis A virus and HBV should be given
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to all AIH patients not showing previous vaccination or virus
exposure. In patients with hepatitis B or C virus replication and
features of AIH at diagnosis, anti-viral (HBV or HCV) interferonfree regimen should be used ﬁrst and the need for immunosuppressive therapy reassessed after viral eradication or suppression.
Reactivation of hepatitis B has been reported during treatment of
AIH and baseline HBV serology is recommended for all patients
receiving immunosuppressive drugs. According to EASL recommendations [317], HBsAg-positive candidates should be tested
for HBV DNA levels and should receive pre-emptive nucleoside/
nucleotide analogues administration during immunosuppressive
therapy (regardless of HBV DNA levels) and for 12 months after
cessation of therapy. In patients with expected lengthy immunosuppression and in all AIH patients, use of either entecavir or
tenofovir is recommended.

52. Hepatitis A and B vaccination as well as yearly
influenza vaccination should be given to all AIH
patients (III)

HIV infection
De novo AIH, as an immune reconstitution, has been described in
HIV patients receiving highly active antiretroviral therapy [318].
Liver biopsy ﬁndings are critical in establishing AIH diagnosis and
discriminating other numerous causes of abnormal liver tests in
this setting [319]. Standard immunosuppressive therapy for AIH
can be effective but is sometimes associated with life–threatening infections, and treatment for AIH in HIV-infected patients
should be individualised after careful consideration of the potential risks and likely beneﬁts [320].

Management issues, quality of life, and delivery of care
Delivery of care
AIH is a rare disease and patients require access to care from
medical professionals with expertise in AIH, according to the
evolving evidence on best practice. Currently AIH care is not
organized and this has resulted in uneven distribution of health
care delivery [321]. In order to overcome this, the German rare
disease plan in accordance with EU guidance calls for a tiered
care model that involves assignment of three types of clinical
care centres with increasing expertise [322]. According to this
model, patients should have access to referral and to specialist
centres. Referral is encouraged for aspects such as diagnostic
uncertainties, prognostic assessment, and exploration of optimal
disease management strategies and management of (liver)
related complications. Depending on the complexity of the clinical issue, the patient may move up and down the ladder of care.
The delivery of such care will depend on the local, regional or
national healthcare services, but will improve the efﬁciency of
healthcare provision. Coordinated care is likely to reduce the
unnecessary duplication of tests, facilitate targeting of novel
diagnostic and therapeutic interventions tailored to clinical need
and expected beneﬁt and has the potential for improved patient
outcomes. Access to specialist care should also result in better
quality standards for laboratory testing, in particular for

immunoserology. There is evidence of integration beneﬁts and
impressive cost savings in the care of patients with rare diseases
[323].
Practical integrated patient support
The ﬁrst diagnosis contact between the patient and physician is
of major importance. Anxiety and distress levels can be alleviated
if the physician recognizes the patient’s psychosocial needs and
conveys reassurance and support during the ﬁrst consultation
[324]. However, there are no studies about the ways to communicate AIH to the newly diagnosed and how patients respond to
the diagnosis. There is evidence to suggest that the expertise on
AIH is unevenly distributed among health care professionals
which may lead to misconceptions. Patient education programs
and tools for patients with liver diseases are available, but there
is little research about their implementation, effectiveness, and
relevance for AIH. AIH patients need simple, disease speciﬁc
information initially with practical implications such as potential
impact on work, insurance, lifestyle and family planning. This
allows them to engage fully in shared decision-making. Patients
should be provided with contacts and access to local or national
support groups. Consultations with AIH should be individualised,
reassuring and tailored to the patient’s literacy level and culture/
language and retain a positive attitude.
Patient reported outcomes
Instruments such as Patient reported Outcome Measures (PROM)
have been developed mainly as endpoints for clinical trials. PROM
provides insight into the patient perspective on the impact of disease and treatment, and have the potential to identify those
treatment strategies that beneﬁt the HRQoL of most patients.
The clinical trials executed in AIH have used biochemical markers
of response and the evidence suggests that biochemical improvement does not immediately translate in to higher HRQoL levels.
The development of PROM may assist here to track and trace
the needs of AIH patients. However there is no disease speciﬁc
questionnaire available nor has a validation of PROM for AIH been
developed.
Quality control
Expert centres for the care of patients with autoimmune hepatitis
should evaluate the quality of the clinical services by a variety of
quality control measures. These should include survival statistics,
critical incident reporting systems as well as peer and patient
involvement in quality control measurements. Key results should
be published, and clinical research projects should be undertaken
and supported. Both physician training and further education as
well as patient education measures should be in place, in addition
to consultation services for referring physicians.
Quality of life
AIH is a chronic liver disease with ﬂares and remissions that
may impart signiﬁcant medical and economic burdens on
patients’ life and health care delivery systems. The physical
and psychological burden to AIH patients are signiﬁcant, yet
incompletely characterized [325]. In a survey among members
of the Dutch Liver patients’ organization, HRQoL was investigated using three instruments including the extended version
of the disease speciﬁc liver disease symptom index 1.0 (LDSI
2.0), the Dutch Short Form 36, and MFI-20. Patients with AIH
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Table 8. Research agenda.

Epidemiology and pathogenesis:
•
How common is AIH among different populations?
•
Is the incidence rising in different populations?
•
What are risk factors and associated diseases?
•
Triggers of disease manifestation
•
Triggers of disease flares
•
Factors associated with spontaneous disease
improvement/remission
•
What is the triggering autoantigen?
•
What are the underlying immunregulatory disturbances?
Diagnosis:
•
Improvement and standardisation of autoantibody testing
•
Definition of sensitivity and specificity of autoantibody
profiles in different age groups, ethnic groups and both
sexes
•
Possible development of an all-in-one immunoassay
•
Evaluation of the various individual histological criteria
(rosetting, interface hepatitis etc.)
•
Criteria (clinical, laboratory and histological) for acute and
fulminant AIH
•
Value of non-invasive testing for fibrosis and cirrhosis
•
Criteria for the variant syndromes (PBC and AIH as well as
PSC and AIH)
Treatment and monitoring:
•
Definition of best induction protocol in different patient
groups (according to age, co-morbidity, severity of
inflammation, fibrosis staging, symptoms and side effects)
•
Are short-term steroids feasible in induction therapy (<4
weeks)?
•
Can remission be induced without steroids?
•
Prognosis of mild disease without treatment - do all patients
need therapy?
•
Best protocol for acute and fulminant disease - steroid
dose? i.v.? Is there a role for other immunosuppressants
(e.g. infliximab) in fulminant disease? Should antibiotics
be given prophylactically? Best timing for emergency
transplantation?
•
Comparison of alternative maintenance drug - is
azathioprine still the best drug?
•
What is the best second line drug in azathioprine
intolerance?
•
What is the best second line drug in patients with
insufficient response?
•
Role of 6-TGN blood levels in maintenance treatment

(n = 142) scored lower in all SF-36 scales, but particularly in
scales that measured role limitations due to physical problems
or general health. AIH patients report more fatigue as assessed
with the MIF-20 questionnaire [326]. Another cross-sectional
study in 24 children with AIH or with PSC/AIH overlap using
the PedsQL 4.0 instrument demonstrated signiﬁcant impairment
of HRQoL which was associated with the presence of frequent
liver disease related symptoms. Particularly, abdominal pain,
fatigue, and mood symptoms negatively affected HRQoL results
[327]. The most deﬁnitive study to date, considered HRQoL
using the 12-item Short Form Health Survey (SF-12) in 103
AIH patients [36]. Some 77% patients were in biochemical
remission. While physical component scores did not deviate
from the general population, the mental component scores were
signiﬁcantly reduced. The authors observed a high rate of severe
depression and anxiety symptom levels in AIH that were related
to (often unwarranted) concerns about the inheritance, status
and trajectory of AIH. Despite the fact that AIH was clinically
996

•

% “non-responders”, % slow responders, speed of
response, what is non-response?
•
Tapering schedule in budesonide-treated patients
•
Management approach to patients with variant
syndromes (PBC and AIH, PSC and AIH) - criteria for
immunosuppression; drug dosage; response criteria
•
Clinical and serological criteria for good and poor treatment
response
•
Non-invasive treatment monitoring
•
Predictors of relapse and predictors of spontaneous
remission after drug withdrawal
•
Best protocol for (stepwise) drug withdrawal
•
Need for follow-up biopsies
•
Post-LTX management protocols
•
Diagnosis and management of treatment side effects
•
Improving psychosocial outcome
•
Conception in AIH
•
Management of pregnancy and post-delivery care
•
HCC screening: Whom? How often? How?
Delivery of care:
•
Patient compliance: prevention and treatment of noncompliance
•
Quality control measures
•
Cost-effectiveness of care delivery approaches
•
Role of specialist care - is quality of life and life expectancy
improved in specialist centres?
•
Patient education
•
Doctors education
•
Management of transition (childhood - adolescence adulthood)
•
AIH in the elderly
•
Care in serious co-morbidity
Patient perspective:
•
What are the patients’ aims in the management of AIH?
•
Role of dietary advice
•
Is alcohol allowed? Which amount?
•
Is there a role for sports?
•
Is there are role for stress?
•
Is there a role for alternative medicine? Are herbal drugs
harmful?
•
How to communicate to family and friends about the
disease?
•
Role of and treatment of fatigue

stable in the majority, there was a high rate of major depressive
symptoms. The authors detected a correlation between use of
prednisolone and depression, suggesting that one of our
treatment goals in AIH should be to develop steroid-free
treatment.

53. The heterogeneity and complexity of AIH, requires
specialised diagnostic and therapeutic services.
Patients should be provided with access to specialised
care in order to improve outcome, survival and
quality of life; either in specialised centres or through
managed clinical networks (II-3)
54. There is increased recognition of decreased quality
of life in AIH patients. Management of AIH should
therefore also address psychosocial needs (II-2)
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Research agenda
Diagnosis and treatment of AIH have seen enormous progress
over the past 50 years, and the majority of affected patients can
be treated very successfully with a normal or near normal life
expectancy and good quality of life. Nonetheless, many patients
still experience considerable morbidity and mortality, primarily
due to:
-

delayed or missed diagnosis
drug intolerance
drug side effects
insufﬁcient treatment response
poor management and poor delivery of care
poor compliance

Discussion of this CPG has shown the many numbers of open
or poorly answered question and thus is the basis of the clinical
research agenda. Table 8 gives a list of points and questions that
should be addressed in future research. A key problem in clinical
research in AIH is the rarity of the disease. Therefore, establishing
major treatment centres with specialised expertise and coordinated cooperation of such centres will be a key factor in improving clinical research in AIH. At the same time, methods of delivery
of care, different approaches, questions of cost-effectiveness such
as factors of psychosocial impairment and support clearly need
our attention in the future. Patient involvement in setting the
research agenda may also be needed to be sure to address those
questions relevant to those affected.
In addition to clinical research, basic research focussing on the
aetiology of AIH and aiming to understand the underlying pathophysiology will be the key to improved treatment of the disease.
At present, the majority of patients need drug treatment every
day of their life, leading to both physical as well as psychosocial
impairment in the quality of life in many of them. Patients want
cure, not suppression of disease activity, and for most patients, if
not all, we are at present unable to provide a cure for their disease. In order to reach curative treatment, we have to closely collaborate with basic scientists and follow development in
immunology and related disciplines.

Conﬂict of interest
Ansgar W. Lohse, Frank Lammert, Harald Hofer, Marco Lenzi,
Joost Drenth, and George Dalekos declared that they do not have
anything to disclose regarding funding or conﬂict of interest with
respect to this manuscript. Michael Heneghan has completed
sponsored lectures for Falk, and Olivier Chazouillères received
travel grants for the 2013 AASLD meeting by Astellas.
References
[1] Shaneyfelt TM, Mayo-Smith MF, Rothwangl J. Are guidelines following
guidelines? The methodological quality of clinical practice guidelines in the
peer-reviewed medical literature. JAMA 1999;281:1900–1905.
[2] Krawitt EL. Autoimmune hepatitis. N Engl J Med 2006;354:54–66.
[3] Lohse AW, Mieli-Vergani G. Autoimmune hepatitis. J Hepatol 2011;55:
171–182.
[4] Zachou K, Muratori P, Koukoulis GK, Granito A, Gatselis N, Fabbri A, et al.
Review article: autoimmune hepatitis – Current management and challenges. Aliment Pharmacol Ther 2013;38:887–913.

[5] Manns MP, Lohse AW, Vergani D. Autoimmune hepatitis – Update 2015. J
Hepatol 2015;62:S1–S186.
[6] Boberg KM, Aadland E, Jahnsen J, Raknerud N, Stiris M, Bell H. Incidence and
prevalence of primary biliary cirrhosis, primary sclerosing cholangitis, and
autoimmune hepatitis in a Norwegian population. Scand J Gastroenterol
1998;33:99–9103.
[7] Feld JJ, Heathcote EJ. Epidemiology of autoimmune liver disease. J
Gastroenterol Hepatol 2003;18:1118–1128.
[8] Werner M, Prytz H, Ohlsson B, Almer S, Bjornsson E, Bergquist A, et al.
Epidemiology and the initial presentation of autoimmune hepatitis
in Sweden: a nationwide study. Scand J Gastroenterol 2008;43:
1232–1240.
[9] Ngu JH, Bechly K, Chapman BA, Burt MJ, Barclay ML, Gearry RB, et al.
Population-based epidemiology study of autoimmune hepatitis: a disease
of older women? J Gastroenterol Hepatol 2010;25:1681–1686.
[10] Delgado J-S, Vodonos A, Malnick S, Kriger O, Wilkof-Segev R, Delgado B,
et al. Autoimmune hepatitis in southern Israel: a 15-year multicenter
study. J Dig Dis 2013;14:611–618.
[11] van Gerven NMF, Verwer BJ, Witte BI, van Erpecum KJ, van Buuren HR,
Maijers I, et al. Epidemiology and clinical characteristics of autoimmune
hepatitis in the Netherlands. Scand J Gastroenterol 2014;49:1245–1254.
[12] Hurlburt KJ, McMahon BJ, Deubner H, Hsu-Trawinski B, Williams JL,
Kowdley KV. Prevalence of autoimmune liver disease in Alaska Natives. Am
J Gastroenterol 2002;97:2402–2407.
[13] Grønbæk L, Vilstrup H, Jepsen P. Autoimmune hepatitis in Denmark:
incidence, prevalence, prognosis, and causes of death. A nationwide
registry-based cohort study. J Hepatol 2014;60:612–617.
[14] Minuk GY, Liu S, Kaita K, Wong S, Renner E, Rempel J, et al. Autoimmune
hepatitis in a North American Aboriginal/First Nations population. Can J
Gastroenterol 2008;22:829–834.
[15] Verma S, Torbenson M, Thuluvath PJ. The impact of ethnicity on the natural
history of autoimmune hepatitis. Hepatology 2007;46:1828–1835.
[16] Lim KN, Casanova RL, Boyer TD, Bruno CJ. Autoimmune hepatitis in African
Americans: presenting features and response to therapy. Am J
Gastroenterol 2001;96:3390–3394.
[17] Munoz-Espinosa L, Alarcon G, Mercado-Moreira A, Cordero P, Caballero E,
Avalos V, et al. Performance of the international classiﬁcations criteria for
autoimmune hepatitis diagnosis in Mexican patients. Autoimmunity
2011;44:543–548.
[18] Wong RJ, Gish R, Frederick T, Bzowej N, Frenette C. The impact of race/
ethnicity on the clinical epidemiology of autoimmune hepatitis. J Clin
Gastroenterol 2012;46:155–161.
[19] Levy C, Naik J, Giordano C, Mandalia A, O’Brien C, Bhamidimarri KR,
et al. Hispanics with primary biliary cirrhosis are more likely to have
features of autoimmune hepatitis and reduced response to ursodeoxycholic acid than non-Hispanics. Clin Gastroenterol Hepatol 2014;12:
1398–1405.
[20] Zolﬁno T, Heneghan MA, Norris S, Harrison PM, Portmann BC, McFarlane IG.
Characteristics of autoimmune hepatitis in patients who are not of
European Caucasoid ethnic origin. Gut 2002;50:713–717.
[21] Czaja AJ. Autoimmune hepatitis in diverse ethnic populations and geographical regions. Expert Rev Gastroenterol Hepatol 2013;7:365–385.
[22] Leber Waldenström J. Blutproteine und Nahrungseiweiss. Deutsch Z Verdau
Stoffwechselkr 1950;15:113–119.
[23] Kunkel HG, Ahrens Jr EH, Eigenmenger WJ, Bougiovanni AM, Slater RJ.
Extreme hypergammaglobulinemia in young women with liver disease of
unknown etiology. J Clin Invest 1951;30:654, [abstract].
[24] Cowling DC, Mackay IR, Taft LI. Lupoid hepatitis. Lancet 1956;271:
1323–1326.
[25] Mackay IR, Weiden S, Hasker J. Autoimmune hepatitis. Ann N Y Acad Sci
1965;124:767–780.
[26] Johnson PJ, McFarlane IG. Meeting report: International Autoimmune
Hepatitis Group. Hepatology 1993;18:998–1005.
[27] Alvarez F, Berg PA, Bianchi FB, Bianchi L, Burroughs AK, Cancado EL, et al.
International Autoimmune Hepatitis Group Report: review of criteria for
diagnosis of autoimmune hepatitis. J Hepatol 1999;31:929–938.
[28] Hennes EM, Zeniya M, Czaja AJ, Pares A, Dalekos GN, Krawitt EL, et al.
Simpliﬁed criteria for the diagnosis of autoimmune hepatitis. Hepatology
2008;48:169–176.
[29] Muratori P, Granito A, Quarneti C, Ferri S, Menichella R, Cassani F, et al.
Autoimmune hepatitis in Italy: the Bologna experience. J Hepatol 2009;
50:1210–1218.
[30] Schramm C, Kanzler S, zum Buschenfelde KH, Galle PR, Lohse AW.
Autoimmune hepatitis in the elderly. Am J Gastroenterol 2001;96:
1587–1591.

Journal of Hepatology 2015 vol. 63 j 971–1004

997

Clinical Practice Guidelines
[31] Peng M, Li Y, Zhang M, Jiang Y, Xu Y, Tian Y, et al. Clinical features in
different age groups of patients with autoimmune hepatitis. Exp Ther Med
2014;7:145–148.
[32] Chen J, Eslick GD, Weltman M. Systematic review with meta-analysis:
clinical manifestations and management of autoimmune hepatitis in the
elderly. Aliment Pharmacol Ther 2014;39:117–124.
[33] Abe M, Mashiba T, Zeniya M, Yamamoto K, Onji M, Tsubouchi H, et al.
Present status of autoimmune hepatitis in Japan: a nationwide survey. J
Gastroenterol 2011;46:1136–1141.
[34] Manns MP, Czaja AJ, Gorham JD, Krawitt EL, Mieli-Vergani G, Vergani D,
et al. Diagnosis and management of autoimmune hepatitis. Hepatology
2010;51:2193–2213.
[35] Al-Chalabi T, Boccato S, Portmann BC, McFarlane IG, Heneghan MA.
Autoimmune hepatitis (AIH) in the elderly: a systematic retrospective
analysis of a large group of consecutive patients with deﬁnite AIH followed
at a tertiary referral centre. J Hepatol 2006;45:575–583.
[36] Schramm C, Wahl I, Weiler-Normann C, Voigt K, Wiegard C, Glaubke C,
et al. Health-related quality of life, depression, and anxiety in patients with
autoimmune hepatitis. J Hepatol 2014;60:618–624.
[37] Stravitz RT, Lefkowitch JH, Fontana RJ, Gershwin ME, Leung PS, Sterling RK,
et al. Autoimmune acute liver failure: proposed clinical and histological
criteria. Hepatology 2011;53:517–526.
[38] Takahashi H, Zeniya M. Acute presentation of autoimmune hepatitis: Does
it exist? A published work review. Hepatol Res 2011;41:498–504.
[39] Ferrari R, Pappas G, Agostinelli D, Muratori P, Muratori L, Lenzi M, et al.
Type 1 autoimmune hepatitis: patterns of clinical presentation and
differential diagnosis of the ‘acute’ type. QJM 2004;97:407–412.
[40] Gleeson D, Heneghan MA. British Society of Gastroenterology (BSG)
guidelines for management of autoimmune hepatitis. Gut 2011;60:
1611–1629.
[41] Czaja AJ. Autoimmune hepatitis in special patient populations. Best Pract
Res Clin Gastroenterol 2011;25:689–700.
[42] Miyake Y, Iwasaki Y, Terada R, Onishi T, Okamoto R, Sakai N, et al. Clinical
characteristics of fulminant-type autoimmune hepatitis: an analysis of
eleven cases. Aliment Pharmacol Ther 2006;23:1347–1353.
[43] Karkhanis J, Verna EC, Chang MS, Stravitz RT, Schilsky M, Lee WM, et al.
Steroid use in acute liver failure. Hepatology 2014;59:612–621.
[44] Feld JJ, Dinh H, Arenovich T, Marcus VA, Wanless IR, Heathcote EJ.
Autoimmune hepatitis: effect of symptoms and cirrhosis on natural history
and outcome. Hepatology 2005;42:53–62.
[45] Zachou K, Gatselis N, Papadamou G, Rigopoulou EI, Dalekos GN.
Mycophenolate for the treatment of autoimmune hepatitis: prospective
assessment of its efﬁcacy and safety for induction and maintenance of
remission in a large cohort of treatment-naive patients. J Hepatol
2011;55:636–646.
[46] Landeira G, Morise S, Fassio E, Ramonet M, Alvarez E, Caglio P, et al. Effect of
cirrhosis at baseline on the outcome of type 1 autoimmune hepatitis. Ann
Hepatol 2012;11:100–106.
[47] Ngu JH, Gearry RB, Frampton CM, Stedman CA. Predictors of poor outcome
in patients with autoimmune hepatitis: a population-based study.
Hepatology 2013;57:2399–2406.
[48] Manns M, Gerken G, Kyriatsoulis A, Staritz M, Meyer zum Büschenfelde KH.
Characterisation of a new subgroup of autoimmune chronic active hepatitis
by autoantibodies against a soluble liver antigen. Lancet 1987;1:292–
294.
[49] Kanzler S, Weidemann C, Gerken G, Lohr HF, Galle PR, Meyer zum
Büschenfelde KH, et al. Clinical signiﬁcance of autoantibodies to soluble
liver antigen in autoimmune hepatitis. J Hepatol 1999;31:635–640.
[50] Czaja AJ, Donaldson PT, Lohse AW. Antibodies to soluble liver antigen/liver
pancreas and HLA risk factors for type 1 autoimmune hepatitis. Am J
Gastroenterol 2002;97:413–419.
[51] Boberg KM, Chapman RW, Hirschﬁeld GM, Lohse AW, Manns MP, Schrumpf
E, et al. Overlap syndromes: the International Autoimmune Hepatitis Group
(IAIHG) position statement on a controversial issue. J Hepatol 2011;54:
374–385.
[52] Gregorio GV, Portmann B, Karani J, Harrison P, Donaldson PT, Vergani D,
et al. Autoimmune hepatitis/sclerosing cholangitis overlap syndrome in
childhood: a 16-year prospective study. Hepatology 2001;33:544–553.
[53] Rojas CP, Bodicharla R, Campuzano-Zuluaga G, Hernandez L, Rodriguez
MM. Autoimmune hepatitis and primary sclerosing cholangitis in children
and adolescents. Fetal Pediatr Pathol 2014;33:202–209.
[54] Mieli-Vergani G, Heller S, Jara P, Vergani D, Chang MH, Fujisawa T, et al.
Autoimmune hepatitis. J Pediatr Gastroenterol Nutr 2009;49:158–164.
[55] Gatselis NK, Zachou K, Papamichalis P, Koukoulis GK, Gabeta S, Dalekos GN,
et al. Comparison of simpliﬁed score with the revised original score for the

998

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]
[64]

[65]

[66]

[67]

[68]
[69]

[70]
[71]

[72]

[73]
[74]

[75]

[76]

[77]

[78]

diagnosis of autoimmune hepatitis: a new or a complementary diagnostic
score? Dig Liver Dis 2010;42:807–812.
Lohse AW, zum Buschenfelde KH, Franz B, Kanzler S, Gerken G, Dienes HP.
Characterization of the overlap syndrome of primary biliary cirrhosis (PBC)
and autoimmune hepatitis: evidence for it being a hepatitic form of PBC in
genetically susceptible individuals. Hepatology 1999;29:1078–1084.
Chazouilleres O, Wendum D, Serfaty L, Montembault S, Rosmorduc O,
Poupon R. Primary biliary cirrhosis-autoimmune hepatitis overlap syndrome: clinical features and response to therapy. Hepatology 1998;28:
296–301.
Heurgue A, Vitry F, Diebold MD, Yaziji N, Bernard-Chabert B, Pennaforte JL,
et al. Overlap syndrome of primary biliary cirrhosis and autoimmune
hepatitis: a retrospective study of 115 cases of autoimmune liver disease.
Gastroenterol Clin Biol 2007;31:17–25.
Kuiper EM, Zondervan PE, van Buuren HR. Paris criteria are effective in
diagnosis of primary biliary cirrhosis and autoimmune hepatitis overlap
syndrome. Clin Gastroenterol Hepatol 2010;8:530–534.
European Association for the Study of the Liver. EASL Clinical Practice
Guidelines: management of cholestatic liver diseases. J Hepatol
2009;51:237–267.
Gohlke F, Lohse AW, Dienes HP, Lohr H, Marker-Hermann E, Gerken G, et al.
Evidence for an overlap syndrome of autoimmune hepatitis and primary
sclerosing cholangitis. J Hepatol 1996;24:699–705.
Lewin M, Vilgrain V, Ozenne V, Lemoine M, Wendum D, Paradis V, et al.
Prevalence of sclerosing cholangitis in adults with autoimmune hepatitis: a
prospective magnetic resonance imaging and histological study.
Hepatology 2009;50:528–537.
Czaja AJ, Carpenter HA. Autoimmune hepatitis with incidental histologic
features of bile duct injury. Hepatology 2001;34:659–665.
Luth S, Kanzler S, Frenzel C, Kasper HU, Dienes HP, Schramm C, et al.
Characteristics and long-term prognosis of the autoimmune hepatitis/
primary sclerosing cholangitis overlap syndrome. J Clin Gastroenterol
2009;43:75–80.
Zenouzi R, Lohse AW. Long-term outcome in PSC/AIH ‘‘overlap syndrome’’:
does immunosuppression also treat the PSC component? J Hepatol
2014;61:1189–1191.
Chung H, Watanabe T, Kudo M, Maenishi O, Wakatsuki Y, Chiba T.
Identiﬁcation and characterization of IgG4-associated autoimmune hepatitis. Liver Int 2010;30:222–231.
Umemura T, Zen Y, Hamano H, Joshita S, Ichijo T, Yoshizawa K, et al. Clinical
signiﬁcance of immunoglobulin G4-associated autoimmune hepatitis. J
Gastroenterol 2011;46:48–55.
Trivedi PJ, Hirschﬁeld GM. Review article: overlap syndromes and autoimmune liver disease. Aliment Pharmacol Ther 2012;36:517–533.
Castiella A, Zapata E, Lucena MI, Andrade RJ. Drug-induced autoimmune
liver disease: a diagnostic dilemma of an increasingly reported disease.
World J Hepatol 2014;6:160–168.
Weiler-Normann C, Schramm C. Drug induced liver injury and its
relationship to autoimmune hepatitis. J Hepatol 2011;55:747–749.
Beaune P, Dansette PM, Mansuy D, Kiffel L, Finck M, Amar C, et al. Human
anti-endoplasmic reticulum autoantibodies appearing in a drug-induced
hepatitis are directed against a human liver cytochrome P-450 that
hydroxylates the drug. Proc Natl Acad Sci U S A 1987;84:551–555.
Bourdi M, Larrey D, Nataf J, Bernuau J, Pessayre D, Iwasaki M, et al. Antiliver endoplasmic reticulum autoantibodies are directed against human
cytochrome P-450IA2. A speciﬁc marker of dihydralazine-induced hepatitis. J Clin Invest 1990;85:1967–1973.
Appleyard S, Saraswati R, Gorard DA. Autoimmune hepatitis triggered by
nitrofurantoin: a case series. J Med Case Rep 2010;4:311.
Bjornsson E, Talwalkar J, Treeprasertsuk S, Kamath PS, Takahashi N,
Sanderson S, et al. Drug-induced autoimmune hepatitis: clinical characteristics and prognosis. Hepatology 2010;51:2040–2048.
Suzuki A, Brunt EM, Kleiner DE, Miquel R, Smyrk TC, Andrade RJ, et al.
The use of liver biopsy evaluation in discrimination of idiopathic
autoimmune hepatitis versus drug-induced liver injury. Hepatology
2011;54:931–939.
Fontana RJ, Seeff LB, Andrade RJ, Bjornsson E, Day CP, Serrano J, et al.
Standardization of nomenclature and causality assessment in drug-induced
liver injury: summary of a clinical research workshop. Hepatology
2010;52:730–742.
Heurgué A, Bernard-Chabert B, Diebold M, Vitry F, Louvet H, Geoffroy P.
Drug-induced autoimmune hepatitis: a frequent disorder. Gut
2007;56:A271.
Chalasani N, Fontana RJ, Bonkovsky HL, Watkins PB, Davern T, Serrano J,
et al. Causes, clinical features, and outcomes from a prospective study of

Journal of Hepatology 2015 vol. 63 j 971–1004

JOURNAL OF HEPATOLOGY
[79]

[80]

[81]

[82]

[83]

[84]

[85]
[86]

[87]

[88]

[89]

[90]
[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

drug-induced liver injury in the United States. Gastroenterology
2008;135:1924–1934, 1934, e1921–e1924.
Buchel E, Van Steenbergen W, Nevens F, Fevery J. Improvement of
autoimmune hepatitis during pregnancy followed by ﬂare-up after delivery. Am J Gastroenterol 2002;97:3160–3165.
Samuel D, Riordan S, Strasser S, Kurtovic J, Singh-Grewel I, Koorey D. Severe
autoimmune hepatitis ﬁrst presenting in the early post partum period. Clin
Gastroenterol Hepatol 2004;2:622–624.
Westbrook RH, Yeoman AD, Kriese S, Heneghan MA. Outcomes of
pregnancy in women with autoimmune hepatitis. J Autoimmun
2012;38:J239–44.
Heneghan MA, Norris SM, O’Grady JG, Harrison PM, McFarlane IG.
Management and outcome of pregnancy in autoimmune hepatitis. Gut
2001;48:97–102.
Muratori P, Loffreda S, Muratori L, Ferrari R, Afandi K, Cassani F, et al.
Spontaneous remission of autoimmune hepatitis during pregnancy. Dig
Liver Dis 2002;34:608–609.
Terrabuio DR, Abrantes-Lemos CP, Carrilho FJ, Cancado EL. Follow-up of
pregnant women with autoimmune hepatitis: the disease behavior along
with maternal and fetal outcomes. J Clin Gastroenterol 2009;43:350–356.
Vento S, Cainelli F. Is there a role for viruses in triggering autoimmune
hepatitis? Autoimmun Rev 2004;3:61–69.
Zellos A, Spoulou V, Roma-Giannikou E, Karentzou O, Dalekos GN,
Theodoridou M. Autoimmune hepatitis type-2 and Epstein-Barr virus
infection in a toddler: art of facts or an artifact? Ann Hepatol
2013;12:147–151.
Dalekos GN, Wedemeyer H, Obermayer-Straub P, Kayser A, Barut A, Frank
H, et al. Epitope mapping of cytochrome P4502D6 autoantigen in patients
with chronic hepatitis C during alpha-interferon treatment. J Hepatol
1999;30:366–375.
Muratori L, Lenzi M, Cataleta M, Giostra F, Cassani F, Ballardini G, et al.
Interferon therapy in liver/kidney microsomal antibody type 1-positive
patients with chronic hepatitis C. J Hepatol 1994;21:199–203.
Vento S, Cainelli F, Renzini C, Concia E. Autoimmune hepatitis type 2
induced by HCV and persisting after viral clearance. Lancet
1997;350:1298–1299.
Mieli-Vergani G, Vergani D. De novo autoimmune hepatitis after liver
transplantation. J Hepatol 2004;40:3–7.
Montano-Loza AJ, Vargas-Vorackova F, Ma M, Bain VG, Burak K, Kumar T,
et al. Incidence and risk factors associated with de novo autoimmune
hepatitis after liver transplantation. Liver Int 2012;32:1426–1433.
Fiel MI, Schiano TD. Plasma cell hepatitis (de-novo autoimmune hepatitis)
developing post liver transplantation. Curr Opin Organ Transplant
2012;17:287–292.
Rigopoulou EI, Dalekos G, Bogdanos DP. How common are connective tissue
disorders in patients with autoimmune hepatitis? Semin Arthritis Rheum
2007;36:332, [author reply 333].
Panetta F, Nobili V, Sartorelli MR, Papa RE, Ferretti F, Alterio A, et al. Celiac
disease in pediatric patients with autoimmune hepatitis: etiology, diagnosis, and management. Paediatr Drugs 2012;14:35–41.
Teufel A, Weinmann A, Kahaly GJ, Centner C, Piendl A, Worns M, et al.
Concurrent autoimmune diseases in patients with autoimmune hepatitis. J
Clin Gastroenterol 2010;44:208–213.
Obermayer-Straub P, Perheentupa J, Braun S, Kayser A, Barut A, Loges S,
et al. Hepatic autoantigens in patients with autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy. Gastroenterology 2001;121:
668–677.
Teufel A, Weinmann A, Centner C, Piendl A, Lohse AW, Galle PR, et al.
Hepatocellular carcinoma in patients with autoimmune hepatitis. World J
Gastroenterol 2009;15:578–582.
Yeoman AD, Al-Chalabi T, Karani JB, Quaglia A, Devlin J, Mieli-Vergani G,
et al. Evaluation of risk factors in the development of hepatocellular
carcinoma in autoimmune hepatitis: implications for follow-up and
screening. Hepatology 2008;48:863–870.
Ngu JH, Gearry RB, Frampton CM, Stedman CA. Mortality and the risk of
malignancy in autoimmune liver diseases: a population-based study in
Canterbury, New Zealand. Hepatology 2012;55:522–529.
Migita K, Watanabe Y, Jiuchi Y, Nakamura Y, Saito A, Yagura M, et al.
Hepatocellular carcinoma and survival in patients with autoimmune
hepatitis (Japanese National Hospital Organization-autoimmune hepatitis
prospective study). Liver Int 2012;32:837–844.
Montano-Loza AJ, Carpenter HA, Czaja AJ. Predictive factors for hepatocellular carcinoma in type 1 autoimmune hepatitis. Am J Gastroenterol
2008;103:1944–1951.

[102] Hino-Arinaga T, Ide T, Kuromatsu R, Miyajima I, Ogata K, Kuwahara R, et al.
Risk factors for hepatocellular carcinoma in Japanese patients with
autoimmune hepatitis type 1. J Gastroenterol 2012;47:569–576.
[103] Czaja AJ. Hepatocellular carcinoma and other malignancies in autoimmune
hepatitis. Dig Dis Sci 2013;58:1459–1476.
[104] Al-Chalabi T, Underhill JA, Portmann BC, McFarlane IG, Heneghan MA.
Impact of gender on the long-term outcome and survival of patients with
autoimmune hepatitis. J Hepatol 2008;48:140–147.
[105] Floreani A, Niro G, Rosa Rizzotto E, Antoniazzi S, Ferrara F, Carderi I, et al.
Type I autoimmune hepatitis: clinical course and outcome in an Italian
multicentre study. Aliment Pharmacol Ther 2006;24:1051–1057.
[106] Fujiwara K, Fukuda Y, Yokosuka O. Precise histological evaluation of liver
biopsy specimen is indispensable for diagnosis and treatment of acuteonset autoimmune hepatitis. J Gastroenterol 2008;43:951–958.
[107] Yasui S, Fujiwara K, Yonemitsu Y, Oda S, Nakano M, Yokosuka O.
Clinicopathological features of severe and fulminant forms of autoimmune
hepatitis. J Gastroenterol 2011;46:378–390.
[108] Luth S, Herkel J, Kanzler S, Frenzel C, Galle PR, Dienes HP, et al. Serologic
markers compared with liver biopsy for monitoring disease activity in
autoimmune hepatitis. J Clin Gastroenterol 2008;42:926–930.
[109] Georgiadou SP, Zachou K, Liaskos C, Gabeta S, Rigopoulou EI, Dalekos GN.
Occult hepatitis B virus infection in patients with autoimmune liver
diseases. Liver Int 2009;29:434–442.
[110] Azhar A, Niazi MA, Tufail K, Malek AH, Balasubramanian M, Araya V. A new
approach for treatment of hepatitis C in hepatitis C-autoimmune hepatitis
overlap syndrome. Gastroenterol Hepatol (N Y) 2010;6:233–236.
[111] Rigopoulou EI, Zachou K, Gatselis N, Koukoulis GK, Dalekos GN.
Autoimmune hepatitis in patients with chronic HBV and HCV infections:
patterns of clinical characteristics, disease progression and outcome. Ann
Hepatol 2013;13:127–135.
[112] Vergani D, Alvarez F, Bianchi FB, Cancado EL, Mackay IR, Manns MP, et al.
Liver autoimmune serology: a consensus statement from the committee for
autoimmune serology of the International Autoimmune Hepatitis Group. J
Hepatol 2004;41:677–683.
[113] Bogdanos DP, Invernizzi P, Mackay IR, Vergani D. Autoimmune liver
serology: current diagnostic and clinical challenges. World J Gastroenterol
2008;14:3374–3387.
[114] Czaja AJ, Homburger HA. Autoantibodies in liver disease. Gastroenterology
2001;120:239–249.
[115] Frenzel C, Herkel J, Luth S, Galle PR, Schramm C, Lohse AW. Evaluation of Factin ELISA for the diagnosis of autoimmune hepatitis. Am J Gastroenterol
2006;101:2731–2736.
[116] Villalta D, Bizzaro N, Da Re M, Tozzoli R, Komorowski L, Tonutti E.
Diagnostic accuracy of four different immunological methods for the
detection of anti-F-actin autoantibodies in type 1 autoimmune hepatitis
and other liver-related disorders. Autoimmunity 2008;41:105–110.
[117] Granito A, Muratori L, Muratori P, Pappas G, Guidi M, Cassani F, et al.
Antibodies to ﬁlamentous actin (F-actin) in type 1 autoimmune hepatitis. J
Clin Pathol 2006;59:280–284.
[118] Liaskos C, Bogdanos DP, Davies ET, Dalekos GN. Diagnostic relevance of
anti-ﬁlamentous actin antibodies in autoimmune hepatitis. J Clin Pathol
2007;60:107–108.
[119] Cassani F, Cataleta M, Valentini P, Muratori P, Giostra F, Francesconi R, et al.
Serum autoantibodies in chronic hepatitis C: comparison with autoimmune hepatitis and impact on the disease proﬁle. Hepatology
1997;26:561–566.
[120] Bortolotti F, Vajro P, Balli F, Giacchino R, Crivellaro C, Barbera C, et al. Nonorgan speciﬁc autoantibodies in children with chronic hepatitis C. J Hepatol
1996;25:614–620.
[121] Lenzi M, Manotti P, Muratori L, Cataleta M, Ballardini G, Cassani F, et al.
Liver cytosolic 1 antigen-antibody system in type 2 autoimmune hepatitis
and hepatitis C virus infection. Gut 1995;36:749–754.
[122] Dalekos GN, Makri E, Loges S, Obermayer-Straub P, Zachou K, Tsikrikas T,
et al. Increased incidence of anti-LKM autoantibodies in a consecutive
cohort of hepatitis C patients from central Greece. Eur J Gastroenterol
Hepatol 2002;14:35–42.
[123] Ferri S, Muratori L, Quarneti C, Muratori P, Menichella R, Pappas G, et al.
Clinical features and effect of antiviral therapy on anti-liver/kidney
microsomal antibody type 1 positive chronic hepatitis C. J Hepatol
2009;50:1093–1101.
[124] Kerkar N, Choudhuri K, Ma Y, Mahmoud A, Bogdanos DP, Muratori L, et al.
Cytochrome P4502D6(193–212): a new immunodominant epitope and
target of virus/self cross-reactivity in liver kidney microsomal autoantibody type 1-positive liver disease. J Immunol 2003;170:1481–1489.

Journal of Hepatology 2015 vol. 63 j 971–1004

999

Clinical Practice Guidelines
[125] Lohse AW, Obermayer-Straub P, Gerken G, Brunner S, Altes U, Dienes HP,
et al. Development of cytochrome P450 2D6-speciﬁc LKM-autoantibodies
following liver transplantation for Wilson’s disease – Possible association
with a steroid-resistant transplant rejection episode. J Hepatol
1999;31:149–155.
[126] Wies I, Brunner S, Henninger J, Herkel J, Kanzler S, Meyer zum Buschenfelde
KH, et al. Identiﬁcation of target antigen for SLA/LP autoantibodies in
autoimmune hepatitis. Lancet 2000;355:1510–1515.
[127] Palioura S, Sherrer RL, Steitz TA, Soll D, Simonovic M. The human SepSecStRNASec complex reveals the mechanism of selenocysteine formation.
Science 2009;325:321–325.
[128] Baeres M, Herkel J, Czaja AJ, Wies I, Kanzler S, Cancado EL, et al.
Establishment of standardised SLA/LP immunoassays: speciﬁcity for
autoimmune hepatitis, worldwide occurrence, and clinical characteristics.
Gut 2002;51:259–264.
[129] Zachou K, Gampeta S, Gatselis NK, Oikonomou K, Goulis J, Manoussakis
MN, et al. Anti-SLA/LP alone or in combination with anti-Ro52 and ﬁne
speciﬁcity of anti-Ro52 antibodies in patients with autoimmune hepatitis.
Liver Int 2015;35:660–672.
[130] Liaskos C, Bogdanos PP, Rigopoulou EI, Norman GL, Shurns Z, Al-Chalabi T,
et al. Antibody responses speciﬁc for soluble liver antigen co-occur with
RO-52 autoantibodies in patients with autoimmune hepatitis. J Hepatol
2007;46:S250.
[131] Eyraud V, Chazouilleres O, Ballot E, Corpechot C, Poupon R, Johanet C.
Signiﬁcance of antibodies to soluble liver antigen/liver pancreas: a large
French study. Liver Int 2009;29:857–864.
[132] Montano-Loza AJ, Shums Z, Norman GL, Czaja AJ. Prognostic implications of
antibodies to Ro/SSA and soluble liver antigen in type 1 autoimmune
hepatitis. Liver Int 2012;32:85–92.
[133] Ma Y, Okamoto M, Thomas MG, Bogdanos DP, Lopes AR, Portmann B, et al.
Antibodies to conformational epitopes of soluble liver antigen deﬁne a
severe form of autoimmune liver disease. Hepatology 2002;35:658–664.
[134] Czaja AJ, Shums Z, Norman GL. Nonstandard antibodies as prognostic
markers in autoimmune hepatitis. Autoimmunity 2004;37:195–201.
[135] Targan SR, Landers C, Vidrich A, Czaja AJ. High-titer antineutrophil
cytoplasmic antibodies in type-1 autoimmune hepatitis. Gastroenterology
1995;108:1159–1166.
[136] Zauli D, Ghetti S, Grassi A, Descovich C, Cassani F, Ballardini G, et al. Antineutrophil cytoplasmic antibodies in type 1 and 2 autoimmune hepatitis.
Hepatology 1997;25:1105–1107.
[137] Terjung B, Spengler U, Sauerbruch T, Worman HJ. ‘‘Atypical p-ANCA’’ in IBD
and hepatobiliary disorders react with a 50-kilodalton nuclear envelope
protein of neutrophils and myeloid cell lines. Gastroenterology
2000;119:310–322.
[138] Terjung B, Worman HJ, Herzog V, Sauerbruch T, Spengler U. Differentiation
of antineutrophil nuclear antibodies in inﬂammatory bowel and autoimmune liver diseases from antineutrophil cytoplasmic antibodies (p-ANCA)
using
immunoﬂuorescence
microscopy.
Clin
Exp
Immunol
2001;126:37–46.
[139] O’Brien C, Joshi S, Feld JJ, Guindi M, Dienes HP, Heathcote EJ. Long-term
follow-up of antimitochondrial antibody-positive autoimmune hepatitis.
Hepatology 2008;48:550–556.
[140] Farias AQ, Goncalves LL, Bittencourt PL, De Melo ES, Abrantes-Lemos CP,
Porta G, et al. Applicability of the IAIHG scoring system to the diagnosis of
antimitochondrial/anti-M2 seropositive variant form of autoimmune hepatitis. J Gastroenterol Hepatol 2006;21:887–893.
[141] Kerkar N, Ma Y, Davies ET, Cheeseman P, Mieli-Vergani G, Vergani D.
Detection of liver kidney microsomal type 1 antibody using molecularly
based immunoassays. J Clin Pathol 2002;55:906–909.
[142] Gassert DJ, Garcia H, Tanaka K, Reinus JF. Corticosteroid-responsive
cryptogenic chronic hepatitis: evidence for seronegative autoimmune
hepatitis. Dig Dis Sci 2007;52:2433–2437.
[143] Potthoff A, Deterding K, Trautwein C, Flemming P, Strassburg CP, Manns
MP, et al. Steroid treatment for severe acute cryptogenic hepatitis. Z
Gastroenterol 2007;45:15–19.
[144] Czaja AJ. Behavior and signiﬁcance of autoantibodies in type 1 autoimmune
hepatitis. J Hepatol 1999;30:394–401.
[145] Gregorio GV, McFarlane B, Bracken P, Vergani D, Mieli-Vergani G. Organ
and non-organ speciﬁc autoantibody titres and IgG levels as markers of
disease activity: a longitudinal study in childhood autoimmune liver
disease. Autoimmunity 2002;35:515–519.
[146] Muratori L, Cataleta M, Muratori P, Lenzi M, Bianchi FB. Liver/kidney
microsomal antibody type 1 and liver cytosol antibody type 1 concentrations in type 2 autoimmune hepatitis. Gut 1998;42:721–726.

1000

[147] Denzer U, Arnoldy A, Kanzler S, Galle PR, Dienes HP, Lohse AW. Prospective
randomized comparison of minilaparoscopy and percutaneous liver
biopsy: diagnosis of cirrhosis and complications. J Clin Gastroenterol
2007;41:103–110.
[148] Denzer U, Helmreich-Becker I, Galle PR, Lohse AW. Liver assessment and
biopsy in patients with marked coagulopathy: value of mini-laparoscopy
and control of bleeding. Am J Gastroenterol 2003;98:893–900.
[149] Helmreich-Becker I, Meyer zum Buschenfelde KH, Lohse AW. Safety and
feasibility of a new minimally invasive diagnostic laparoscopy technique.
Endoscopy 1998;30:756–762.
[150] Czaja AJ, Carpenter HA. Sensitivity, speciﬁcity, and predictability of biopsy
interpretations
in
chronic
hepatitis.
Gastroenterology
1993;105:1824–1832.
[151] Czaja AJ, Carpenter HA. Optimizing diagnosis from the medical liver biopsy.
Clin Gastroenterol Hepatol 2007;5:898–907.
[152] Desmet VJ, Gerber M, Hoofnagle JH, Manns M, Scheuer PJ. Classiﬁcation of
chronic hepatitis: diagnosis, grading and staging. Hepatology
1994;19:1513–1520.
[153] Dienes HP, Erberich H, Dries V, Schirmacher P, Lohse A. Autoimmune
hepatitis and overlap syndromes. Clin Liver Dis 2002;6:349–362, vi.
[154] Kessler WR, Cummings OW, Eckert G, Chalasani N, Lumeng L, Kwo PY.
Fulminant hepatic failure as the initial presentation of acute autoimmune
hepatitis. Clin Gastroenterol Hepatol 2004;2:625–631.
[155] Burgart LJ, Batts KP, Ludwig J, Nikias GA, Czaja AJ. Recent-onset autoimmune hepatitis. Biopsy ﬁndings and clinical correlations. Am J Surg Pathol
1995;19:699–708.
[156] Hofer H, Oesterreicher C, Wrba F, Ferenci P, Penner E. Centrilobular necrosis
in autoimmune hepatitis: a histological feature associated with acute
clinical presentation. J Clin Pathol 2006;59:246–249.
[157] Zen Y, Notsumata K, Tanaka N, Nakanuma Y. Hepatic centrilobular zonal
necrosis with positive antinuclear antibody: a unique subtype or early
disease of autoimmune hepatitis? Hum Pathol 2007;38:1669–1675.
[158] Okano N, Yamamoto K, Sakaguchi K, Miyake Y, Shimada N, Hakoda T, et al.
Clinicopathological features of acute-onset autoimmune hepatitis. Hepatol
Res 2003;25:263–270.
[159] Czaja AJ, Muratori P, Muratori L, Carpenter HA, Bianchi FB. Diagnostic and
therapeutic implications of bile duct injury in autoimmune hepatitis. Liver
Int 2004;24:322–329.
[160] Schalm SW, Korman MG, Summerskill WH, Czaja AJ, Baggenstoss AH.
Severe chronic active liver disease. Prognostic signiﬁcance of initial
morphologic patterns. Am J Dig Dis 1977;22:973–980.
[161] Helmreich-Becker I, Lohse AW. Minilaparoskopie in der Leberdiagnostik –
ein Vorteil? Z Gastroenterol 2001;39:7–9.
[162] Anastasiou J, Alisa A, Virtue S, Portmann B, Murray-Lyon I, Williams R.
Noninvasive markers of ﬁbrosis and inﬂammation in clinical practice:
prospective comparison with liver biopsy. Eur J Gastroenterol Hepatol
2010;22:474–480.
[163] Gutkowski K, Hartleb M, Kacperek-Hartleb T, Kajor M, Mazur W, Zych W,
et al. Laboratory-based scoring system for prediction of hepatic inﬂammatory activity in patients with autoimmune hepatitis. Liver Int
2013;33:1370–1377.
[164] Kaya M, Angulo P, Lindor KD. Overlap of autoimmune hepatitis and
primary sclerosing cholangitis: an evaluation of a modiﬁed scoring system.
J Hepatol 2000;33:537–542.
[165] Talwalkar JA, Keach JC, Angulo P, Lindor KD. Overlap of autoimmune
hepatitis and primary biliary cirrhosis: an evaluation of a modiﬁed scoring
system. Am J Gastroenterol 2002;97:1191–1197.
[166] Czaja AJ. Performance parameters of the diagnostic scoring systems for
autoimmune hepatitis. Hepatology 2008;48:1540–1548.
[167] Czaja A, Carpenter HA. Validation of scoring system for diagnosis of
autoimmune hepatitis. Dig Dis Sci 1996;41:305–314.
[168] Qiu D, Wang Q, Wang H, Xie Q, Zang G, Jiang H, et al. Validation of the
simpliﬁed criteria for diagnosis of autoimmune hepatitis in Chinese
patients. J Hepatol 2011;54:340–347.
[169] Yeoman AD, Westbrook RH, Al-Chalabi T, Carey I, Heaton ND, Portmann BC,
et al. Diagnostic value and utility of the simpliﬁed International
Autoimmune Hepatitis Group (IAIHG) criteria in acute and chronic liver
disease. Hepatology 2009;50:538–545.
[170] Neuhauser M, Bjornsson E, Treeprasertsuk S, Enders F, Silveira M, Talwalkar
J, et al. Autoimmune hepatitis-PBC overlap syndrome: a simpliﬁed scoring
system may assist in the diagnosis. Am J Gastroenterol 2010;105:345–353.
[171] Muratori P, Granito A, Pappas G, Pendino GM, Quarneti C, Cicola R, et al. The
serological proﬁle of the autoimmune hepatitis/primary biliary cirrhosis
overlap syndrome. Am J Gastroenterol 2009;104:1420–1425.

Journal of Hepatology 2015 vol. 63 j 971–1004

JOURNAL OF HEPATOLOGY
[172] Lohse AW. Recognizing autoimmune hepatitis: scores help, but no more. J
Hepatol 2011;54:193–194.
[173] Yamamoto K, Miyake Y, Ohira H, Suzuki Y, Zeniya M, Onji M, et al.
Prognosis of autoimmune hepatitis showing acute presentation. Hepatol
Res 2013;43:630–638.
[174] Fujiwara K, Yasui S, Tawada A, Fukuda Y, Nakano M, Yokosuka O.
Diagnostic value and utility of the simpliﬁed International Autoimmune
Hepatitis Group criteria in acute-onset autoimmune hepatitis. Liver Int
2011;31:1013–1020.
[175] Cook GC, Mulligan R, Sherlock S. Controlled prospective trial of corticosteroid therapy in active chronic hepatitis. Q J Med 1971;40:159–185.
[176] Soloway RD, Summerskill WH, Baggenstoss AH, Geall MG, Gitnick GL,
Elveback IR, et al. Clinical, biochemical, and histological remission of severe
chronic active liver disease: a controlled study of treatments and early
prognosis. Gastroenterology 1972;63:820–833.
[177] Murray-Lyon IM, Stern RB, Williams R. Controlled trial of prednisone and
azathioprine in active chronic hepatitis. Lancet 1973;1:735–737.
[178] Kirk AP, Jain S, Pocock S, Thomas HC, Sherlock S. Late results of the Royal
Free Hospital prospective controlled trial of prednisolone therapy in
hepatitis B surface antigen negative chronic active hepatitis. Gut
1980;21:78–83.
[179] Lamers MM, van Oijen MG, Pronk M, Drenth JP. Treatment options for
autoimmune hepatitis: a systematic review of randomized controlled
trials. J Hepatol 2010;53:191–198.
[180] De Groote J, Fevery J, Lepoutre L. Long-term follow-up of chronic active
hepatitis of moderate severity. Gut 1978;19:510–513.
[181] Czaja AJ. Features and consequences of untreated type 1 autoimmune
hepatitis. Liver Int 2009;29:816–823.
[182] Dufour JF, Zimmermann M, Reichen J. Severe autoimmune hepatitis in
patients with previous spontaneous recovery of a ﬂare. J Hepatol
2002;37:748–752.
[183] Kogan J, Safadi R, Ashur Y, Shouval D, Ilan Y. Prognosis of symptomatic
versus asymptomatic autoimmune hepatitis: a study of 68 patients. J Clin
Gastroenterol 2002;35:75–81.
[184] Keating JJ, O’Brien CJ, Stellon AJ, Portmann BC, Johnson RD, Johnson PJ, et al.
Inﬂuence of aetiology, clinical and histological features on survival in
chronic active hepatitis: an analysis of 204 patients. Q J Med
1987;62:59–66.
[185] Tan P, Marotta P, Ghent C, Adams P. Early treatment response predicts the
need for liver transplantation in autoimmune hepatitis. Liver Int
2005;25:728–733.
[186] Summerskill WH, Korman MG, Ammon HV, Baggenstoss AH. Prednisone for
chronic active liver disease: dose titration, standard dose, and combination
with azathioprine compared. Gut 1975;16:876–883.
[187] Tage-Jensen U, Schlichting P, Aldershvile J, Andersen P, Dietrichson O,
Hardt F, et al. Azathioprine versus prednisone in non-alcoholic chronic liver
disease (CLD). Relation to a serological classiﬁcation. Liver 1982;2:95–
103.
[188] Schramm C, Weiler-Normann C, Wiegard C, Hellweg S, Muller S, Lohse AW.
Treatment response in patients with autoimmune hepatitis. Hepatology
2010;52:2247–2248.
[189] Werner M, Wallerstedt S, Lindgren S, Almer S, Bjornsson E, Bergquist A,
et al. Characteristics and long-term outcome of patients with autoimmune
hepatitis related to the initial treatment response. Scand J Gastroenterol
2010;45:457–467.
[190] Miyake Y, Iwasaki Y, Terada R, Okamaoto R, Ikeda H, Makino Y, et al.
Persistent elevation of serum alanine aminotransferase levels leads to poor
survival and hepatocellular carcinoma development in type 1 autoimmune
hepatitis. Aliment Pharmacol Ther 2006;24:1197–1205.
[191] Verma S, Gunuwan B, Mendler M, Govindrajan S, Redeker A. Factors
predicting relapse and poor outcome in type I autoimmune hepatitis: role
of cirrhosis development, patterns of transaminases during remission and
plasma cell activity in the liver biopsy. Am J Gastroenterol
2004;99:1510–1516.
[192] Muratori L, Muratori P, Lanzoni G, Ferri S, Lenzi M. Application of the 2010
American Association for the study of liver diseases criteria of remission to
a cohort of Italian patients with autoimmune hepatitis. Hepatology
2010;52:1857.
[193] Manns MP, Woynarowski M, Kreisel W, Lurie Y, Rust C, Zuckerman E, et al.
Budesonide induces remission more effectively than prednisone in a
controlled trial of patients with autoimmune hepatitis. Gastroenterology
2010;139:1198–1206.
[194] Danielsson A, Prytz H. Oral budesonide for treatment of autoimmune
chronic active hepatitis. Aliment Pharmacol Ther 1994;8:585–590.

[195] Wiegand J, Schuler A, Kanzler S, Lohse A, Beuers U, Kreisel W, et al.
Budesonide in previously untreated autoimmune hepatitis. Liver Int
2005;25:927–934.
[196] Csepregi A, Rocken C, Treiber G, Malfertheiner P. Budesonide induces
complete remission in autoimmune hepatitis. World J Gastroenterol
2006;12:1362–1366.
[197] Czaja AJ, Lindor KD. Failure of budesonide in a pilot study of treatmentdependent autoimmune hepatitis. Gastroenterology 2000;119:1312–1316.
[198] Geier A, Gartung C, Dietrich CG, Wasmuth HE, Reinartz P, Matern S. Side
effects of budesonide in liver cirrhosis due to chronic autoimmune
hepatitis: inﬂuence of hepatic metabolism versus portosystemic shunts
on a patient complicated with HCC. World J Gastroenterol
2003;9:2681–2685.
[199] Efe C, Ozaslan E, Kav T, Purnak T, Shorbagi A, Ozkayar O, et al. Liver ﬁbrosis
may reduce the efﬁcacy of budesonide in the treatment of autoimmune
hepatitis and overlap syndrome. Autoimmun Rev 2012;11:330–334.
[200] Czaja AJ. Drug choices in autoimmune hepatitis: part A-Steroids. Expert Rev
Gastroenterol Hepatol 2012;6:603–615.
[201] Czaja AJ, Menon KV, Carpenter HA. Sustained remission after corticosteroid
therapy for type 1 autoimmune hepatitis: a retrospective analysis.
Hepatology 2002;35:890–897.
[202] Sanchez-Urdazpal L, Czaja AJ, van Hoek B, Krom RA, Wiesner RH. Prognostic
features and role of liver transplantation in severe corticosteroid-treated
autoimmune chronic active hepatitis. Hepatology 1992;15:215–221.
[203] Montano-Loza AJ, Carpenter HA, Czaja AJ. Features associated with
treatment failure in type 1 autoimmune hepatitis and predictive value of
the model of end-stage liver disease. Hepatology 2007;46:1138–1145.
[204] Yeoman AD, Westbrook RH, Zen Y, Maninchedda P, Portmann BC, Devlin J,
et al. Early predictors of corticosteroid treatment failure in icteric
presentations of autoimmune hepatitis. Hepatology 2011;53:926–934.
[205] Czaja AJ, Rakela J, Ludwig J. Features reﬂective of early prognosis in
corticosteroid-treated severe autoimmune chronic active hepatitis.
Gastroenterology 1988;95:448–453.
[206] Ichai P, Duclos-Vallee JC, Guettier C, Hamida SB, Antonini T, Delvart V, et al.
Usefulness of corticosteroids for the treatment of severe and fulminant
forms of autoimmune hepatitis. Liver Transpl 2007;13:996–1003.
[207] Schalm SW, Ammon HV, Summerskill WH. Failure of customary treatment
in chronic active liver disease: causes and management. Ann Clin Res
1976;8:221–227.
[208] Hoeroldt B, McFarlane E, Dube A, Basumani P, Karajeh M, Campbell MJ,
et al. Long-term outcomes of patients with autoimmune hepatitis managed
at a nontransplant center. Gastroenterology 2011;140:1980–1989.
[209] Kanzler S, Gerken G, Lohr H, Galle PR, Meyer zum Buschenfelde KH, Lohse
AW. Duration of immunosuppressive therapy in autoimmune hepatitis. J
Hepatol 2001;34:354–355.
[210] Czaja AJ. Rapidity of treatment response and outcome in type 1 autoimmune hepatitis. J Hepatol 2009;51:161–167.
[211] Montano-Loza AJ, Carpenter HA, Czaja AJ. Improving the end point of
corticosteroid therapy in type 1 autoimmune hepatitis to reduce the
frequency of relapse. Am J Gastroenterol 2007;102:1005–1012.
[212] Czaja AJ, Wolf AM, Baggenstoss AH. Laboratory assessment of severe
chronic active liver disease during and after corticosteroid therapy:
correlation of serum transaminase and gamma globulin levels with
histologic features. Gastroenterology 1981;80:687–692.
[213] Hartl J, Ehlken H, Weiler-Normann C, Sebode M, Kreuels B, Pannicke N,
et al. Patient selection based on treatment duration and liver biochemistry
increases success rates after treatment withdrawal in autoimmune hepatitis. J Hepatol 2015;62:642–646.
[214] Hegarty JE, Nouri Aria KT, Portmann B, Eddleston AL, Williams R. Relapse
following treatment withdrawal in patients with autoimmune chronic
active hepatitis. Hepatology 1983;3:685–689.
[215] Czaja AJ, Ludwig J, Baggenstoss AH, Wolf A. Corticosteroid-treated chronic
active hepatitis in remission: uncertain prognosis of chronic persistent
hepatitis. N Engl J Med 1981;304:5–9.
[216] Czaja AJ, Beaver SJ, Shiels MT. Sustained remission after corticosteroid
therapy of severe hepatitis B surface antigen-negative chronic active
hepatitis. Gastroenterology 1987;92:215–219.
[217] Heneghan MA, McFarlane IG. Current and novel immunosuppressive
therapy for autoimmune hepatitis. Hepatology 2002;35:7–13.
[218] Czaja AJ, Davis GL, Ludwig J, Taswell HF. Complete resolution of inﬂammatory activity following corticosteroid treatment of HBsAg-negative
chronic active hepatitis. Hepatology 1984;4:622–627.
[219] Al-Chalabi T, Heneghan MA. Remission in autoimmune hepatitis: what is it,
and can it ever be achieved? Am J Gastroenterol 2007;102:1013–1015.

Journal of Hepatology 2015 vol. 63 j 971–1004

1001

Clinical Practice Guidelines
[220] Montano-Loza AJ, Carpenter HA, Czaja AJ. Consequences of treatment
withdrawal in type 1 autoimmune hepatitis. Liver Int 2007;27:507–515.
[221] Stellon AJ, Keating JJ, Johnson PJ, McFarlane IG, Williams R. Maintenance of
remission in autoimmune chronic active hepatitis with azathioprine after
corticosteroid withdrawal. Hepatology 1988;8:781–784.
[222] Johnson PJ, McFarlane IG, Williams R. Azathioprine for long-term maintenance of remission in autoimmune hepatitis. N Engl J Med
1995;333:958–963.
[223] Meyer zum Buschenfelde KH, Lohse AW. Autoimmune hepatitis. N Engl J
Med 1995;333:1004–1005.
[224] Chan GL, Erdmann GR, Gruber SA, Matas AJ, Canafax DM. Azathioprine
metabolism: pharmacokinetics of 6-mercaptopurine, 6-thiouric acid and 6thioguanine nucleotides in renal transplant patients. J Clin Pharmacol
1990;30:358–363.
[225] Lennard L. The clinical pharmacology of 6-mercaptopurine. Eur J Clin
Pharmacol 1992;43:329–339.
[226] Dubinsky MC. Azathioprine, 6-mercaptopurine in inﬂammatory bowel
disease: pharmacology, efﬁcacy, and safety. Clin Gastroenterol Hepatol
2004;2:731–743.
[227] Allison AC. Immunosuppressive drugs: the ﬁrst 50 years and a glance
forward. Immunopharmacology 2000;47:63–83.
[228] Ben Ari Z, Mehta A, Lennard L, Burroughs AK. Azathioprine-induced
myelosuppression due to thiopurine methyltransferase deﬁciency in a
patient with autoimmune hepatitis. J Hepatol 1995;23:351–354.
[229] Cuffari C, Dassopoulos T, Turnbough L, Thompson RE, Bayless TM.
Thiopurine methyltransferase activity inﬂuences clinical response to
azathioprine in inﬂammatory bowel disease. Clin Gastroenterol Hepatol
2004;2:410–417.
[230] Langley PG, Underhill J, Tredger JM, Norris S, McFarlane IG. Thiopurine
methyltransferase phenotype and genotype in relation to azathioprine
therapy in autoimmune hepatitis. J Hepatol 2002;37:441–447.
[231] Heneghan MA, Allan ML, Bornstein JD, Muir AJ, Tendler DA. Utility of
thiopurine methyltransferase genotyping and phenotyping, and measurement of azathioprine metabolites in the management of patients with
autoimmune hepatitis. J Hepatol 2006;45:584–591.
[232] Czaja AJ. Review article: the management of autoimmune hepatitis beyond
consensus guidelines. Aliment Pharmacol Ther 2013;38:343–364.
[233] Czaja AJ, Carpenter HA. Thiopurine methyltransferase deﬁciency and
azathioprine intolerance in autoimmune hepatitis. Dig Dis Sci
2006;51:968–975.
[234] Otterness D, Szumlanski C, Lennard L, Klemetsdal B, Aarbakke J, Park-Hah
JO, et al. Human thiopurine methyltransferase pharmacogenetics: gene
sequence polymorphisms. Clin Pharmacol Ther 1997;62:60–73.
[235] Kaskas BA, Louis E, Hindorf U, Schaeffeler E, Deﬂandre J, Graepler F, et al.
Safe treatment of thiopurine S-methyltransferase deﬁcient Crohn’s disease
patients with azathioprine. Gut 2003;52:140–142.
[236] Szumlanski CL, Honchel R, Scott MC, Weinshilboum RM. Human liver
thiopurine methyltransferase pharmacogenetics: biochemical properties,
liver-erythrocyte correlation and presence of isozymes. Pharmacogenetics
1992;2:148–159.
[237] Hindorf U, Jahed K, Bergquist A, Verbaan H, Prytz H, Wallerstedt S, et al.
Characterisation and utility of thiopurine methyltransferase and thiopurine
metabolite measurements in autoimmune hepatitis. J Hepatol
2010;52:106–111.
[238] Schramm C, Herkel J, Beuers U, Kanzler S, Galle PR, Lohse AW. Pregnancy in
autoimmune hepatitis: outcome and risk factors. Am J Gastroenterol
2006;101:556–560.
[239] Werner M, Bjornsson E, Prytz H, Lindgren S, Almer S, Broome U, et al.
Autoimmune hepatitis among fertile women: strategies during pregnancy
and breastfeeding? Scand J Gastroenterol 2007;42:986–991.
[240] Francella A, Dyan A, Bodian C, Rubin P, Chapman M, Present DH. The safety
of 6-mercaptopurine for childbearing patients with inﬂammatory bowel
disease: a retrospective cohort study. Gastroenterology 2003;124:9–17.
[241] Akbari M, Shah S, Velayos FS, Mahadevan U, Cheifetz AS. Systematic review
and meta-analysis on the effects of thiopurines on birth outcomes from
female and male patients with inﬂammatory bowel disease. Inﬂamm
Bowel Dis 2013;19:15–22.
[242] Adamowicz R, Trzeciak-Supel E, Smolarczyk R, Przybylkowska M,
Marianowska S. Subsequent pregnancy (twin) in woman with autoimmunological hepatitis. Ginekol Pol 2005;76:742–746.
[243] Christopher V, Al-Chalabi T, Richardson PD, Muiesan P, Rela M, Heaton ND,
et al. Pregnancy outcome after liver transplantation: a single-center
experience of 71 pregnancies in 45 recipients. Liver Transpl
2006;12:1138–1143.

1002

[244] Rosenkrantz JG, Githens JH, Cox SM, Kellum DL. Azathioprine (Imuran) and
pregnancy. Am J Obstet Gynecol 1967;97:387–394.
[245] Mohamed-Ahmed O, Nelson-Piercy C, Bramham K, Gao H, Kurinczuk JJ,
Brocklehurst P, et al. Pregnancy outcomes in liver and cardiothoracic
transplant recipients: a UK national cohort study. PLoS One
2014;9:e89151.
[246] Angelberger S, Reinisch W, Messerschmidt A, Miehsler W, Novacek G,
Vogelsang H, et al. Long-term follow-up of babies exposed to azathioprine
in utero and via breastfeeding. J Crohns Colitis 2011;5:95–100.
[247] Christensen LA, Dahlerup JF, Nielsen MJ, Fallingborg JF, Schmiegelow K.
Azathioprine treatment during lactation. Aliment Pharmacol Ther
2008;28:1209–1213.
[248] Gregorio GV, Portmann B, Reid F, Donaldson PT, Doherty DG, McCartney M,
et al. Autoimmune hepatitis in childhood: a 20-year experience.
Hepatology 1997;25:541–547.
[249] Czaja AJ, Carpenter HA, Santrach PJ, Moore SB. Signiﬁcance of HLA DR4 in
type 1 autoimmune hepatitis. Gastroenterology 1993;105:1502–1507.
[250] Maggiore G, Bernard O, Hadchouel M, Hadchouel P, Odievre M, Alagille D.
Treatment of autoimmune chronic active hepatitis in childhood. J Pediatr
1984;104:839–844.
[251] Maggiore G, Veber F, Bernard O, Hadchouel M, Homberg JC, Alvarez F, et al.
Autoimmune hepatitis associated with anti-actin antibodies in children
and adolescents. J Pediatr Gastroenterol Nutr 1993;17:376–381.
[252] Banerjee S, Rahhal R, Bishop WP. Azathioprine monotherapy for maintenance of remission in pediatric patients with autoimmune hepatitis. J
Pediatr Gastroenterol Nutr 2006;43:353–356.
[253] Aw MM, Dhawan A, Samyn M, Bargiota A, Mieli-Vergani G. Mycophenolate
mofetil as rescue treatment for autoimmune liver disease in children: a 5year follow-up. J Hepatol 2009;51:156–160.
[254] Debray D, Maggiore G, Girardet JP, Mallet E, Bernard O. Efﬁcacy of
cyclosporin A in children with type 2 autoimmune hepatitis. J Pediatr
1999;135:111–114.
[255] Alvarez F, Ciocca M, Canero-Velasco C, Ramonet M, de Davila MT,
Cuarterolo M, et al. Short-term cyclosporine induces a remission of
autoimmune hepatitis in children. J Hepatol 1999;30:222–227.
[256] Malekzadeh R, Nasseri-Moghaddam S, Kaviani MJ, Taheri H, Kamalian N,
Sotoudeh M. Cyclosporin A is a promising alternative to corticosteroids in
autoimmune hepatitis. Dig Dis Sci 2001;46:1321–1327.
[257] Cuarterolo M, Ciocca M, Velasco CC, Ramonet M, Gonzalez T, Lopez S, et al.
Follow-up of children with autoimmune hepatitis treated with cyclosporine. J Pediatr Gastroenterol Nutr 2006;43:635–639.
[258] Woynarowski M, Nemeth A, Baruch Y, Koletzko S, Melter M, Rodeck B, et al.
Budesonide versus prednisone with azathioprine for the treatment of
autoimmune hepatitis in children and adolescents. J Pediatr 2013;163:e1.
[259] Worns MA, Teufel A, Kanzler S, Shrestha A, Victor A, Otto G, et al. Incidence
of HAV and HBV infections and vaccination rates in patients with
autoimmune liver diseases. Am J Gastroenterol 2008;103:138–146.
[260] Czaja AJ, Carpenter HA. Distinctive clinical phenotype and treatment
outcome of type 1 autoimmune hepatitis in the elderly. Hepatology
2006;43:532–538.
[261] Miyake Y, Iwasaki Y, Takaki A, Kobashi H, Sakaguchi K, Shiratori Y. Clinical
features of Japanese elderly patients with type 1 autoimmune hepatitis.
Intern Med 2007;46:1945–1949.
[262] Granito A, Muratori L, Pappas G, Muratori P, Ferri S, Cassani F, et al. Clinical
features of type 1 autoimmune hepatitis in elderly Italian patients. Aliment
Pharmacol Ther 2005;21:1273–1277.
[263] Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat F, et al.
Histological grading and staging of chronic hepatitis. J Hepatol
1995;22:696–699.
[264] Reginster JY, Burlet N. Osteoporosis: a still increasing prevalence. Bone
2006;38:S4–S9.
[265] De Vries F, Bracke M, Leufkens HG, Lammers JW, Cooper C, Van Staa TP.
Fracture risk with intermittent high-dose oral glucocorticoid therapy.
Arthritis Rheum 2007;56:208–214.
[266] Curtis JR, Saag KG. Prevention and treatment of glucocorticoid-induced
osteoporosis. Curr Osteoporos Rep 2007;5:14–21.
[267] American Gastroenterological Association. American Gastroenterological
Association medical position statement: osteoporosis in hepatic disorders.
Gastroenterology 2003;125:937–940.
[268] Kornbluth A, Hayes M, Feldman S, Hunt M, Fried-Boxt E, Lichtiger S, et al.
Do guidelines matter? Implementation of the ACG and AGA osteoporosis
screening guidelines in inﬂammatory bowel disease (IBD) patients
who meet the guidelines’ criteria. Am J Gastroenterol 2006;101:
1546–1550.

Journal of Hepatology 2015 vol. 63 j 971–1004

JOURNAL OF HEPATOLOGY
[269] Long MD, Thiny MT, Sandler RS, Gangarosa LM. Bone health in a tertiarycare gastroenterology and hepatology population. Dig Dis Sci
2010;55:2263–2269.
[270] Collier J. Bone disorders in chronic liver disease. Hepatology
2007;46:1271–1278.
[271] Pares A, Guanabens N. Treatment of bone disorders in liver disease. J
Hepatol 2006;45:445–453.
[272] Yeoman AD, Westbrook RH, Zen Y, Bernal W, Al-Chalabi T, Wendon JA, et al.
Prognosis of acute severe autoimmune hepatitis (AS-AIH): The role of
corticosteroids in modifying outcome. J Hepatol 2014;61:876–882.
[273] Verma S, Maheshwari A, Thuluvath P. Liver failure as initial presentation of
autoimmune hepatitis: clinical characteristics, predictors of response to
steroid therapy, and outcomes. Hepatology 2009;49:1396–1397.
[274] Potts JR, Verma S. Optimizing management in autoimmune hepatitis with
liver failure at initial presentation. World J Gastroenterol
2011;17:2070–2075.
[275] Weiler-Normann C, Lohse AW. Acute autoimmune hepatitis: many open
questions. J Hepatol 2014;61:727–729.
[276] Rumbo C, Emerick KM, Emre S, Shneider BL. Azathioprine metabolite
measurements in the treatment of autoimmune hepatitis in pediatric
patients: a preliminary report. J Pediatr Gastroenterol Nutr
2002;35:391–398.
[277] Wusk B, Kullak-Ublick GA, Rammert C, von Eckardstein A, Fried M, Rentsch
KM. Therapeutic drug monitoring of thiopurine drugs in patients with
inﬂammatory bowel disease or autoimmune hepatitis. Eur J Gastroenterol
Hepatol 2004;16:1407–1413.
[278] Dhaliwal HK, Anderson R, Thornhill EL, Schneider S, McFarlane E, Gleeson
D, et al. Clinical signiﬁcance of azathioprine metabolites for the maintenance
of
remission
in
autoimmune
hepatitis.
Hepatology
2012;56:1401–1408.
[279] Lohse AW, Gil H. Reactivation of autoimmune hepatitis during budesonide
monotherapy, and response to standard treatment. J Hepatol
2011;54:837–839.
[280] Selvarajah V, Montano-Loza AJ, Czaja AJ. Systematic review: managing
suboptimal treatment responses in autoimmune hepatitis with conventional and nonstandard drugs. Aliment Pharmacol Ther 2012;36:691–707.
[281] Yeoman AD, Longhi MS, Heneghan MA. Review article: the modern
management of autoimmune hepatitis. Aliment Pharmacol Ther
2010;31:771–787.
[282] Hlivko JT, Shiffman ML, Stravitz RT, Luketic VA, Sanyal AJ, Fuchs M, et al. A
single center review of the use of mycophenolate mofetil in the treatment
of autoimmune hepatitis. Clin Gastroenterol Hepatol 2008;6:1036–1040.
[283] Hennes EM, Oo YH, Schramm C, Denzer U, Buggisch P, Wiegard C, et al.
Mycophenolate mofetil as second line therapy in autoimmune hepatitis?
Am J Gastroenterol 2008;103:3063–3070.
[284] Sharzehi K, Huang MA, Schreibman IR, Brown KA. Mycophenolate mofetil
for the treatment of autoimmune hepatitis in patients refractory or
intolerant to conventional therapy. Can J Gastroenterol 2010;24:588–592.
[285] Sciveres M, Caprai S, Palla G, Ughi C, Maggiore G. Effectiveness and safety of
ciclosporin as therapy for autoimmune diseases of the liver in children and
adolescents. Aliment Pharmacol Ther 2004;19:209–217.
[286] Sherman KE, Narkewicz M, Pinto PC. Cyclosporine in the management of
corticosteroid-resistant type I autoimmune chronic active hepatitis. J
Hepatol 1994;21:1040–1047.
[287] Fernandes NF, Redeker AG, Vierling JM, Villamil FG, Fong TL. Cyclosporine
therapy in patients with steroid resistant autoimmune hepatitis. Am J
Gastroenterol 1999;94:241–248.
[288] Aqel BA, Machicao V, Rosser B, Satyanarayana R, Harnois DM, Dickson RC.
Efﬁcacy of tacrolimus in the treatment of steroid refractory autoimmune
hepatitis. J Clin Gastroenterol 2004;38:805–809.
[289] Larsen FS, Vainer B, Eefsen M, Bjerring PN, Adel Hansen B. Low-dose
tacrolimus ameliorates liver inﬂammation and ﬁbrosis in steroid refractory
autoimmune hepatitis. World J Gastroenterol 2007;13:3232–3236.
[290] Tannous MM, Cheng J, Muniyappa K, Farooq I, Bharara A, Kappus M, et al.
Use of tacrolimus in the treatment of autoimmune hepatitis: a single centre
experience. Aliment Pharmacol Ther 2011;34:405–407.
[291] Kanzler S, Gerken G, Dienes HP, Meyer zum Buschenfelde KH, Lohse AW.
Cyclophosphamide as alternative immunosuppressive therapy for autoimmune hepatitis–report of three cases. Z Gastroenterol 1997;35:571–578.
[292] Burak KW, Urbanski SJ, Swain MG. Successful treatment of refractory type 1
autoimmune hepatitis with methotrexate. J Hepatol 1998;29:990–993.
[293] Burak KW, Swain MG, Santodomingo-Garzon T, Lee SS, Urbanski SJ,
Aspinall AI, et al. Rituximab for the treatment of patients with autoimmune
hepatitis who are refractory or intolerant to standard therapy. Can J
Gastroenterol 2013;27:273–280.

[294] Weiler-Normann C, Schramm C, Quaas A, Wiegard C, Glaubke C, Pannicke
N, et al. Inﬂiximab as a rescue treatment in difﬁcult-to-treat autoimmune
hepatitis. J Hepatol 2013;58:529–534.
[295] Borman MA, Urbanski S, Swain MG. Anti-TNF-induced autoimmune
hepatitis. J Hepatol 2014;61:169–170.
[296] Weiler-Normann C, Herkel J, Schramm C, Lohse AW. Reply to: ‘‘anti-TNFinduced autoimmune hepatitis’’. J Hepatol 2014;61:170–171.
[297] Kerkar N, Dugan C, Rumbo C, Morotti RA, Gondolesi G, Shneider BL, et al.
Rapamycin successfully treats post-transplant autoimmune hepatitis. Am J
Transplant 2005;5:1085–1089.
[298] Chatrath H, Allen L, Boyer TD. Use of sirolimus in the treatment of
refractory autoimmune hepatitis. Am J Med 2014;127:1128–1131.
[299] Floreani A, Liberal R, Vergani D, Mieli-Vergani G. Autoimmune hepatitis:
contrasts and comparisons in children and adults – A comprehensive
review. J Autoimmun 2013;46:7–16.
[300] Kerkar N, Annunziato RA, Foley L, Schmeidler J, Rumbo C, Emre S, et al.
Prospective analysis of nonadherence in autoimmune hepatitis: a common
problem. J Pediatr Gastroenterol Nutr 2006;43:629–634.
[301] Soanes C, Timmons S. Improving transition: a qualitative study examining
the attitudes of young people with chronic illness transferring to adult care.
J Child Health Care 2004;8:102–112.
[302] Kelly D. Theory to reality: the role of the transition nurse coordinator. Br J
Nurs 2014;23:888–894.
[303] Pratt DS, Flavin DP, Kaplan MM. The successful treatment of autoimmune
hepatitis with 6-mercaptopurine after failure with azathioprine.
Gastroenterology 1996;110:271–274.
[304] Chazouilleres O, Wendum D, Serfaty L, Rosmorduc O, Poupon R. Long term
outcome and response to therapy of primary biliary cirrhosis-autoimmune
hepatitis overlap syndrome. J Hepatol 2006;44:400–406.
[305] Joshi S, Cauch-Dudek K, Wanless IR, Lindor KD, Jorgensen R, Batts K, et al.
Primary biliary cirrhosis with additional features of autoimmune hepatitis:
response to therapy with ursodeoxycholic acid. Hepatology 2002;35:
409–413.
[306] Rust C, Beuers U. Overlap syndromes among autoimmune liver diseases.
World J Gastroenterol 2008;14:3368–3373.
[307] Ozaslan E, Efe C, Heurgue-Berlot A, Kav T, Masi C, Purnak T, et al. Factors
associated with response to therapy and outcome of patients with primary
biliary cirrhosis with features of autoimmune hepatitis. Clin Gastroenterol
Hepatol 2014;12:863–869.
[308] Poupon R, Chazouilleres O, Corpechot C, Chretien Y. Development of
autoimmune hepatitis in patients with typical primary biliary cirrhosis.
Hepatology 2006;44:85–90.
[309] Floreani A, Rizzotto ER, Ferrara F, Carderi I, Caroli D, Blasone L, et al. Clinical
course and outcome of autoimmune hepatitis/primary sclerosing cholangitis overlap syndrome. Am J Gastroenterol 2005;100: 1516–1522.
[310] Al-Chalabi T, Portmann BC, Bernal W, McFarlane IG, Heneghan MA.
Autoimmune hepatitis overlap syndromes: an evaluation of treatment
response, long-term outcome and survival. Aliment Pharmacol Ther
2008;28:209–220.
[311] Gautam M, Cheruvattath R, Balan V. Recurrence of autoimmune liver
disease after liver transplantation: a systematic review. Liver Transpl
2006;12:1813–1824.
[312] Carbone M, Neuberger JM. Autoimmune liver disease, autoimmunity and
liver transplantation. J Hepatol 2014;60:210–223.
[313] Gonzalez-Koch A, Czaja AJ, Carpenter HA, Roberts SK, Charlton MR, Porayko
MK, et al. Recurrent autoimmune hepatitis after orthotopic liver transplantation. Liver Transpl 2001;7:302–310.
[314] Salcedo M, Vaquero J, Banares R, Rodriguez-Mahou M, Alvarez E, Vicario JL,
et al. Response to steroids in de novo autoimmune hepatitis after liver
transplantation. Hepatology 2002;35:349–356.
[315] Ortiz V, Berenguer M, Rayon JM, Carrasco D, Berenguer J. Contribution of
obesity to hepatitis C-related ﬁbrosis progression. Am J Gastroenterol
2002;97:2408–2414.
[316] Liu B, Balkwill A, Reeves G, Beral V. Million Women Study C. Body mass
index and risk of liver cirrhosis in middle aged UK women: prospective
study. BMJ 2010;340:c912.
[317] European Association for the Study of the Liver. EASL Clinical Practice
Guidelines: management of chronic hepatitis B virus infection. J Hepatol
2012;57:167–185.
[318] O’Leary JG, Zachary K, Misdraji J, Chung RT. De novo autoimmune hepatitis
during immune reconstitution in an HIV-infected patient receiving highly
active antiretroviral therapy. Clin Infect Dis 2008;46:e12–e14.
[319] Puius YA, Dove LM, Brust DG, Shah DP, Lefkowitch JH. Three cases of
autoimmune hepatitis in HIV-infected patients. J Clin Gastroenterol
2008;42:425–429.

Journal of Hepatology 2015 vol. 63 j 971–1004

1003

Clinical Practice Guidelines
[320] Wan DW, Marks K, Yantiss RK, Talal AH. Autoimmune hepatitis in the HIVinfected patient: a therapeutic dilemma. AIDS Patient Care STDS
2009;23:407–413.
[321] Dyson JK, Webb G, Hirschﬁeld GM, Lohse A, Beuers U, Lindor K, et al.
Unmet clinical need in autoimmune liver diseases. J Hepatol 2015;62:
208–218.
[322] Héon-Klin V, Halbach A, Schlangen M, Schnieders B. Developing a national
plan for rare diseases in Germany through concerted action: the national
action league for people with rare diseases. Orphanet J Rare Dis 2012;7.
A9–A9.
[323] Olauson A. The Agrenska centre: a socioeconomic case study of rare
diseases. Pharmacoeconomics 2002;20:73–75.

1004

[324] Fogarty LA, Curbow BA, Wingard JR, McDonnell K, Somerﬁeld MR. Can 40
seconds of compassion reduce patient anxiety? J Clin Oncol
1999;17:371–379.
[325] Talwalkar JA, Kim WR. Medical and economic impact of autoimmune
hepatitis. Clin Liver Dis 2002;6:649–667.
[326] van der Plas SM, Hansen BE, de Boer JB, Stijnen T, Passchier J, de Man RA,
et al. Generic and disease-speciﬁc health related quality of life of
liver patients with various aetiologies: a survey. Qual Life Res 2007;16:
375–388.
[327] Gulati R, Radhakrishnan KR, Hupertz V, Wyllie R, Alkhouri N, Worley S,
et al. Health-related quality of life in children with autoimmune liver
disease. J Pediatr Gastroenterol Nutr 2013;57:444–450.

Journal of Hepatology 2015 vol. 63 j 971–1004

