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Autoimmune hepatitis (AIH) is an immunoinflammatory chronic liver disease with dynamic and rather heterogeneous 
disease manifestations. A trend of increasing prevalence of AIH has been observed worldwide, along with a relative 
increase in the percentage of male patients. AIH is characterized and diagnosed based on serum biochemistry and liver 
histology: elevated aminotransferases and serum immunoglobulin G (IgG), the presence of serum anti-nuclear antibody 
or anti-smooth muscle antibody, and interface lympho-plasmacytic hepatitis. Clinical manifestations differ among 
disease subtypes with distinct time-frames, i.e., AIH with a chronic insidious onset, and acute-onset AIH (the diagnosis 
of which is often challenging due to the lack of typical serum findings). The absence of disease-specific biomarkers or 
histological findings may expand the disease phenotype into drug-induced AIH-like liver injury. Corticosteroids and 
azathioprine are recommended first-line treatments for AIH. The complete normalization of aminotransferases and 
serum IgG is an essential treatment response to ensure long-term overall survival. An incomplete response or intolerance 
to these drugs is considered an indication for second-line treatment, especially with mycophenolate mofetil. Life-
long maintenance treatment is required for the majority of patients, but the few who achieve prolonged and stringent 
biochemical remission with lower alanine aminotransferase and IgG within the normal range may be able to discontinue 
the medications. In the future, the quality of life of AIH patients should be managed by personalized medicine, including 
the appropriate selection and dosing of first-line therapy and perhaps alternating with potential therapeutics, and the 
prediction of the success of treatment withdrawal. (Clin Mol Hepatol 2021;27:58-69)
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INTRODUCTION

Autoimmune hepatitis (AIH) is an immune-mediated inflamma-

tory liver disease of non-self-limiting clinical course for which im-

munosuppressive agents are necessary in the majority of affected 

patients. The concept of the immunopathogenesis of AIH relies on 

autoreactive CD4 and CD8 T cells, whose emergence is induced 

after the break of self-tolerance by environmental triggers.1 As the 

inflammation that AIH presents is likely to be characterized by a 

dynamic transition of the milieu of multiple effector immune cells 

in the liver, clinicians should take into consideration the chrono-

logical dynamics of disease manifestations or of distinct subtypes 

of disease, e.g., ranging from acute-onset, acute on chronic, and 

chronic insidious manifestation. The appropriate diagnosis and 

proper treatment strategy with special attention to the clinical 

subtypes of AIH must be considered to ensure favorable short- 

and long-term survival.

In 2019, the American Association of the Study of Liver Disease 

(AASLD) published very comprehensive practice guidance and 

guidelines for AIH that updated the previous version published in 

2010.1 The progress in our understanding of AIH is apparent in 

these guidelines, including their detailed description of a first-line 

treatment strategy based on the patient’s clinical manifestations. 

In this review, we summarize the recent updates regarding the 

management of AIH, focusing on the disease manifestations (Fig. 1) 

and the time frame of treatment and responses to treatment.

EPIDEMIOLOGY

AIH affects individuals of all ages from children to the very el-

derly, but it is most commonly identified in middle-aged women2,3 

in all ethnic groups. In 2016, a nationwide, hospital-based, epide-

miological survey to approximate the prevalence of AIH was car-

ried out in Japan. The estimated number of patients was 30,330 

(95% confidence interval [CI], 29,592–31,069) and the calculated 

point prevalence of AIH per 100,000 population was 23.9 (95% 

CI, 23.3–24.5).4 Compared to the previous survey in 2004, the 

data revealed an almost threefold increase in the prevalence of 

AIH.4

Among the widely varying nation-based prevalence data for 

adult AIH reported after 2000, e.g., from 4.0 (Singapore)5 to 42.9 

(Alaska),6 a trend of increasing prevalence has been observed 

worldwide; for instance, from 10.7 in 20037 to 17.3 in 20098 in 

Sweden. The prevalence of AIH in Korea increased gradually from 

2009 to 2013, although the incidence remained stable.2 Altera-

tions of environmental factors, including changes in lifestyle, 

might trigger the development of AIH, and environmental factors 

are likely to be linked to the increased male to female ratio of AIH 

in Japan from 1:6.9 in 2004 to 1:4.3 in 2016 as shown by the 

aforementioned survey.4 Improved awareness of AIH among clini-

cians worldwide might also have contributed to the trend of in-

creased prevalence, possibly resulting in a reduction of the num-

ber of otherwise undiagnosed patients, including adult male 

patients.

Figure 1. A schematic model of the progression and transition of AIH. Acute-onset and acute exacerbation of AIH may resolve to chronic AIH, if not 
all. DILI, drug-induced liver injury; DIAIH, drug-induced autoimmune hepatitis; NAFLD, non-alcoholic fatty liver disease; AIH, autoimmune hepatitis; AS, 
acute severe; ALF, acute liver failure.
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DIAGNOSIS

General considerations

AIH is a disease without signature diagnostic features. The di-

agnosis of AIH requires 1) histological abnormalities (interface 

hepatitis), 2) characteristic laboratory findings (elevated serum 

hepatic enzymes, aspartate aminotransferase [AST] and alanine 

aminotransferase [ALT], and increased serum immunoglobulin G 

[IgG]), and 3) positive results of disease-defining autoantibodies, 

coupled with 4) the exclusion of other liver diseases that may re-

semble AIH, including viral hepatitis, hereditary, metabolic, chole-

static, or drug-induced liver injury (DILI). Anti-nuclear antibodies 

(ANA) and anti-smooth muscle antibodies should be tested in pa-

tients of all ages, and an additional test of anti-liver kidney micro-

somal type 1 is necessary in children for the characterization of 

type 2 AIH.1 The clinical judgement is straightforward in typical 

AIH patients with the above-mentioned hallmarks, but atypical 

cases should be diagnosed with the aid of diagnostic scoring sys-

tems that were originally developed by the International AIH 

Group (IAIHG) in 1993 for the identification of patients with AIH 

for clinical research.9 The revised IAIHG criteria reported in 199910 

and the simplified criteria proposed in 200811 are commonly im-

plemented in clinical practice, and they emphasize distinct diag-

nostic values.

As the simplified scoring has superior specificity (90% vs. 73%) 

and accuracy (92% vs. 82%) compared to the revised scoring sys-

tem,12 the former is preferable for the diagnosis of typical AIH cas-

es. On the other hand, the revised scoring system is suitable for 

the reassessment of atypical cases with a low score in the simpli-

fied system, including cases of autoantibody-negative hepatitis 

and acute-onset AIH with normal IgG values.1 Limitations to both 

scoring systems are evident (due to the lack of accuracy) for a di-

agnosis of AIH that is overlapped with a primary biliary cholangitis 

(PBC),13 primary sclerosing cholangitis (PSC), or non-alcoholic fatty 

liver disease (NAFLD),14 or fulminant liver failure.

Histological findings

The diagnosis of AIH requires liver biopsy results presenting 

compatible histological abnormalities. Typical histological features 

are indicative of (chronic) active hepatitis, comprising lymphoplas-

macytic interface hepatitis, emperipolesis (intrusion of one intact 

lymphocyte into a hepatocyte), and hepatocyte rosettes. Gurung 

et al.15 recently hypothesized that typical histological features are 

related to the severity of disease, but not to the etiology itself, 

and they reported the following as AIH-specific histological fea-

tures: 1) Kupffer cell hyaline granules, 2) prominence of plasma 

cells in portal tracts, and 3) the relative predominance of plasma 

cells over lymphocytic inflammation. After Gurung et al.15 adjusted 

the analysis results for the inflammatory grade, emperipolesis and 

rosette formation were similarly found in the disease control, 

chronic hepatitis C (CHC). The Kupffer cell hyaline granules were 

well-circumscribed, eosinophilic periodic acid-Schiff diastase-re-

sistant deposits within Kupffer cells, and they were originally pro-

posed as a specific histology in pediatric AIH.16

Centrilobular necrosis is another histological AIH feature, pre-

senting in a rather disease manifestation-specific manner in 

acute-onset AIH17 and in acute liver failure (ALF). In ALF, central 

perivenulitis, plasma cell-enriched inflammatory infiltrate, and 

lymphoid follicles on a background of massive hepatic necrosis 

are the principle findings.18

In clinical practice, the differential diagnosis of AIH in liver his-

tology is routinely focused on DILI, including drug-induced AIH 

(DIAIH)-like liver injury. Though the rare presence of bridging fi-

brosis and the absence of advanced fibrosis are clues suggesting 

DILI, this is not the case for the differential diagnosis of acute-on-

set AIH over DILI.

Histological findings of NAFLD and non-alcoholic steatohepati-

tis (NASH) are reported to be present in 17–30% of adult AIH pa-

tients.19,20 These overlapping findings are indicative of patients 

who are at increased risk of liver-related mortality.19 Conversely, 

characteristic laboratory findings with positive autoantibodies (es-

pecially in female patients) are sometimes refuted by the mere 

histology of NAFLD or NASH in the liver. Signature diagnostics for 

discriminating NASH with prominent periportal hepatitis from 

chronic active AIH are greatly anticipated.

Noninvasive assessment of fibrosis

The long-term outcome of AIH is associated with the stage of 

fibrosis. Since the evaluation of liver fibrosis by biopsy during the 

course of disease management is not feasible, noninvasive assess-

ments have been conducted in clinical hepatology by using serum 

biomarkers, including the serum AST/platelet ratio index (APRI) 

and the fibrosis-4 (FIB-4) index.21 However, a recent systemic re-

view of the diagnostic accuracy of APRI and FIB-4 demonstrated 

their poor performance for detecting advanced fibrosis and cir-

rhosis in AIH.22

Noninvasive assessment by liver stiffness has been shown to 
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identify advanced fibrosis and cirrhosis in AIH with reasonable ac-

curacy. The performance levels of vibration-controlled transient 

elastography (VCTE) and magnetic resonance elastography were 

indicated to be superior to those of the APRI and FIB-4, and VCTE 

was validated in a systemic review as providing good perfor-

mance.22 Considering that liver inflammation affects liver stiffness, 

the stiffness value at the initial diagnosis before the initiation of 

treatment with immunosuppressive agents is confounded by dis-

ease activity. In fact, the value of VCTE within 3 months after the 

start of treatment was significantly correlated with histological 

grading, but not with the fibrosis stage.23 Thereafter, at least 6 

months after the successful treatment of AIH, the area under the 

receiver operating curve of VCTE reached 1.0.23 Sustaining bio-

chemical remission (normal ALT and normal IgG) and the use of 

VCTE help monitor and manage the disease course of AIH.

A novel serum fibrosis marker, i.e., Mac-2 binding protein glyco-

sylation isomer (M2BPGi), which was originally reported to be as-

sociated with the fibrosis stage in CHC patients,24 is likely to be-

come an alternative to the use of VCTE; the M2BPGi value is 

influenced by both inflammation and fibrosis in AIH patients, in a 

similar way to VCTE.25 A ‘one-serum parameter fits all’ approach 

to the evaluations of disease activity and fibrosis could be achiev-

able with serum M2BPGi, but further studies are necessary to val-

idate its utility.

CLINICAL MANIFESTAIONS WITH SPECIAL AT-
TENTION TO DISEASE SUBTYPES

Acute-onset AIH

Acute-onset AIH is a clinically challenging disease subtype be-

cause a delayed diagnosis and delayed treatment, especially in 

the absence of typical serological findings, may lead to a poorer 

short-term prognosis. The prevalence of acute-onset AIH has been 

obtained in several cross-sectional studies worldwide. The 2019 

AASLD practice guidance and guidelines state that 25–75% of in-

dividuals with AIH in western countries present with an acute on-

set and a disease duration <30 days.1,26 A Korean study reported 

the prevalence 46.4%, using almost the same definition.27 An 

Italian multicenter cohort applied arbitrary criteria, i.e., >10× the 

upper limit of normal (ULN) of transaminases and >5 mg/mL of 

bilirubin, and the study’s authors reported that 43% of their se-

ries of AIH patients were acute-onset;28 among the patients who 

underwent liver biopsy, 64.8% fulfilled the histological criteria for 

acute-onset AIH, with the fibrosis stage lower than Ishak F2. In a 

Japanese nationwide cross-sectional study of AIH patients diag-

nosed in 2009–2013, the frequency of acute hepatitis without fi-

brosis (F0) was, on the other hand, almost 11%.3

Acute-onset AIH may encompass two distinct clinical sub-

groups: 1) ‘genuine’ acute AIH with no chronic liver pathology 

(portal, followed by bridging fibrosis) and 2) acute exacerbation 

of chronic AIH. Even among the group of genuine acute AIH cas-

es, dynamic histological changes — especially in the extent of 

portal fibrosis — are anticipated. As a trend, the median duration 

between disease onset and liver biopsy among Japanese AIH pa-

tients with acute presentation was longer in the F1–2 patients 

than in the F0 patients (29 vs. 15 days, P=0.052).29 Nevertheless, 

there were no significant differences between these two groups 

in laboratory data, AIH-related pathological findings, or disease 

outcomes after the introduction of prednisolone.

Typical serological hallmarks of AIH (e.g., positive autoantibody 

or elevated serum IgG) are frequently absent in acute-onset AIH; 

in the above-mentioned Japanese cohort, 27% of the patients 

were ANA-negative (<×40) and >50% of them had normal serum 

IgG values.29 As the absence of ANA and normal serum IgG were 

not associated with disease outcomes in that cohort, the prompt 

initiation of treatment with immunosuppressive agents was nec-

essary to prevent progression to acute severe AIH (AS-AIH), and 

eventually ALF.

AS-AIH is defined by the AASLD as AIH with jaundice, a pro-

thrombin time (PT) international normalized ratio (INR) ≥1.5, and 

neither encephalopathy nor previously recognized liver disease 

(Table 1).1 A thorough diagnosis protocol that includes a transjug-

ular liver biopsy is needed to differentiate AS-AIH from acute se-

vere hepatitis with multiple other etiologies. In a cohort from the 

UK and France, 69%30 and 59%31 of the AS-AIH cases were re-

ported to progress to ALF-AIH, respectively. A continuum of treat-

ment strategies that are based on the benefit-to-risk ratio of glu-

cocorticoid therapy should thus be seriously considered (Fig. 2). In 

the 2019 AASLD practice guidance, prednisone or prednisolone 

monotherapy (60 mg/day in adults) is recommended for AS-AIH,1 

because no association with an increase in sepsis was demon-

strated.32

A short-term treatment response (within 1–2 weeks) in AS-AIH 

is indeed crucial to prevent disease progression. Zachou et al.33 

recently observed that high-dose intravenous (iv.) corticosteroids 

(either 1 g methylprednisolone for 3 consecutive days followed by 

iv. 1 mg/kg/day prednisolone, or iv. 1.5 mg/kg/day prednisolone) 

was safe and effective to treat AS-AIH patients (n=34; all were 
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F0–2, and transaminases were >10× ULN). The complete re-

sponse rate was higher than that in the non-AS-AIH group, with 

no case requiring liver transplantation (LT).

ALF and acute on chronic liver failure (ACLF)

AS-AIH with encephalopathy is defined as ALF caused by AIH 

(ALF-AIH) (Table 1). With regard to noninvasive diagnoses, heter-

ogenous hypo-attenuated regions within the liver as visualized by 

unenhanced computed tomography (CT) is useful to differentiate 

patients with AS/ALF-AIH from those with viral-associated ALF.34 

The volumetric measurement of the liver on CT is also valuable, 

because the size of the liver was reported to be significantly re-

duced in non-acetaminophen cases of acute liver injury/ALF com-

pared to the acetaminophen-induced cases.35 A direct evaluation 

of indications for LT is recommended in ALF-AIH, because gluco-

corticoid therapy has not been associated with improved overall 

survival and is even harmful to patients with a model for end-

stage liver disease (MELD) score >40.36

ACLF is caused by an AIH flare in previously diagnosed or undi-

agnosed chronic liver disease/cirrhosis (AIH-ACLF) patients. The 

Asian Pacific Association for the Study of Liver ACLF Consortium 

defines ACLF as patients with jaundice (bilirubin >5 mg/dL) and 

coagulopathy (PT [INR] ≥1.5), complicated by ascites and/or en-

cephalopathy within 4 weeks after diagnosis. The consortium re-

ported that 2.9% (n=82) of the ACLF cases diagnosed in 2012–

2017 in nine Asian countries were regarded as having developed 

AIH as an acute insult; 97% of the patients exhibited IgG eleva-

tion (>1.1× ULN), whereas 49% were seronegative for autoanti-

bodies.37 Although 34% of the patients (n=28) being treated with 

Table 1. Definitions of proposed clinical subgroups of AIH and treatment outcomes

Condition Definition

Acute severe AIH Jaundice, PT-INR ≥1.5, no encephalopathy; no previously diagnosed liver disease1

ALF-AIH Jaundice, PT-INR ≥1.5, hepatic encephalopathy within 26 weeks of onset of illness; no previously diagnosed liver 
disease1

Biochemical remission Normalization of serum AST, ALT, and IgG within ULN1

Incomplete response Improvement of laboratory findings, but not to fulfill criteria for remission

Treatment failure Worsening laboratory and histological findings under strict adherence to prescribed medication

Treatment intolerance Inability to adhere to maintenance therapy due to drug-related side effects

Relapse Exacerbation of disease activity after biochemical remission or nonadherence

AIH, autoimmune hepatitis; PT, prothrombin time; INR, international normalized ratio; ALF, acute liver failure; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; IgG, immunoglobulin G; ULN, upper limit of normal.

Figure 2. The treatment response-guided management of AS-AIH. AS, acute severe; AIH, autoimmune hepatitis; MELD, model for end-stage liver dis-
ease; HE, hepatic encephalopathy; LT, liver transplantation; ALF, acute liver failure. 
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a corticosteroid showed a significantly improved 90-day survival 

rate compared to those without treatment (75% vs. 48.1%, 

P=0.02), early stratification to corticosteroid therapy or LT is nec-

essary; 37 predictors of an unfavorable response to corticosteroids 

were revealed to include a MELD score >27 and hepatic encepha-

lopathy in advanced fibrosis (≥F3).

DIAIH-like injury

DILI can occasionally be diagnosed based on increased serum 

IgG and positive ANA. Even after the cessation of suspected 

drugs, such ‘AIH-mimic’ patients whose ALT elevation is persistent 

or progressive are indicated for treatment with immunosuppres-

sive agents to prevent ALF. Remarkably, the short-term (1 week) 

response to corticosteroids was demonstrated to be more pro-

nounced in the patients with AIH-mimic DILI compared to those 

with pure AIH.38

AIH-mimic DILI and pathogenically DIAIH are difficult to differ-

entiate by liver pathology, including the intensity of inflammatory 

infiltrates, the type of the predominant inflammatory cells, and 

the grade of fibrosis. In the 2019 AASLD practice guidance and 

guidelines, the term “DIAIH-like injury” was introduced as an al-

ternative to DIAIH.1 The majority of patients with DIAIH-like injury 

are acute-onset, and up to 30% of the cases are accompanied by 

hypersensitivity reaction;39 the latency periods of minocycline and 

nitrofurantoin (the two most commonly implicated drugs) can ex-

ceed 12 months.40 HLA-DR3 or -DR4 and cirrhosis at presentation 

are unusual.41 Fulfilling Hy’s law, serum aminotransferase levels 

>3× ULN and total serum bilirubin >2× ULN as a predictor of ALF 

in patients with DILI,42 or failures of improvement in laboratory 

tests after medication discontinuation are the reasons for the im-

plementation of glucocorticoids.

The outcome of DIAIH-like injury has been shown to be excel-

lent, and relapse after glucocorticoid withdrawal is rare.43 Emerg-

ing liver injury that is related to the use of immune checkpoint in-

hibitors is distinct from DIAIH-like injury, as it lacks the typical 

serological and histological features of AIH.44,45

Overlap manifestation with cholestatic liver disease 
or viral hepatitis

The concurrences of AIH and PBC or AIH and PSC are not con-

firmed as specific pathological entities, but the identification of 

clinical ‘overlap’ among AIH patients is of importance, as these 

patients may not obtain sufficient benefit with only conventional 

AIH treatment.

Concerning the AIH-PBC overlap, it should be noted that 

5–35% of AIH patients, even in the absence of bile duct lesions, 

are reported to be positive for the serological hallmark of PBC, i.e., 

anti-mitochondrial antibodies (AMAs).46 Simultaneous and se-

quential AIH-PBC overlaps should be considered separately; the 

former is suspected in the presence of destructive cholangitis at 

the initial diagnosis, and the latter is suspected based on the oc-

casional elevation of cholestatic enzymes after biochemical remis-

sion. The ‘Paris criteria’ for the identification of AIH-PBC overlap 

is valuable for apparent cases,47 but this criteria may miss cases 

with less severe cholestatic features.48,49 The IAIHG’s position 

statement did not endorse the Paris criteria or even the revised 

AIH criteria regarding the diagnosis of AIH-PBC overlap.13 Never-

theless, the reevaluation of suspected AIH-PBC overlap patients 

in light of their responses to immunosuppressive agents is likely 

practical and necessary.

AIH-PSC overlap is diagnosed based on the following: 1) the 

typical features of AIH, 2) the absence of AMA, and 3) evidence 

of large-duct PSC by endoscopy or magnetic resonance imaging 

or of small-duct PSC, confirmed by ‘onion-skinning’ periductal fi-

brosis in a liver biopsy.49 Concurrent ulcerative colitis with AIH is a 

critical indication for AIH-PSC overlap, especially in pediatric pa-

tients.

The cases of hepatitis C virus-infected patients are occasionally 

accompanied by positive serum and histological markers of AIH, 

making a differential diagnosis of CHC-AIH overlap syndrome nec-

essary. Direct-acting antiviral (DAA) therapy for CHC patients with 

AIH features was shown to significantly decrease ALT into the 

normal range, and serum markers of AIH in those patients began 

decreasing by 6 months post-treatment; >50% of the patients 

achieved complete resolution.50 The CHC-AIH overlap syndrome 

may be a historical disease entity that is not likely to be diagnosed 

after the era of DAA.

TREATMENT

General considerations

The purposes of the treatment of AIH are to first relieve symp-

toms, and then to achieve a biochemical response, control hepatic 

inflammation toward histological remission, prevent disease pro-

gression, and promote the regression of fibrosis. The ideal bio-

chemical response, regarded as biochemical remission by the 
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AASLD, is the normalization of the patient’s serum AST, ALT, and 

IgG levels to within the ULN (Table 1).1 A favorable treatment re-

sponse in AIH patients assures overall survival that is comparable 

to that of general populations.51 Due to the heterogenous mani-

festations of AIH, short- and long-term treatment responses with 

regard to liver-related adverse events should be defined in a per-

sonalized manner (Figs. 2, 3).

Among AS-AIH, ALF, and ACLF patients, estimation of the early 

biochemical response within 7–14 days is necessary (Fig. 2).1,32 In 

contrast, the midterm biochemical response of patients with non-

severe acute-onset AIH or chronic insidious AIH, even with cirrho-

sis, can be evaluated at 4–8 weeks (Fig. 3).1 Biochemical remis-

sion is followed by a histological remission of disease activity. 

Sustaining biochemical remission for a long term (>1 year from 

treatment initiation) is thereafter a surrogate for favorable overall 

long-term survival.52 Decreasing values of VCTE are favorable, 

even for the regression of fibrosis.

First-line treatments

The long-term outcome of patients with AIH has been shown to 

be improved with immunosuppressive treatment, both with corti-

costeroids alone and with a combination of a lower dose of corti-

costeroids and azathioprine (AZA);53 those regimens are consis-

tently endorsed as a first-line treatment for AIH. The 2019 AASLD 

practice guidance and guidelines updated their recommended 

first-line treatment: either prednisone monotherapy (40–60  

mg/day) or a combination of prednisone (20–40 mg/day) or 

budesonide (9 mg/day) and AZA (50–100 mg/day).1 The 2015 Eu-

ropean Association for the Study of the Liver (EASL) guidelines 

propose 0.5–1 mg/kg/day predniso(lo)ne as the initial treatment, 

followed by a 50 mg/day AZA add-on.54 The AASLD similarly indi-

cates the appropriateness of a 2-week observation before the 

AZA is initiated, to confirm the patient’s steroid responsiveness 

and to evaluate his or her thiopurine-S methyl transferase (TPMT) 
status for the prevention of AZA-induced hepatitis. TPMT is an 

anabolizing enzyme for thiopurines, including AZA, and single 

nucleotide polymorphisms of TPMT genes that cause loss of enzy-

matic activity predispose patients, in particular European and Af-

rican descendants, to thiopurine-related toxicity.1,55

In Japan, AZA was finally approved for AIH treatment in 2018. 

Accordingly, the practice guidelines for AIH published by the In-

tractable Hepato-Biliary Diseases Study Group in Japan very re-

cently added the recommendation to evaluate NUDT15 variant 

(but not TPMT ) in patients who are to be treated with AZA, in or-

der to exclude the possibility of thiopurine-induced early severe 

leukopenia and hair loss.55 NUDT15 is a recently characterized nu-

cleotide phosphatase that inactivates thiopurines. As the low- or 

intermediate activity diplotype was reported to be common in 

East Asian countries (22.6%),55 the integration of NUDT15 vari-

ants in the dosing algorithm for AZA is regarded as most informa-

tive.

Concerning the relevance of the starting dose of predniso(lo)ne 

to ensure remission, a retrospective observational study from nine 

centers in five European countries was performed and the results 

revealed no significant difference in the rate of normalization  

of transaminases at 6 months between groups with a higher  

(≥0.5 mg/kg/day) and lower (<0.5 mg/kg/day) initial dose of 

predniso(lo)ne.56 With the aid of AZA as a maintenance therapy in 

the majority of patients (>85%), an initial lower dose significantly 

Figure 3. The treatment response-guided management of AIH, excluding AS-AIH and ALF-AIH. AIH, autoimmune hepatitis; AS, acute severe; ALF, 
acute liver failure.
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decreased the unnecessary exposure to predniso(lo)ne in patients 

with AIH.

A synthetic steroid, i.e., budesonide has been shown to cause 

less systemic adverse effects, due to a 90% first-pass hepatic 

clearance rate. The AASLD investigated whether prednisone or 

predniso(lo)ne alone or in combination with AZA was superior to 

a combination of budesonide and AZA as the first-line treatment 

for patients with newly diagnosed AIH.1 With an accompanying 

systemic review and meta-analysis, the AASLD demonstrated a 

higher rate of biochemical remission in the budesonide + AZA 

group compared to the prednisone + AZA group (odds ratio, 2.19; 

95% CI, 1.30–3.67), and they described this finding as high-

grade evidence.57 Accordingly, the AASLD suggests budesonide in 

combination with AZA as a first-line therapy for child and adult 

AIH patients who do not have cirrhosis or acute severe AIH;1 pa-

tients with cirrhosis are contraindicated for budesonide because 

portosystemic shunting may reduce the drug’s efficacy.

The combination of AZA and either predniso(lo)ne or budesonide 

is now regarded as the most standard first-line therapy in western 

countries. Prednisone monotherapy, on the other hand, is likely to 

be appropriate for patients including those with DIAIH-like injury 

in whom the treatment duration is expected to be <6 months.1

As corticosteroids are still the mainstay of the first-line treat-

ment of AIH, the maintenance of bone during treatment is needed 

to limit treatment-related osteoporosis in patients with ongoing 

risk factors.58 Bone mineral densitometry should be completed at 

baseline in those patients with repeated check-up every 2–3 years 

and supplementation with elemental calcium (1,000–1,200  

mg/day) and vitamin D (400–800 IU/day) are recommended for 

all patients on glucocorticoid therapy.1,59 Simultaneous bisphos-

phonate therapy is indeed indicated for patients with documented 

osteoporosis.60 The determination of serum levels of 25-hy-

droxyvitamine D at diagnosis is justifiable, because vitamin D in-

sufficiency (≤29 ng/mL) occurs frequently in patients with AIH 

(68–81%)61,62 and even severe deficiency (<20 ng/mL) was re-

ported to be documented in 20% of patients.62

Second line-treatments

The aims of second-line treatments for AIH are to manage re-

fractoriness, incomplete biochemical response, and drug intoler-

ance to first-line treatments (Figs. 2, 3). Anecdotally, second-line 

treatments have been performed with mycophenolate mofetil 

(MMF), calcineurin inhibitors (cyclosporin A, tacrolimus [TAC]), 

mercaptopurine, and biologics (e.g., infliximab).

MMF is a DNA synthesis inhibitor and is indicated for immuno-

suppression after organ transplant or lupus nephritis. In a meta-

analysis, the combination of MMF + prednisone was shown to be 

the most widely prescribed second-line treatment, achieving his-

tological remission in 89% of the patients.63 A recent report con-

firmed the effectiveness of MMF as a second-line therapy for pa-

tients who have failed standard therapy; the rate of induction of 

biochemical remission was 60%.64

The AASLD performed a systemic review to compare the effica-

cies of MMF and TAC for treatment failure or incomplete bio-

chemical response in adults and children: the AASLD 2019 condi-

tional recommendation with low certainty suggests the use of 

MMP or TAC to achieve and maintain biochemical remission.1

Exacerbation, recrudescence, and relapse

During the course of maintenance therapy with corticosteroids/

AZA, a substantial number of AIH patients spontaneously and as-

ymptomatically experience biochemical exacerbation or recrudes-

cence, i.e., an elevation of ALT coupled with or without an in-

crease in IgG. The 2019 AASLD practice guidance and guidelines 

strictly define “relapse” as disease exacerbation that occurs after 

remission and drug withdrawal or by nonadherence.1 Multiple re-

lapses have been shown to be associated with worse outcomes,51 

but the definitions of relapse in the literature differ from that is-

sued by the AASLD, including the concept that biochemical remis-

sion may not have proceeded relapse. Following the AASLD rules 

regarding biochemical remission-induction with first-line or even 

second-line drugs could result in fewer exacerbations. Relapse af-

ter drug withdrawal (which usually occurs within 12 months) and 

exacerbation should be managed appropriately to induce re-

(biochemical) remission with an increase in dosage or the reinsti-

tution of immunosuppressive agents, or with the add-on of sec-

ond-line drugs. In a case-control study, psychological stress was 

associated with relapse after drug taper-off or recrudescence.65

Treatment withdrawal

If AIH is a curable disease, the cessation of immunosuppressive 

agents is desirable. Could the cure for AIH be diagnosed based on 

serum biochemistry and liver histology, or both? Is the cure 

achievable in specific subgroups of patients? The answers to 

these clinical questions involve the feasibility of treatment with-

drawal and simultaneously pursuing the lowest risk of drug-in-

duced complications.
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Clinically, the duration and the degree of remission are the ini-

tial keys to the success of treatment withdrawal. A sustained bio-

chemical remission of ≥2 years was proposed by the AASLD as 

the eligibility criterion for attempting a treatment withdrawal (Fig. 3),1 

in part because the inclusion of patients with only normalized ALT 

for 2 years resulted in almost universal relapse.66 A further patient 

selection step should be included based on liver biochemistry, 

and/or on liver histology. Lower ALT and IgG values within the 

normal range were reported to be negative predictors of relapse; 

patients who achieved sustained remission for >1 year after drug 

withdrawal were all characterized by ALT values ≤0.5× ULN and 

IgG values ≤1,200 mg/dL.67 Maintenance therapy before with-

drawal was not associated with relapse: >80% of the patients 

were treated with AZA alone.

A single-center study demonstrated that only 10% of their pa-

tients were eligible for treatment withdrawal and 5% reached 

sustained remission without treatment,67 highlighting AIH as gen-

erally a chronic disease demanding life-long maintenance therapy. 

Stringent biochemical remission for >2 years along with sustained 

low values of VCTE measured with an appropriate cut-off, may 

identify the patients who are at low risk of decompensation even 

when relapse occurs after treatment withdrawal.

LT

AIH with decompensated cirrhosis or ALF is indicated for LT. 

Among the listing of the Scientific Registry of Transplant Recipi-

ents (2002–2019) in the USA, 3.3% had AIH as the primary etiol-

ogy.68 In the trend analysis of the etiology of the Registry’s non-

hepatocellular carcinoma LT listings, the rate of AIH during that 

period was stable.

In the prospective multicenter European Liver Transplant Regis-

try (1998–2017), the overall survival of patients after AIH-LT was 

reported to be similar to that of patients after alcohol-related cir-

rhosis-LT, but worse than that after PBC-LT and PSC-LT;69 the 5- 

and 10-year patient and graft survival rates after AIH-LT were 

79.4% and 70.8% and 73.25% and 63.4%, respectively. Com-

pared to all of the other groups, the AIH-LT patients were at high-

er risk for infections—especially lethal fungal infections resulting 

in death and graft loss.69 In AIH, living donor transplantation pro-

vided worse survival than that by donated LT after brain death.69

The appropriateness of long-term glucocorticoid therapy after 

LT remains a matter of debate, in part because acute, steroid-re-

sistant, and chronic rejection occurred more frequently in adult 

AIH patients who underwent LT compared to patients with other 

liver diseases,70 and also because of the chance of recurrence af-

ter LT.71 A systemic review and meta-analysis of continuous gluco-

corticoid therapy in AIH-LT patients by the AASLD suggests that a 

gradual cessation of glucocorticoids could be considered after LT, 

with very low certainty.1

UNMET NEEDS AND FUTURE PERSPERSPEC-
TIVES

The topics not addressed in this review include genetics, poten-

tial therapeutics based on the current understanding of the im-

mune-pathogenesis of AIH, the inequity of AIH disease manage-

ment worldwide, and patient-reported outcomes highlighted by 

the health-related quality of life. For example, the marked dispari-

ty in the prevalence of cirrhosis around the world, exemplified by 

the very high rate in South Asia,72 should be evaluated based on 

determinations of the patients’ genetic backgrounds and man-

aged by the standardization of diagnosis and treatment. Improve-

ments are anticipated regarding the accessibility to the flowchart 

of AIH diagnosis, with special attention to the differential diagno-

sis from emerging pandemic NASH. At the same time, the health-

related quality of life of AIH patients, which was reported to be 

severely impaired,73-75 must be evaluated for future improvement 

from the standpoint of personalized management including ap-

propriate first-line therapy even with potential therapeutics, and 

by the prediction of the success of treatment withdrawal. Using a 

multifaceted approach, we hepatologists are encouraged to 

achieve AIH patients’ total wellness.
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