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EPIDEMIOLOGY

Autoimmune hepatitis (AIH) 
is a necroinflammatory liver 
disease of unknown aetiology 
that occurs in children and adults 
of all ages [1-3]. The majority of 
patients receive the diagnosis of 
AIH at age 40 to 70, a smaller 
peak occurs at early adolescence. 
However, many patients are 
diagnosed with AIH at very 
early childhood or close to age 
80. Incidence of the disease is 
estimated to range between 1 
and 2 per 100,000 persons per 
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ABSTRACT

Autoimmune hepatitis (AIH) is a necroinflammatory liver disease commonly presenting with a fluctuating 
course of activity, presence of circulating autoantibodies, hyperglobulinemia of IgG, and/or response to 
immunosuppressive drugs. However, the disease displays a considerable heterogeneity. No single clinical or 
biochemical test may establish diagnosis of AIH. Thus, diagnosis still requires extensive clinical evaluation 
and experience. Prednisolone and azathioprine are considered standard treatment leading to remission in 
most patients. However, this standard treatment may not be effective in some patients or not be feasible due to 
one of these drugs. Over the past two decades additional immunosuppressant drugs for the treatment of AIH 
have been evaluated and have significantly extended the therapeutic spectrum. Among those novel drugs are 
mycophenolate mofetil, tacrolimus, everolimus, 6-mercaptopurine, infliximab, rituximab and several others. 
In this review we summarize the current standard of therapy but also efforts of providing novel therapeutic 
strategies to AIH patients.
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year, while prevalence ranges between 10 and 30 per 100,000 
persons [4-8]. Interestingly, long-term data show an increase 
of incidence over time, which cannot be attributed to a change 
in awareness [3, 7]. Autoimmune hepatitis was repeatedly 
reported to predominantly occur in females; the ratio of female 
to male patients is thought to be at least four to one [4-8]. 

CLINICAL PRESENTATION AND COURSE 
OF DISEASE

The presentation of AIH is very heterogeneous and may be 
characterized by an undulating course with periods of decreased 
or increased activity; thus, clinical manifestations are variable 
ranging from asymptomatic disease to severe icteric hepatitis 
and even fulminant hepatic failure requiring liver transplantation 
depending on the intensity of the autoimmune reaction [1]. 
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Patients may present with nonspecific symptoms of 
varying severity. Many patients report significant fatigue; 
other symptoms include lethargy, malaise, anorexia, nausea, 
abdominal pain, and itching. Arthralgia involving small joints 
is common. Physical examination may be inconspicuous 
in many cases. Common findings include hepatomegaly, 
splenomegaly, jaundice, or signs of chronic liver disease [1, 9]. 
It is suspected that many cases of AIH remain undetected and 
proceed subclinical for a long time. Many patients with an acute 
presentation already display histologic evidence of chronic 
disease in liver biopsy, further supporting this notion. At the 
same time, AIH may remain subclinical even after detection 
for a significant period of time. 

On its natural course the disease ultimately leads to 
cirrhosis and around 30% of patients are diagnosed with 
already existing cirrhosis [7, 8]. The mortality of severe, 
untreated AIH is high with mortality rates exceeding 50% 
within five years after diagnosis [10-12]. Thus, therapeutic 
intervention is essential to the patient´s survival. 

Most patients are initially suspicious of chronic liver disease 
due to elevation of aminotransferases (AST, ALT). During initial 
work up, viral or toxic hepatitis are main differential diagnoses 
and must be excluded. Few cases may be characterized by 
cholestasis, requiring exclusion of extrahepatic obstruction 
and cholestatic forms of viral hepatitis, drug-induced disease, 
primary biliary cirrhosis (PBC), primary sclerosing cholangitis 
(PSC) or variant syndromes. A characteristic feature of (but 
not exclusive to) AIH are circulating autoantibodies such 
as antinuclear antibodies (ANA), smooth-muscle antibody 
(SMA), soluble liver antigen/liver-pancreas autoantibodies 
(SLA/LP), and liver-kidney microsome autoantibodies (LKM). 
In addition, perinuclear anti-neutrophil cytoplasmic antibodies 
(pANCA) and antibodies to liver cytosol antigen type 1(anti–
LC-1) are frequently encountered in patients with AIH. If 
antimitochondrial antibodies (AMA) are present in patients 
with AIH [13, 14] an overlap syndrome to PBC should be 
considered [15]. However, these autoantibodies are not specific 
to AIH and may be found in various liver diseases. It remains 
unclear whether they play a role in the pathogenesis of AIH. 
Currently, there is little evidence that autoantibodies play a 
crucial role in the development of the disease.

Depending on the antibody profile AIH may be differentiated 
into two types. Type 1, associated with HLA-DR3 and –DR4 is 
characterized by ANA and SMA and encompasses around 90% 
of all cases, while type 2, associated with HLA-DR3, -C4A-QO 
and –B14, displays LKM1 antibodies. While the distinction 
was originally made solely on the basis of antibodies, clinical 
differences have been proposed over time. Overall, AIH type 
2 supposedly mostly affects juveniles and children, has a more 
severe and acute course of disease and frequent relapses [16]. 
The clinical relevance of these sub-classifications is, however, 
the subject of an ongoing debate [17], especially for adults [18].

Another characteristic feature of AIH is an elevation of 
serum globulins, particularly a selective IgG elevation of 1.2 
to 3 times the normal level [19]. The reason for the elevation 
remains unclear. 

Histology of AIH shares similarities with other chronic 
forms of hepatitis. Some histological features are more typical 
and common in AIH, but none of these are specific to AIH (Fig. 

1). The disease is generally characterized by a mononuclear 
cell infiltrate invading the limiting plate (periportal infiltrate, 
also called piecemeal necrosis or interface hepatitis that 
progresses to lobular hepatitis). There may be an abundance 
of plasma cells, a finding that in the past led to the use of the 
term “plasma-cell hepatitis.” Eosinophils are frequently present. 
The portal lesion generally spares the biliary tree. In advanced 
disease, increasing liver fibrosis can be recognized, and with 
the distortion of the hepatic lobule and the appearance of 
regenerative nodules, it may progress to liver cirrhosis [20].

Autoimmune hepatitis might be associated with other 
autoimmune diseases. Autoimmune thyroiditis might be 
present in approximately 10% of AIH patients [21]. Other 
autoimmune diseases more frequently found in AIH patients 
include ulcerative colitis, type 1 diabetes, rheumatoid arthritis 
and celiac disease [21]. 

Fig. 1. Histology of a moderately active autoimmune hepatitis (AIH) 
H&E. (A, 100x) The inflammatory reaction is usually stronger within 
portal tracts (upper left) than in the liver acinus (bottom right) but 
seen in both areas. Interface hepatitis (boxed area): lymphocytes 
and plasma cells exit the portal tract and infiltrate into the liver 
parenchyma. (B, 400x) Interface hepatitis: infiltration of inflammatory 
cells from the portal tract (upper left) into the liver acinus. (C, 200x) 
Lobular (intracinar) hepatitis, close to a hepatic vein at the right. 
(D,  600x) Portal bile ducts (asterisks) involved in the inflammatory 
process of an AIH. However, if there is considerable cholangitis, the 
diagnosis of an overlap syndrome must be considered. (E, 600x) 
Apoptotic bodies and single cell apoptosis (arrow) are common 
features of viral, drug-induced and autoimmune hepatitis and do not 
help to distinguish these entities. Plasma cells (boxed area) .



Autoimmune hepatitis� 431

J Gastrointestin Liver Dis, September 2020 Vol. 29 No 3: 429-443

DIAGNOSIS 

As AIH displays a considerable heterogeneity [1], no 
single clinical or biochemical test may securely diagnose it. An 
exception may be the presence of anti-SLA/LP autoantibodies. 

In 1992, the International Autoimmune Hepatitis Group 
(IAIHG) recommended a scoring system for the diagnosis of 
AIH, which was further refined and updated in 1999 to its 
currently valid version [22]. Generally, the IAIHG scoring 
system offers high sensitivity ranging from 97.3 to 100%. 
Specificity remains lower with values ranging from 44 to 92%, 
depending on the most probable differential diagnosis. The 
revised scoring most notably improves specificity regarding 
differential diagnosis towards PSC from 65 to 90% [22]. 

However, as IAIHG soring systems is time consuming in 
daily routine, shortened criteria consisting of only four relevant 
diagnostic parameters are used: IgG serum levels, autoantibody 
titers (ANA, SMA, SLA), histology and exclusion of viral 
hepatitis. The revised original scoring system performed 
better in patients with few or atypical features of AIH, and 
the simplified system (the Hennes criteria) was better at 
excluding the diagnosis in diseases with concurrent immune 
manifestations [23]. These findings were further validated in 
a large South American cohort reporting an AUROC for AIH 
simplified criteria of 0.976. Using a cutoff ≥ 6 and ≥ 7 points, 
the sensitivity was 86.4% and 54.6%; specificity 98.7% and 
99.6%, respectively. Thus, overall the Hennes criteria certainly 
provide a valuable simplification for daily clinical practice [24]. 

OVERLAP SYNDROMES 

Forms of AIH that share features with other putative 
autoimmune liver diseases such as PBC and PSC are common 
[15]. Overlap of AIH to PBC is observed in 4–14% [25], 
overlap to PSC in 2-8% [25-27]. These overlap syndromes are 
characterized by both elevated transaminases and cholestasis 
parameters and have histological features of both AIH and PBC 
or PSC. Standard diagnostic criteria for overlap syndromes of 
autoimmune liver disease are still lacking. Empiric treatment 
for patients with AIH-PBC overlap is immunosuppressive 
therapy plus ursodeoxycholic acid. Empiric treatment for 
patients with AIH-PSC overlap is immunosuppressive therapy 
with or without ursodeoxycholic acid. For patients suffering 
from AIH, the detection of overlap syndromes is important not 
only as they have a more progressive course towards cirrhosis 
and liver failure without adequate treatment but also as in some 
patients overlap-syndrome may be a reason for insufficient 
response to standard immunosuppression and in these cases 
addition of ursodeoxycholic acid may improve laboratory 
results, clinical symptoms and for AIH-PBC potentially also 
disease progression. 

SURVEILLANCE

Long-term immunosuppressive therapy in patients with 
AIH is associated with several preventable adverse effects, 
with most of them following long-term steroid and/or 
azathioprine (AZA) regimens. After 2 years up to 80% of 
patients on cortisone-based treatment and 10% of patients on 

AZA reported side effects [28]. Thus, these patients require 
long-term surveillance for efficacy of treatment but also close 
monitoring for the development of side effects. Cirrhotic 
patients require additional surveillance. The latest guidelines of 
both EASL and AASLD recommend the following surveillance 
procedure [29, 30]: (1) ultrasound every 6 months in all 
cirrhotic patients with AIH for HCC screening; hepatitis A 
and B vaccination, yearly influenza vaccination; pre-emptive 
antiviral treatment with nucleos(t)ide analogues for HBsAg-
positive AIH patients during and 12 months after the end of 
immunosuppressive treatment; bone density measurement 
before initiation of steroid therapy as well as vitamin D and 
calcium intake supplement in all patients receiving steroids. 

CURRENT STANDARD TREATMENT 
WITH CORTICOSTEROIDS AND 
AZATHIOPRINE

Treatment Goals
The ultimate goal of AIH treatment is disease remission 

and prevention of progression of liver damage, especially 
cirrhosis, hepatocellular carcinoma and the need for liver 
transplantation (Fig. 2). Biochemical remission, in particular 
normalization of transaminases and IgG, is widely accepted as 
a sufficient surrogate parameter for effective disease control. 
Histological remission is not routinely monitored in clinical 
practice but may be considered before withdrawal of therapy 
[30]. Generally, a complete withdrawal of therapy is intended, 
but often results in the recurrence of disease over time. 

Untreated, mortality of severe AIH is high with mortality 
rates exceeding 50% within five years after diagnosis [10-12].

Prednisolone with and without azathioprine
In a landmark publication Kirk et al. [11] demonstrated a 

5-year survival of 63% of patients treated with prednisolone 
in contrast to only 27% of patients surviving on placebo, 
respectively. This study introduced corticosteroids for 
treatment of AIH, and up to date they remain the most 
effective immunosuppressive drug to induce remission. Soon 
further additional immunosuppressant drugs, particularly 
AZA, were investigated for treatment of AIH. Azathioprine 
is converted into 6-mercaptopurine subsequently blocking 
purine metabolism and DNA synthesis. Soloway et al. [10] 
and Summerskill et al. [31] both showed that prednisolone/
AZA-combination is equally as effective as a prednisolone 
monotherapy. With its well documented efficacy and steroid-
sparing properties AZA at a dose of 1-1.5 mg/kg body weight 
has become a corner stone in immunosuppressant therapy 
for AIH. 

Based on these initial studies, the American Association 
for the Study of Liver Diseases (AASLD) 2019 guidelines 
recommend a fixed starting dose of 40-60 mg/day prednisolone 
as a monotherapy or 20-40 mg/day in combination with 50-
150 mg/day azathioprine [29]. Across Europe, prednisolone 
is usually administered at a starting dose of 1mg/kg body 
weight and almost always in combination with AZA at a 
maximum dose of 1-1.5 mg/kg/day. Long-term prednisolone 
monotherapy is not primarily recommended by guidelines 
of the European Association for the Study of the Liver 
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(EASL) and the German Society for Digestive and Metabolic 
Diseases (DGVS) [30, 32]. However, AZA is added after two 
weeks of prednisolone to uncover possible hepatotoxicity of 
azathioprine [17] and separate this phenomenon from non-
response to steroid based immunotherapy. In patients with 
high bilirubin or cholestasis, initiation of azathioprine should 
be delayed until bilirubin drops below 6 mg/dl [30]. 

Among specialized centers the optimal and necessary 
starting dose of prednisolone is still  in debate. Recently, Purnak 
et al. [33] compared a starting dose of 40 mg/day to 30 mg/
day, each in combination with azathioprine, and found earlier 
biochemical response and a lower mortality with comparable 
side effects in the group with the higher starting dose. However, 
with only 71 participants these results have to be treated with 

Fig. 2. Flowchart of AIH treatment.
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precaution. In contrast Pape et al. [34] found in a retrospective 
study of 451 patients that a starting dose of more than 0.5 mg/
kg/day prednisolone was not associated with a faster rate of 
normalization of transaminases, but a starting dose of less than 
0.5 mg/kg/day substantially decreases unnecessary exposure 
to prednisolone. And while this data even affects current 
guidelines (e.g. 2019 AASLD guidelines recommend 40 to 60 
mg of prednisolone for monotherapy in contrast to a fixed dose 
of 60 mg in the 2010 guidelines), a current metareview once 
again supported higher remission rates with higher starting 
doses of prednisolone [35].

Common practice and EASL guideline recommendation 
after initiation of prednisolone therapy is a quick and schematic 
tapering (e.g. reduction of 10 mg every week until 30mg/day, 
then reduction of 5 mg every week until 15mg/day, then 2,5 
mg reduction every 2 weeks until 10 mg/day) of the initial 
prednisolone dose if transaminases remain decreasing [30]. In 
contrast, the AASLD guidelines recommend a slower tapering, 
with reductions of 2.5-5mg every 2-4 weeks between 20 mg/
day and 10 mg/day and an overall tapering period of 6 months 
from start to 10 mg/day [29]. Reaching a dose of 7.5-10 mg/
day, no controlled data exists on how fast prednisolone should 
be further reduced or completely weaned off. In our hands a 
rather slow reduction works better in terms of avoiding flair-
ups of the disease. The EASL guideline supports this notion 
by recommending a reduction of 2.5 mg every three to four 
months [30]. If steroids, even in marginal doses of 5 mg/day 
or below, are not favored, e.g. due to steroid-specific adverse 
events [36], several reports demonstrated that after successful 
induction, AZA alone may well be capable of maintaining 
remission [37].

An attempt of complete withdrawal of immunosuppressive 
therapy should, in our opinion, not be made before several 
years of therapy and complete normalization of liver enzymes. 
For most patients, reintroduction of immunosuppression is 
inevitable [38]. Some reports even state that patients should 
be in stable remission for at least four years before withdrawal 
of immunosuppressive therapy may be considered [38]. 
Since biochemical response and a clinical remission do not 
necessarily mean that there is histologic evidence of resolution 
of AIH, repeat liver biopsy should be considered. 

Besides hepatotoxicity AZA has potential side effects, such 
as cytopenia, pancreatitis, nausea and increased risk for non-
melanoma skin cancer. Thiopurine methyltransferase (TPMT) 
catalyzes conversion of metabolic active to inactive products 
within AZA metabolism and its deficiencies are linked to an 
increase in toxicity [39]. Current AASLD guidelines therefore 
recommend routine testing of TPMT status before therapy 
initiation, especially in a resource-rich setting [29]. However, 
routine testing is currently not implemented in many European 
centers.  

Usually clinical and laboratory controls will suffice. 
Measurement of metabolites, such as 6-thioguanine nucleotide 
(6-TGN) or 6-methylmercaptopurine (6-MMP), may add 
further value. Their role in AIH therapy is however unclear. 
Neither AASLD or EASL do recommend routine testing of 
metabolites [29, 30]. 

Besides efficacy in treatment, early measures for 
management of steroid-associated adverse effects, such 

as weight gain, Cushing’s syndrome, diabetes mellitus, 
osteoporosis, high blood pressure, are highly important [40]. 
Osteoporosis prophylaxis should be performed with 800 to 
1000 IU vitamin D3 per day accompanied by a daily calcium 
intake of at least 1000 mg.

Budesonide
Due to its high first pass metabolism, budesonide has 

been proposed to have favorable side effects in comparison to 
prednisolone. After several smaller studies had suggested an 
efficacy of budesonide in remission induction [41, 42], Manns 
et al. [43] published a large prospective and randomized cohort, 
comparing the efficacy of budesonide/azathioprine to standard 
prednisolone/azathioprine treatment. Budesonide treatment 
was initiated with 3x3 mg/day and subsequently reduced to 2x3 
mg/day when patients reached clinical remission. Prednisolone 
was initiated with 40 mg/day and reduced to 10 mg/day in 
week nine by a fixed pattern. Azathioprine was administered 
in both groups at a dose of 1-2 mg/kg/day. Significantly more 
patients of the budesonide group reached the predefined 
primary endpoint of biochemical remission without steroid 
typical side effects (47% vs 18.4%, p<0.00001). Furthermore, for 
secondary endpoints, especially overall biochemical remission 
after 6 months, budesonide was superior to prednisone (60% 
vs 38.8%, p=0.001). Two main criticisms remain subject to 
controversial discussions since the publication of this data. 
Firstly, prednisolone starting dose was lower than commonly 
practiced in most European centers during that timeframe, 
and secondly, prednisolone was subject to a rigid reduction 
pattern, while budesonide was reduced depending on response 
to treatment. Both issues may explain a very low biochemical 
remission rate (38.8%) for prednisolone in this study, which 
seems unacceptably low compared to previous studies on 
prednisolone in AIH treatment.  

A similar study by Woynarowski et al. [44], further 
supported equal treatment efficacy of budesonide in AIH, 
as the authors found no difference in either biochemical 
response, remission rates or side effects on budesonide in 
children. However, Peiseler et al. [45] recently reported 60 
patients who were switched from prednisolone to budesonide 
for maintenance therapy due to steroid-associated side 
effects. Surprisingly long-term remission rates were lower 
than expected with 67% after 24 months. 25% of patients 
switched back to prednisolone due to insufficient response. 
Nevertheless, budesonide established itself as a first-line 
alternative to prednisolone in current guidelines, such as by 
the AASLD or DGVS [29, 32]. Budesonide was repeatedly 
associated with fewer steroid-specific side effects compared 
to prednisolone, namely osteopenia [45] and adrenal 
suppression [46]. 

On a final note, budesonide may not be administered 
to patients with cirrhosis. These patients have a higher rate 
of treatment failure and increase of systemic side effects 
potentially due to an altered metabolism and porto-systemic 
shunting as well as risk of hepatic vein thrombosis [46-48].

Evolving novel therapeutic options 
Although standard treatment with prednisolone and AZA 

was implemented very successfully for treatment of AIH 
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over the past decades, some patients do not respond to these 
drugs or suffer from significant side effects. Those patients 
are in definite need for alternative, immunosuppressive 
treatment strategies. Over the past two decades many well-
established immunosuppressive drugs were also evaluated 
in treatment of AIH, mainly in the form of small case series 
or case reports. However, together these data suggest high 
efficacy of these alternative treatments in AIH as well. Among 
these drugs are mycophenolate mofetil (MMF), tacrolimus 
(TAC) [49], everolimus (EVR), methotrexate (MTX) [50], 
6-mercaptopurine (6-MP), infliximab, rituximab, cyclosporine, 
and many more (Table I). 

Mycophenolate mofetil
A considerable number of patients with AIH and in need 

for immunosuppressant treatment tolerate AZA only poorly 
or do not respond efficiently or even fail to standard treatment 
[1]. Especially for patients intolerant to AZA, MMF may be 
a valuable alternative. It acts as an inhibitor of the inosine 

monophosphate dehydrogenase, thereby inhibiting purine 
synthesis. It is widely used in several autoimmune diseases 
such as rheumatoid arthritis or Crohn´s disease but also in 
solid organ transplantation. 

Since an early case report publication of successful MMF 
treatment for AIH [51], several small cohorts particularly 
from Canada and the U.S. further supported a role of MMF in 
AIH treatment. Patients were reported to benefit from MMF 
with transaminases normalization, a steroid sparing effect and 
histological remission [52]. In addition, Inductivo-Yu et al. 
[53] also documented a decrease of Ishak fibrosis scores upon 
treatment with MMF.  

Since then, larger cohorts further supported the use of 
MMF as second-line therapy of AIH. In 2008, Hennes et al. 
[2] provided data on 33 patients treated with MMF. In contrast 
to earlier studies, they observed a much lower frequency 
of response to MMF treatment as only 15 patients (45%) 
experienced biochemical remission. In subgroup analyses, 
they furthermore reported a high likelihood of non-response 

Table I. Available drugs for treatment of AIH.

Drug Dosing Major/characteristic side effects* Indication

Prednisolone start 0.5-1 mg/kg/day Adrenal suppression with iatrogenic Cushing's syndrome, weight 
gain, hyperglycinemia, dyslipidemia, psychiatric symptoms, 
hypertonus, gastric ulcer, dermatitis, osteoporosis

first-line therapy mono or 
combination

Budesonide start 9mg/day Same as prednisolone, however reduced frequency due to increased 
first pass-metabolism, portal vein thrombosis in case of cirrhosis, 
do not use in patients with liver cirrhosis

alternative first-line therapy or in 
case of prednisolone-intolerance

Azathioprine start 50mg/day, max. 
1-2 mg/kg/day

Malignancy (lymphoproliferative, non-melanoma skin cancer), 
nausea, diarrhea, cytopenia, pancreatitis, hepatitis

first-line therapy (combination)

Mycophenolate 
mofetil

1,5-2g/day Malignancy (lymphoproliferative, non-melanoma skin cancer), 
nausea, diarrhea, cytopenia, teratogenic

second-line therapy in case of 
azathioprine intolerance or first-
line alternative to azathioprine

6-Mercaptopurine 1,5 mg/kg/day Malignancy (lymphoproliferative, non-melanoma skin cancer), 
nausea, diarrhea, cytopenia, pancreatitis, hepatotoxicity, 
hyperuricemia

second-line alternative for 
azathioprine intolerance

6-Thioguanine 0,3 mg/kg/day Portal vein hypertension, liver necrosis, nausea, diarrhea, cytopenia, 
pancreatitis, hyperuricemia

second-line alternative for 
azathioprine intolerance

Tacrolimus 2-6 mg/kg/day (target 
blood level around 6 
ng/ml)

Malignancy (lymphoproliferative, non-melanoma skin cancer), 
nephrotoxicity, hirsutism, hepatotoxicity, nausea, cytopenia, 
hyperglycemia, cardiomyopathy

second-line therapy in case of 
azathioprine treatment failure

Sirolimus 2mg/day (target blood 
level > 10 ng/dl)

Malignancy (lymphoproliferative, non-melanoma skin cancer), 
nephrotoxicity, hepatotoxicity, nausea, cytopenia, hyperglycemia

alternative to tacrolimus in 
specialist center

Everolimus 0.75-1.5 mg/kg/day 
(target blood level 
around 3-6 ng/ml)

Malignancy (lymphoproliferative, non-melanoma skin cancer), 
nephrotoxicity, hirsutism, nausea, cytopenia, hyperglycemia, 
pneumonitis

alternative to tacrolimus in 
specialist center

Cyclosporin 2-5 mg/kg/day Malignancy (lymphoproliferative, non-melanoma skin cancer), 
nephrotoxicity, hirsutism, hepatotoxicity, pancreatitis, nausea, 
cytopenia, hyperglycemia

alternative to tacrolimus in 
specialist center

Cyclophosphamide 1-1.5 mg/kg/day Hemorrhagic cystitis, cytopenia, malignancy (bladder 
carcinoma, leukemia, myelodysplastic syndrome), neurotoxicity, 
cardiomyopathy, pneumonitis, nausea 

third-line therapy in specialist 
center

Methotrexate 7.5mg/week Malignancy (lymphoma), hepatotoxicity, cytopenia, pneumonitis third-line therapy in specialist 
center

Rituximab 1000mg i.v. qw2 Infusion related reactions, cardiotoxicity, dermatitis third-line therapy in specialist 
center

Infliximab 5mg/kg i.v. at day 0, 
week 2, week 6, then 
every 4-8 weeks

Infusion related reactions, cardiotoxicity, dermatitis, autoimmune-
like syndromes (psoriasis, lupus, etc.)

third-line therapy in specialist 
center

*Increased risk of infections due to immunosuppression applies to all drugs mentioned and is not listed individually
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to MMF treatment in patients with prior non-response to 
AZA. Jothimani et al. [53] found that 73.6% of patients (n=20) 
achieved biochemical remission over a median follow-up of 
46 months, while two formerly AZA refractory patients were 
also non-responsive to MMF. More recently, Giannakopoulos 
et al. [55] reported a 45% long term remission rate for MMF 
in 22 patients failing AZA and prednisolone. Only 1 of 5 
patients non-responsive to azathioprine responded to MMF. 
Finally, a recent meta-analysis performed by Santiago et al. [56] 
calculated response rates over 397 patients from twelve studies 
and found a pooled response rate of 0.82 (95%CI: 0.77-0.87) 
in patients, who received MMF second-line due to intolerance 
to standard therapy, versus 0.32 (95%CI: 0.24-0.39) among 
non-responders to standard therapy. Overall adverse events 
rate was only 0.14 (95%CI: 0.11-0.17) and discontinuation 
rate was even lower. In contrast, Roberts et al. [57] found 
no difference in rate of remission induction for 105 patients 
either non-responsive or intolerant to standard therapy in 17 
major Australian liver centers. Side effects to MMF occurred 
in less than 10% of patients. Lower remission rates were noted 
in patients with cirrhosis. Subsequently, the same research 
group published a report stating 60% overall remission rate 
for second-line MMF usage and found age over 54 years and 
IgG-levels pre-treatment below 17 g/l to be positive predictors 
of successful therapy [58]. 

In conclusion, reported long term success rates of MMF 
as second-line treatment vary among studies, which may be 
due to small patient numbers. However, a majority of studies 
support MMF for second line treatment except for patients 
previously non-responsive to AZA (combination) treatment. 

Of note, not all second-line therapies are similarly 
ineffective after non-response to standard therapy. Efe et al. 
[59] published a comparative study of MMF and TAC for 
second line therapy. They found no difference in remission 
rates between MMF und TAC for patients intolerant of AZA 
and prednisolone. A comparable study performed for pediatric 
patients showed similar results but failed to prove statistical 
significance for their findings [60]. 

Given the efficacy of MMF in at least the subgroup of 
patients experiencing side effects from AZA and given its 
favorable side effect profile compared to AZA in most patients 
the drug was repeatedly discussed to even be moved to first line 
treatment substituting AZA. This issue was explored by Zachou 
et al. in two studies published in 2016 and 2011 [61, 62]. These 
reports explored MMF as an alternative to AZA for first-line 
therapy in 109 patients; 71.6% achieved complete biochemical 
remission and 30 of 109 patients even maintained remission 
on a median two-year follow-up after complete therapy 
withdrawal. The numbers of initial biochemical remission are 
comparable to those of randomized controlled trials (RCTs) 
regarding AZA and prednisolone [31]. Relevant side effects 
were low (6,4%). Since these studies were observational, the 
use of MMF should be further evaluated in RCTs.

Purine analogues: 6-mercaptopurine and 6-thioguanine
Just as AZA, its metabolite 6-MP exhibits immunosuppressive 

activity by suppression of DNA and RNA synthesis via 
inhibition of purine nucleotide biosynthesis. Furthermore, 
6-MP was suggested to down regulate B- and T-cell function. 

While a small case series from 1996 shows response for three 
patients after a switch from AZA to 6-MP [63], Hübener et 
al. [64] evaluated whether 6-MP was an effective second-line 
therapy for patients with AIH on a larger cohort. Of 20 patients 
with AIH switched to 6-MP after treatment with standard 
therapy (AZA and prednisolone), 15 (75%) responded to 
6-MP, the treatment being generally well tolerated. Eight 
patients had a complete biochemical response. Two patients 
with insufficient response to AZA did not benefit from 6-MP. 

Similarly, 6-thioguanine (6-TG) offers an additional 
treatment options even more downstream in the metabolism 
of AZA and 6-MP, theoretically providing less possibilities for 
unwanted metabolites, partly responsible for adverse effects of 
purine analogue therapies. After a small case series consisting 
of three patients [65], van den Brand et al. [66] presented a 
cohort of 52 patients receiving 6-TG. Of 29 patients starting 
6-TG due to intolerance to AZA or 6-MP, 24 (83%) achieved 
complete remission. In non-responders to AZA or 6-MP 7 out 
of 11 patients showed partial or complete response. Overall 
79% of patients tolerated 6-TG. In addition, Legué et al. [67] 
reported maintained biological response in 11 of 17 patients 
(64%) and overall low rate of adverse events.

In summary, both 6-MP and 6-TG may be effective 
alternatives in patients intolerant to standard therapy (AZA 
and prednisolone). Both drugs however are not considered 
first choice in patients non-responsive to AZA.

Interestingly, modulation of AZA metabolism to reduce 
side effects through co-administration of allopurinol was 
suggested and reported in small case series [68-72]. As 
side effects by this co-medication may be rather mild, this 
combinatory therapy should be further evaluated in RCTs.

Cyclosporine
Cyclosporine inhibits intracellular calcineurin. 

Subsequently this results in a lack of ability to dephosphorylate 
nuclear factor of activated T cells, which then remains in the 
cytoplasm and is unable to transactivate nuclear genes involved 
in T-cell activation [73]. Since the 1990s several case reports 
and case series have been published regarding treatment of 
AIH with cyclosporine, at 2-5 mg/kg [74-76]. Most featuring 
single-digit patients as second-line therapy with variable dose, 
follow-up and treatment duration. Overall, the results were 
positive.

A recent report of second line and third-line usage of 
cyclosporine or TAC assessed a 55% biochemical response 
rate [77]. A RCT in adults [78], concluded that prednisolone 
and cyclosporine were equally effective for inducing remission 
in a 48-week observation period, while side effects were 
less common in the cyclosporine group. Unfortunately, the 
standard regime with prednisolone did not meet current 
standards of induction therapy with prednisolone and AZA 
(starting dose of 50 mg prednisolone, reduction of 10mg/
day every 4 weeks on average, adding AZA at 20mg/day of 
prednisolone).

Larger studies exist on children and adolescents, though 
mostly observational. Alvarez et al. [79] and Cuarterolo et 
al. [80] observed remission induction rates well above 90%. 
Long-term results after the switch to prednisolone/azathioprine 
maintenance therapy were promising as well and adverse events 
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were rare. A recent long-term follow-up study from Nastasio et 
al. [81] with 20 patients on long-term cyclosporine treatment 
concluded overall effective and safe treatment within a median 
8.6-year follow-up.

It has to be kept in mind, that cyclosporine itself may 
exhibit liver toxicity as reported by a case series on de-novo, 
cyclosporine-induced autoimmune hepatitis in paediatric 
patients after liver transplantation [82]. In the long term, 
tapering cyclosporin seems to have a low success rate, though 
a switch to prednisolone/AZA for maintenance was repeatedly 
and successfully reported in children [30, 80, 83].

Tacrolimus
Just as cyclosporine, TAC inhibits intracellular calcineurin 

activity, ultimately leading to a lack of T-cell activation [73]. 
Several smaller cohorts of up to 21 patients state a generally 
good response to TAC, between 69 and 100% of patients [49, 
84-89]. Aqel et al. [85] reported follow-up liver biopsies in 7 
patients, demonstrating improvement of necroinflammatory 
activity score in all and fibrosis score in 3 patients. In 
addition, TAC treatment resulted not only in normalization of 
transaminases in all 11 patients, but also in a weight reduction 
of 9% (p=0.02), most likely due to prednisolone reduction. 
On the downside, Van Thiel et al. [49] reported reduction of 
kidney function after one year on TAC. Although others did 
not confirm those data in a small cohort [85], kidney failure 
on TAC is a well-documented side effect after solid organ 
transplantation [90]. 

Having proven itself as a potent immunosuppressive agent 
in AIH patients, TAC does not prevent post transplantation 
AIH. Tacrolimus in liver transplant recipients was associated 
with histologically proven AIH recurrence in 42% of 
patients (n=12), all of whom received TAC as the primary 
immunosuppressive drug [84]. 

Efe et al. [59] published a large cohort of patients treated 
with either MMF or TAC as second-line treatment in patients 
with AIH and either non-response or intolerance to standard 
therapy with prednisolone and AZA. Among 80 patients who 
had initially responded to standard treatment, 72.5% of those 
switched to TAC underwent complete biochemical response 
and 94.1% maintained a biochemical remission. If treatment 
was changed due to insufficient response to standard therapy, 
56.5% of patients still had a complete response, significantly 
more compared to patients treated with MMF (34%) [59]. 

Dosing and therapeutic range varied in between the above-
mentioned studies with doses ranging mostly from 2-6 mg/day 
and target blood levels hovering around 6 ng/ml.

Today, MMF must still be considered the most frequently 
applied second-line treatment for AIH [91]. However, the 
recent data by Efe et al. certainly support a broader use of 
TAC in AIH [60].

Everolimus 
Everolimus was developed as a rapamycin analogue. 

Binding the FK binding protein complex (FKBP-12), the drug 
forms a complex binding to mammalian target of rapamycin 
(mTOR), thereby altering further downstream signaling, 
with a significant impact on cellular metabolism, growth, and 
proliferation. 

In a small cohort of seven patients [92] treated with EVR, 
all patients had a successful induction of remission and after 
one year, three patients had normal alanine transaminases 
levels, while two additional patients had at least improved 
liver enzymes (partial remission). Re-biopsy after three years 
showed regredient fibrosis in two and stable histology in 
additional two patients. One patient was excluded for non-
adherence; one died due to cholangiocarcinoma. Side effects 
were myalgias and minor bacterial infections yet not leading to 
discontinuation of the drug. Everolimus was started with 0.75-
1.5 mg/day, the target blood levels were between 3 and 6 ng/
ml. Notably, all patients had been non-responsive to standard 
therapy as well as at least MMF or a calcineurin inhibitor or 
both for 5 patients, making EVR a credible candidate for rescue 
therapy in case of second-line therapy failure [92]. 

Sirolimus
Sirolimus shares high similarities in action with 

cyclosporine and TAC by inhibiting intracellular calcineurin 
[73]. Regarding adult AIH patients only one case series was 
published, including five steroid-refractory patients [93]. 
Two patients achieved complete and two achieved partial 
biochemical remission. However, histological control was not 
performed. The authors note that liver tests did not tend to 
improve until the blood levels of sirolimus exceeded 10 ng/dL. 
Side-effect profile was acceptable with one patient displaying 
high cholesterol and triglyceridemic levels. In addition, Kerkar 
et al. [94] published a first report of rapamycin (sirolimus) 
treatment in pediatric patients with post-transplant AIH. Out 
of 22 patients, 13 (59%) had developed de novo AIH and 9 
(41%) recurrent disease, confirmed histologically. Six AZA/
MMF non-responder patients were treated with sirolimus. 
All patients achieved reduction of liver tests, and 4 were able 
to normalize alanine aminotransferases. Out of a total of 6 
patients, 3 developed adverse events (cellulitis, adenoviral 
illness, high cholesterol and triglyceridemic levels). Sirolimus 
was discontinued in one patient, suspected of post-transplant 
lymphoproliferative disease, in whom, however, the diagnosis 
was not confirmed during the one-year follow-up.

Methotrexate
Methotrexate has been widely used for the treatment of diverse 

autoimmune disease, but particularly rheumatoid arthritis. The 
mechanisms of action of MTX are not fully understood. Among 
potential mechanisms of action are inhibition of purine and 
pyrimidine synthesis but also suppression of transmethylation, 
reduction of antigen-dependent T-cell proliferation, and 
promotion of adenosine release with adenosine-mediated 
suppression of inflammation. It has recently been suggested 
that a combination of these mechanisms may be the key to 
its full immunosuppressant efficacy [95]. A successful use of 
MTX in treatment of AIH  has been repeatedly reported since 
the late 1990s [50, 96, 97]. However, all of these reports only 
described successful treatment of single patients, including two 
pediatric cases [98]. Of note, single case reports documented 
that MTX itself may induce AIH after long-term therapy for 
other indications [99, 100]. Recently, a small cohort of 11 
patients [101] with a response rate of only 54.5% was reported; 
5 out of 11 patients discontinued MTX within 12 months due 



Autoimmune hepatitis� 437

J Gastrointestin Liver Dis, September 2020 Vol. 29 No 3: 429-443

to deterioration of liver enzymes, 2 out of these were suspected 
to have drug-induced liver injury. Therefore, in comparison to 
other second line options described above, efficacy of MTX in 
AIH seems rather low and this treatment option may not be 
pursued in larger studies. However, in difficulty to treat AIH 
and failure of alternative treatment options MTX may still be 
considered [101].    

Cyclophosphamide 
Cyclophosphamide is metabolized to phosphor amide 

mustard and acrolein, its active metabolites, through the 
cytochrome P-450 oxidase system in the liver. Phosphor amide 
mustard gets cross-linkaged to DNA, thereby interfering 
with regular cell division. The drug is thought to exhibit 
its immunosuppressive effects by deterioration of normal 
lymphocytes development and proliferation. Kanzler et al. 
[102] reported successful long-term management of AIH 
(cumulative observation period more than 12 years) in 3 
patients, who received cyclophosphamide 1-1,5 mg/kg/d and 
prednisolone at a starting dose of 1 mg/kg/day. Prednisolone 
dose was tapered to 2.5-10 mg/day, which combined with 
50 mg of cyclophosphamide on every other day  permitted 
histologic remission. No severe adverse events or on-treatment 
flare of AIH was noticed [102].

Infliximab 
Infliximab is a chimeric monoclonal antibody directed 

against tumor necrosis factor alpha (TNF-α). By forming 
stable complexes with both soluble or membrane bound TNF 
and the antibody may terminate the biological activity and 
signals of TNF, a key regulator in immune cell activation and 
migration via gene expression of chemokines, cytokines, and 
toxic molecules including reactive oxygen species. Developed 
in Crohn´s disease and rheumatoid arthritis, the antibody has 
shown effectiveness and promising clinical results in diverse 
autoimmune diseases such as psoriasis, sarcoidosis, graft versus 
host disease and many others. In autoimmune liver disease, 
infliximab and other TNF-α inhibitors may have been used 
with caution in early years as infliximab itself was repeatedly 
documented to possess hepatotoxic potential. Indeed, there 
are many case reports of anti-TNF-α associated AIH with 
characteristic features (as well as toxic hepatitis [103]) in 
patients treated with infliximab [104-116], adalimumab [117-
121] or etanercept [122, 123] for different indications. The 
underlying mechanism is not yet fully understood [124, 125]; 
however, cessation of therapy usually leads to improvement 
of liver function. Additionally, AIH and drug-induced liver 
injury may often be very similar in clinical and serological 
presentation and hard to differentiate [126, 127].

However, first case reports demonstrated feasibility and 
efficacy of this therapeutic option as a rescue-therapy in AIH. 

Single case reports with and without comorbidities 
demonstrate improving liver enzymes under infliximab 
treatment in adult [128, 129] and pediatric patients [130] (as 
well as one report regarding etanercept [131]). 

Recently, Weiler-Normann et al. [132] reported successful 
rescue treatment with infliximab in 11 difficult-to-treat AIH 
patients, of whom the majority failed to respond to MMF, 

cyclophosphamide, cyclosporine, TAC and adalimumab [132]. 
In 3 patients infliximab was stopped, due to a flare-up under 
therapy, pneumonia and allergic reaction with incomplete 
response. Considering the severe course of the disease in 
these patients, previously treated with several consecutive 
immunosuppressive regimens, infliximab has shown a good 
response rate with an acceptable safety profile. In 2 patients 
long-term infliximab treatment for 3-10 years permitted 
sustained remission without losing drug efficacy or causing 
infectious complications. Furthermore, Nedelkopoulou et 
al. [133] reported improvement in liver function in 5 out of 
8 children treated with infliximab for inflammatory bowel 
disease and concurrent AIH or AIH/PSC-overlap and no 
deterioration in the remaining 3. One study on etanercept 
in patients with both, rheumatic arthritis and AIH, reported 
biochemical and histological response in all 7 patients [134].

Considering the above mentioned, reports of anti-TNF-α-
induced AIH, therapy should only be initiated with caution. 
Nevertheless, given the eligible patients are selected carefully 
and infliximab treatment is monitored closely, safety of anti-
TNF agents seems acceptable to be considered as a rescue 
therapy for severe AIH cases.

Rituximab
Rituximab binds to CD20, a cell-surface antigen expressed 

on B cells. Upon binding, CD20 induces cytotoxicity in these 
cells the mechanism of which is not entirely known. It likely 
includes diverse mechanisms such as induction of apoptosis, 
complement-dependent cytotoxicity, or antibody-dependent 
cellular cytotoxicity. As a result, CD20 treatment leads to a 
depletion of B-cells and impairment of immune response 
making it a candidate drug for the treatment of diverse 
autoimmune diseases [135, 136]. 

In 2013, Burak et al. [137] reported a small case series of six 
patients who were either refractory to prednisolone plus AZA/
MMF based therapy or did not tolerate either prednisolone or 
AZA and MMF combination therapy. After 24 weeks of anti-
CD20 therapy transaminases and immunoglobulin G levels had 
significantly improved, indicating effectiveness of rituximab 
in these patients. Four patients underwent follow-up biopsy 
after 48 weeks and in all four histologic signs of inflammation 
grade was improved as well. Finally, the prednisolone dose was 
weaned in three of four subjects. However, one patient suffered 
from flaring disease after steroid withdrawal. 

In addition, several single patient case reports exist. 
Two on adult AIH patients and two on pediatric patients, 
all of whom achieved biochemical remission by additional 
treatment with rituximab [138-140]. Furthermore, case 
reports of (adult) patients with concurrent AIH and primary 
disease of cryoglobulinemic glomerulonephritis, idiopathic 
thrombocytopenic purpura, Evans syndrome and B-cell-
lymphoma exist, all of whom have been treated with rituximab 
for their primary disease, but reported a biochemical response 
of AIH as a positive side effect [141-145].

Overall, these very few patients (14 in total) do indicate 
a strong biochemical and histological effect of rituximab in 
AIH and certainly warrant a further case series and small 
clinical studies.



438� Bischoff et al.

J Gastrointestin Liver Dis, September 2020 Vol. 29 No 3: 429-443

Chloroquine
The 2019 Terrabuio et al. [146] evaluated the use of 

chloroquine for remission maintenance after discontinuation 
of immunosuppressive therapy in a randomized, double-blind 
study against placebo. Once used for malaria treatment, it is 
now established in the treatment of rheumatic arthritis due to 
its immunomodulatory properties. Chloroquine in a dose of 
250 mg/day led to a relapse-free survival in 59.3% of patients 
after weaning off prednisolone and AZA versus 19.9% in the 
placebo group. This research builds on a single pilot study from 
2005 [147]. However, up to now there is no data comparing 
chloroquine to immunosuppressive therapy for maintenance 
of remission and side effects were frequent for chloroquine 
use. Regardless, chloroquine could be used as a substitute for 
immunosuppressants in long-term maintenance therapy in 
case of side effects due to the immunosuppressive attributes 
of standard therapeutics.

Other substances evaluated in AIH treatment
Many more therapies have successful treatment or 

remission maintenance published as single patient case reports, 
including intravenous immunoglobulin treatment [148], 
leukocytapheresis [149], sareito (a Japanese herbal medicine 
product) [150], fenofibrate [151] and dextroamphetamine 
[152]. Two studies, one case report and one small retrospective 
study, evaluated the use of deflazacort instead of prednisolone 
[153, 154]. Glycyrrhizin, an ingredient of licorice root 
inhibiting inactivation of corticosteroids, was evaluated 
in acute onset AIH and reported better recovery rates for 
glycyrrhizin in comparison to glycyrrhizin in combination 
with prednisolone [155.

A recent phase one study tested the safety of the synthetic 
preimplantation factor, an embryonic peptide promoting 
immunotolerance, but reported no data yet regarding 
therapeutic effects in AIH patients [156].

Most  of  these  therapeut ic  strategies  have no 
immunosuppressive effect, and some are even either very 
expensive or not available for standardized medical use. As 
many novel therapeutic options with growing and genuine 
underlying research show promising results in difficult-to-treat 
AIH, it is unlikely that these options will be further evaluated in 
near future. Regarding current evidence level, the therapeutic 
agents mentioned in this section cannot be recommended.

CONCLUSIONS

The overall prognosis of AIH is mostly determined by the 
response to immunosuppressive therapy. Overall, long-term 
survival and average life expectancy of patients with well 
treated AIH are excellent and estimated to be comparable to the 
normal population [157]. Thus, consistent therapy is critical. 
Several second line treatment options, MMF, TAC, but also 
biologicals have proven to be potent options if prednisolone 
and AZA fail to improve liver inflammation. 

Unwanted side effects of medication are important with 
respect to compliance. Given the efficacy of numerous evolving 
therapeutic options, treatment selection based on expected side 
effect profiles may become more important and increase the 
patients, compliance with treatment. As most available studies 

contain limited patient numbers, the challenge remains to 
merge worldwide efforts on small case series into large RCTs 
on second line treatment but also on treatment sequences. 
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