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CHAPTER 1

INTRODUCTION
AUTOIMMUNE HEPATITIS
Autoimmune hepatitis (AIH) is a rare liver disease that was first described by the
Swedish physician Jan G. Waldenström (1906 – 1996) in 1950. He presented the
clinical and biochemical characteristics of six patients, of whom five female, with
hepatitis sui generis, characterized by gamma-globulin elevation. When given
adrenocorticotropic hormone, the patients’ condition improved dramatically 1.
The presentation of these six patients contain three main characteristics of AIH:
a female predominance, hypergammaglobulinemia, and a favourable response
to treatment with corticosteroids. First labelled ‘lupoid hepatitis’ in the 1950s,
the term ‘autoimmune hepatitis’ was first used by Mackay et al. in 1965, when
they discovered that an autoimmune reaction was most likely responsible for the
active hepatitis 2, 3. However, it took almost 30 years before the term was formally
endorsed by an international expert panel 4. AIH is characterized by a chronic, active
inflammation of liver parenchyma resulting in elevated alanine aminotransferase
(ALT) and aspartate aminotransferase (AST), elevated serum immunoglobulin G
(IgG) and presence of auto-antibodies. Based on the auto-antibody profile, two
types of AIH can be distinguished. AIH type 1 is characterized by presence of autonuclear antibodies (ANA), anti-smooth muscle antibodies (SMA) and the disease
specific soluble liver antigen/liver pancreas antibodies (anti-SLA/LP) and occurs
mainly in adult women. AIH type 2 is rarer and occurs mainly in children and young
adults. It is characterized by anti-liver-kidney microsomal-1 antibodies (LKM1) and
anti-liver cytosol antibodies (anti-LC-1) 5.
AIH is a relatively rare disease. A recent meta-analysis, investigating all published
studies on AIH epidemiology, reported a worldwide incidence and prevalence rate
of 1.37 and 17.44 per 100.000 persons respectively 6. In The Netherlands similar
rates are seen with an estimated incidence of 1.1 per 100.000 persons and a clear
female predominance (78%) and an incidence peak around the menopause 7. The
incidence of AIH seems to increase, one Danish study found that incidence rates
had doubled between 1994 and 2012, which could not be attributed to a change in
case ascertainment rates 8.
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AETIOLOGY
The exact aetiology of AIH is unknown, although it is thought that the interaction
between one or more genes and environmental factors are key elements to the
pathogenesis. The inflammatory response in the liver parenchyma is characterized
by both a B cell and T cell response 9. One of the mechanisms that triggers the
auto-inflammatory response is molecular mimicry, in which immune responses to
external pathogens become aimed at self-proteins. Molecular mimicry especially
seems to play a role in AIH type 2: a murine model demonstrated that persistent
immune-mediated hepatitis can be triggered by molecular mimicry occurring the
context of a hepatotropic viral infection. 10. Additionally, regulatory T-cells play an
important part in AIH pathogenesis. Impaired function and number of T cells leads
to loss of tolerance to liver autoantigens, initiating an autoimmune response 11.
Polymorphisms in the human leukocyte antigen (HLA) region have shown to be
associated with AIH occurrence. In Europe and North-America, susceptibility to AIH
type 1 is associated with HLA-DRB1*0301 and HLA-DRB1*0401 genotypes 12. More
recently, a genome-wide association study found two variants outside of the HLA
region (SH2B3 and CARD10) to be associated with AIH type 1 13.
DIAGNOSIS
AIH lacks a gold standard for diagnosis. The diagnosis remains a clinical one and is
based on serological, biochemical and histological characteristics. Based on these
properties, the International Autoimmune Hepatitis Group (IAIHG) established
diagnostic criteria in 1993 14, which were revised in 1999 15. The comprehensiveness
of these scoring systems limited their use in clinical practice.

Figure 1: AIH patients treated with prednisolone showed improved survival when compared to placebo.
Printed with permission.
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Therefore the IAIHG established a simplified scoring system, which aids the
physician in establishing a correct AIH diagnosis16. Both scoring systems use certain
histological (interface hepatitis, lymphocytoplasmatic infiltrate, emperipolesis and
hepatic rosette formation) and serological features, as well as the exclusion of viral
hepatitis, to establish an AIH diagnosis. The simplified score, however, does not
grade response to treatment with corticosteroids, which is a hallmark feature of
AIH, and is likely to result in exclusion of atypical presentations of AIH 17, 18. Without
a gold standard, the criteria must be used as an additional tool for diagnosis, in
addition to clinical judgement.
CLINICAL MANAGEMENT
AIH was the first liver disease for which evidence-based treatment was available.
Clinical trials in the 1970s and 1980s established the definite role for corticosteroids
in inducing remission of the disease 19-22. Kirk et al. demonstrated beautifully – in a
trial that by today’s standards would be unethical – that AIH patients treated with
steroids had excellent survival when compared to patients who received placebo
(figure 1) 20. Azathioprine was soon introduced as primary agent for maintenance
of remission, which showed favourable response rates 23, 24. A landmark study in
1995 showed that AIH patients were able to maintain remission of the disease in
the long-term when on azathioprine treatment, even after stopping steroids 25.
More recently, induction therapy with budesonide has gained traction in clinical
practice, with favourable response rates reported in a multicenter clinical trial 26.
To date, induction therapy with steroids in combination with maintenance therapy
with azathioprine has become the cornerstone of AIH treatment, having found its
way into international guidelines 27-29. Treatment for AIH is considered life-long,
since up to 90% of patients in remission experience a relapse of the disease once
treatment is stopped 30. In general, treatment is aimed at prevention of liver related
complications such as development of end-stage cirrhosis, liver transplantation and
liver-related death.
GAPS IN KNOWLEDGE REGARDING AIH MANAGEMENT
What defines treatment response?
The ultimate goal of AIH treatment is reduction of long-term liver-related morbidity
and mortality. Since this endpoint is difficult to assess in daily practice, there have
been various surrogate endpoints proposed by the international AIH field, which
15

are more easily to attain in both clinical practice and prospective studies. There
is ambiguity in guidelines and reports regarding these surrogate outcomes. For
example, the American Association for the Study of Liver Diseases (AASLD) guideline
defines a complete response to treatment in AIH as “disappearance of symptoms,
normal serum transaminases, bilirubin and γ-globulin levels, normal hepatic tissue
or inactive cirrhosis” while the European Association for the Study of the Liver
(EASL) clinical practice guideline defines complete response as “normalization
of IgG and transaminases” (defined as “biochemical remission”) and “normal
histology or hepatitis activity index (HAI) < 4” (defined as “histological remission”)
27, 28
. Additionally, there is inconsistency in the definitions of treatment failure
and insufficient response. The lack of real-world consensus regarding treatment
endpoints is an essential problem that creates wide variation in both clinical practice
and ongoing research. At this moment, it is difficult to compare available datasets in
AIH research due to the differences in used surrogate endpoints. Therefore, there
is a great need for accepted surrogate clinical endpoints that allow comparison
between studies and datasets. In addition to the definitions of treatment endpoints,
there is an unmet need for surrogate markers or endpoints that predict long-term
treatment response in an earlier phase of treatment. Current guidelines have used
6 and 12 month time points as first moments to assess response to treatment, while
earlier endpoints might be able to better identify patients who are in need of close
or a less comprehensive monitoring regimen in the first months of treatment.
Standard treatment
Therapy with corticosteroids has been included in both the American Association
for Study of Liver Diseases (AASLD) guideline as well as the European Association
for Study of the Liver (EASL) clinical practice guideline 27, 28. When combined with
azathioprine, the AASLD advises on an initial predniso(lo)ne dose of 30 mg/day, while
the EASL recommends a weight-based induction dose of 0.5 – 1.0 mg/kg/day. The
implications of these divergent recommendations leads to practice variation among
physicians. For example: a physician who uses the AASLD guideline will prescribe
a 30 mg predniso(lo)ne for a 60 kg patient, while a physician that uses the EASL
guideline will prescribe somewhere between 30 – 60 mg predniso(lo)ne. Ambiguity
in these practice recommendations will potentially lead to overtreatment in several
cases, which is, given the numerous side-effects of corticosteroid treatment, an
undesirable scenario. It is unknown what the ‘ideal’ dose of predniso(lo)ne is to
induce remission in AIH, but it may be that lower dosages of predniso(lo)ne might
16

be equally effective as higher dosages 31. To date, no studies have investigated the
effect of lower predniso(lo)ne dosages in AIH.
Among other differences between the AASLD and EASL guidelines is the timing of
azathioprine therapy. While the AASLD guideline advises to initiate azathioprine
concurrent to steroid induction therapy, the EASL guideline advises to postpone
azathioprine with 2 – 4 weeks 27, 28. It is hypothesized that delaying initiation of
azathioprine makes it possible to discriminate between azathioprine-induced
hepatotoxicity and primary non-response in the early phases of treatment and it is
thought to be safe with respect to long-term disease control 32. Although this strategy
is widely applied in clinical practice, it is unknown whether delaying introduction
of azathioprine therapy actually translates into better treatment outcomes
when compared to initiation concurrent to steroid therapy. Since azathioprine is
accompanied by various side-effects that lead to discontinuation in a number of
patients 27, it is worthwhile to investigate the relationship between immediate vs.
delayed introduction of azathioprine therapy and discontinuation rates of the drug.
To date, this area has received scant attention in AIH literature.
AIMS AND OUTLINE OF THIS THESIS
In this thesis we first present a narrative review regarding the latest developments
on clinical management of AIH (chapter 2). This review aims to assist the clinician
in the management of AIH.
This thesis centers on issues surrounding management of autoimmune hepatitis.
As illustrated (Figure 1) immunosuppressive treatment in autoimmune hepatitis
results in lower mortality, most likely the result of a better control of the disease.
However, the response to immunosuppression is not universal and some patients
do not respond (completely) to therapy. There are a number of outstanding issues.
(1) The field has not agreed on the use of surrogate endpoints defined as an
event or outcome that can be measured objectively to determine whether
the intervention being studied is beneficial.
(2) There is an unmet need of (definition of) surrogate endpoints that can be
measured in real time
(3) After the clinical trials that established a reduction of mortality newer
immunosuppressive agents have been introduced in the field. None of
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these interventions have been trialed using a hard clinical endpoint such as
death or liver related morbidity.
To this end this thesis centers on 3 main questions (as outlined below) and we have
designed a series of studies in order to answer these questions.
1. To define definitions for endpoints in autoimmune hepatitis treatment
In chapter 3 we describe the results of an international Delphi-survey which
was conducted among experts of the IAIHG. With this process we aimed
to define the treatment endpoints of: complete response, insufficient
response, non-response and intolerance to treatment, based on structured
assessment of expert-opinion.
2. To investigate the relationship between an early treatment response and
remission
In chapter 4, we used data from two independent patient cohorts to study
the effect of a rapid response to treatment and its predictive value for
biochemical remission later in time, as well as for prediction of liver-related
mortality and transplantation.
3. To improve treatment strategies for autoimmune hepatitis
The treatment of AIH involves a lifelong exposure to drugs that comes with benefits
(improvement of liver disease) but also has inherent side effects. As stopping of
immunosuppressants results in disease recurrence, most physicians continue
treatment life-long but try to suppress AIH activity with the lowest possible dosages
possible. Therefore it is beneficial to have a better picture of the benefit/risk ratio
of the drugs specifically used in AIH.
In chapter 5 we investigated whether a lower dose of predniso(lo)ne would be equally
effective for inducing remission in AIH. We studied this in a large international,
multi-centre cohort. In chapter 6, we studied the timing of azathioprine therapy
(concurrent to initiation of steroids, or delayed introduction) with regard to
discontinuation of azathioprine therapy and side-effects of treatment.
In chapter 7 we investigated the role of the calcineurin tacrolimus and cyclosporine
as second- and third-line therapy in AIH with emphasis on duration of prior
treatment and reasons for therapy switch.
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Chapter
2

3

4

5

6

7

Research question
What are the latest
developments into
treatment and clinical
management in AIH?
What are the best
definitions for
endpoints in AIH
treatment?
Do patients with
a rapid treatment
response have a
higher probability
of achieving
biochemical
remission?
Is a lower dose
of predniso(lo)
ne effective for
induction of
remission in AIH?

Is early initiation of
azathioprine therapy
associated with early
discontinuation of
the drug?
What is the efficacy
of calcineurin
inhibitors for
treatment of AIH?

Study design
• Narrative review

Measures
• Literature

•

Modified Delphi
survey

•

•

Data from a
multicenter
cohort: training
and validation
approach
ROC analysis
Logistic regression
Cox regression
Data from a
multicenter cohort
Logistic regression
Propensity score
matching

•

•
•
•
•
•
•

•

•
•
•

•

•
•

•

Data from
multicenter cohort
study
Logistic regression
Cox-regression

•

Retrospective
dataset from 2
centers

•

Table 1. Summary of research questions and methodology of this thesis
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•
•

•
•

Expert opinion
measured by
a structured
survey
Normalization of
ALT, AST and IgG
Liver
transplantation
and liver-related
mortality

Normalization of
ALT, AST and IgG
Cumulative
predniso(lo)ne
dose
Steroid-related
side-effects
Discontinuation
rates of
azathioprine
Adverse events
Normalization of
ALT, AST and IgG
Normalization of
ALT, AST and IgG
Adverse events
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CHAPTER 2

CLINICAL MANAGEMENT OF AUTOIMMUNE HEPATITIS
Simon Pape, Christoph Schramm, Tom J.G. Gevers
United European Gastroenterol J. 2019 Nov;7(9):1156-1163

ABSTRACT
Autoimmune hepatitis is a rare and chronic liver disease that is characterised by
increased serum transaminases and immunoglobulin G, inflammatory liver histology
and presence of circulating autoantibodies. An autoimmune hepatitis diagnosis
justifies life-long treatment in most patients in order to prevent development of
cirrhosis and end-stage liver disease. The cornerstone of treatment is steroid induction
therapy followed by maintenance therapy with azathioprine, which is effective in
most cases. For patients who do not respond to standard treatment, second-line
treatment with other immunosuppressants can be effective. Treatment should be
aimed at biochemical remission of the disease, which is defined as normalization
of transaminases and immunoglobulin G. Patients should be monitored intensively
during the first months of treatment in order to monitor side-effects, assess
symptoms and individualise treatment. Specialist consultation should be sought in
difficult-to-treat patients. Future studies and networking initiatives should result in
optimization of current treatment strategies in autoimmune hepatitis.
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INTRODUCTION
Autoimmune hepatitis (AIH) is a chronic inflammatory liver disease that
predominantly affects women, but can occur in all ages and races. The exact
cause of AIH is unknown, although it is hypothesised that loss of tolerance against
liver antigens is the main pathophysiological mechanism, which is triggered by
environmental factors in individuals with a certain genetic susceptibility.1 AIH is
characterised by hypergammaglobulinaemia, circulating auto-antibodies and
distinctive histology. Based on these characteristics, the International Autoimmune
Hepatitis Group (IAIHG) has established diagnostic criteria (Table 1) that aid
physicians in establishing a correct AIH diagnosis. However, a diagnosis of AIH
remains a clinical one, since a gold standard for diagnosis is lacking.2,3
Variable
ANA or SMA
ANA or SMA
or LKM1
or SLA/LP
IgG

Cutoff
Titer ≥ 1:40
Titer ≥ 1:80
≥ 1:40
Any titer
>ULN
>1.1 x ULN

Points
1
2
2
2*
1
2

Liver histology (evidence of hepatitis is
a necessary condition)

Atypical

0

Compatible with AIH

1

Typical for AIH
Yes

2
2

No
Probable AIH

0
≥6

Definite AIH

≥7

Absence of viral hepatitis

Table 1. Simplified diagnostic criteria for the diagnosis of AIH
* Addition of points achieved for all autoantibodies (2 points maximum). Typical liver histology for AIH includes
each of the following features: interface hepatitis, lymphocytic infiltrates in the portal tracts and extended into the
lobule, emperipolesis (active penetration by one cell into and trough a larger cell), and hepatic rosette formation.
Compatible liver histology includes: chronic hepatitis with lymphocytic infiltration without the features considered
typica. Atypical histology includes signs of other liver diseases such as steatohepatitis. AIH, autoimmune hepatitis;
ANA, anti-nuclear antibody; IgG, immunoglobulin G; LKM1, liver kidney microsomal type 1 antibody; SLA/LP, antisoluble liver antigen/liver-pancreas antibody; ULN, upper limit of normal.
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Even though establishing the diagnosis of AIH is sometimes complex and
cumbersome, clinical management of AIH can also be a challenging journey,
given the lifelong therapy and potential side-effects. In this review article, we will
discuss the clinical management of adult AIH patients and its latest developments,
based on recent literature. Our aim is to assist the general gastroenterologist and
hepatologist in the management of AIH, once an AIH diagnosis has been confirmed.
LITERATURE SEARCH
We performed a PubMed search with the MeSH term ‘autoimmune hepatitis’ and
‘autoimmune hepatitis’ in the title field. All searches were limited to the English
language and publication date within the last five years at time of search (May
2019). For the purpose of this review, we primarily selected articles that focus
on clinical management of AIH. For a comprehensive review on mechanisms and
diagnosis of AIH we refer to another article.1 We identified a total of 114 articles
that met our inclusion criteria.
WHY SHOULD WE TREAT AN AIH PATIENT?
Typically, the first question of AIH patients after hearing their diagnosis is: ‘Do I
need treatment?’. Untreated AIH leads to progression of fibrosis to cirrhosis and,
eventually, end-stage liver disease. Older studies showed that immunosuppressive
treatment with steroids in AIH patients not only improved liver function tests,
but also improved symptoms and prolonged survival.4–6 More recent studies have
shown that treatment also leads to regression of liver fibrosis, even at the cirrhotic
stage of disease.7 This data indicates that treatment is warranted in patients with
AIH.
TREATMENT FOR EVERYONE?
It is unknown whether patients with mild disease (ALT < 3 times upper limit of
normal, histological activity index (HAI) < 3 and no advanced fibrosis) will benefit
from treatment, since most studies only included patients with moderate to severe
disease activity. A decision not to treat mild AIH can be deemed as a possible option,
especially in patients of older age or with severe comorbidities. However, AIH has a
fluctuating disease course and patients who present asymptomatically may develop
symptoms or elevation of transaminases that warrant treatment.8 Therefore, we
recommend treatment in every AIH patient, unless there are compelling reasons not
to treat. Without treatment, close monitoring of transaminases and immunoglobulin
27

G (IgG) should occur every 3–6 months in order to detect a possible flare of the
disease and non-invasive measures of liver fibrosis such as transient elastography
(TE) can be used to monitor for disease progression.
IS AIH TREATMENT LIFELONG?
Immunosuppressive therapy should be continued for at least two years following
complete normalization of transaminases and IgG. One study found that relapse
of the disease occurs in up to 90% of patients once treatment is stopped.9 In
patients eligible for a trial of drug withdrawal, liver enzymes should be monitored
closely. Using this approach, one study reported a long-term remission rate of
54% after drug withdrawal.10 Preferably, a liver biopsy should be performed prior
to stopping of therapy. If there is histological disease activity (HAI > 3) present,
immunosuppressive treatment should not be stopped. The HAI is a histological
scoring tool that rates the hepatitis components of periportal necrosis, intralobular
degeneration and portal inflammation on a scale from 1–18. A HAI score from 1–3
indicates minimal hepatitis (Supplementary Material Table 1).11
HOW SHOULD WE TREAT AN AIH PATIENT?
Steroid induction therapy
Steroid therapy is the mainstay for inducing remission in AIH: studies with
azathioprine induction therapy alone showed low remission rates and high
mortality.12 Steroid treatment, predniso(lo)ne in most cases, can be initiated as
monotherapy or in combination with azathioprine.13 Most guidelines advise an initial
predniso(lo)ne dose between 0.50–1.00 mg/kg per day, although some centres
start with a high initial dose of 1.00 mg/kg with rapid tapering within the following
months.14,15 A recent retrospective study showed that patients who were treated
with a predniso(lo)ne dose below 0.50 mg/kg/day, achieved similar remission
rates when compared to patients who were treated with higher dosages.16 Given
the considerable side-effects of steroid therapy, physicians should prescribe a
predniso(lo)ne dose that provides ample suppression of inflammatory activity
and that is acceptable to the individual patient in terms of tolerability. We prefer
tapering of steroids to be response-guided and tailored to the individual patient,
in contrast to a fixed steroid-dosing schedule, although both methods have never
been compared in AIH. Budesonide at a dose of 9 mg/day provides an alternative
induction agent in AIH and is associated with less steroid-related side-effects, but is
28

contraindicated in patients with cirrhosis due to increased systemic side-effects as
a result of portosystemic shunting.17
Maintenance therapy
Azathioprine is the first drug of choice for maintenance therapy in AIH.18 Azathioprine
is ideally introduced 2–4 weeks after initiation of steroid treatment, in order to
anticipate possible hepatotoxicity. To minimise side-effects, azathioprine is started
at a dose of 50 mg/day, which can be increased to 1–2 mg/kg/day, depending on
individual treatment response (Table 2). Both a combination of predniso(lo)ne and
azathioprine and azathioprine alone are effective in maintaining remission,6 although
tapering steroids should occur as soon as maintenance therapy is initiated. With this
regimen, 75–80% of patients will achieve normalization of transaminases.19Steroidfree therapy should be a treatment goal in every AIH patient to prevent steroidrelated complications and should be aimed for within the first year of treatment.
There is not sufficient data to recommend an alternative to azathioprine as first-line
therapy. Mycophenolate mofetil (MMF) has proven to be effective and safe as firstline treatment in uncontrolled studies, with remission rates up to 88% and dosages
from 1000–2000 mg/day.20,21 A simple algorithm for AIH treatment is presented
in Figure 1.

Figure 1. Treatment algorithm for an adult patient with a first presentation of AIH. Mainstay of treatment is
steroid induction therapy followed by maintenance therapy with azathioprine. AIH treatment should always be
Figure 1. Treatment algorithm for an adult patient with a first presentation of autoimmune
individualized. 6-MP, 6-mercaptopurine; AIH, autoimmune hepatitis; AZA, azathioprine; MMF, mycophenolate
hepatitis (AIH). The mainstay of treatment is steroid induction therapy followed by
mofetil.
maintenance therapy with azathioprine (AZA). AIH treatment should always be
individualised. 6-MP: 6-mercaptopurine; MMF: mycophenolate mofetil; PBC: primary
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biliary cholangitis; PSC: primary sclerosing cholangitis.

Key recommendations for treatment of an adult AIH patient
• Treatment is indicated in every patient and is generally life-long
• Steroid induction therapy with predniso(lo)ne or budesonide is needed to
induce remission
• Azathioprine is the first drug of choice for maintenance of remission
• Tapering of steroids should be response guided and tailored to the individual
patient
• Treatment should be aimed at biochemical remission: normalization of ALT/
AST and IgG
• Patients with side-effects on azathioprine might benefit from a switch to 6-MP
• Treatment with MMF or CNIs should only be done by physicians with
experience
• Patients with cirrhosis should undergo hepatocellular carcinoma surveillance
Table 2. 6-MP: 6-mercaptopurine; IgG: immunoglobulin G; MMF: mycophenolate mofetil.

WHAT IS A SATISFACTORY RESPONSE DURING TREATMENT?
Remission of disease
Histological and biochemical remission of AIH should be the fundamental
treatment goal in every patient. A HAI score of <4/18 is used to define histological
remission. Since frequent biopsies are an unattractive option, the surrogate
endpoint of biochemical remission is used, which is defined as repeatedly normal
serum transaminases and normal serum IgG. This endpoint is incorporated in
most international guidelines.13,22 A recent study demonstrated that biochemical
remission is associated with regression of fibrosis and low histological disease
activity.7 A different study showed that histological hepatitis activity still exists
in approximately 50% of patients even though they had achieved biochemical
remission.23 Additionally, AIH is a disease with an unpredictable course and frequent
relapses. Therefore, AIH patients should be monitored for transaminases and IgG
at six-month intervals at least even if they are in prolonged biochemical remission.
Use of TE may be helpful for the detection of fibrosis progression during the disease
course.24

30

WHAT PROBLEMS DO WE ENCOUNTER DURING AIH TREATMENT?
Side-effects
Steroid therapy is accompanied by a variety of side-effects, including weight gain,
diabetes mellitus, hypertension, emotional instability and even psychosis, that
necessitate dose reduction or withdrawal of the drug. Steroid-related side effects
occur in 80% of patients after two years of treatment,5,25 although this occurs less
often in combination therapy with azathioprine.6 Measurement of bone density
is recommended at the initiation of steroid therapy and patients should receive
vitamin D supplementation and adequate dietary calcium in order to prevent the
development of osteoporosis (Table 3).
Scenarios in which consultation with a specialist center is recommended
• Uncertainties regarding diagnosis: seek help from an expert liver pathologist
• Uncertainties regarding treatment indication (e.g. old age / low disease
activity)
• Presentation with acute fulminant hepatitis*
• Signs of acute liver failure (severe coagulopathy, hepatic encephalopathy)*
• Insufficient response after a second immunosuppressant or planned treatment
with MMF or calcineurin inhibitors and insufficient experience with the drugs
• Patients with additional features of PBC or PSC
• Pregnancy
• Planned cessation of therapy
Table 3. * Consultation with transplant center is strongly recommended

The exact number of AIH patients that experience azathioprine intolerance
is unknown in AIH, but old series report rates of 10–20%, although this may be
higher in real-world practice.13,25 Most side-effects are limited to nausea and
gastrointestinal discomfort but in some cases may result in rash, arthralgia or
pancreatitis which warrants discontinuation.15 Split-dose administration of
azathioprine is an easy option to diminish mild side-effects.26 Full blood counts
should be monitored to detect possible bone marrow toxicity. Some patients might
benefit from dose reduction, although close monitoring of transaminases and IgG
is recommended to avert a possible flare of the disease. In case of intolerable sideeffects, alternative immunosuppression in recommended.
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Insufficient response to treatment
Approximately 15% of patients may experience an insufficient response to therapy
by demonstrating failure to normalise biochemical or histological parameters. A
first step should always be to reconfirm the AIH diagnosis, preferably with help
of an experienced liver pathologist. Second, it is important to ensure treatment
adherence, given that adherence rates can drop to 65% after six months of
chronic drug therapy in other chronic diseases.27 Measuring 6-thioguanine (6-TG)
concentrations during treatment may help to identify those patients who are nonadherent. Little is known about optimal 6-TG concentrations, although one study
showed that 6-TG concentrations above 220 pmol/8 × 108 RBC are associated
with remission.28 Patients with an insufficient response to standard therapy might
benefit from increased dosages of azathioprine up to 2 mg/kg/day, together with
5–10 mg predniso(lo)ne.
Alternative treatment options
There is no consensus on the best second-line treatment options in AIH. Intolerance
and insufficient response are two different scenarios. In general, intolerance
to treatment is manageable with 6-mercaptopurine (6-MP) or MMF, while an
insufficient response to first-line treatment is more difficult to deal with.
6-MP is widely used as an alternative to azathioprine in inflammatory bowel disease
(IBD) and has better tolerability.29 Although it is used in clinical management of AIH,
data on 6-MP efficacy is limited to two case series with a dosage ranging from 25–
75 mg/day.30,31 It shows a favourable response especially in azathioprine-intolerant
patients, and acceptable tolerance rates. 6-TG can also be used as an alternative to
either azathioprine or 6-MP but has been associated with development of nodular
regenerative hyperplasia in patients with IBD.32 A recent study in AIH patients
showed that 6-TG treatment with a dose of 20 mg/day is well-tolerated and leads
to complete biochemical remission in patients with prior insufficient response to
thiopurines.33
The most studied second-line drug in AIH is MMF at a dose of 1000–2000 mg/day.
Reduction of serum transaminases occurs in 33–100% of patients and histological
remission occurs in 73% of patients.34 A recent study showed that patients on
MMF with an initial non-response to first-line treatment have lower remission
rates (34–57%) than patients with azathioprine intolerance (62–91%).35 MMF has
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a favourable safety profile but has teratogenic effects, which makes the drug less
useful in women in childbearing age. We recommend that treatment with MMF
should be provided by physicians who have experience with the drug.
The calcineurin inhibitors tacrolimus and cyclosporine are options for second-line
therapy in AIH. Reports on these drugs demonstrate response rates ranging from 27–
94%.36 Calcineurin inhibitors can have considerable side effects with nephrotoxicity
and hypertension being the most prominent. Prescription should therefore only be
carried out by physicians with ample experience concerning these drugs.
HOW TO MANAGE DIFFICULT-TO-TREAT AIH PATIENTS?
Acute presentation
There are no validated definitions for AIH with acute presentation.37 Patients who
present with acute, icteric AIH and concomitant coagulopathy (INR≥1.5) respond
to oral or intravenous steroids (1 mg/kg) in the majority of cases, although in a
number of patients transplantation might be the only treatment option.38–40
However, steroid use might not be beneficial in the setting of acute liver failure with
hepatic encephalopathy, one retrospective study found that corticosteroid use in
AIH with acute liver failure was associated with increased mortality in patients with
the highest MELD score.41 Timely consultation with a transplant centre is strongly
recommended to arrange rapid referral when necessary.
Patients with cirrhosis
Up to 30% of patients have confirmed cirrhosis at diagnosis, which is a sign of
subclinical disease course months or even years prior to diagnosis and is associated
with poorer outcomes.8,19,42 Patients who present with decompensated cirrhosis
should be treated in close collaboration with a transplant centre. It is advised to
offer ultrasound surveillance to cirrhotic patients.43
Variant syndromes with primary biliary cholangitis (PBC) and primary sclerosing
cholangitis (PSC)
AIH patients might present with additional features of PBC or PSC, or develop these
features at a certain time during their disease course. Standardised definitions of
these variant syndromes are currently lacking and, given their rarity, evidencebased recommendations for treatment are lacking as well. In general, it is important
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to treat patients with autoimmune liver disease according to their predominant
phenotype.44 Consultation with an expert centre is advised in order to prevent
overtreatment.
Mood disorders
Improvement in mood disorders should be an important treatment goal in AIH.
Depressive symptoms and anxiety are often present in AIH patients and results in
lower health-related quality of life (HRQoL), even when in biochemical remission.45
Since occurrence of depressive and anxiety symptoms in AIH may be associated
with non-adherence to treatment,46 physicians should actively ask patients about
possible symptoms of depression and anxiety and refer them to mental healthcare
providers if necessary. Although improvement of HRQoL should be a desirable
treatment goal in AIH, validated questionnaires that assess the wide range of
problems in AIH are currently lacking.
WHEN SHOULD WE REFER AN AIH PATIENT TO A SPECIALIST CENTRE?
Timely consultation with an expert centre and/or transplant centre is recommended
in case of diagnostic uncertainties, patients with features of variant syndromes,
pregnant patients and issues regarding optimal disease management.15 For patients
who fail to demonstrate a sufficient biochemical response after use of a second
immunosuppressant or when the treating physician is unfamiliar with prescribing
second-line therapy, expert advice should be sought. Finally, patients who present
with acute liver failure and are eligible for liver transplantation should be transferred
to a transplant centre (Table 4).
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Medication
Steroids

Side-effect
Diabetes mellitus
Osteoporosis

Cataract
Hypertension
Azathioprine Cytopenia
Non-melanoma
skin cancer

How to manage?
Regular glucose measurements at start of
steroid therapy
HbA1c monitoring 6 – 12 monthly
Bone densitometry at start of steroid therapy
and at 1 to 5 year intervals
Supplementation of vitamin D and adequate
calcium intake
Bisphosphonates in patients with
osteoporosis
Ophthalmic assessment when on long-term
steroids
Blood pressure assessment in patients with
documented hypertension
Full blood count measurements every 2 – 4
weeks after start of treatment, followed by
3-month intervals
UV-protective measures
Dermatological monitoring when on
long-term treatment

Table 4: Management of medication and side-effects

The European Reference Network for Hepatological Diseases (ERN RARE-LIVER) was
launched in March 2017 and is a European Union credited joint venture between
expert centres across Europe, linking professional societies and patients’ groups with
the main objective to improve the care of patients with rare liver diseases.47 Aside
from conducting prospective high-quality registries, ERN RARE-LIVER offers expert
advice on difficult AIH cases using an online clinical patient management system
established by EU. These developments will undoubtedly lead to optimization of
current treatment strategies and to reduce discrepancies in AIH care delivery.
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FUTURE PROSPECTS
Drugs under investigation
Currently, a trial is ongoing with ianalumab, a monoclonal antibody against the
B-cell activating factor receptor48 (Table 5). Other experimental strategies are
aimed at increasing the pool and function of regulatory T-cells,49 for example by
subcutaneous low-dose interleukin-2, which has proved to reduce inflammatory
liver damage.50,51 A phase I trial with subcutaneous synthetic preimplantation factor
showed good safety and tolerability in AIH patients, but was not continued into
phase II (source: NCT03593460).52
Study name /
NCT number
AMBER /
NCT03217422

Study drug

Treatment target

VAY736 /
ianalumab

B-cell activating
factor

NCT02556372

JKB-122

Toll-like receptor
4

MERLIN /
NCT02997878

mesenchymal
stromal cells

Various immuno-modulatory
properties

No of
Primary endpatients
point
80
ALT normalization after 24
weeks
20
Changes in
ALT levels after 24 weeks
56
Dose finding /
safety

Table 5: ongoing trials with new drugs in AIH

CONCLUSION
AIH treatment involves steroid induction therapy followed by maintenance therapy
with azathioprine with biochemical remission of disease as primary treatment
goal, which is achievable for the majority of patients. Caution should be exercised
in patients with an acute, fulminant presentation of the disease, in cirrhotics,
pregnancy and in patients with prolonged insufficient response to standard therapy.
Early access to specialist consultation should improve AIH healthcare delivery and
outcome. Referral should take place for difficult cases. International networks such
as the ERN RARE-LIVER will provide groundwork for registries and studies that will
provide more insight into optimal management strategies in AIH.
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SUPPLEMENTARY MATERIAL
Periportal
± bridging
necrosis
None

Score Intralobular
degeneration and focal necrosis
0
None

Mild
piecemeal
necrosis

1

Moderate
piecemeal
necrosis
(involves
less than 50
percent of
the circumference of
most portal
tracts)
Marked
piecemeal
necrosis (involves more
than 50
percent of
the circumference of
most portal
tracts)

3

4

Score Portal
inflammation

Score Fibrosis

Score

0

0

No fibrosis

0

1

1
Fibrous
portal expansion

Moder- 3
ate (increased
inflammatory
cells in
1/3 to
2/3 of
portal
tracts)
Marked 4
(dense
packing of
inflammatory
cells in
>2/3 of
portal
tracts)

Bridging 3
fibrosis
(portal-portal
or portal-central linkage)

No
portal
inflammation
Mild
(sprinkling of
inflammatory
cells in
<1/3 of
portal
tracts)

Mild (acido- 1
philic bodies,
ballooning,
degeneration and/
or scattered
foci of hepatocellular
necrosis
in <1/3 of
lobules or
nodules
3
Moderate
(involvement
of 1/3 to 2/3
of lobules or
nodules)

Marked (in- 4
volvement of
>2/3 lobules
or nodules)
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Cirrhosis

4

Moderate
5
piecemeal
necrosis plus
bridging
necrosis
Marked
6
piecemeal
necrosis plus
bridging
necrosis
Multilobular 10
necrosis
Supplementary table 1: Histological activity index (HAI) for chronic hepatitis. The composite score is based on
histologic assessment of periportal and/or bridging necrosis, intralobular degeneration and focal necrosis, portal
inflammation, and fibrosis. A HAI (without the fibrosis component) of 1 – 3 indicates minimal hepatitis and is seen
as histological remission in AIH. A score of 4 – 8 corresponds with mild hepatitis, 9 – 12 with moderate hepatitis,
and 13 – 18 with severe hepatitis.
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ABSTRACT
Autoimmune hepatitis (AIH) is a rare, chronic disease which, if left untreated,
leads to cirrhosis and end-stage liver disease. Treatment consists of steroid
induction therapy followed by azathioprine maintenance therapy. Clinical trial
design is hampered by the low rate of relevant endpoints, such as mortality or liver
transplantation. Currently, a wide variety of surrogate endpoints exist throughout
clinical guidelines that lack validation. Additionally, the use of various definitions
for these endpoints leads to practice variation among physicians. We initiated a
consensus process within members of the International Autoimmune Hepatitis
Group (IAIHG) in order to derive relevant surrogate endpoints for use in clinical
trials. The consensus process consisted of a systematic review of available literature,
followed by two rounds of online Delphi-surveys and a panel discussion during a
IAIHG workshop in June 2019. This resulted in consensus for definitions regarding
the endpoints: remission, complete biochemical response, insufficient response,
non-response and intolerance to treatment. We encourage the AIH community
to use these definitions for endpoints in future AIH studies in order to facilitate
comparison of outcomes between studies. Future research with large prospective
datasets are required to investigate the validity of these definitions.
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INTRODUCTION
Autoimmune hepatitis (AIH) is a rare, chronic liver disease which is characterized
by presence of auto-antibodies, hypergammaglobulinemia and inflammatory liver
histology 1. Initial AIH treatment consists of steroid induction therapy, usually with
predniso(lo)ne, followed by maintenance therapy with azathioprine 2. The ultimate
goal of AIH treatment is reduction of long-term liver related morbidity and mortality.
Indeed, reduction of need for liver transplantation and prevention of liver-related
death are bona fide clinical efficacy measures in AIH. Research interrogating these
endpoints require clinical trials with very large populations and prolonged followup, difficult to attain for a rare liver disorder such as AIH.
As a consequence, the field has developed surrogate endpoints, such as (in)complete
response, sensitive to the effects of medical interventions. This has resulted in a
burgeoning set of surrogate endpoints definitions. For example, the American
Association for Study of Liver Diseases (AASLD) guideline defines a complete response
to treatment in AIH as “disappearance of symptoms, normal serum transaminases,
bilirubin and γ-globulin levels, normal hepatic tissue or inactive cirrhosis” while
the European Association for Study of the Liver (EASL) Clinical Practice Guideline
defines complete response as “normalization of IgG and transaminases” (defined as
“biochemical remission”) and “normal histology or hepatitis activity index (HAI) < 4”
(defined as “histological remission”) 3, 4. As a result there is wide practice variation
among AIH experts in terms of used treatment regimens 5, 6.
The current standard of care therapy is not uniformly effective and identification of
patients who could benefit from second-line or even third line medical therapies is
pivotal. This highlights the continuous need for new clinical trials in AIH and the use
of a set of accepted surrogate clinical endpoints that allow comparison between
different trials.
In order to facilitate clinical trial design 7, 8, we have decided, as an international
expert group, to pioneer the development of a set of definitions for surrogate
endpoints in AIH treatment, similarly to endeavors for other rare autoimmune
liver diseases such as primary biliary cholangitis and primary sclerosing cholangitis
9, 10
. The identification of these outcome measures will help to better define the
inflection points in the algorithms for AIH patient management. The overall aim of
this initiative coming from the International Autoimmune Hepatitis Group (IAIHG)
is to derive a set of endpoints for use in clinical trials, based on current evidence,
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expert guidance, and international consensus. Here, we describe the results of a
systematic review and Delphi process to identify important measures of biochemical
response to treatment in AIH management.
METHODS
Literature search
Systematic searches of MEDLINE, Embase, and the Cochrane database were
performed to identify trials reporting outcomes of and / or therapeutic interventions
in AIH, and published guidelines and consensus statements or recommendations
regarding the management of AIH. This process, therefore, collated all relevant
endpoints that were used in any of the original trials. Two authors (S.P. and T.G
) independently identified titles and abstracts of potentially eligible studies.
Discrepancies were resolved by consultation between the initial two researchers.
Where consensus opinion could not be reached, a third researcher was to be
consulted, but adjudication was never needed. Reference lists of relevant clinical
studies and review articles were explored for additional studies.
Definition of surrogate endpoints in AIH treatment
A consensus process was initiated by the IAIHG which is an international, nongovernmental, non-profit scientific organization based on voluntary participation,
providing a platform for carrying out project-based collaborations on AIH and AIHrelated diseases. We employed a modified Delphi approach. Based on the literature
search, five endpoints of interest (remission, complete response, insufficient
response, non-response and intolerance to treatment) were selected for assessment
in a survey. A number of possible definitions were drafted by a writing group with
11 members from the IAIHG. The formulation of definitions were partly based on
the definitions found in literature as well as internal discussion. All members of
the writing group agreed upon the final item list. We used Google Forms (Google,
Mountain View, CA, United States) to create and execute the survey.
We invited all known members of the IAIHG to complete the survey. We used the
following template for most of the statements “<complete response/insufficient
response/non-response/remission/intolerance> in AIH is best defined as <item
option>” (supplementary table 1). For insufficient response, the distinction was
made between insufficient response to first- and second-line AIH therapy in order to
investigate whether physicians would accept different definitions or time points in
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relation to different therapies. Respondents could rate every question on a 9-point
Likert scale (from “completely disagree” (n = 1) to “completely agree” (n = 9)). The
median rating of each item was calculated and categorized as appropriate (median
rating 1.0 – 3.4), uncertain (3.5 – 6.5) or appropriate (6.5 – 9.0). A disagreement
index (DI) was calculated to establish whether there was consensus on a definition
(supplementary table 1). A DI < 1 indicated consensus on an item, while a DI >
1 indicated non-consensus (supplementary table 3) 11, 12. The survey consisted of
two rounds. Definitions without an ‘appropriate’ rated item or definitions without
consensus in the first round, were re-rated in the second round.
After the second round, results of the survey were presented and discussed
during a panel discussion at the IAIHG research workshop on July 1st and 2nd 2019
in Vienna. Discussion and voting took place for all endpoints that were still rated
‘uncertain’ after the second survey round in order to reach final consensus. The
eventual outcome of the discussion and voting determined the final definitions for
endpoints.
RESULTS
Literature search and establishing list of trial endpoints and their definitions
A total of 581 potential studies were retrieved, of which 53 were evaluated in fulltext after screening of the abstracts. A further 36 studies were excluded after fulltext evaluation. Seventeen were included in this review (figure 1). Eleven studies
were (early) clinical trials in AIH 13-23, one meeting report 24, and four guidelines 3, 4, 25,
26
. A variety of endpoints and definitions were used over the years (supplementary
table 1). Using the definitions from literature, various options for each endpoints
of interest (remission, complete response, insufficient response, non-response and
intolerance to treatment) were drafted for entry in the Delphi survey (supplementary
table 2).
Delphi respondents
An invite to the survey was sent to 220 email addresses from the IAIHG mailing
list. A total of 75 respondents (34%) completed one or both survey rounds. The
first round was completed by 58 respondents (26%) and the second round was
completed by 50 respondents (23%). Thirty-three respondents (15%) completed
both survey rounds. The IAIHG workshop on July 1st and July 2nd 2019 in Vienna was
attended by 50 participants.
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Complete biochemical response in AIH
Six options for the definition of complete biochemical response were assessed in
the survey (supplementary table 1). After the two survey rounds and discussion,
there was broad consensus (median rating 8, DI 0.16) on the definition for complete
biochemical response. This was defined as “normalization of serum transaminases
and IgG below the upper limit of normal (ULN)” (table 1). There was clear consensus
that complete biochemical response should be achieved no later than 6 months
after initiation of treatment. The term ‘response’ was preferred over ‘remission’
since the term ‘remission’ reflects a disease stage of lesser intensity, while response
signals the transfer to a stage compatible with disease resolution. Other options for
the definition of complete response that were rated as less appropriate or failed to
gather consensus included normalization of transaminases below the ULN (median
rating 6, DI 1.29) and normalization of transaminases and IgG in combination with
transient elastography (TE) (median rating 7, DI 0.65).
Insufficient response in AIH
Five options for the definition of ‘insufficient response’ were assessed in the survey
(supplementary table 1). After two survey rounds and panel discussion there was
broad consensus on the definitions for ‘insufficient response’ which was defined
as: ‘lack of a complete response’ for both first- (median rating 8, DI 0.26) and
second-line (median rating 8, DI 0.16) AIH therapy. Consensus was also reached
for the assessment of ‘insufficient response’: this should be determined no later
than 6 months after initiation of treatment (first-line therapy: median rating 7, DI
0.16; second-line therapy: median rating 8, DI 0.16). Other options for insufficient
response, such as ‘persistence of elevated serum transaminases > 2 times ULN’ or
‘increased liver stiffness of repeated measurements with transient elastography’
were rated less appropriate (median ratings 6 and 4, DI’s 0.52 and 0.65 respectively)
in the survey.
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Figure 1. Flowchart of included studies after literature search.

It was agreed that insufficient response to first-line and second-line therapy may
only be diagnosed if standard therapy has been employed and adherence has been
proven (median rating 8, DI 0.13). Conditions for standard-of-care first-line therapy
for AIH consist of steroid therapy with predniso(lo)ne in a dosage of at least 0.50 mg/
kg/day at initiation and maximum 10 mg during the maintenance. For azathioprine
therapy therapeutic 6-tioguanine (6-TGN) levels are needed in order to demonstrate
adherence. For second-line therapy requirements are that the dosage is at least 1 g/
day, but preferably 2 g/day for mycophenolate mofetil (MMF) and demonstration of
therapeutic 6-TGN levels with 6-mercaptopurine therapy (median rating 8, DI 0.13).
The consensus on the definitions for complete and insufficient response indicates
that any response but normalization of transaminases and IgG should be classified
as an insufficient response, which corresponds with the reversed definition of
complete biochemical response. An insufficient response after six months of
treatment does not necessarily indicate that the treatment regimen should be
altered, as this will be highly dependent on patient related factors and severity of
presentation.
Non-response in AIH
Nine options were given for the definition of ‘non-response’. After two survey
rounds, several answer options were deemed as ‘appropriate’ by consensus, but
not one definition was singled out as superior (supplementary table 1). The options
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‘no improvement of serum transaminases and IgG’ (median rating 8, DI 0.16) and
‘no improvement of serum transaminases, serum IgG and persistent histological
activity (HAI ≥4/18 or equivalent)’ (median rating 8, DI 0.29) came forward as
possible candidates after the two voting rounds. During the panel discussion the
definition for non-response was extensively discussed. As both definitions were
deemed as not precise enough to define non-response, voting took place using
alternative options. It was finally agreed that non-response in AIH should be defined
as ‘<50% reduction of serum transaminases after 4 weeks of treatment’. In context
of this definition, serum transaminases should still be above the ULN to consider
non-response, since transaminases below the ULN indicates the possibility of a
complete response. A true non-response after initiation of standard treatment in
AIH is a rare event, since a favorable response to steroids is a key characteristic of
AIH. Therefore, physicians should always suspect lack of or compliance or challenge
the AIH diagnosis and re-evaluate histology with an expert liver pathologist in case
of non-response.
Remission in AIH
Four items options were assessed for the definitions of remission in AIH. After two
survey rounds and panel discussion it was agreed that remission in AIH is defined
as ‘liver histology with a Hepatitis Activity Index (HAI) <4/18 or equivalent’ (median
rating 8, DI 0.32). This indicates that patients with no or only minimal hepatitis
(HAI 0 – 3) are classified as being in remission 27, 28. It was agreed that remission
in AIH could only truly be diagnosed histologically and that remission should be
obtained no later than 12 months after initiation of treatment (median rating 8, DI
0.37). Although remission should be the ultimate treatment goal for every patient,
a routine liver biopsy after 12 months of treatment was seen as an unattractive
option in real world clinical practice due to the invasive nature of the procedure.
Intolerance to treatment
Three answer options for the definition of ‘intolerance to treatment’ were evaluated
in the survey. The option “any adverse event possibly related to treatment as
assessed by treating physician leading to potential discontinuation of the drug” was
judged as best definition for intolerance to treatment (median rating 8, DI 0.29).
The options “severe steroid related side effects (acne, hypertension, psychosis,
diabetes, osteoporotic fractures), side effects of immunosuppression leading to
discontinuation (pancreatitis, cytopenia, hepatitis, gastrointestinal symptoms,
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allergic reactions)” (median rating 8, DI 0.29) and “Inability to reach recommended
standard dose of treatment due to adverse events” (median rating 7, DI 0.37) were
assessed as less appropriate.
Endpoint
Remission

Definition
Hepatitis Activity Index <4/18. Should be
obtained no later than 12 months after
treatment.
Complete biochemical response Normalization of serum transaminases and IgG
below the ULN. Should be achieved no later
than 6 months after initiation of treatment.
Insufficient response
Lack of complete biochemical response. Should
be determined no later than 6 months after
initiation of treatment.
Non-response
<50% decrease of serum transaminases within
4 weeks after initiation of treatment.
Intolerance to treatment
any adverse event possibly related to treatment
as assessed by treating physician leading to
potential discontinuation of the drug

Table 1. Endpoints for AIH treatment as proposed by the International Autoimmune Hepatitis Working Group after
a consensus process. IgG, immunoglobulin G; ULN, upper limit of normal.

DISCUSSION
Using a modified Delphi approach, we have successfully reached consensus
among experts on definitions for the following endpoints: complete biochemical
response, insufficient response, non-response, remission and intolerance to
treatment in AIH. The definition for complete biochemical response (normalization
of transaminases and IgG below the ULN) aligns with the definition used in all
current AIH guidelines 3, 4, 29, while the addition of the timepoint of 6 months is
novel, but already has traction in the AIH literature 30. Complete normalization of
serum parameters is important, since earlier studies have shown that even slightly
elevated transaminases may predict ongoing hepatitis 31, 32, development of cirrhosis
33, 34
or predict relapse after treatment withdrawal 35. While the clinical benefit of
complete biochemical response appears intuitive 36, there is also data that supports
the hypothesis that normalization of serum parameters does not correspond to a
stage without histological inflammatory disease activity 37. Therefore, it remains a
surrogate endpoint which does not necessarily automatically translate into health
benefits. The definition for non-response established in this study (<50% decrease
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of serum transaminases after 4 weeks) accords with an earlier report stating that
‘no response’ is defined as ‘liver test values still greater than 50% of presenting
value after 1 month of treatment’ 24.
With these proposed endpoints we aim to reach better consistency in clinical
management and research in AIH. We strongly recommend that researchers will
incorporate these specific endpoints in clinical studies and registries to improve
comparability between datasets. Although these endpoints are primarily based on
expert opinion rather than driven by data, they are endorsed by a large community
of AIH experts.
The proposed different nomenclature for endpoints discriminates between the
biochemical component that drives AIH management (‘complete biochemical
response’) and the histologically component (minimal or absent hepatitis at liver
biopsy) (‘remission’). In clinical practice, the endpoint of complete biochemical
response will serve as the easiest and most relevant endpoint to measure in the
outpatient clinic. In view of the wide availability of clinical chemistry laboratories
in most health care environments, serum parameters are preferable as outcome
measures. Given the risk of complications and the unwillingness from patients to
undergo a liver biopsy, it will be difficult to obtain an histology endpoint in each
patient. Even if a liver biopsy has been obtained, standardized histology reporting
including a HAI score is not part of routine clinical care limiting its use in real-world.
We therefore advocate that complete biochemical response should serve as the
primary endpoint for AIH treatment, both in clinical practice and in studies. For
clinical decision making that requires a high degree of certainty, such as stopping
immunosuppressive therapy or suspicion of an alternative diagnosis, assessment of
liver histology may provide additional pivotal information.
This study is the first to use a semi-structured process to establish consensus on
surrogate endpoints in AIH. An advantage of a Delphi-process is that practice
variation is minimized by involving experts from a multiple institutions from
across the world. Also, the organized format of the survey allows to condense
expert opinion in an orderly fashion with control of information and content. We
believe that the establishment of these endpoints arrives at just the right time,
in view of the development of molecules that target the immune processes that
underlie AIH. Future trials that examine these molecules may benefit from the
use of this set of uniform endpoints. Although this process among a large group
of experts enabled us to reach consensus on endpoints in AIH management, there
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are limitations to this study. First, we were only able to reach a response rate of
34% over two rounds of the survey with only 15% of participants who completed
the two survey rounds. Frequent email reminders did yield higher response rates.
However, it must be pointed out that the IAIHG is an open group for all clinicians
and research in the field of autoimmune liver disease and that during the course of
time, not every individual who was once involved within the IAIHG is still in active
participation with the group. With 75 unique participants in the survey and 50
individuals who participated in the discussion during the consensus meeting, we
think the endpoints proposed in this paper reflect the expert opinion of most active
IAIHG members. Second, we did not incorporate patient-report outcome measures
(PROMs) or patient preferences into account for the definitions of the endpoints.
Although improvement in quality of life should be a very important treatment
goal in AIH 38, there are currently no validated PROMs validated in AIH to provide
detailed assessment of quality of life and symptoms. Despite the lack of validated
non-mortality, patient-centered, and physician-centered clinical endpoints,
which would specifically assess the effectiveness of a new drug, the use of these
surrogate endpoints can be used in clinical practice to assess treatment efficacy.
Third, the confirmation of the proposed endpoints in large prospective datasets
will be required in order to investigate their reproducibility and validity. Fourth,
the heterogeneity of AIH presentations causes that these definitions might not be
applicable in every clinical setting. A proportion of AIH patients will present with
acute AIH, where swift therapeutic action is required to prevent liver failure 39. In
these cases, the definitions proposed in this paper might not be fitting to the clinical
setting. Lastly, our panel included academic experts in the field. We did consider
the addition of representatives from regulatory agencies and industry but this was
not done to avoid already formed ideas or potential conflicts of interest.
In conclusion, with study we established consensus among international experts
regarding the definitions of the surrogate endpoints: complete biochemical
response, insufficient response, non-response, remission and intolerance in AIH.
We encourage the AIH community to incorporate these endpoints in future studies
to facilitate comparison of outcomes between studies and to yield data regarding
effect on long-term endpoints such as liver transplantation and liver-related death.
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SUPPLEMENTARY MATERIAL
Study
Cook 1971
Soloway 1972

Murray-Lyon 1973
Summerskill 1975

Tage-Jensen 1982

Used endpoints with definitions
Clinical trials
Change in serum bilirubin, albumin, globulin. Survival.
Remission: clinical normality, return to all customary
activities, and disappearance of histological signs of disease
activity.
Total remission: achievement of biochemical normality
(normal AST, bilirubin, albumin and gamma-globulin)
Subtotal remission: mild abnormality of either AST or
bilirubin
Improvement: disappearance of ascites, if present, together
with decreases of AST to 33% and of gamma-globulin to 33%
of pretreatment levels
Deterioration: development of ascites or bleeding varices,
a 67% increase in AST, or a 33% increase in gamma-globulin
from pretreatment levels.
Treatment failure: development of encephalopathy in the
absence of an exogenous precipitating factor; or increasing
ascites with a 2-fold increase in serum bilirubin.
Survival; cause of death. Change in bilirubin and gammaglobulin.
Remission: (1) absence of symptoms and return of the
patient to customary activities; (2) return of all liver function
and immunoserological tests to normal, apart from AST
x 2 normal and, in some instances, HBsAg; and (3) normal
histological appearances of the liver or features of inactive
hepatitis with portal tract inflammation, with or without
minimal piecemeal necrosis (appearances identical with
those in chronic persistent hepatitis)
Biochemical resolution: improvements in clinical and
laboratory features specified under (1) and (2) above
without histological verification of (3).
Relapse: AST > x 3 normal and the return of morphological
features of activity.
Treatment failure: the onset of endogenous coma, ascites,
or elevation of serum bilirubin and AST at least 66 % above
previous values, or side-effects necessitating cessation of
medications
Survival; cause of death. Changes in ANA/SMA titer.
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Czaja 1993

Czaja 1999

Stern 1977

Hegarty 1984

Stellon 1985
Stellon 1988
Manns 2010

Remission: absence of symptoms, decrease in the serum AST
level to less than twice normal, and improvement of other
standard liver tests (serum gamma-globulin and bilirubin
levels) to normal
Treatment failure: worsening of symptoms or laboratory
tests during therapy
Drug toxicity: intolerance of the medication
Remission: absence of symptoms, decrease in the serum AST
level to less than twice normal, and improvement of other
standard liver tests (serum gamma-globulin and bilirubin
levels) to normal
Treatment failure: clinical, laboratory, and/or histological
deterioration during corticosteroid treatment
Repeated relapse: at least 2 exacerbations of disease after
corticosteroid-induced remission and drug withdrawal.
Incomplete response: clinical and laboratory improvement or
stability during corticosteroid therapy but failure to achieve
a sustained remission after protracted treatment.
Changes in liver function tests (bilirubin, AST, albumin,
gamma-globulin, ceruloplasmin)
Drug toxicity: bleeding or perforated peptic ulcer, vertebral
collapse, diabetes requiring insulin, or psychosis.
Remission: absence of symptoms, serum aminotransferase
(AST) concentrations within the normal range (<40 IU/l) on
at least four
consecutive six monthly estimations, and liver histology
showing mild portal lymphocytic infiltration in the absence
of piecemeal necrosis.
Biochemical relapse: AST>240 IU/l
Remission: serum AST of less than 40 IU/l on 4 consecutive
3-monthly estimations
Histological remission: no or only mild inflammatory activity
Complete biochemical remission: serum ALT and AST within
normal range
Complete response to therapy: complete biochemical
remission combined with absence of steroid-specific sideeffects
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Johnson 1993
IAIHG meeting
report

Meeting reports / guidelines
Complete response: marked improvement of symptoms and
return of all liver test values completely to normal within
1 year and sustained at least for a further 6 months on
maintenance therapy, or a liver biopsy showing minimal
activity OR marked improvement of symptoms together with
at least 50% improvement of liver function tests during the
first month of treatment, with ALT and AST levels twice ULN
within 6 months or a liver biopsy showing minimal activity
Partial response: Improvement of symptoms together with
at least 50% improvement of all liver test results during the
first two months of treatment with continuing decreases
thereafter, but with AST and ALT levels still not completely
normal by 1 year OR Improvement of symptoms and return
of all liver test values to normal within 6 months, but with a
liver biopsy specimen still showing continuing activity
No response: either both of the following: liver test values
sill greater than 50% of presenting value after 1 month of
treatment or a liver biopsy showing no significant change in
activity after 6 months OR greater than 50% improvement
in liver test values during the first one or two months but
not becoming completely normal and with no further
improvement by six months
Treatment failure: Deterioration of patient’s condition
despite improvement in some parameters of disease activity
Relapse: either both of the following: an increase in serum
AST and ALT levels of greater than twice the upper normal
limit or a liver biopsy specimen showing active disease, with
or without reappearance of symptoms, after a “complete”
response as defined above OR reappearance of symptoms
of sufficient severity to require increased (or reintroduction
of) immunosuppression, accompanied by any increase in
serum AST and ALT levels, after a “complete” response as
defined above
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EASL guideline
2015

AASLD guideline
2010

BSH guideline
2014
CSH guideline
2015

Biochemical remission: normalization of IgG and
transaminases.
Histological remission: normal histology or minimal hepatitis
(HAI
<4 or equivalent)
Treatment failure: without immediate severity: a lack of,
or only minimal, improvement in clinical and laboratory
features after several weeks of standard treatment but
without liver failure.
With immediate severity: ‘acute severe AIH’: INR ≥1.5
without cirrhosis
Insufficient response: occurrence of some improvement in
clinical, biochemical and histological parameters but without
reaching complete resolution
Remission: disappearance of symptoms, normal serum
aminotransferases, bilirubin and gamma-globulin levels,
normal hepatic tissue or inactive cirrhosis
Treatment failure: worsening clinical, laboratory, and
histological features despite compliance with therapy.
Development of jaundice, ascites or hepatic encephalopathy
Insufficient response: some or no improvement in clinical,
laboratory, and histological features despite compliance
with therapy after 2-3 years. No worsening of condition
Complete treatment response: normalization of either AST
and ALT as well as IgG.
Biochemical remission: Normalization of ALT/AST and IgG/γglobulin
Insufficient response: ALT/AST and/or IgG/γ-globulin improve
but still remain abnormal

Supplementary table 1: reported endpoints and definitions in trials investigating autoimmune hepatitis.
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Definition

Item options

Median
rating

Remission in AIH
is best defined
as:

normalization of serum
transaminases below the upper
limit of normal (ULN)
normalization of serum
transaminases and serum IgG
below the ULN
liver histology with a Hepatitis
Activity Index (HAI) <4/18 or
equivalent
3 months after initiation of
Remission in
treatment
AIH should be
obtained no later 6 months after initiation of
than:
treatment
12 months after initiation of
treatment
18 months after initiation of
treatment
24 months after initiation of
treatment
normalization of serum
Complete
response in AIH is transaminases below the upper
best defined as:
limit of normal (ULN)
normalization of serum
transaminases and serum IgG
below the ULN
normalization of serum
transaminases, serum IgG
below the ULN, and reduction
of liver stiffness on repeated
examinations with transient
elastography
>75% reduction of serum
transaminases
>50% reduction of serum
transaminases
>25% reduction in serum
transaminases
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Disagreement index

6

1.04

8

0.02

8

0.32

3

0.65

7

0.65

8

0.37

3

1.10

2

1.55

6

1.29

8

0.16

7

0.65

1

0.29

1

0.13

1

0.06

Insufficient
response is best
defined as:

Insufficient
response should
be determined
no later than:

Non-response
in AIH is best
defined as:

<50% reduction of serum
transaminases
persistence of elevated serum
transaminases > 2 times ULN
persistence of elevated serum
transaminases > 2 times ULN
and serum IgG > ULN
lack of complete response
(based on above-mentioned
definition)
increased liver stiffness on
repeated measurements with
transient elastography
1 month after initiation of
treatment
3 months after initiation of
treatment
6 months after initiation of
treatment
12 months after initiation of
treatment
no improvement of serum
transaminases
no improvement of serum
transaminases or serum IgG
no improvement of serum
transaminases, bilirubin and INR
persistent histological activity
(HAI ≥4/18 or equivalent)
no improvement of serum
transaminases, serum IgG and
persistent histological activity
(HAI ≥4/18 or equivalent)
<25% reduction of serum
transaminases
<50% reduction of serum
transaminases
<75% reduction of serum
transaminases
development of signs of hepatic
decompensation
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5

1.70

6

0.52

7

0.65

8

0.13

4

0.65

2

0.29

4

0.65

7

0.41

8

0.51

7

0.50

7

0.37

6

0.65

5

1.06

8

0.49

4

1.29

3

0.65

2

0.35

5

1.53

Non-response
should be
determined no
later than:

Intolerance to
treatment is best
defined as:

2 weeks after initiation of
treatment
4 weeks after initiation of
treatment
6 weeks after initiation of
treatment
8 weeks after initiation of
treatment
12 weeks after initiation of
treatment
any adverse event possibly
related to treatment as assessed
by treating physician leading to
potential discontinuation of the
drug
severe steroid related side
effects (acne, hypertension,
psychosis, diabetes,
osteoporotic fractures), side
effects of immunosuppression
leading to discontinuation
(pancreatitis, cytopenia,
hepatitis, gastrointestinal
symptoms, allergic reactions).
inability to reach recommended
standard dose of treatment due
to adverse events

Supplementary table 2a: all survey questions and results from the first round
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3

0.65

5

1.70

4.5

1.49

5

1.03

4

2.55

8

0.29

8

0.29

7

0.37

Item options

Non-response in AIH
is best defined as:

no improvement of serum
transaminases
no improvement of serum
transaminases and serum IgG
no improvement of serum
transaminases, serum IgG and
persistent histological activity
(HAI ≥4/18 or equivalent)
no improvement of serum
transaminases, bilirubin and INR
4 weeks after initiation of
Non-response
treatment
in AIH should be
determined no later 8 weeks after initiation of
than:
treatment
3 months after initiation of
treatment
6 months after initiation of
treatment
12 months after initiation of
treatment
Insufficient response to 1st line treatment
The following statements will cover the definition of
insufficient response to 1st line AIH treatment.
1st line therapy includes:
Steroid monotherapy (predniso(lo)ne or budesonide)
Or
Steroids (predniso(lo)ne or budesonide) + azathioprine
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Median
rating

Disagreement index

7

0.52

8

0.16

8

0.29

5

0.85

5

0.97

5

0.88

6

0.63

6

1.61

3

0.65

Insufficient response <50% reduction of
to 1st line treatment transaminases
is best defined as:
persistence of elevated serum
transaminases > 2 x ULN
lack of biochemical remission
Hepatitis Activity Index >3/18 on
liver histology
ALT and AST >2 x ULN of normal
and IgG > upper limit of normal
Insufficient
agree / disagree on 9 point scale
st
response to 1 line
treatment may
only be diagnosed
if standard therapy
had been optimized
and adherence
proven:

- for azathioprine:
demonstration of
therapeutic 6-TGN
levels
- for steroids: up to
10 mg maintenance
therapy after start
with at least 0.5 mg/
kg/day prednisone/
prednisolone and
slow tapering
Insufficient
response to 1st line
treatment should be
determined no later
than:

1 month after initiation of
treatment
3 months after initiation of
treatment
6 months after initiation of
treatment
12 months after initiation of
treatment
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4

0.52

7

0.52

8

0.26

7

0.52

7

0.65

8

0.13

2.5

0.37

5

0.95

7

0.16

7

1.09

Insufficient response to 2nd line treatment
The following statements will cover the definition of
insufficient response to 2nd line AIH treatment.
2nd line therapy includes:
- 6-mercaptopurine
- mycophenolate mofetil (MMF)
- increased dosage azathioprine (>2 mg/kg)
- low dose azathioprine + allopurinol
- 6-tioguanine
Insufficient response <50% reduction of
to 2nd line treatment transaminases
is best defined as
persistence of elevated serum
transaminases > 2 x ULN
lack of biochemical remission
Hepatitis Activity Index >3/18 on
liver histology
transaminases >2 x ULN of
normal and IgG > upper limit of
normal
Insufficient
agree / disagree op 9 point scale
nd
response to 2 line
treatment may only
be diagnosed if
standard therapy has
been optimized and
adherence proven:
- for 6-MP:
demonstration of
therapeutic 6-TGN
levels
- for MMF: at least 1
g/day, preferably 2
g/day
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5

0.97

7

0.35

8

0.16

7

0.22

7

0.37

8

0.13

Insufficient
response to 2nd line
treatment should be
determined no later
than

1 month after initiation of
treatment
3 months after initiation of
treatment
6 months after initiation of
treatment
12 months after initiation of
treatment

2.5

0.37

5.5

0.52

8

0.16

6

0.63

Supplementary table 2b: all survey questions and results from the second round

Variable
IPR
IPRCP
Asymmetry index
IPRAS
Disagreement index

Formula
Upper limit IPR (67th percentile) – lower
limit IPR (33rd percentile)
(lower limit IPR + upper limit IPR) / 2
Distance between IPRCP and 5
2.35 + (1.5 * asymmetry index)
IPR / IPRAS

Supplementary table 3 Calculation of the disagreement index, adapted from Lantinga et al. IPR, interpercentile
range; IPRCP, the central point of IPR; IPRAS, interpercentile range adjusted for symmetry.
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CHAPTER 4

RAPID RESPONSE TO TREATMENT OF AUTOIMMUNE
HEPATITIS ASSOCIATED WITH REMISSION AT 6 AND 12
MONTHS
Simon Pape, Tom J.G. Gevers, Jan Maarten Vrolijk, Bart van Hoek, Gerd Bouma,
Carin M.J. van Nieuwkerk, Richard Taubert, Elmar Jaeckel, Michael P. Manns, Maria
Papp, Nora Sipeki, Felix Stickel, Cumali Efe, Ersan Ozaslan, Tugrul Purnak, Frederik
Nevens, Dominik J.N. Kessener, Alisan Kahraman, Heiner Wedemeyer , Johannes
Hartl, Christoph Schramm, Ansgar W. Lohse , Joost P.H. Drenth, Michael A. Heneghan
Clin Gastroenterol Hepatol. 2020 Jun;18(7):1609-1617.

ABSTRACT
Background and aims
Changes in serum levels of transaminases immediately after initiation of treatment
for autoimmune hepatitis (AIH) might be associated with biochemical markers of
remission and liver related events. We assessed the outcomes of patients with vs
without rapid response to treatment of AIH in a large international cohort.
Methods
We performed a retrospective cohort study, collecting data from 2 independent
cohorts of adults with AIH from 12 centers in 7 countries in Europe. We collected
information on patient demographics; serologic, histologic, and biochemical
analyses; and treatment. We used a receiver operating characteristic curve and
Youden index to calculate the optimal percentage decrease in level of aspartate
aminotransferase (AST) after 8 weeks of treatment that associated with normalization
of transaminase levels after 26 weeks of treatment with predniso(lo)ne (primary
outcome) in the first (discovery) cohort (n [ 370). We evaluated the results in the
second (validation) cohort (n [ 370). Secondary outcomes were liver-related death
or transplantation. We performed univariate and multivariable logistic and Cox
regression with correction for confounders.
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Results
A significant decrease in level of AST after 8 weeks of treatment was significantly
associated with normalization of transaminase levels at 26 and 52 weeks (P <
.001); a decrease of more than 80% in level of AST was associated with optimal
normalization. In both cohorts, rapid responders (80% decrease in level of AST
after 8 weeks) were more likely to achieve normalization of transaminases at 26
and 52 weeks when compared to non-rapid responders. Rapid responders in the
discovery cohort had lower risk of liver-related death or transplantation (adjusted
hazard ratio 0.18; 95% CI 0.05–0.63; P [ .007), although this was not confirmed in
the validation cohort. Results from measurement of alanine aminotransferase did
not differ significantly from those of AST for the primary outcome. Slow responders
(without normalization of transaminases after 1 year) had the highest risk of liver
transplantation or liver-related death.
Conclusions
In a retrospective study of patients with AIH, we found that a rapid response to
treatment, based on level of AST after 8 weeks, associates with normalization of
transaminase levels in the following year. Patients with a rapid response also have a
lower risk of liver-related death or transplantation than patients without this rapid
response.

76

INTRODUCTION
Autoimmune hepatitis (AIH) is a rare, chronic liver disease that is characterized by
elevated serum transaminases and IgG, inflammatory liver histology, and presence
of circulating autoantibodies.1,2 Treatment consists of induction therapy with
corticosteroids followed by maintenance therapy with azathioprine.3 Biochemical
remission is defined as normalization of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and IgG below the upper limit of normal (ULN). This
endpoint is associated with low histologic disease activity and regression of fibrosis.4
Reports on the relationship between elevation and dynamics of transaminases and
relevant outcomes are limited. Cases with AST levels greater than 10 times ULN at
presentation have a lower risk of developing cirrhosis and had a better long-term
outcome.5 Patients who do not achieve at least a 50% decrease of transaminases
within 6 months run an increased risk for liver transplantation.6
A large proportion of patients with AIH have a rapid decline of serum transaminases
in the first weeks after initiation of steroids, persisting throughout treatment.
The exact relationship between the rapidity of decline in transaminases during
treatment and long-term clinical events, such as liver transplantation and liverrelated mortality, is unknown. We hypothesized that patients with a rapid decrease
in transaminases have a higher probability to achieve biochemical remission and a
lower risk for liver-related morbidity later in time. Therefore, we used data from 2
independent cohorts of patients with AIH to investigate the relationship between
early treatment response and the effect on biochemical remission, liver-related
mortality, and liver transplantation.
METHODS
Study Design
We performed a retrospective cohort study, establishing 2 independent cohorts
of patients with AIH from 12 centers across 7 countries in Europe. We included
patients with a probable or definite AIH diagnosis according to the simplified
International Autoimmune Hepatitis Group score.7, 8, 9 When patients scored as
“no AIH” by the simplified criteria, but were treated by their physicians as patients
with AIH, the revised score was used to calculate a score per patient. Only patients
with a pretreatment score >10 were classified as AIH and were included in our
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study. Only patients who were ≥18 years old at time of diagnosis were included.
We excluded patients who had variant syndromes with primary biliary cholangitis;
primary sclerosing cholangitis; or other forms of liver disease, such as viral hepatitis
and nonalcoholic steatohepatitis. Ethics approval was waived after review by local
institutional review board.
Data Collection
Patient data were retrieved from patient records and local databases. We collected
demographics variables, serologic, histologic, biochemical, and treatment variables.
The original pathology report was used to classify a patient as cirrhotic. Additionally,
data on mortality and liver transplantation were collected. Laboratory values were
collected at baseline and after 8, 26, and 52 weeks of therapy.
Outcomes
Primary outcomes were normalization of transaminases after 26 and 52 weeks
of treatment. The gender-specific ULN for ALT and AST of each center was used.
Secondary endpoints included biochemical remission, defined as normalization of
transaminases and normal serum IgG after 26 and 52 weeks of treatment, liverrelated mortality or liver transplantation, all-cause mortality, and development of
hepatocellular carcinoma. In case of missing ALT or AST values at the 26- or 52-week
time point, we used last observation carried forward to account for missing values.
Analysis
We randomly generated a discovery and validation cohort with stratification for
baseline predniso(lo)ne dose. First, we analyzed the correlation between percentage
decrease of AST after 8 weeks and normalization of transaminases after 26 weeks
in the discovery cohort (n = 370) using a receiver operating characteristic curve
analysis. The Youden index was calculated to generate a cutoff level of percentage
of AST decrease after 8 weeks.
Second, patients from the discovery cohort were divided into 2 groups based on the
cutoff, generated from the first analysis. Patients with a percentage fall of AST after
8 weeks above the cutoff were classified as “rapid responders” and were compared
with patients with a fall of AST below the cutoff. Univariate comparisons between
the 2 groups were made with the chi-square test, Mann-Whitney U test, or Student
t test as appropriate. We applied logistic regression to determine endpoints in the
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2 groups of patients. The final regression model included institute, cirrhosis, acutesevere AIH (AS-AIH defined as a presentation with an international normalized ratio
≥1.5 without evidence of cirrhosis 10, predniso(lo)ne dose, use of maintenance
therapy, AST at baseline, and bilirubin at baseline. Results of the multivariable
logistic regression are presented as odds ratio (OR) and 95% confidence interval
(CI). We used Kaplan-Meier curves with log-rank testing and Cox regression with
adjustment for confounders for the composite endpoint of liver-related mortality
and transplantation. Results of the Cox regression analysis are presented as hazard
ratio (HR) with 95% CI.
Third, the cutoff generated from the discovery cohort was used to determine
outcomes in the validation cohort (n = 370). We performed similar univariate and
multivariable analyses as in the discovery cohort. Fourth, we performed a subgroup
analysis in both cohorts combined on patients with cirrhosis at presentation.
Additionally, we performed exploratory analyses targeting slow responders who
achieved normalization of transaminases at Week 52. Analysis for the primary and
secondary outcomes was also performed with percentage ALT decrease as the
independent variable in both cohorts. P < .05 was considered statistically significant.
Statistical analysis was performed using SPSS version 25 (IBM Corporation, Armonk,
NY).
RESULTS
Population
Both the discovery and validation cohort consisted of 370 patients. Most patients
were female (74.5%). Patients in the validation cohort were slightly older at time
of diagnosis compared with patients in the discovery cohort (49.58 years vs 47.09
years; P = .04). Other baseline and treatment characteristics were comparable
between the cohorts (Supplementary Table 1).
Receiver Operating Characteristic Analysis
Percentage decrease of AST after 8 weeks of treatment was significantly associated
with normalization of transaminases at 26 weeks of treatment in receiver operating
characteristic analysis (area under the curve, 0.65; 95% CI, 0.59–0.71; P < .001). The
highest Youden index was 0.274, which corresponded with an AST decrease of 80%.
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This percentage was used as cutoff to determine patients with a rapid treatment
response. Corresponding sensitivity, specificity, and positive predictive value were
64.6%, 62.8%, and 77.3%, respectively.
Discovery Cohort: Baseline Characteristics
Of all patients in the discovery cohort, 60.8% (225/370) of patients were scored as
rapid treatment responders (≥80% AST decrease after 8 weeks). Rapid responders
had significantly higher transaminases (ALT × ULN 21.34 vs 3.27; P < .001; AST ×
ULN 19.29 vs 2.61; P < .001) and total bilirubin (107 vs 21 μmol/L; P < .001) levels at
baseline when compared with patients without a rapid treatment response (Table
1). Rapid responders were less likely to have cirrhosis at baseline when compared
with slow responders (13.8% vs 24.1%; P = .01) and were more likely to have AS-AIH
(21.8% vs 6.9%; P < .001). Patients with a rapid treatment response were treated
with higher initial predniso(lo)ne dosages (0.73 mg/kg/day vs 0.50 mg/kg/day; P <
.001).

<80% AST
decrease at
week 8
n = 145
105 (72.4%)

Female sex, n (%)
Age at diagnosis, year (SD)

48.08 (16.39)

Probable AIH diagnosis, n (%)

66 (45.5%)

Definite AIH diagnosis, n (%)

79 (54.4%)

ALT x ULN, median (IQR)

3.27 (5.59)

AST x ULN, median (IQR)

2.61 (4.16)

Bilirubin (µmol/l), median (IQR)
INR, median (IQR)†
IgG (g/l), median (IQR)
Cirrhosis, n (%)
AS-AIH, n (%)

21 (37.5)
1.10 (0.29)
17.73 (13.2)
35 (24.1%)
10 (6.9%)
80

≥80% AST
decrease
at week 8
n = 225
171 (76%)
46.46
(16.07)
100
(44.4%)
125
(55.6%)
21.34
(28.31)
19.29
(22.70)
107 (207.1)
1.25 (0.54)
20.0 (11.7)
31 (13.8%)
49 (21.8%)

p-value
0.44
0.35
0.84
0.84
<0.001
<0.001
<0.001
<0.001
0.07
0.01
<0.001

Treatment characteristics
Prednisone dose at start (mg/kg),
median (IQR)
Predniso(lo)ne dose at start mg/day),
median (IQR)
On predniso(lo)ne at 26 weeks, n (%)
Predniso(lo)ne dose at 26 weeks (mg/
day), median (IQR)
On predniso(lo)ne at 52 weeks, n (%)
Predniso(lo)ne dose at 52 weeks (mg/
day), median (IQR)
Use of maintenance therapy at week
26, n (%)
AZA, n (%)

0.50 (0.44)

0.73 (0.81)

<0.001

40 (40)

50 (68)

<0.001

96 (96.0%)

149
(94.3%)

0.54

7.5 (10.0)

7.5 (5.0)

0.04

62 (82.7%)

113
(82.5%)

0.97

5.0 (7.5)

5.0 (5.0)

0.46

105 (72.4%)
86 (59.3%)

MMF, n (%)
TAC, n (%)
6-MP, n (%)
6-TG, n (%)
CsA, n (%)
Other, n (%)

4 (2.8%)
1 (0.7%)
7 (4.8%)
0
3 (2.1%)
1 (0.7%)

173
(76.9%)
148
(65.8%)
6 (2.7%)
2 (0.9%)
8 (3.6%)
1 (0.4%)
4 (1.8%)
3 (1.3%)

0.33
0.21
0.96
0.84
0.55
0.42
0.84
0.56

Table 1. Baseline and treatment characteristics of the discovery cohort. Patients are divided into two groups
based on their treatment response. † available for 291 patients. 6-MP, 6-mercaptopurine; 6-TG, 6-tioguanine; ALT,
alanine aminotransferase; AS-AIH, acute-severe autoimmune hepatitis; AST, aspartate aminotransferase; AZA,
azathioprine; CsA, cyclosporine; IAIHG, International Autoimmune Hepatitis Group; IgG, immunoglobulin G, IQR,
interquartile range; MMF, mycophenolate mofetil; SD, standard deviation; TAC, tacrolimus; ULN, upper limit of
normal.

Discovery Cohort: Outcomes
Rapid responders had higher rates of normalization of transaminases at 26 weeks
compared with patients with a slower treatment response: 77.3% vs 57.2% (P < .001).
This difference persisted after 52 weeks of treatment: 86.7% of rapid responders
had normalization of transaminases versus 64.8% of nonrapid responders (P <
.001). In a subgroup of patients with available IgG (n = 227 for 26 weeks, n = 210
for 52 weeks), we found that biochemical remission rates were higher in the rapid
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responders when compared with nonrapid responders: 77.1% versus 52.9% (P <
.001) and 79.7% versus 61.2% (P = .004) or 26 and 52 weeks, respectively (Table 2).

Normal transaminases at 26 weeks,
n (%)
Biochemical remission at 26 weeks,
n (%)†
Predniso(lo)ne dose ≤10 mg at 26
weeks, n (%)
Normal transaminases at 52 weeks,
n (%)
Biochemical remission at 52 weeks,
n (%)¶
Predniso(lo)ne dose ≤10 mg at 52
weeks, n (%)
Liver related death or LTx, n (%)
All cause mortality, n (%)
HCC development, n (%)

<80% AST
decrease
at week 8
n = 145
83
(57.2%)
46
(52.9%)
32
(22.1%)
94
(64.8%)
41
(61.2%)
65
(44.8%)
23
(15.9%)
20
(13.9%)
4 (2.8%)

≥80% AST decrease
at week 8
n = 225

p-value

174 (77.3%)

<0.001

108 (77.1%)

<0.001

77 (34.2%)

0.01

195 (86.7%)

<0.001

114 (79.7%)

0.004

125 (55.6%)

0.04

7 (3.1%)

<0.001

11 (4.9%)

0.002

0

0.01

Table 2. Outcomes in the discovery cohort: patients with a rapid treatment response (>80% AST decrease after
8 weeks of treatment) vs. patients without a rapid treatment response. Primary outcome was normalization
of transaminases after 26 and 52 weeks of treatment. For patients with available IgG, we performed a
subgroup analysis for biochemical remission. Data available for: † 227 patients; ¶ 210 patients. AST, aspartate
aminotransferase; HCC, hepatocellular carcinoma; LTx, liver transplantation.

Multivariable logistic regression showed that rapid responders had a higher
probability to reach normalization of transaminases after 26 weeks (OR, 3.63; 95%
CI, 1.94–6.79; P < .001) and 52 weeks (OR, 4.99; 95% CI, 2.44–10.24; P <.001) of
treatment. The same results were observed for biochemical remission in patients
with available IgG: ORs were 4.51 (95% CI, 2.05–9.92; P <.001) and 2.77 (95% CI,
1.18–6.47; P = .02) for 26 and 52 weeks, respectively (Table 3). In a sensitivity analysis
in a dataset without imputed AST and ALT values we found similar significant results
(P < .001 for normalization of transaminases at both 26 and 52 weeks).
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Logistic
regression
Normal
transaminases at
26 weeks
Biochemical
remission at 26
weeks
Normal
transaminases at
52 weeks
Biochemical
remission at 52
weeks
Cox regression
Liver related
death or LTx
All cause
mortality

Uncorrected OR

p-value

Corrected OR

p-value

2.55 (1.62 – 4.01)

<0.001

3.63 (1.94 – 6.79)

<0.001

3.01 (1.69 – 5.36)

<0.001

4.51 (2.05 – 9.92)

<0.001

3.53 (2.11 – 5.90)

<0.001

4.99 (2.44 – 10.24) <0.001

2.49 (1.32 – 4.72)

0.005

2.77 (1.18 – 6.47)

0.02

Uncorrected HR
0.18 (0.08 – 0.43)

p-value
<0.001

Corrected HR

p-value

0.18 (0.05 – 0.63)

0.007

0.32 (0.15 – 0.67)

0.002

0.26 (0.09 – 0.75)

0.01

Table 3. Results of the discovery cohort after multivariable logistic regression and Cox regression for patients with
a ≥80% AST decrease after 8 weeks of treatment. In all multivariable analyses we adjusted for institute, cirrhosis,
AS-AIH, predniso(lo)ne dose, use of maintenance therapy, AST at baseline and bilirubin at baseline. AS-AIH, acutesevere AIH; AST, aspartate aminotransferase; HR, hazard ratio; OR, odds ratio; LTx, liver transplantation.

To exclude the presence of cirrhosis as a confounder, we performed a sensitivity
analysis in patients without cirrhosis at time of diagnosis in the discovery cohort,
which demonstrated consistency with our primary analysis. Rapid responders
without cirrhosis had a higher chance of normalization of transaminases at 26 and
52 weeks of treatment when compared with those without cirrhosis who responded
slower (OR, 3.62; 95% CI, 1.81–7.26; P < .001 and OR, 4.18; 95% CI, 1.87–9.36; P =
.001 for Week 26 and 52, respectively).
During a median follow-up of 6.2 years, liver-related death or liver transplantation,
as a composite endpoint, occurred less frequently in rapid responders: 3.1% versus
15.9% (log-rank P < .001) (Figure 1). This also held for all-cause mortality, which
occurred in 4.9% of rapid responders versus 13.9% in slow responders (log-rank P =
.001). Multivariable Cox regression showed that rapid responders were at a lower
risk of liver-related death or transplantation (adjusted HR, 0.18; 95% CI, 0.05–0.63;
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P = .007) and for all-cause mortality (adjusted HR, 0.26; 95% CI, 0.09–0.75; P = .01).
Development of hepatocellular carcinoma occurred only in the slow responder
group (2.8% vs 0%; P = .01).

Figure 1. Kaplan-Meier curve of liver related death or transplantation over time in the discovery cohort. Patients
with an AST decrease of ≥80% are compared to patients with an AST decrease <80% (log rank p < 0.001). AST,
aspartate aminotransferase; LTx, liver transplantation.

Slow responders in the discovery cohort who did not achieve normalization of
transaminases after 52 weeks of treatment had higher rates of liver-related death
or liver transplantation when compared with slow responders that did achieve
normalization of transaminases after 52 weeks: 35.3% versus 5.3% (P < .001).
This difference remained significant after multivariable Cox regression (adjusted
HR, 0.13; 95% CI, 0.03–0.52; P = .004). Slow responders who did not have normal
transaminases after 52 weeks had higher pretreatment transaminases and bilirubin
and were more frequently cirrhotic (Supplementary Table 2). Similar observations
were made in the validation cohort: slow responders that did not reach normal
transaminases after 52 weeks had numerically higher rates of liver-related death
or liver transplantation, although this did not reach statistical significance: 16.0%
versus 8.4% (P = .17). However, when corrected for confounders in the multivariate
Cox regression, reaching normal transaminases at Week 52 predicted a lower
chance of liver-related death or transplantation (adjusted HR, 0.27; 95% CI, 0.08–
0.84; P = .02).
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Validation Cohort: Baseline Characteristics
In the validation cohort, 60.8% (225/370) of patients were assigned to the rapid
responder group. We observed similar differences in baseline characteristics as
in the discovery cohort: rapid responders had higher ALT, AST, bilirubin, and IgG
at baseline (Supplementary Table 3). Cirrhosis was unevenly but not significantly
distributed among rapid and slow responders (14.7% vs 20.7%; P = .13). AS-AIH
occurred in rapid responders (13.7%) and slow responders (8.3%; P = .11). Rapid
responders were treated with significantly higher predniso(lo)ne dosages when
compared with slow responders (0.71 mg/kg/day vs 0.51 mg/kg/day; P < .001),
whereas use of maintenance therapy at Week 26 did not differ (73.3% vs 69.0%; P
= .36).
Validation Cohort: Outcomes
Consistent with the results in the discovery cohort, we found that rapid responders
were more likely to achieve normalization of transaminases after 26 and 52
weeks of treatment (73.3% vs 51.7%; P < .001 and 83.6% vs 65.5%; P < .001). The
observation was made in patients with available IgG for biochemical remission
after 26 and 52 weeks (72.8% vs 42.0%; P < .001 and 84.4% vs 56.8%; P < .001)
(Table 4). Multivariable logistic regression showed a significant advantage for
rapid responders for normalization of transaminases after 26 and 52 weeks (OR,
2.97; 95% CI, 1.66–5.33; P < .001 and OR, 2.45; 95% CI, 1.28–4.69; P = .007), or for
biochemical remission at the same time points (OR, 3.62; 95% CI, 1.68–7.82; P =
.001 and OR, 4.34; 95% CI, 1.77–10.65; P = .001) (Table 5). During a median followup of 6.2 years, liver-related death or liver transplantation occurred more frequently
in slow responders: 11.0% versus 3.6% (log-rank p = .006) (Supplementary Figure 1).
A multivariable Cox regression failed to assign statistical significance (adjusted HR,
0.47; 95% CI, 0.16–1.39; P = .17). Similar results were seen for all-cause mortality
(9.0% vs 4.9%; log rank p = .14; adjusted HR, 0.68; 95% CI, 0.26–1.79; P = .15).
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Normal transaminases at 26
weeks, n (%)
Biochemical remission at 26
weeks, n (%)†
Predniso(lo)ne dose ≤10 mg at
26 weeks, n (%)
Normal transaminases at 52
weeks, n (%)
Biochemical remission at 52
weeks, n (%)¶
Predniso(lo)ne dose ≤10 mg
at 52 weeks, n (%)
Liver related death or LTx, n (%)
All cause mortality, n (%)
HCC development, n (%)

<80% AST
decrease at
week 8
n = 145

≥80% AST
decrease at
week 8
n = 225

p-value

75 (51.7%)

165 (73.3%)

<0.001

34 (42.0%)

99 (72.8%)

<0.001

33 (22.8%)

71 (31.6%)

0.07

95 (65.5%)

188 (83.6%)

<0.001

50 (56.8%)

114 (84.4%)

<0.001

67 (46.2%)

135 (60.0%)

0.009

16 (11.0%)
13 (9.0%)
0

8 (3.6%)
11 (4.9%)
0

0.004
0.12
-

Table 4. Outcomes in the validation cohort: patients with a rapid treatment response (>80% AST decrease after
8 weeks of treatment) vs. patients without a rapid treatment response. Primary outcome was normalization
of transaminases after 26 and 52 weeks of treatment For patients with available IgG, we performed a
subgroup analysis for biochemical remission. Data available for: † 217 patients; ¶ 229 patients. AST, aspartate
aminotransferase; HCC, hepatocellular carcinoma; LTx, liver transplantation.

Logistic regression
Normal
transaminases at
26 weeks
Biochemical
remission at 26
weeks
Normal
transaminases at
52 weeks
Biochemical
remission at 52
weeks

Uncorrected OR p-value Corrected OR
2.57 (1.65 – 3.98) <0.001 2.97 (1.66 – 5.33)

p-value
<0.001

3.70 (2.07 – 6.61) <0.001

3.62 (1.68 – 7.82)

0.001

2.67 (1.64 – 4.37) <0.001

2.45 (1.28 – 4.69)

0.007

4.11 (2.21 – 7.64) <0.001

4.34 (1.77 – 10.65) 0.001

86

Cox regression
Liver related death
or LTx
All cause mortality

Uncorrected HR p-value Corrected HR
0.33 (0.14 – 0.77) 0.01
0.47 (0.16 – 1.39)

p-value
0.17

0.55 (0.25 – 1.14) 0.15

0.43

0.68 (0.26 – 1.79)

Table 5.Results of the validation cohort after multivariable logistic regression and Cox regression for patients with
a ≥80% AST decrease after 8 weeks of treatment. In all multivariable analyses we adjusted for institute, cirrhosis,
AS-AIH, predniso(lo)ne dose, use of maintenance therapy, AST at baseline and bilirubin at baseline. AS-AIH, acutesevere AIH; AST, aspartate aminotransferase; HR, hazard ratio; OR, odds ratio; LTx, liver transplantation.

Sensitivity Analysis With Alanine Aminotransferase
We performed a sensitivity analysis in patients with available ALT at Week
8 in the discovery cohort (n = 326) and the validation cohort (n = 337). In both
cohorts we found that rapid responders based on ALT had a higher likelihood for
normalization of transaminases and biochemical remission when compared with
slow responders. The composite endpoint of liver transplantation and liver-related
death was significant in the discovery cohort, but not in the validation cohort after
Cox regression (Supplementary Tables 4 and 5).
Subgroup Analysis in Patients With Cirrhosis
We performed a subgroup analysis in patients from both cohorts combined who
had cirrhosis at presentation (Supplementary Table 6). Sixty-four (49.6%) were
rapid responders. In rapid responding patients with cirrhosis, rates of normalization
of transaminases were higher than in those with a slow response: 73.4% versus
44.6% (P = .001) and 79.7% versus 47.7% (P < .001) for 26 weeks and 52 weeks,
respectively, which remained significant in the multivariable analysis (OR, 8.93;
95% CI, 2.69–29.69; P < .001; OR, 5.95; 95% CI, 1.92–18.50; P = .002). Rates of
biochemical remission were also higher in the univariate analysis in rapid responding
patients with cirrhosis: 70% versus 40% (P = .009) and 77.5% versus 48.5% (P = .01)
for 26 weeks and 52 weeks, respectively. Only the 26-week time point remained
significant in the multivariable analysis (P = .04 and P = .42 for Week 26 and 52,
respectively). The composite endpoint of liver-related death or transplantation
occurred less often in rapid responding patients with cirrhosis: 6.3% versus 27.7%
(P = .001), although there was no significant difference in the multivariable analysis
(P = .13).
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DISCUSSION
We show that patients with AIH with a substantial decrease (≥80%) of transaminases
in the first 8 weeks of treatment have a high chance of normalization of
transaminases and biochemical remission after 26 and 52 weeks of treatment. A
rapid treatment response was independently associated with a lower risk of liverrelated death or liver transplantation, although only in the discovery cohort. The
clinical consequence of these observations is that ≥80% decrease in transaminase
levels within 8 weeks of treatment initiation may serve as a predictor of long-term
disease course and serves as a clinical tool for patient stratification. Additionally, we
found that patients with AIH with a slow treatment response who failed to reach
normalization of transaminases after 1 year of treatment were at the highest risk
for development of liver-related mortality or transplantation.
High transaminases were associated with a rapid response and it is possible these
patients with acute AIH are more susceptible to immunosuppressive treatment.
Lower baseline transaminases in the slow responders might suggest a subclinical
or protracted disease course in the months/years preceding diagnosis, leading to a
delay in initiation of effective therapy, and poorer response rates.11 Theoretically, a
rapid and intense suppression of the inflammatory response may lead to hepatic
stellate cell deactivation, cease proliferation of myelofibroblasts, and prevent
fibrosis development.12
Earlier studies on predictors of treatment response showed that a diagnosis <18
years old, histologic cirrhosis, and positive soluble liver antigen/liver pancreas
antigen were associated with poor short- and long-term outcome.13 However, the
concept of rapidity of treatment response and its consequences has been largely
unexplored. Results of our study accord with those of The King’s College group who
described an association between baseline AST levels and cirrhosis development
and long-term outcome.5 Patients with AST levels at diagnosis less than 10 times
ULN had a higher risk on liver transplantation or death. Similarly, patients had
higher bilirubin levels and less cirrhosis at time of diagnosis. Our study provides new
and important clinical information because we show that transaminase dynamics
surpass a single AST measurement as a predictor for outcomes in AIH. To further
illustrate this, we stratified patients from both cohorts combined according to
their initial AST elevation, which shows that a rapid response has predictive value,
regardless of baseline AST level (Supplementary Table 7). Our data accord with
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another, much smaller study that demonstrated that a rapid treatment response
(defined as a response within 6 months after treatment initiation) mitigated the risk
for the development of cirrhosis and need for liver transplantation.14
We found that there is a wide phenotypical heterogeneity of AIH, in terms of variation
of transaminases at presentation. Slow responders had lower transaminases at
baseline and AIH cirrhotics have lower transaminases on presentation.15,16 However,
our sensitivity analysis in patients without cirrhosis gave similar results, excluding
cirrhosis as a confounding factor. Moreover, a rapid treatment response after 8
weeks of treatment is associated with improved outcomes regardless of presence
of cirrhosis. These findings indicate that even in in patients with cirrhosis, rapidity
of treatment response acts as a prognostic factor, although the statistical power
precludes to confirm the benefit for our composite outcome of liver-related death
or transplantation.
Our study comes with limitations. First, because of its retrospective design, it
carries selection bias. Only patients who had available serum transaminases in the
first weeks of treatment were included in this study. However, the large number
of participating centers allows us to collect a large AIH cohort that reflects realworld practice. Second, rapid responders were treated with higher predniso(lo)ne
dosages, suggesting that steroid dose might act as a confounder. Indeed, we noticed
that, in a subgroup of patients with available data, cumulative steroid dosages in
the first year of treatment were slightly lower in slow responders, although this was
not statistically significant. However, we have shown previously that initial steroid
dose is independent from the likelihood of biochemical remission.17,18 We adjusted
for steroid dose in the logistic regression model, which gave similar results to the
univariate analysis. Third, we used normalization of transaminases as our primary
endpoint, which contrasts international guidelines that state that complete
biochemical remission, including normalization of IgG, should be the desired
endpoint in AIH.3,19 We found that IgG levels were not as frequently measured
as guidelines stipulate. This suggests decision making in routine care is based on
transaminases alone. Therefore, we chose to incorporate biochemical remission
as a secondary endpoint for patients with an available IgG at the time points of
interest, which yield similar.
Fourth, we do not provide data on histologic disease activity at diagnosis or followup. Very few centers use the hepatitis activity index in their histology reports.
Practical and logistic hurdles hampered us from revising all the biopsy samples
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from the patients in our cohort. Although older studies questioned the relationship
between normalization of serum markers and complete histologic remission,20,21 a
recent study confirmed that biochemical remission is associated with histologic
disease activity and regression of fibrosis.4 Fifth, the concept of rapid treatment
response described in this study is only applicable to patients that reach the 8-week
time point. Our model is of little value for patients with AIH who present with acute
liver failure that warrants immediate escalation of therapy or transplantation
because they were excluded from our study. Sixth, we included patients with AS-AIH
in both our cohorts and included them in our primary analysis. Although a subgroup
analysis without AS-AIH showed similar results (data not shown), one could
consider to exclude patients with AS-AIH in future studies, given the differences in
presentation, kinetics, and prognosis. Lastly, missing data points hampered us from
investigating other predictive models that had a slightly better performance than a
model with AST only. Additionally, we were unable to analyze various factors that
might have played a role in treatment outcomes, such as compliance to therapy,
flares of AIH, and drug levels. Future studies should prospectively validate models
that include a combination of ALT, AST, and bilirubin after 8 weeks of treatment.
The results of our study underline that a rapid and substantial amelioration of
biochemical inflammatory activity is an important prognostic factor for remission
of AIH. The absence of such a response after 8 weeks might be used to identify
patients that might benefit from intensified monitoring and escalation of treatment,
although this hypothesis needs future prospective research. Because we observed
that a large proportion of patients without a rapid response ultimately achieved
biochemical remission, clinicians should be encouraged to continue adequate
immunosuppression with the goal of later remission. In clinical practice, patients
with AIH should be monitored intensively during the first weeks after initiation of
treatment, to obtain a clear picture of dynamics of transaminases.
To conclude, patients with AIH with a rapid treatment response after 8 weeks of
treatment have a favorable disease course with a high likelihood of biochemical
remission and possibly a reduced risk for liver-related mortality and liver
transplantation. Moreover, these results suggest that stratification according to
early treatment response may also identify patients at greatest risk and need for
treatment intensification.
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SUPPLEMENTARY MATERIAL

Supplementary figure 1. Kaplan-Meier curve of liver related death or transplantation over time in the validation
cohort. Patients with an AST decrease of ≥80% are compared to patients with an AST decrease <80% (log rank p =
0.006). AST, aspartate aminotransferase; LTx, liver transplantation.

Female sex, n (%)
Age at diagnosis, year (SD)
Probable AIH diagnosis, n (%)
Definite AIH diagnosis, n (%)
ALT x ULN, median (IQR)
AST x ULN, median (IQR)
Bilirubin (µmol/l), median (IQR)
INR, median (IQR)†
IgG (g/l), median (IQR)
Cirrhosis, n (%)
AS-AIH, n (%)

Discovery
cohort

Validation
cohort

p-value

n = 370
276 (74.6%)
47.09 (16.19)
166 (44.9%)
204 (55.1%)
11.3 (23.04)
10.13 (19.52)
40 (145.2)
1.10 (0.30)
21.1 (11.2)
66 (17.8%)
59 (15.9%)

n = 370
275 (74.3%)
49.58 (16.49)
151 (40.8%)
219 (59.2%)
9.81 (21.84)
10.45 (22.19)
42.5 (152.3)
1.20 (0.34)
18.4 (12.2)
63 (17.0%)
43 (11.6%)

0.93
0.04
0.27
0.27
0.88
0.80
0.41
<0.001
0.06
0.77
0.09
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Treatment characteristics
Prednisone dose at start (mg/kg),
median (IQR)
Predniso(lo)ne dose at start mg/
day), median (IQR)
On predniso(lo)ne at 26 weeks, n (%)
Predniso(lo)ne dose at 26 weeks
(mg/day), median (IQR)
On predniso(lo)ne at 52 weeks, n (%)
Predniso(lo)ne dose at 52 weeks
(mg/day), median (IQR)
Use of maintenance therapy at week
26, n (%)
AZA, n (%)
MMF, n (%)
TAC, n (%)
6-MP, n (%)
6-TG, n (%)
CsA, n (%)
Other, n (%)

0.62 (0.59)

0.63 (0.57)

0.83

40 (45)

40 (46)

0.87

245 (95.0%)

243 (94.2%)

0.70

7.5 (5.0)

7.5 (5.0)

0.42

175 (82.5%)

184 (82.1%)

0.91

5.0 (5.0)

5.0 (5.0)

0.81

278 (75.1%)

265 (71.6%)

0.28

234 (63.2%)
10 (2.7%)
3 (0.8%)
15 (4.1%)
1 (0.3%)
7 (1.9%)
8 (2.2%)

224 (60.5%)
7 (1.9%)
7 (1.9%)
11 (3.0%)
3 (0.8%)
8 (2.2%)
5 (1.4%)

0.45
0.46
0.20
0.43
0.32
0.79
0.40

Supplementary table 1. Baseline and treatment characteristics of the discovery and validation cohort. †
available for 288 patients. 6-MP, 6-mercaptopurine; 6-TG, 6-tioguanine; ALT, alanine aminotransferase; AS-AIH,
acute-severe autoimmune hepatitis; AST, aspartate aminotransferase; AZA, azathioprine, CsA, cyclosporine;
IAIHG, International Autoimmune Hepatitis Group; IgG, immunoglobulin G, IQR: interquartile range; MMF,
mycophenolate mofetil; SD, standard deviation; TAC, tacrolimus; ULN, upper limit of normal.

Female sex, n (%)
Age at diagnosis, year (SD)
Probable AIH diagnosis, n (%)
Definite AIH diagnosis, n (%)
ALT x ULN, median (IQR)
AST x ULN, median (IQR)

<80% AST
decrease at
week 8
n = 145

≥80% AST
decrease at
week 8
n = 225

p-value

104 (71.7%)
50.08 (15.74)
52 (35.9%)
93 (64.1%)
3.5 (4.83)
2.87 (4.38)

171 (76.0%)
49.26 (16.92)
99 (44.0%)
126 (56.0%)
22.89 (26.48)
22.39 (23.24)

0.36
0.64
0.12
0.12
<0.001
<0.001
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Bilirubin (µmol/l), median (IQR)
INR, median (IQR)†
IgG (g/l), median (IQR)
Cirrhosis, n (%)
AS-AIH, n (%)
Treatment characteristics
Prednisone dose at start (mg/kg),
median (IQR)
Predniso(lo)ne dose at start (mg/
day), median (IQR)
On predniso(lo)ne at 26 weeks, n
(%)
Predniso(lo)ne dose at 26 weeks
(mg/day), median (IQR)
On predniso(lo)ne at 52 weeks, n
(%)
Predniso(lo)ne dose at 52 weeks
(mg/day), median (IQR)
Use of maintenance therapy at
week 26, n (%)
AZA, n (%)
MMF, n (%)
TAC, n (%)
6-MP, n (%)
6-TG, n (%)
CsA, n (%)
Other, n (%)

17 (26.5)
1.18 (0.45)
19.6 (9.5)
30 (20.7%)
12 (8.3%)

85.5 (171.1)
1.18 (0.35)
21.8 (12.0)
33 (14.7%)
31 (13.8%)

<0.001
0.82
0.02
0.13
0.11

0.53 (0.51)

0.71 (0.72)

<0.001

40 (35)

40 (60)

<0.001

97 (96.0%)

146 (93.0%)

0.31

7.5 (5.0)

7.5 (5.0)

0.08

67 (84.8%)

117 (80.7%)

0.44

5.0 (7.0)

5.0 (5.0)

0.02

100 (69.0%)

165 (73.3%)

0.36

82 (56.6%)

143 (63.1%)

0.21

3 (2.1%)
4 (2.8%0
2 (1.4%)
1 (0.7%)
5 (3.4%)
2 (1.4%)

4 (1.8%)
3 (1.3%)
9 (4.0%)
2 (0.9%)
3 (1.3%)
0

0.84
0.33
0.15
0.84
0.17
0.08

Supplementary table 2. Baseline and treatment characteristics of the validation cohort. Patients are divided
into two groups based on their treatment response. † available for 579 patients. 6-MP, 6-mercaptopurine;
6-TG, 6-tioguanine; ALT, alanine aminotransferase; AS-AIH, acute-severe autoimmune hepatitis; AST, aspartate
aminotransferase; AZA, azathioprine; CsA, cyclosporine; IAIHG, International Autoimmune Hepatitis Group;
IgG, immunoglobulin G, IQR: interquartile range; MMF, mycophenolate mofetil; SD, standard deviation; TAC,
tacrolimus; ULN, upper limit of normal.
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Baseline
Female sex, n (%)
Age at diagnosis, year (SD)
Prednisone dose at start (mg/kg),
median (IQR)
ALT x ULN, median (IQR)
AST x ULN, median (IQR)
Bilirubin (µmol/l), median (IQR)
IgG (g/l), median (IQR)
Normal transaminases at 26
weeks, n (%)
Biochemical remission at 26
weeks, n (%)†
Predniso(lo)ne dose ≤10 mg at 26
weeks, n (%)
Normal transaminases at 52
weeks, n (%)
Biochemical remission at 52
weeks, n (%)¶
Predniso(lo)ne dose ≤10 mg at 52
weeks, n (%)
Liver related death or LTx, n (%)
All cause mortality, n (%)
HCC development, n (%)

<80% AST
decrease at
week 8
n = 65
47 (72.3%)
49.45 (16.85)
0.51 (0.48)

p-value

≥80% AST
decrease at
week 8
n = 64
44 (68.8%)
51.64 (16.07)
0.62 (2.01)

0.66
0.45
0.02

3.09 (5.30)
3.03 (4.12)
27.0 (38.6)
19.1 (16.1)
Outcomes
29 (44.6%)

16.20 (21.12)
17.71 (20.66)
83 (234)
20.7 (15.6)

<0.001
<0.001
<0.001
0.35

47 (73.4%)

0.001

14 (40%)

28 (70.0%)

0.009

16 (24.6%)

23 (35.9%)

0.16

31 (47.7%)

51 (79.7%)

<0.001

16 (48.5%)

31 (77.5%)

0.01

26 (40%)

35 (54.7%)

0.10

18 (27.7%)
15 (23.1%)
2 (3.1%)

4 (6.3%)
7 (10.6%)
0

0.001
0.07
0.16

Supplementary table 3. Baseline characteristics and outcomes of patients with cirrhosis at presentation. Data
available for: † 75 patients; ¶ 73 patients;. ALT, alanine aminotransferase; AS-AIH, acute-severe autoimmune
hepatitis; AST, aspartate aminotransferase; FU, follow-up; HCC, hepatocellular carcinoma; IQR, interquartile
range; LTx, liver transplantation.
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79 (54.5%)

p-value
≥80% ALT
decrease at week
8
n = 182
142 (78.0%)
<0.001

45 (53.6%)

87 (77.0%)

0.001

93 (64.1%)

157 (86.3%)

<0.001

42 (60.0%)

93 (83.8%)

<0.001

21 (14.5%)

7 (3.8%)

0.001

19 (13.2%)

10 (5.5%)

0.02

<80% ALT decrease at
week 8
n = 145
Normal transaminases
at 26 weeks, n (%)
Biochemical remission
at 26 weeks, n (%)†
Normal transaminases
at 52 weeks, n (%)
Biochemical remission
at 52 weeks, n (%)¶
Liver related death or
LTx, n (%)
All cause mortality, n
(%)
Logistic regression
Normal transaminases
26 weeks
Biochemical remission
26 weeks
Normal transaminases
52 weeks
Biochemical remission
52 weeks
Cox-regression
Liver related death or
LTx
All cause mortality

Uncorrected OR
2.97
(1.84 – 4.79)
2.90
(1.57 – 5.35)
3.51
(2.04 – 6.04)
3.44
(1.72 – 6.90)
Uncorrected HR
0.21
(0.09 – 0.51)
0.36
(0.17 – 0.77)

p-value
<0.001
0.001
<0.001
<0.001
p-value
0.001
0.009

Corrected OR
5.53
(2.83 – 10.80)
4.76
(2.11 – 10.70)
6.58
(3.08 – 14.06)
5.15
(2.05 – 12.95)
Corrected HR
0.28
(0.09 – 0.93)
0.51
(0.18 – 1.44)

p-value
<0.001
<0.001
<0.001
<0.001
p-value
0.04
0.20

Supplementary table 4. Outcomes in the discovery cohort: sensitivity analysis in patients with a rapid treatment
response based on ALT instead of AST (>80% ALT decrease after 8 weeks of treatment. Data available for: † 197
patients; ¶ 181 patients ALT, alanine aminotransferase; HR, hazard ratio; LTx, liver transplantation; OR, odds ratio.
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<80% ALT decrease at
week 8
n = 143
Normal transaminases at
26 weeks, n (%)
Biochemical remission at
26 weeks, n (%)†
Normal transaminases at
52 weeks, n (%)
Biochemical remission at
52 weeks, n (%)¶
Liver related death or LTx,
n (%)
All cause mortality, n (%)
Logistic regression
Normal transaminases 26
weeks
Biochemical remission 26
weeks
Normal transaminases 52
weeks
Biochemical remission 52
weeks
Cox-regression
Liver related death or LTx
All cause mortality

p-value

73 (51.0%)

≥80% ALT
decrease at week
8
n = 194
140 (72.2%)

<0.001

35 (44.3%)

80 (72.1%)

<0.001

94 (65.7%)

157 (80.9%)

0.002

50 (57.5%)

94 (83.2%)

<0.001

15 (10.5%)

9 (4.6%)

0.04

13 (9.1%)
Uncorrected
OR
2.49
(1.58 – 3.91)
3.24
(1.77 – 5.96)
2.21
(1.35 – 3.64)
3.36
(1.90 – 7.02)
Uncorrected
HR
0.47
(0.21 – 1.08)
0.65
(0.28 – 1.49)

10 (5.2%)
p-value Corrected OR

0.16
p-value

<0.001

0.001

<0.001
0.002
<0.001
p-value
0.08
0.31

2.88
(1.57 – 5.28)
3.76
(1.65 – 8.59)
2.00
(1.04 – 3.86)
3.42
(1.36 – 8.56)
Corrected HR
0.83
(0.29 – 2.42)
0.91
(0.32 – 2.57)

0.002
0.04
0.01
p-value
0.74
0.85

Supplementary table 5. Outcomes in the validation cohort: sensitivity analysis in patients with a rapid treatment
response based on ALT instead of AST (>80% ALT decrease after 8 weeks of treatment. Data available for: † 190
patients; ¶ 200 patients ALT, alanine aminotransferase; HR, hazard ratio; LTx, liver transplantation; OR, odds ratio.
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AST at baseline 0.28 – 4.81 x ULN
Normal transaminases at week 26,
n (%)
AST baseline 4.82 – 19.31 x ULN
Normal transaminases at week 26,
n (%)
AST baseline 19.32 – 140 x ULN
Normal transaminases at week 26,
n (%)

<80% AST
decrease at
week 8

>80% AST
decrease at
week 8

p-value

136 (66.3%)

35 (87.5%)

0.008

16 (22.2%)

128 (74.4%)

<0.001

3 (30.0%)

173 (74.2%)

0.002

Supplementary table 6. Rates of normalization of transaminases in both cohorts combined. Patients are
stratified according to their AST elevation at baseline. Patients with low AST at baseline but a rapid AST response
demonstrate higher rates of normalization of transaminases compared to patients without such a response, even
compared when patients have initial high AST.
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Slow responders (N = 145) in
discovery cohort
Female sex, n (%)
Age at diagnosis, year (SD)
Probable AIH diagnosis, n (%)
Definite AIH diagnosis, n (%)
ALT x ULN, median (IQR)
AST x ULN, median (IQR)
Bilirubin (µmol/l), median (IQR)
INR, median (IQR)
IgG (g/l), median (IQR)
Cirrhosis, n (%)
AS-AIH, n (%)

Abnormal
transaminases
at week 52
n = 51
34 (66.7%)
50.31 (16.06)
22 (43.1%)
29 (56.9%)
4.25 (10.34)
3.78 (4.81)
36.0 (44.0)
1.2 (0.36)
23.2 (13.4)
20 (39.2%)
6 (11.8%)

Normal
transaminases at
week 52

p-value

n = 94
71 (75.5%)
46.86 (16.53)
44 (46.8%)
50 (53.2%)
2.67 (3.93)
2.10 (3.43)
14.68 (25.9)
1.1 (0.19)
17.1 (8.8)
15 (16.0%)
4 (4.3%)

0.25
0.23
0.67
0.67
<0.001
<0.001
<0.001
<0.001
0.01
0.002
0.09

Supplementary table 7. Baseline comparison of slow responders in the discovery cohort. Slow responders in the
discovery cohort who did not achieve normalization of transaminases at week 52 had higher baseline ALT, AST
and bilirubin and were more frequently cirrhotic.
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CHAPTER 5

PREDNISO(LO)NE DOSAGE AND CHANCE OF
REMISSION IN PATIENTS WITH AUTOIMMUNE
HEPATITIS
Simon Pape, Tom J.G. Gevers, Michail Belias, Ilyas F. Mustafajev, Jan Maarten Vrolijk,
Bart van Hoek, Gerd Bouma, Carin M.J. van Nieuwkerk, Johannes Hartl, Christoph
Schramm, Ansgar W. Lohse, Richard Taubert, Elmar Jaeckel, Michael P. Manns,
Maria Papp, Felix Stickel, Michael A. Heneghan, Joost P.H. Drenth
Clin Gastroenterol Hepatol. 2019 Sep;17(10):2068-2075

ABSTRACT
Background & Aims
Patients with autoimmune hepatitis (AIH) commonly receive induction therapy
with predniso(lo)ne followed by maintenance therapy with azathioprine. European
Association for Study of the Liver clinical practice guidelines advise a predniso(lo)
ne dose range of 0.50–1 mg/kg/day, which leaves room for practice variation. We
performed a multicenter study to determine the efficacy of different dose ranges of
predniso(lo)ne induction therapy in a large European cohort of patients with AIH.
Methods
We performed a retrospective cohort study using a comparative effectiveness
design. We collected data from 451 adults with AIH who began treatment from
1978 through 2017 at 9 centers in 5 European countries. We assigned patients to
a high-dose group (initial predniso(lo)ne dose ≥0.50 mg/kg/day; n = 281) or a lowdose group (<0.50 mg/kg/day; n = 170). Logistic regression was performed to
determine difference in outcomes between the groups. The primary outcome was
normal serum levels of transaminases at 6 months after initiation of therapy.
Results
There was no significant difference in rates of normalization of transaminases
between the high-dose predniso(lo)ne group and the low-dose group (70.5%
vs 64.7%; P = .20). After multivariable logistic regression with correction for
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confounders, there was no difference in the likelihood of normalization of
transaminases between the groups (odds ratio, 1.21; 95% CI, 0.78–1.87; P = .38).
Patients given an initial high dose of predniso(lo)ne received more predniso(lo)ne
over time than patients started on a lower dose (median doses over 6 months:
3780 mg vs 2573 mg) (P < .01).
Conclusions
In a retrospective study of patients with AIH in Europe, we found that the dose
of predniso(lo)ne to induce remission in patients with AIH is less relevant than
assumed. An initial predniso(lo)ne dose below 0.50 mg/kg/day substantially
decreases unnecessary exposure to predniso(lo)ne in patients with AIH.
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INTRODUCTION
Autoimmune hepatitis (AIH) is a rare, chronic liver disease characterized by
inflammatory liver histology, circulating autoantibodies, and increased serum levels
of IgG. The cause of AIH is elusive but there is a clear genetic susceptibility.1 When
left untreated, AIH may progress to cirrhosis and end-stage liver disease.2 Therapy,
immunosuppressive by nature, is aimed at inducing and maintaining remission of
disease and prevention of fibrosis progression. Biochemical remission, which is
defined as normalization of both serum transaminases and serum IgG, has been
accepted as a surrogate endpoint for treatment.3
Current therapy for AIH consists of prednisone/prednisolone monotherapy or a
combination therapy of predniso(lo)ne and azathioprine. The supporting evidence
comes from clinical trials performed in the 1970s and 1980s.4, 5, 6, 7, 8, 9 These
studies established the role of predniso(lo)ne in AIH but fail to provide data on
its therapeutic window. Predicting the response to predniso(lo)ne treatment
is relevant, particularly in AIH, because attenuation of hepatic inflammation
reduces the risk of liver-related complications in patients with and without
cirrhosis.6, 7, 8, 10, 11 However, the role of predniso(lo)ne in patients presenting with
acute-severe AIH (AS-AIH) is not fully elucidated.12, 13, 14 Regarding the predniso(lo)ne
at start of therapy, guidelines provide conflicting recommendations. The American
Association for the Study of Liver Diseases and British Society of Gastroenterology
advise 30 mg/day in combination with azathioprine, which corresponds to 0.50 mg/
kg/day in a 60-kg patient.15, 16 In contrast, the most recent guideline, the European
Association for Study of the Liver (EASL) Clinical Practice Guideline, suggests a
predniso(lo)ne starting dose in a range from 0.50 to 1 mg/kg/day.3 Furthermore,
data on predniso(lo)ne starting dosages in patients with cirrhosis at presentation
are lacking.
In view of these divergent recommendations, practice variation among physicians
and centers may arise when it comes to predniso(lo)ne dosages used for AIH
induction therapy. Indeed, in a recent International Autoimmune Hepatitis Group
survey among AIH experts, participants reported a dose ranging from 20 to 100 mg/
day when asked for the optimal starting dose for a hypothetical 75-kg patient with
acute AIH.17, 18 The lowest effective dose of predniso(lo)ne in AIH and information
on a dose-effect relationship between predniso(lo)ne and achieved biochemical
remission are unclear. Therefore, we established a cohort with patients with AIH
derived from multiple international centers to compare the efficacy of a high105

versus a low-dose predniso(lo)ne induction therapy on biochemical endpoints and
steroid-related side effects.
METHODS
Study design
We performed a retrospective cohort study using a comparative effectiveness
design. We analyzed patients with AIH from 9 different centers across 5 European
countries. Treatment was initiated between 1978 and 2017. Inclusion criteria were
a new diagnosis of probable or definite AIH using clinical, biochemical, serologic,
and histopathologic results consistent with the simplified or revised International
Autoimmune Hepatitis Group criteria,19, 20 age ≥18 years at time of diagnosis,
and induction therapy with predniso(lo)ne. Patients were excluded if they had
overlapping features of primary biliary cholangitis or primary sclerosing cholangitis,
suffered from other liver diseases (eg, viral hepatitis or nonalcoholic fatty liver
disease), or had missing endpoint data. Patients who died or underwent liver
transplantation before the primary endpoint were also excluded. Ethics approval
was waived after review by local institutional review board.
Data collection
We collected demographic variables, patient characteristics, serologic, histologic,
laboratory, and treatment variables from patient records and local databases.
Laboratory values and predniso(lo)ne dosages were collected at baseline and
after 1, 2, 3, 6, and 12 months of therapy. Original patient data, including
histopathology reports, were used to calculate an AIH diagnostic score for each
patient.19, 20, 21 Cumulative predniso(lo)ne dose was calculated using the mean daily
predniso(lo)ne dose each month and then adding up the cumulative dosage per
month to calculate a cumulative dose over time. Data collection was done using
a predefined electronic case report form and stored in an online database (Castor
Electronic Data Capture, CIWIT B.V., Amsterdam, The Netherlands).
Outcomes
Our primary outcome was normalization of serum transaminases after 6 months
of treatment. We used the upper limit of normal from each participating center to
define normalization of transaminases. Secondary endpoints included biochemical
remission (defined as normal serum transaminases and normal serum IgG),
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normalization of transaminases at 52 weeks, and occurrence of steroid-related
side effects (diabetes mellitus requiring antidiabetic medication, hypertension
requiring antihypertensives, and osteopenia and osteoporosis confirmed by bone
densitometry).
Analysis
We used the starting dose predniso(lo)ne of 0.50 mg/kg/day as advised in the
EASL Clinical Practice Guideline as cutoff point to distinguish the high- and lowdose predniso(lo)ne group.3 The low-dose group consisted of patients who
received a predniso(lo)ne starting dose of <0.50 mg/kg/day, and the high-dose
group were patients treated with ≥0.50 mg/kg/day. Univariate comparisons of
baseline characteristics between the 2 groups were made using chi-square test,
Mann-Whitney U test, or Student t test as appropriate. We defined AS-AIH as
a presentation with an international normalized ratio ≥1.5 without histologic
evidence of cirrhosis.12
To determine the differences in remission between the 2 groups we performed
logistic regression with normalization of transaminases as dependent variable. With
this method we were able to adjust the primary outcome for potential confounders.
We predefined a set of potential confounders (institute, cirrhosis, AS-AIH, age,
year of diagnosis, use of maintenance therapy) based on an assumed association
with the primary outcome. Furthermore, significant baseline differences between
groups were included as confounders in the model. All potential confounders were
added to the final regression model. Because of the high proportion of missing IgG
serum levels after 6 months, we performed a sensitivity analysis with biochemical
remission as dependent variable, this is defined as normal serum transaminases
and normal IgG, which is the definition according to the EASL Clinical Practice
Guideline.3 In addition, we performed a subgroup analysis and tested for possible
effect modification in patients with cirrhosis at baseline and AS-AIH by adding
interaction terms (treatment group × variable) in the main model. Results of
multivariable logistic regression are given as odds ratio (OR) and 95% confidence
interval (CI). We performed an additional multivariable logistic regression analysis
to produce institute-specific ORs and consequently a summary OR for the primary
outcome. Heterogeneity among effect sizes was assessed using the I2 index. An
I2 index ≥50% was used to indicate medium-to-high heterogeneity.
In addition, we used propensity score matching to compare matched groups of
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patients based on baseline disease activity. The propensity score is the probability
of treatment assignment conditional on observed baseline characteristics. We
included biomarkers of disease activity (baseline serum transaminases, bilirubin),
use of maintenance therapy, gender, and cirrhosis to calculate a propensity score with
treatment group (high- vs low-dose predniso[lo]ne) as dependent variable. Patients
were matched 1:1 using nearest neighbor matching without replacement. P values
< .05 were considered statistically significant. Statistical analysis was done with
SPSS version 25 (IBM Corporation, Armonk, NY) and R (R Foundation for Statistical
Computing, Vienna, Austria).
Missing data
We used a multiple imputation model as the primary method to account for missing
data in baseline aspartate aminotransferase and alanine aminotransferase values.
Twenty imputed datasets were generated using predictive mean matching. Pooled
odds ratios from the imputed datasets were used as final result.
RESULTS
Population characteristics
A total of 880 patients with an established AIH diagnosis were evaluated for this
study. Eventually, 451 patients could be included in our analysis. Main reasons for
exclusion were missing endpoint data and variant syndromes with primary biliary
cholangitis and primary sclerosing cholangitis (Figure 1). A total of 281 (62.3%)
patients were treated with high-dose predniso(lo)ne (≥0.50 mg/kg/day) and
170 (37.7%) patients were treated with low-dose predniso(lo)ne (<0.50 mg/kg/
day). Baseline characteristics of the study population are summarized in Table 1.
There was a large variation in initial predniso(lo)ne dosages that were prescribed
(Supplementary Figure 1). Patients in the high-dose group had significantly higher
transaminases and bilirubin at presentation, although IgG did not differ between
the groups. Cirrhosis at index biopsy was present in 25.9% of the patients in the
low-dose group, compared with 15.3% in the high-dose group (P < .01). Forty-seven
(10.4%) patients presented with AS-AIH and were equally distributed between the
2 arms.
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Figure 1. Flowchart of all patients with AIH included in this study. PBC, primary
biliary cholangitis; PSC, primary sclerosing cholangitis.
Most of the patients received maintenance therapy (80.2% high-dose group vs 83.5%
low-dose group; P = .39) during their first 6 months of treatment. Maintenance
therapy consisted mainly of azathioprine (Table 2). Other maintenance therapies
included 6-mercaptopurine (3.5%), 6-tioguanine (1.6%), mycofenolate mofetil
(3.1%), and tacrolimus (1.3%). Most patients were still using predniso(lo)ne at 6
months of treatment (87.4% of patients in the high-dose group vs 83.5% of patients
in the low-dose group; P = .32) and a majority of patients was on a prednisone dose
≤10 mg at 6 months (53.2% high dose vs 58.2% low dose; P = .33). Median time
to a prednisone dose ≤10 mg was 24 weeks in both groups (P = .06). The median
cumulative predniso(lo)ne dose of patients with high dose of predniso(lo)ne was
higher (3780 mg) than of those who started on a low dose (2573 mg; P < .01).
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Female sex, n (%)
Age at diagnosis, year (SD)
Simplified IAIHG score, median
ALT x ULN, median (IQR)*
AST x ULN, median (IQR)†
Bilirubin (µmol/l), median (IQR)‡
IgG (g/l), median (IQR)¶
Cirrhosis, n (%)
AS-AIH, n (%)

< 0.50 mg/kg/
day
(n = 170)
125 (73.5%)
52.03 (15.35)
6
7.12 (12.69)
8.52 (17.40)
29 (83)
20.79 (10.90)
44 (25.9%)
18 (10.6%)

≥ 0.50 mg/kg/day P value
(n = 281)
213 (75.8%)
49.67 (17.47)
7
13.44 (21.00)
13.48 (24.27)
48 (177)
21.60 (13.00)
42 (14.9%)
29 (10.3%)

0.59
0.13
<0.01
<0.01
<0.01
0.01
0.10
<0.01
0.93

Table 1. Baseline characteristics of the study population at time of AIH diagnosis. ALT, alanine aminotransferase;
AS-AIH, acute-severe autoimmune hepatitis; AST, aspartate aminotransferase; IAIHG, International Autoimmune
Hepatitis Group; IgG, immunoglobulin G, IQR: interquartile range; SD, standard deviation; ULN, upper limit of
normal. * Available for 369 patients. † Available for 449 patients. ‡ Available for 434 patients. ¶ Available for 381
patients

Treatment response: high- versus low-dose predniso(lo)ne
In the high-dose group, 70.5% of patients achieved normalization of transaminases
at 6 months of treatment compared with 64.7% of patients in the low-dose group.
However, this result was not significant (P = .20). Looking at biochemical remission,
incorporating normal IgG at 6 months in patients with available IgG (268 patients:
86 patients in the low-dose group, 182 patients in the high-dose group), remission
rates remained similar between the 2 groups: 63.7% of patients were in remission
in the high-dose group compared with 60.5% of patients in the low-dose group
(P = .61) (Table 3, Figure 2). After 1 year of treatment most patients in both groups
reached normalization of transaminases (76.2% of patients in the high-dose group
vs 77.6% of patients in the low-dose group, P = .77; data available for 357 patients).
When dividing the patients up into quintiles according to initial predniso(lo)ne
dose, we found that patients with a median initial predniso(lo)ne dose of 0.31 mg/
kg/day still reached normalization of transaminases at 6 months in 62.2% of the
cases (Supplementary Figure 2). Cumulative predniso(lo)ne dose over 6 months
and initial predniso(lo)ne dose between patients with and without normalization
of transaminases did not reach the level of statistical difference (3290 mg vs 3395
110

mg, P = .40; 0.27 mg/kg/day vs 0.30 mg/kg/day, P = .29). There was no difference in
initial starting dose and rates of normalization of transaminases between patients
who received monotherapy predniso(lo)ne (n = 62) and patients who received
combination therapy (n = 389) (0.58 mg/kg/day vs 0.55 mg/kg/day, P = .50; 61.3%
vs 69.4%; P = .20)
< 0.50 mg/
kg/day
(n = 170)
Predniso(lo)ne dose at start (mg/kg/day), 0.38 (0.15)
median (IQR)
Predniso(lo)ne dose at start (mg/day),
30 (11)
median (IQR)
On predniso(lo)ne at 6 months, n (%)*
146 (87.4%)

≥ 0.50 mg/
kg/day
(n = 281)
0.73 (0.32)

P value

50 (20)

<0.01

237 (90.5%)

0.32

<0.01

Predniso(lo)ne dose ≤10 mg at 6 months,
n (%)*

85 (58.2%)

126 (53.2%)

0.33

Predniso(lo)ne dose at 6 months (mg/kg/
day), median (IQR)
Predniso(lo)ne dose at 6 months (mg/
day), median (IQR)
Cumulative predniso(lo)ne dose over 6
months (mg), median (IQR)
Predniso(lo)ne dose per day (mg/kg/day),
median (IQR)
On maintenance therapy at 6 months, n
(%) †
AZA, n (%)
6-MP, n (%)
6-TG, n (%)
MMF, n (%)
TAC, n (%)
Other, n (%)

0.08 (0.09)

0.10 (0.11)

<0.01

7.5 (5.0)

7.5 (5.0)

0.07

2573
(1470)
0.20 (0.09)

3780 (2450)

<0.01

0.33 (0.20)

<0.01

134 (80.2%) 222 (83.5%)

0.39

118 (88.1%)
6 (4.5%)
4 (3.0%)
3 (2.2%)
1 (0.7%)
2 (1.5%)

0.67
0.99
0.28
0.20
0.88
0.83

192 (86.5%)
10 (4.5%)
3 (1.4%)
11 (5.0%)
2 (0.9%)
4 (1.8%)

Table 2. Treatment characteristics of the study population. 6-MP, 6-mercaptopurine; 6-TG, 6-tioguanine; AZA,
azathioprine; IQR, interquartile range; MMF, mycophenolate mofetil; TAC, tacrolimus. * Available for 383 patients
† Available for 433 patients
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Normalization of
transaminases at 6
months

Biochemical remission at
6 months

<0.50 mg/kg/day
(n = 170)
110 (64.7%)

≥0.50 mg/kg/day
(n = 281)
198 (70.5%)

<0.50 mg/kg/day
(n = 86)
52 (60.5%)

≥0.50 mg/kg/day
(n = 182)
116 (63.7%)

P value
0.20

P value
0.61

Table 3. Primary outcome per treatment group. Primary outcome was normalization of serum transaminases
(ALT/AST) after six months of therapy. A sensitivity analysis for biochemical remission was done in patients with
available IgG at six months. Biochemical remission is defined as normalization of transaminases and IgG. ALT,
alanine aminotransferase; AST, aspartate aminotransferase; IgG, immunoglobulin G.

Figure 2. Primary outcome per treatment group. (A) Rates of normalization of serum transaminases. (B) Rates of
biochemical remission, defined as normalization of serum transaminases and serum IgG.

Treatment response: multivariable analysis
In a multivariable logistic regression model, we did not find a significant difference
in chance on normalization of transaminases between the high- and low112

dose predniso(lo)ne group. When adjusted for institute, age, gender, alanine
aminotransferase and aspartate aminotransferase at baseline, year of diagnosis,
cirrhosis, use of maintenance therapy, and AS-AIH, the OR for normalization of
transaminases for patients who were treated with a high dose of predniso(lo)ne
was 1.21 (95% CI, 0.78–1.87; P = .38). Of all covariates in the model, only cirrhosis
was significant (P = .04). We performed a second analysis, using institute-specific
adjusted ORs to calculate a pooled summary OR. With this method, the OR for
normalization of transaminases was 1.21 (0.67–2.19). Heterogeneity between
institutes was low (I2 = 0%) (Supplementary Figure 3).
The adjusted OR for biochemical remission (n = 268) for patients who were treated
with a high dose of predniso(lo)ne was 1.05 (95% CI, 0.59–1.86; P = .88). The
adjusted OR for normalization of transaminases after 1 year of treatment was 0.87
(95% CI, 0.50–1.50; P = .61).
Treatment response after propensity score matching
Using propensity score matching we established 2 matched groups of 108 patients
each in the high- and low-dose predniso(lo)ne groups with equally distributed
disease activity scores. There were no differences in rates of normalization of
transaminases (73.1% vs 66.7%; P = .30) and biochemical remission (62.0% vs
68.5%; P = .45) between high- and low-dose patients, respectively (Table 4).

113

Female sex, n (%)
Age at diagnosis, year (SD)
Predniso(lo)ne dose at start (mg/kg),
median (IQR)
ALT x ULN, median (IQR)
AST x ULN, median (IQR)
Bilirubin (µmol/l), median (IQR)
IgG (g/l), median (IQR)
Cirrhosis, n (%)
Use of maintenance therapy
Normalization of transaminases at 6
months, n (%)
Biochemical remission at 6 months,
n (%)*

< 0.50 mg/
kg/day
(n = 108)
83 (76.9%)
52.04 (16.13)
0.39 (0.15)

≥ 0.50 mg/
kg/day
(n = 108)
82 (75.9%)
50.79 (17.73)
0.69 (0.32)

P value
0.87
0.59
<0.01

6.77 (12.89)
7.86 (16.30)
24.40 (56.7)
20.40 (10.50)
13 (12.0%)
15 (13.9%)
72 (66.7%)

7.44 (15.64)
8.35 (19.85)
34.80 (173.5)
20.80 (15.70)
15 (13.9%)
18 (16.7%)
79 (73.1%)

0.28
0.58
0.10
0.26
0.69
0.57
0.30

37 (68.5%)

44 (62.0%)

0.45

Table 4. Baseline characteristics and outcomes after propensity score matching. A propensity score was calculated
using baseline transaminases, bilirubin, cirrhosis, gender and use of maintenance therapy. The matched cohort
consists of 216 patients. ALT, alanine aminotransferase; IQR, interquartile range; SD, standard deviation. *
Available for 125 patients

Treatment response in patients with cirrhosis
Eighty-six patients (19.1%) presented with cirrhosis at baseline. Compared with
patients without cirrhosis, patients with cirrhosis were more likely to be men
(P = .01) and had lower transaminases at presentation (Supplementary Table 1).
Overall, normalization of transaminases at 6 months was lower in patients with
cirrhosis versus without cirrhosis (58.1% vs 70.7%; P = .03). Rates between patients
with cirrhosis and without cirrhosis did not differ in the low-dose group (61.4%
vs 65.9%; P = .59), but in the high-dose group there was a significant advantage
for patients without cirrhosis (54.8% vs 73.2%; P = .02). There was no interaction
between cirrhosis and treatment group (P value for interaction = .52). The adjusted
OR for normalization of transaminases for patients with cirrhosis treated with a
high dose of predniso(lo)ne was 0.96 (0.35–2.63; P = .93).
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Treatment response in acute severe autoimmune hepatitis
Our cohort consisted of 47 patients who presented with AS-AIH (Supplementary
Table 2). Most patients were treated with a high dose of predniso(lo)ne. Rates of
normalization of transaminases for patients with AS-AIH treated with a high dose
of predniso(lo)ne were higher when compared with patients treated with a low
dose of predniso(lo)ne, although not statistically significant (75.9% vs 61.1%; P =
.28). There was no interaction between AS-AIH and treatment group (P value for
interaction = .45). The adjusted OR for normalization of transaminases for AS-AIH
treated with a high dose of predniso(lo)ne was 1.50 (0.34–6.61; P = .59).
Steroid-related side effects
Percentage steroid-related side effects (diabetes, osteopenia, osteoporosis,
hypertension) did not differ between the low- and high-dose predniso(lo)ne groups:
18.8% of patients in the low-dose group experienced steroid-related side effects
during the first year of therapy compared with 21.3% of patients in the high-dose
group (P = .56). Focusing on each individual steroid-related adverse effect, steroidinduced diabetes and osteoporosis occurred more frequently in the high-dose
group, but this did not meet the level of statistical significance (Supplementary
Table 3).
DISCUSSION
Patients with AIH who receive low-dose predniso(lo)ne as induction therapy
(<0.50 mg/kg/day) are just as likely to achieve normalization of transaminases and
biochemical remission as patients treated with higher doses of predniso(lo)ne (≥0.50
mg/kg/day). The cumulative predniso(lo)ne burden over time was substantially
lower in the <0.50 mg/kg/day group during the first 6 months of therapy (2573 mg
vs 3870 mg), although this difference did not result in reduction of steroid-related
side effects.
There are no randomized controlled trials that compare various starting doses
predniso(lo)ne in AIH. A recent cohort study compared 2 different predniso(lo)ne
regimens in 71 patients with AIH coming from a single center.22 A group with an
initial 30 mg/day predniso(lo)ne dose (0.48 mg/kg) with fast tapering toward 10 mg
was compared with a group that received 40 mg/day (0.62 mg/kg) as initial dose
with a slower tapering regimen. The fast tapering group had lower remission rates
compared with the slow tapering group, but the difference was not statistically
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significant (59.4% vs 79.5%; P = .065). We did not observe such a difference
between remission rates between the high- and low-dose group. Fast tapering of
predniso(lo)ne might result in lower remission rates; however, we were not able to
investigate this in our study.
A logical consequence of higher starting dose is that the cumulative predniso(lo)
ne dosages will likely be higher. Indeed, we found that the exposure to predniso(lo)
ne in the high treatment group was 47% higher. This did not translate to a higher
incidence of adverse events. The retrospective design of our study may have
precluded a detailed assessment because not all adverse events were systematically
documented. Large observational studies in rheumatoid arthritis clearly show a
dose-dependent relationship between cumulative glucocorticoid dose and steroidrelated adverse events. This holds for severe adverse events, such as cardiovascular
mortality and cataract, but also for self-reported adverse events, such as cushingoid
appearance, sleep disturbance, mycosis, leg edema, acne, weight gain, and shortness
of breath.23, 24, 25 Although we did not confirm these results in our AIH population, it
is intuitive to keep cumulative predniso(lo)ne dosage as low as possible to minimize
the risk of steroid-related adverse events.
Eighty-six (19.1%) patients had cirrhosis at presentation, which is in line with
earlier published series.26, 27, 28 Patients with cirrhosis had lower baseline alanine
aminotransferase, aspartate aminotransferase, and IgG serum levels, which accords
with previous reports.10 Patients with cirrhosis were more likely to receive a lower
dose of predniso(lo)ne (0.49 mg/kg/day vs 0.60 mg/kg/day for patients without
cirrhosis). It is possible that physicians are reluctant to prescribe higher doses of
predniso(lo)ne in patients with cirrhosis because of the increased risk of infections
associated with glucocorticoid therapy.29 However, our study shows that lower
predniso(lo)ne dosing in patients with cirrhosis does not impair efficacy when
compared with higher dosing (61.4% vs 54.8%).
Our study has several limitations. First, because of its retrospective nature, this
study is subject to confounding by indication and selection bias. Only cases with
enough data points were included for our analyses and we had to exclude a
substantial number of patients because of missing data. However, this is the largest
multicenter AIH cohort to date with accurate data during the first 6 months of
treatment, which allows extrapolation to real world practice. Furthermore, despite
the fact that biochemical disease activity was dissimilar between the 2 treatment
groups, we managed to provide data on a subset of patients with comparable
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biochemical disease activity, which showed no difference in rates of normalization
of transaminases or biochemical remission. Second, we used normalization of
transaminases as primary endpoint. The recent EASL Clinical Practice Guideline
states that normalization of IgG should be taken into account when defining
biochemical remission of AIH.3 However, we found that IgG as outcome measure
is not part of routine laboratory testing in all institutions at 6 months after start
of induction therapy, which resulted in a high number of missing IgG data points.
We performed a sensitivity analysis for patients with an available IgG at 6 months,
which showed no different results than our primary analysis. Although histologic
remission is the desired endpoint for every patient with AIH, routine liver biopsies
in AIH are not clinical practice and biochemical remission has been accepted as
surrogate endpoint for histologic remission in AIH. This is supported by a recent
study that confirmed that biochemical remission predicts remission of histologic
disease activity and even regression of fibrosis.30 Third, we did not collect data on
liver transplantation, liver-related mortality, and morbidity so we are not able to
make any projections about the long-term outcomes of our patients.
Our study established that there is appreciable practice variation among physicians
who treat patients with AIH: more than one-third of our cohort was treated with
initial predniso(lo)ne dosages lower than recommended by the EASL Clinical Practice
Guideline.3 Based on our results, we suggest to use an initial starting dose of <0.50
mg/kg/day in AIH, because this prevents unnecessary exposure to high cumulative
doses of predniso(lo)ne with potential severe side effects while retaining efficacy.
In conclusion, the predniso(lo)ne dosage to induce remission in patients with AIH
is less relevant than hitherto assumed. We found that remission was achieved in
most cases regardless of predniso(lo)ne dosage. The important ramification of our
study is that the advised predniso(lo)ne dosages range may be lowered without
attenuating efficacy.
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SUPPLEMENTARY MATERIAL

Female sex, n (%)
Age at diagnosis, year (SD)
Prednisone dose at start (mg/kg),
median (IQR)
ALT x ULN, median (IQR)*
AST x ULN, median (IQR)†
Bilirubin (µmol/l), median (IQR)
IgG (g/l), median (IQR)
Normal transaminases at six
months, n (%)
<0.50 mg/kg/day
≥0.50 mg/kg/day

Cirrhosis

No Cirrhosis

P value

N = 86
55 (64%)

N = 365
283 (77.5%)

0.01

52.58 (17.97)
0.49 (0.41)

50.08 (16.41)
0.60 (0.37)

0.21
0.01

6.87 (9.99)
7.25 (14.07)
39.50 (80.50)
20.67 (10.90)
50 (58.1%)

12.46 (21.15)
12.52 (23.68)
40 (168.30)
23.60 (16.70)
258 (70.7%)

<0.01
<0.01
0.78
<0.01
0.03

27/44 (61.4%) 83/126 (65.9%) 0.59
23/42 (54.8%) 175/239 (73.2%) 0.02

Supplementary table 1: Characteristics of patients with cirrhosis at presentation ALT, alanine aminotransferase;
AST, aspartate aminotransferase; IgG, immunoglobulin G; IQR, interquartile range; ULN, upper limit of normal. *
Available for 369 patients. † Available for 449 patients.
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AS-AIH
N = 47
Female sex, n (%)
30 (63.8%)
Age at diagnosis, year (SD)
47.00 (17.80)
Prednisone dose at start (mg/kg), 0.60 (0.41)
median (IQR)
ALT x ULN, median (IQR)*
23.12 (25.67)
AST x ULN, median (IQR)†
19.46 (24.93)
Bilirubin (µmol/l), median (IQR)‡ 193 (262)
IgG (g/l), median (IQR)
27.45 (15.50)
Normal transaminases at six
33/47 (70.2%)
months, n (%)
<0.50 mg/kg/day
11/18 (61.1%)
≥0.50 mg/kg/day
22/29 (75.9%)

Normal AIH

P value

N = 404
308 (76.2%)
50.97 (16.57)
0.57 (0.39)

0.06
0.12
0.74

8.63 (18.39)
10.07 (20.77)
31 (115.6)
20.9 (10.8)
275/404 (68.1%)

<0.01
<0.01
<0.01
0.02
0.77

99/152 (65.1%) 0.74
176/252 (68.1%) 0.50

Supplementary table 2: Characteristics of patients who presented with acute-severe AIH AS-AIH is defined as
INR ≥ 1.5 at baseline and absence of cirrhosis at index biopsy. ALT, alanine aminotransferase; AST, aspartate
aminotransferase; IgG, immunoglobulin G; IQR, interquartile range; ULN, upper limit of normal *Available for 369
patients. † Available for 449 patients. ‡ Available for 434 patients.

<0.50 mg/
kg/day
(N = 170)
Radboud University Medical Center, The Netherlands 46
Rijnstate Hospital, The Netherlands
8
Leiden University Medical Center, The Netherlands
19
VU University Medical Center, The Netherlands
28
University Medical Center Hamburg-Eppendorf,
15
Germany
King’s College Hospital, United Kingdom
46
Hannover Medical School, Germany
2
University of Debrecen, Hungary
4
University Hospital of Zurich, Switzerland
2
Supplementary table 3: Distribution of patients per institute
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≥0.50 mg/
kg/day
(N = 281)
24
13
21
13
86
45
50
18
11

Steroid related side effects

<0.50 mg/kg/day
(n = 154)

Total
Diabetes

6 (3.9%)

29 (18.8%)
18 (7.7%)

≥0.50 mg/ P value
kg/day
(n = 235)
50 (21.3%) 0.56
0.13

Osteopenia

14 (9.1%)

13 (5.5%)

0.18

Osteoporosis

4 (2.6%)

15 (6.4%)

0.09

Hypertension

5 (3.2%)

5 (2.1%)

0.50

Supplementary table 4. Occurrence of steroid-related side effects per treatment group. Data available for 389
patients. One patient experienced two events in the ≥0.50 mg/kg/day group

Supplementary figure 1. Rates of normalization of transaminases in AIH in different treatment groups. Patients
were divided into five groups of equal size (quintiles) based on initial prednisone dose. Normalization rates per
median initial prednisone dose are displayed. Sample size per group: 0.31 mg/kg/day: n = 90; 0.46 mg/kg/day: n =
90; 0.58 mg/kg/day: n = 93; 0.74 mg/kg/day: n = 92; 1.00 mg/kg/day: n = 86. The difference between rates is not
statistically significant (Chi-square, p = 0.23).
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Supplementary figure 2. Frequency distribution of initial predniso(lo)ne dosages (mg/kg) used for induction
therapy in patients with AIH (n = 451).

Supplementary figure 3. Pooled odds ratio (OR) for the primary outcome (normalization of transaminases at 6
months of therapy) based on ORs per institute. All ORs are adjusted after multivariable logistic regression.
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CHAPTER 5b

REPLY TO LETTER TO THE EDITOR
Simon Pape, Tom J.G. Gevers, Joost P.H. Drenth
Clin Gastroenterol Hepatol. 2020 Jul;18(8):1897-1898

We thank our colleagues Efe et al. for their letter to the editor concerning our study
on predniso(lo)ne dosages for induction of remission in autoimmune hepatitis
(AIH) 1, 2. We thank them for drawing or attention to their study, that compared
two predniso(lo)ne regimens and found no differences in rates of normalization
of transaminases. The results from their study accord with ours. We chose a
threshold of >0.50 mg/kg/day to define the high-dose group, given that the
European Association for Study of the Liver (EASL) guideline advises on an initial
predniso(lo)ne dosage >0.50 mg/kg/day 3. Indeed, many patients from our cohort
received lower dosage than advised per EASL guideline, but still managed to induce
remission. When translated into median initial predniso(lo)ne dosages, the low- and
high-dosed patients received 30 (IQR 11) mg and 50 (20) mg respectively (table 2 in
our study). Based on these results differences in weight-based dosages or standard
dosages do not affect treatment efficacy.
We agree with Efe et al. that (intravenous) high-dose steroids should be considered
in acute-severe AIH (AS-AIH). In our study we performed a subgroup analysis with
AS-AIH (n=47, supplementary table 2). We found that, remission rates in AS-AIH
rose with higher predniso(lo)ne dose, but this was not statistically significant (75.9%
vs. 61.1%, p = 0.28) 1. Management of AS-AIH can be challenging, as a uniform
definition is lacking and there is little evidence regarding treatment 4. All patients
with AS-AIH should be considered for a trial of (intravenous) steroids, unless a
patients presents with signs of acute liver failure 5.
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AUTOIMMUNE HEPATITIS, INDEPENDENT OF TIME OF
TREATMENT INITIATION
Simon Pape, Tom J.G. Gevers, Jan Maarten Vrolijk, Bart van Hoek, Gerd Bouma,
Carin M.J. van Nieuwkerk, Richard Taubert, Elmar Jaeckel, Michael P. Manns, Maria
Papp, Nora Sipeki, Felix Stickel, Cumali Efe, Ersan Ozaslan, Tugrul Purnak, Frederik
Nevens, Dominik J.N. Kessener, Alisan Kahraman, Heiner Wedemeyer , Johannes
Hartl, Christoph Schramm, Ansgar W. Lohse , Michael A. Heneghan, Joost P.H. Drenth
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ABSTRACT
Background
Guidelines regarding treatment for autoimmune hepatitis (AIH) favor two strategies
for azathioprine (AZA) introduction: concurrent with steroids at induction or delayed
by 2-4 weeks. The safety and efficacy of both strategies have been unexplored.
Methods
We established a cohort of 900 AIH patients from 12 centers in seven European
countries. There were 631 patients who used AZA as part of the therapeutic
regimen. We distinguished two groups: patients with early AZA (<2 weeks) or
delayed AZA initiation (≥2 weeks). Primary outcome was discontinuation of AZA
in the first year of treatment. Cox regression and propensity score matching was
performed to determine difference in outcomes between groups.
Results
Patients with early AZA initiation had significantly lower transaminases and bilirubin
at baseline. Discontinuation rates of AZA did not differ between early and delayed
starters (16.6% vs. 14.2%), which did not reach statistical significance (hazard ratio
0.97, 95% confidence interval 0.61 – 1.55, p =0.90). Stratification according to
baseline disease activity or propensity score matching did not alter the results. Main
reason for AZA discontinuation was intolerance to treatment (14.0 % vs. 13.2%, p
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= 0.78) with nausea and vomiting as main side-effects. AIH remission rates were
comparable among groups.
Conclusion
The discontinuation rate of AZA in AIH treatment is ~15% in the first year of treatment.
Early or delayed AZA initiation do not differ in remission and discontinuation rates
in AIH induction therapy. Our data suggest that either strategy may be used as part
of AIH treatment.
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INTRODUCTION
Cornerstone of AIH treatment is steroid induction therapy, consisting of predniso(lo)
ne, and subsequent addition of azathioprine (AZA) 1. The use of AZA as therapy
for AIH was first described anecdotally in the 1960s 2, and controlled studies over
the next decades heralded the use of AZA as first-line maintenance therapy in AIH
3-5
. One study with a long follow-up found that AIH patients are able to withdraw
from steroids when on AZA therapy, while maintaining remission 6. Therefore,
maintenance therapy with AZA is considered the mainstay treatment for AIH.
While the vast majority of patients tolerates AZA therapy, approximately 10-20%
of patients may develop side effects ranging from mild nausea to severe cytopenia
or cholestatic hepatitis, which may lead to discontinuation of the drug. The exact
incidence of AZA-related side-effects in AIH remains largely unknown since current
evidence is based on trials that were conducted decades ago 7.
There is ambiguity when to initiate AZA therapy after AIH onset. The American
Association of Study of Liver Diseases (AASLD) guideline suggests to start AZA
simultaneously with predniso(lo)ne 8, whereas the European Association for Study
of the Liver (EASL) clinical practice guideline suggests that introduction of AZA could
be delayed by two or more weeks. This would help to resolve possible diagnostic
uncertainties and to discriminate between AZA-induced hepatotoxicity and primary
non-response 9. Formal evidence that supports either strategy is absent from the
literature. Using data from a large multicenter international retrospective cohort,
we aimed to investigate the role of early (<2 weeks) versus delayed (≥2 weeks)
introduction of AZA therapy and its effect on discontinuation rates, side-effects of
therapy, and efficacy.
METHODS
Study design
We performed a retrospective cohort study with AIH patients from 12 centers in
seven countries in Europe. Patients were included if they were ≥ 18 years old and
had a ‘probable’ or ‘definite’ AIH diagnosis according to the simplified diagnostic
criteria established by the International Autoimmune Hepatitis Group (IAIHG) 10.
Only patients who used AZA as first line treatment and who started AZA within
the first 26 weeks after diagnosis were included in this study. Patients with signs of
variant syndromes with primary biliary cholangitis or primary sclerosing cholangitis
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were excluded. Patients with other forms of liver disease, such as histologically
proven non-alcoholic steatohepatitis or viral hepatitis were excluded as well. Ethics
approval was waived after review by local institutional review board.
Data collection
We collected patient data from original patient records and local databases.
Demographic, serologic, histological, biochemical and treatment data was collected
using a pre-defined electronic case report form and stored in an online database
(Castor Electronic Data Capture, CIWIT B.V., Amsterdam, The Netherlands). In
patients who had stopped AZA therapy, additional data was collected regarding
reason of cessation of AZA therapy, duration of AZA use, and switch to second-line
therapy.
Outcomes
Primary outcome was percentage of patients who discontinued AZA within the first
year of treatment. Patients who had discontinued AZA therapy were classified as:
1. stopped due to intolerance to treatment or 2. stopped due to an insufficient
response to treatment, as assessed by the treating physician. These two outcome
measures were also analyzed as separate endpoints. Adverse events that led to
discontinuation of AZA therapy were collected from the patient record and included
nausea, emesis, diarrhea, rash, cytopenia, infection, pancreatitis, hepatitis, fever,
arthralgia/myalgia and skin abnormalities. Secondary outcomes were serum
transaminases below the upper limit of normal (ULN) after 26 weeks and 52 weeks
of treatment. Both alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) needed to be below the ULN in order to meet this endpoint. In case an ALT
or AST value was missing, the known ALT or AST value had to be below the ULN
in order to meet this outcome. We used the gender specific ULN of each center
for ALT and AST. In addition, biochemical remission was a secondary outcome in
the subgroup of patients with measured IgG, which was defined a normalization of
serum transaminases and IgG.
Analysis
Based on the initial start date of AZA, patients were divided into two groups: patients
who had received AZA therapy within 2 weeks of initiation of steroid therapy
(‘early’ AZA therapy) and patients who had received AZA 2 to 24 weeks after steroid
treatment (‘delayed’ AZA therapy). The choice between either therapeutic strategy
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was left at the discretion of the attending physician. Univariate comparisons
between the groups were made using the chi-square, Mann Whitney U or t-test as
appropriate. We used multivariable Cox-regression, with the early AZA starters as
group of interest, to determine differences in primary outcome between the two
groups and to correct for possible confounders with time until AZA discontinuation
as time-dependent variable. We pre-defined a number of possible confounders that
could have an association with the primary outcome. These included age, institute,
gender, and presence of cirrhosis. Significant baseline differences between the two
groups were also added to the multivariable regression model. Results of the Coxregression are presented as hazard ratio’s (HR) with 95% confidence intervals (CI)
with the early AZA starts as group of interest. We performed multivariable logistic
regression for the endpoints of normalization of transaminases and biochemical
remission at week 26 and 52. Results of the logistic regression are presented as
odds ratio’s (OR) with 95% CI’s. In addition, we used propensity score matching
to compare matched groups of patients based on baseline disease activity. We
used baseline values of transaminases and bilirubin to calculate a propensity score
with early or delayed AZA initiation as dependent variable. Cases were matched
1:1 using nearest neighbor matching. Additionally, we performed a subgroup
analysis in all patients, stratified according to baseline disease activity, based on
AST level. Patients were divided into three equal groups based on their baseline
AST, in order to detect differences in our primary outcome. A p-value <0.05 was
considered statistically significant. Analyses were conducted with SPSS version 25
(IBM Corporation, Armonk, NY, USA).
RESULTS
Population
Our original cohort consisted of 900 AIH patients. Some 244 patients were excluded
because either they did not use AZA as part of maintenance therapy or due to missing
data. Another 25 patients were excluded because AZA was started > 26 weeks after
start of steroid induction therapy. Our final cohort consisted of 631 patients. A total
of 229 patients (36.3%) started AZA concurrent with steroid induction therapy while
402 patients (63.7%) started AZA only 1 – 24 weeks after induction. Most patients
(74.5%) were female and mean age at diagnosis was 48.7 years old (standard
deviation 16.6 years). Patients with early AZA initiation had lower biochemical
disease activity at baseline: median ALT (5.13 x ULN vs. 14.51 x ULN, p <0.001), AST
(3.73 x ULN vs. 14.26 x ULN, p < 0.001) and bilirubin (22.0 vs. 50.5 µmol/l, p < 0.001)
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were all lower when compared to patients with a delayed introduction of AZA (table
1). Median IgG (data available for 541 cases) was also significantly lower in patients
with early AZA therapy (18.0 vs. 21.8 g/l, p < 0.001). The presence of cirrhosis at
index biopsy was equally distributed between both groups (19.2% vs. 16.7%, p =
0.42) while acute-severe AIH (AS-AIH, defined as absence of cirrhosis and an INR >
1.5 11) occurred more frequently in the group with delayed AZA introduction (5.7%
vs. 13.9%, p < 0.001). Patients with early AZA were given lower initial predniso(lo)
ne dosages (0.58 vs. 0.62 mg/kg/day, p = 0.02) and higher initial AZA dosages (0.86
mg/kg/day vs. 0.80 mg/kg/day, p = 0.02).
Discontinuation of azathioprine
Ninety-five (15.1%) patients in the entire cohort discontinued AZA therapy in the
first year of treatment. Discontinuation rates did not differ between early (<2 weeks)
and delayed (≥2 weeks) AZA initiation (16.6% vs. 14.2%, p = 0.42). Multivariable
Cox-regression with correction for institute, age, gender, cirrhosis, AST at baseline,
initial predniso(lo)ne dose and initial AZA dose showed that there was no significant
difference between groups of AZA discontinuation rates (corrected HR 0.97, 95%CI
0.61 – 1.55, p = 0.90) (table 3). In both groups most patients discontinued AZA due
to intolerance to treatment (14.0% vs. 13.2%, p = 0.78) (table 2), not statistically
significant after multivariable logistic regression (OR 0.41, 95%CI 0.08 – 2.08, p =
0.41). Discontinuation rates due to insufficient response were similar among both
groups. (univariate analysis 2.6% vs. 1.0%, p = 0.12 , multivariate analysis OR 2.44,
95% CI 0.48 – 12.39, p = 0.28).
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Female gender, n (%)
Age at diagnosis, year (SD)
Probable AIH, n (%)
Definite AIH, n (%)
ALT x ULN, median (IQR)
AST x ULN, median (IQR)
Bilirubin (µmol/l), median (IQR)
IgG (g/l), median (IQR)†
Cirrhosis, n (%)
AS-AIH, n (%)
Median initial predniso(lo)ne dose,
mg (IQR)
Median initial predniso(lo)ne dose,
mg/kg (IQR)
Median initial AZA dose, mg (IQR)
Median initial AZA dose, mg/kg (IQR)

Early AzA
initiation

Delayed AzA
initiation

p-value

n = 229
163 (71.2%)
50.00 (16.51)
100 (43.7%)
129 (56.3%)
5.13 (14.51)
3.73 (15.24)
22.0 (56.0)
18.0 (9.3)
44 (19.2%)
13 (5.7%)

n = 402
307 (76.4%)
47.87 (16.58)
157 (39.1%)
245 (60.9%)
14.51 (24.43)
14.26 (24.39)
50.5 (155.8)
21.8 (12.1)
67 (16.7%)
56 (13.9%)

0.15
0.12
0.26
0.26
<0.001
<0.001
<0.001
<0.001
0.42
0.001

40 (35)

40 (30)

0.02

0.58 (0.57)

0.62 (0.47)

0.02

50 (50)
0.86 (0.62)

50 (25)
0.80 (0.38)

0.004
0.02

Table 1: Baseline and treatment characteristics of patients who started AZA therapy concurrent with
steroid treatment vs. patients with a delayed introduction of AZA. AIH, autoimmune hepatitis; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; AS-AIH, acute-severe autoimmune hepatitis; AZA,
azathioprine; IgG, immunoglobulin G; IQR, interquartile range; SD, standard deviation; ULN, upper limit of normal.
† Data available for 541 patients.

Most frequent reasons for stopping AZA resulted from gastrointestinal toxicity such
as nausea (6.6% vs. 7.0%, p = 0.84), emesis (3.1% vs. 3.2%, p = 0.90) and hepatitis
(2.2% vs. 2.5%, p = 0.81) (figure 1). Patients with gastrointestinal complaints did not
receive higher initial AZA dosages than patients without gastrointestinal complaints
(0.74 mg/kg vs. 0.74 mg/kg, p = 0.87).
Three patients (1.3%) in the early AZA initiation group developed pancreatitis while
this did not occur in patients from the delayed AZA group (p = 0.02). Pancreatitis
developed quickly after AZA initiation (median duration 2 weeks), while cytopenia
only developed after a median duration of 32 weeks. Hepatitis related to AZA
therapy developed after a median duration of 6 weeks (figure 2 / supplementary
table 1).
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Our cohort consisted of 69 patients with AS-AIH, of which the majority of patients
(81.2%) belonged to the delayed AZA initiation group. Overall, AZA discontinuation
rates in AS-AIH were lower than in patients with ‘normal’ AIH (8,7%). Consequently,
rates did not differ between early (1/13, 7,7%) and late (5/56, 8,9%) AZA initiation
(p = 0.89).

Early AzA
initiation
n = 229

Delayed AzA p-value
initiation
n = 402

Discontinued AZA <52 weeks, n (%)
Intolerance

38 (16.6%)
32 (14.0%)

57 (14.2%)
53 (13.2%)

0.42
0.78

Nausea

15 (6.6%)

28 (7.0%)

0.84

Emesis

7 (3.1%)

13 (3.2%)

0.90

Diarrhea

2 (0.5%)

2 (0.9%)

0.57

Rash

1 (0.2%)

1 (0.4%)

0.69

Cytopenia

3 (1.3%)

8 (2.0%)

0.53

Infection

0

1 (0.2%)

0.45

Pancreatitis

3 (1.3%)

0

0.02

Hepatitis

5 (2.2%)

10 (2.5%)

0.81

Fever

0

2 (0.5%)

0.29

Arthralgia / Myalgia

0

4 (1.0%)

0.13

Skin abnormalities

0

1 (0.2%)

0.45

Other*

0
6 (2.6%)

7 (1.7%)
4 (1.0%)

0.045
0.12

6.0 (16.25)

6.0 (10.0)

0.70

31 (13.5%)

44 (10.9%)

0.33

14 (6.1%)

13 (3.2%)

0.09

6-MP

12 (5.2%)

22 (5.5%)

0.90

6-TG

0

5 (1.2%)

0.09

TAC

1 (0.4%)

1 (0.2%)

0.69

CsA

4 (1.7%)

3 (0.7%)

0.25

Insufficient response
Median duration of AZA use,
weeks (IQR)
Switched to 2nd line therapy
<52 weeks, n (%)
MMF
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Normalization of transaminases
at week 26, n (%)
Biochemical remission
at week 26, n (%)‡
Normalization of transaminases
at week 52, n (%)†
Biochemical remission
at week 52, n (%)¶

129 (56.3%)

242 (60.2%)

0.34

155 (57.5%)

83 (54.2%)

0.53

121 (66.5%)

242 (68.2%)

0.69

160 (66.4%)

84 (66.7%)

0.96

Table 2: Outcomes of patients who started AZA therapy concurrent with steroid treatment vs. patients with a
delayed introduction of AZA. 6-MP, 6-mercaptopurine; 6-TG, 6-tioguanine; AZA, azathioprine; CsA, cyclosporine,
IQR, interquartile range; MMF, mycophenolate mofetil; TAC, tacrolimus. * includes: hair loss, dizziness, headache.
‡ Data available for 423 patients. † Data available for 537 patients. ¶ Data available for 367 patients.

Figure 1. Rates of insufficient response and main side-effects when patients experienced intolerance which lead to
AZA discontinuation. AZA, azathioprine. GI, gastrointestinal.

Discontinuation rates after propensity score matching
Using propensity score matching we established two matched groups of 146
patients in the early and delayed AZA initiation group. There were no significant
baseline differences between the two groups. Consequently with our primary
analysis, discontinuation rates of AZA therapy did not differ between early and
delayed AZA initiation (16.4% vs. 15.8%, p = 0.87) (table 4). Additionally there were
no differences in rates of normalization of transaminases at week 24 and week 52
of treatment.
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Treatment outcomes and switch to 2nd line therapy
There were no differences regarding treatment outcomes between both study
groups. Normalization of transaminases after 26 weeks of treatment was achieved
by 56.3% of patients from the early AZA group compared to 60.2% of patients from
the delayed AZA group (p = 0.34) (table 2). After 52 weeks of treatment, rates of
normalization of transaminases were similarly distributed (66.5% vs. 68.2%, p = 0.69).
When corrected for institute, age, gender, cirrhosis, AST at baseline, predniso(lo)ne
dose and AZA dose, the odds ratio (OR) for normalization of transaminases in early
AZA starters was 0.74 (95% CI 0.51 – 1.06, p = 0.10) after 24 weeks of treatment
and 0.75 (0.49 – 1.15, p = 0.19) after 52 weeks of treatment. In a subgroup of
patients with available IgG data (n = 426 for week 26, n = 367 for week 52), rates
of biochemical remission were not different between the two groups (week 26:
57.5% vs. 54.2%, p = 0.53; week 52: 66.4% vs. 66.7%, p = 0.96). Corrected ORs for
biochemical remission in patients with early AZA initiation were 0.85 (95% CI 0.55
– 1.32, p = 0.47) for 24 weeks and 0.96 (95% CI 0.57 – 1.62, p = 0.87) for 52 weeks.
Most patients switched to 2nd line therapy shortly after AZA was stopped: 81.6%
of patients in the early AZA group vs. 77.2% of patients in the delayed group (p
= 0.33). Drugs patients most frequently switched to were 6-mercaptopurine and
mycophenolate mofetil (table 2).
Cox regression

Uncorrected
HR
Discontinuation of AZA
1.09
<52 weeks
(0.72 – 1.64)
Logistic regression
Uncorrected
OR
Normal transaminases at 0.85
week 24
(0.61 – 1.19)
Biochemical remission at 0.88
week 24
(0.59 – 1.31)
Normal transaminases at 0.93
week 52
(0.63 – 1.36)
Biochemical remission at 1.01
week 52
(0.64 – 1.60)

p-value Corrected HR

p-value

0.69

0.97
(0.61 – 1.55)*
p-value Corrected OR

0.90

0.34

0.10

0.53
0.69
0.96

0.74
(0.51 – 1.06)*
0.85
(0.55 – 1.32)*
0.75
(0.49 – 1.15)*
0.96
(0.57 – 1.62)*

p-value

0.47
0.19
0.87

Table 3: Results after multivariable Cox and logistic regression for patients with early initiation of azathioprine
therapy. * In all multivariable models we adjusted for institute, age, gender, cirrhosis, AST at baseline, predniso(lo)
ne dose and azathioprine dose. HR, hazard ratio; OR, odds ratio.
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Discontinued AZA <52
weeks, n (%)
Normal TA week 52
Biochemical remission
week 52
N = 116
Hepatotoxicity

Early AzA initiation Delayed AzA
initiation
AST baseline 0.03 – 4.8 x ULN
24 (19.5%)
20 (23.0%)
58 (63.7%)
39 (60.0%)

p-value

0.54

47 (63.5%)
30 (58.8%)

0.98
0.90

2 (1.6%)
2 (2.3%)
AST baseline 4.9 – 19.4 x ULN
9 (15.5%)
22 (14.9%)

0.73

Discontinued AZA <52
weeks, n (%)
Normal TA week 52
28 (60.9%)
89 (66.9%)
22 (71.0%)
60 (61.9%)
Biochemical remission
week 52
N = 128
Hepatotoxicity
1 (1.7%)
6 (4.1%)
AST baseline 19.5 – 136 x ULN at baseline
Discontinued AZA <52
5 (11.1%)
15 (9.0%)
weeks, n (%)
Normal TA week 52
34 (79.1%)
106 (72.1%)
23 (82.1%)
70 (75.3%)
Biochemical remission
week 52
N = 121
Hepatotoxicity
2 (4.4%)
2 (1.2%)

0.91
0.46
0.36
0.41
0.67
0.36
0.45
0.16

Table 4: Rates of AZA discontinuation <52 weeks stratified according to baseline AST levels. AST, aspartate
aminotransferase; AZA, azathioprine; TA, transaminases; ULN, upper limit of normal.
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Early AzA
initiation
n = 146
Baseline characteristics
Female gender, n (%)
102 (69.9%)
Age at diagnosis, year (SD)
50.70 (16.67)
ALT x ULN, median (IQR)
7.26 (17.32)
AST x ULN, median (IQR)
6.94 (15.65)
Bilirubin (µmol/l), median (IQR)
26.8 (66.3)
IgG (g/l), median (IQR)†
19.31 (11.4)
Cirrhosis, n (%)
30 (20.5%)
AS-AIH, n (%)
8 (5.5%)
Median initial predniso(lo)ne dose,
0.60 (0.55)
mg/kg (IQR)
Median initial AZA dose, mg (IQR)
50 (50)
Median initial AZA dose, mg/kg (IQR)
0.82 (0.49)
Outcomes
Discontinued AZA <52 weeks, n (%)
24 (16.4%)
Normal transaminases at week 24, n
76 (52.1%)
(%)
Normal transaminases at week 52, n
78 (67.2%)
(%)†

Delayed AzA
initiation
n = 146

p-value

114 (78.1%)
47.37 (16.18)
8.38 (14.33)
6.80 (15.59)
34.0 (102.0)
20.74 (12.9)
33 (22.6%)
11 (7.5%)
0.57 (0.43)

0.11
0.08
0.49
0.90
0.24
0.08
0.67
0.48
0.99

50 (25)
0.77 (0.36)

0.17
0.35

23 (15.8%)
84 (57.5%)

0.87
0.35

83 (64.3%)

0.63

Table 4: Baseline characteristics and primary outcome after propensity score matching. A propensity score
was created based on baseline disease activity. The matched cohort consisted of 292 patients ALT, alanine
aminotransferase; AST, aspartate aminotransferase; AS-AIH, acute-severe autoimmune hepatitis; AZA,
azathioprine; IgG, immunoglobulin G; IQR, interquartile range; SD, standard deviation; ULN, upper limit of normal.
† Data available for 245 patients.

Stratification according to baseline disease activity
When stratified according to baseline disease activity, we did not find any significant
differences for discontinuation rates of AZA between the three groups (table 4).
Additionally, occurrence of AZA-induced hepatotoxicity, rates of normalization of
transaminases and biochemical remission at week 52 were not statistically different
between the three groups.

142

Figure 2. Frequency distribution of azathioprine-related side-effects (in the first year of treatment). AZA,
azathioprine.

DISCUSSION
Our study shows that discontinuation rate and efficacy of medical therapy for AIH in
the first year of treatment is independent of time of AZA initiation. AZA discontinuation
occurred in ~15% of our cohort. The exact number of AZA discontinuation rates
in AIH is unknown and guidelines usually refer to the first trials investigating AZA
in AIH, which lack comparison to real world practice 7, 8. Real-world data on AZA
discontinuation in AIH is limited: one study found a discontinuation rate of 6,8%,
which is lower than the number we report in this study 12. Interestingly, we found
that discontinuation rates in patients with AS-AIH are lower than in patients with
non-severe AIH. The reason for this is unknown but probably relates to patient- and
physician related factors. We hypothesize that if patients present with severe AIH,
physicians will apply a more stringent approach towards treatment optimization
and clinical follow-up, resulting in better treatment outcomes.
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Discontinuation rates did not differ between patients who started AZA concurrent
to steroid treatment and those who started AZA ≥2 weeks later. Additionally, we
found no differences in rates of normalization of transaminases and biochemical
remission between patients with early or delayed AZA initiation. The strategy of
delaying introduction of AZA therapy in order to avoid hepatoxicity in the early
stages of the disease has found its way to guidelines, but evidence supporting this
strategy is absent 9, 13.
Data regarding the specific AZA-related side-effects in AIH also originate from
the first AIH trials or are derived from other autoinflammatory diseases such as
ulcerative colitis or rheumatoid arthritis 14 15. One single center study found that
5% of AIH patients discontinued AZA therapy due to side effects within one month
of AZA initiation, compared to 29% of patients with Crohn’s disease 16. We report
similar rates and found that 13.4% of patients discontinued AZA due to side-effects,
and 5.7% did so within the first month. We found that acute pancreatitis related to
AZA therapy is more likely to occur in the first weeks after initiation, while cytopenia
may occur up to 40 weeks after initiation of treatment. These findings provide a
better understanding of the temporal dynamics between type of and duration of
AZA related adverse events. We observed that the gastrointestinal toxicity such as
nausea, emesis and diarrhea occurs most frequently in this population. We did not
find a relationship between AZA dose and occurrence of gastrointestinal complaints,
suggesting that gastrointestinal toxicity due to AZA use is an idiosyncratic reaction.
Our study shows that patients with a delayed AZA introduction are more likely to
have high transaminases at baseline, which suggests that some physicians had
been reluctant to start AZA in these patients. However, when stratified according to
baseline disease activity, we found that there were no differences in discontinuation
rates between early or delayed starters of AZA, indicating that timing of introduction
did not exert a profound effect on this parameter. Furthermore, there were no
differences regarding normalization of transaminases and biochemical remission
between early or delayed introduction of AZA, suggesting that delayed introduction
does not impair treatment efficacy. We observed a statically significant difference
in initial AZA dose between the early and delayed groups. Patient with early AZA
initiation were treated with slightly higher AZA dosages than patients with delayed
AZA initiation, suggesting that higher AZA dosages could have influenced our results.
However, we argue that the difference of 0.06 mg/kg (translating to ~4 mg AZA in a
70 kg patient) is of little clinical relevance. Furthermore, we corrected for AZA dose
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in our multivariate analyses.
Our study has some inherent limitations. First, because of the retrospective design
of our study, there is risk of selection bias and confounding by indication. Only
patients with sufficient data were included in this study, limiting the generalizability.
This is, however, the largest multicenter study to provide a real-world insight in
reasons for stopping AZA therapy in AIH treatment. Second, we used assessment
from the treating physician to define AZA related side-effects, instead of a-priori
standardized definitions, which would be difficult to assess due to possible underreporting in patients’ records. We chose discontinuation of AZA as our primary
endpoint because, in case of AZA intolerance or insufficient response, stopping of
AZA will be the likely consequence. Third, we do not provide any data on use of
6-thioguanine nucleotide levels (6-TGN) for treatment monitoring in AIH. Although
there may be a clinical benefit in therapeutic drug monitoring of AIH patients while
on thiopurine therapy 17-19, we found that the practice of measuring 6-TGN levels
was no broadly established. Fourth, we do not provide data on the long-term risk
of AZA use. It is known that long-term use of immunosuppressants including AZA
increases the risk of malignancies, particularly non-melanoma skin cancer, and
lymphoproliferative disorders 20-22. However, it is unlikely that these long-term risks
will be influenced by early or delayed initiation of AZA.
The data from our study support both strategies of immediate AZA initiation
(AASLD) or delayed AZA introduction (EASL), as laid out in International guidelines.
The main reason to delay AZA introduction is to discriminate between AZAinduced hepatotoxicity and non-response to treatment. However, we found that
AZA-induced hepatitis was uncommon and occurred in both groups, regardless
of baseline disease activity and that AZA-induced hepatotoxicity developed only
after a median duration of 6 weeks of treatment. This suggests that delayed AZA
introduction to avoid this side-effect is not that useful.
In conclusion, the discontinuation rate of AZA in AIH patients is ~15% in the first
year of treatment. Early or delayed AZA initiation do not differ in remission and
discontinuation rates in AIH induction therapy. Our data suggest that either strategy
may be used as part of AIH treatment.
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SUPPLEMENTARY MATERIAL

Discontinuation of AZA due
to intolerance
Nausea
Emesis
Diarrhea
Rash
Cytopenia
Infection
Pancreatitis
Hepatitis
Fever
Arthralgia / Myalgia
Skin abnormalities

Occurrence in total
cohort, n (%)

Median duration to
occurrence, weeks
(range)

85 (13.5%)

6 (0 – 51)

43 (6.8%)
20 (3.2%)
4 (0.6%)
2 (0.3%)
11 (1.7%)
1 (0.2%)
3 (0.5%)
15 (2.4%)
2 (0.3%)
4 (0.6%
1 (0.2%)

6 (0 – 51)
4.5 (0 – 13)
5 (4 – 10)
4.5 (1 – 8)
32 (2 – 45)
34*
2 (2 – 4)
6 (1 – 18)
7 (3 – 11)
10 (4 – 44)
22*

Supplementary table 1: Occurrence and median duration towards manifestation of azathioprine related adverse
events leading to discontinuation of azathioprine discontinuation in the first 52 weeks of treatment. * Numbers
were too low to provide a range. Patients could have multiple side-effects that led to discontinuation. AZA,
azathioprine.
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CHAPTER 7

PROFILING THE PATIENT WITH AUTOIMMUNE
HEPATITIS ON CALCINEURIN INHIBITORS:
A REAL-WORLD-ExPERIENCE
Simon Pape, Frederik Nevens, Chris Verslype, Caroline Mertens, Joost PH Drenth,
Eric TTL Tjwa
Eur J Gastroenterol Hepatol. 2020 Jun;32(6):727-732
ABSTRACT
Objective
Therapy for autoimmune hepatitis (AIH) consists of steroid induction therapy,
followed by maintenance therapy with azathioprine. However, up to 20% of
patients experience either insufficient response or intolerance on first-line
therapy. Calcineurin inhibitors (CNIs) are frequently used when first-line therapy
fails. Although a number of studies report on efficacy, less is known on the patient
trajectory before switch to CNIs. Our aim was to describe the road toward CNI
therapy in AIH patients.
Methods
Patients with an AIH diagnosis who used CNIs as either second- or third-line
treatment were included in the study. Reason for switch to CNI was assessed as
either an insufficient response or intolerance to prior therapy. Efficacy was assessed
by normalization of transaminases at last moment of follow-up.
Results
Final analysis included 20 patients who were treated with CNIs. Ten patients were
treated with tacrolimus and ten patients received cyclosporine. In patients who
used CNI treatment as third-line therapy (n = 13), duration of first-line therapy was
almost twice as long as duration of second-line therapy(2.58 years vs. 1.33 years; P =
0.67). Patients treated with tacrolimus had relatively high trough levels (7.6 ng/mL)
and more (minor) adverse events. Fifty-five percent of patients had normalization
of transaminases at last moment of follow-up.
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Conclusion
CNI treatment in AIH as second- or third-line therapy is effective in ~50% of patients.
The trajectory before switch varies considerably between patients.
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INTRODUCTION
Autoimmune hepatitis (AIH) is a rare, chronic liver disease characterized by
circulating autoantibodies, elevated levels of serum immunoglobulin G (IgG) and
inflammatory liver histology. When left untreated, AIH can lead to development of
cirrhosis and end-stage liver disease [1,2]. Standard treatment of AIH consists of
corticosteroids alone or in combination with azathioprine (AZA) and is effective in
the vast majority of patients [3]. However, up to 20% of patients show insufficient
response or experience adverse events that warrant cessation of the drug [4]. Among
factors that predict a poor response to treatment are hyperferritinemia, younger
age, increased mean platelet volume, and cirrhosis at diagnosis [5–7]. Various
immunosuppressive agents have been proposed as alternative options for secondline therapy in AIH, including mycophenolate mofetil (MMF), 6-mercaptopurine
and 6-tioguanine. Exact numbers are lacking, but reports suggest that 75–90%
of patients will achieve a satisfactory response on second-line therapy [8–11].
There is scarce evidence on the calcineurin inhibitors (CNIs) cyclosporine (CsA)
and tacrolimus (TAC) for treatment in AIH. Both drugs act through suppression of
activated T-cells via inhibition of the intracytoplasmic enzyme calcineurin, blocking
nuclear transcription of proinflammatory cytokines such as interleukin-2. To date,
CNIs are the mainstay of treatment for the prevention of allograft rejection. Both
drugs require therapeutic drug monitoring, because of their narrow therapeutic
index and significant interindividual variability in blood concentrations [12]. Data
on both CsA and TAC in AIH are limited and mainly focused on response rates rather
than characterization of patients in their trajectory before switch to CNI therapy.
Notably, most of these studies were done in patients who received CNIs as secondline therapy. This study aims to describe a cohort of AIH patients who are treated
with CNIs in two expert centers in The Netherlands and Belgium. We specifically
aimed to describe the road toward CNI therapy in AIH patients with emphasis on
duration of prior treatment and reasons for therapy switch. Additionally, we aim to
investigate to efficacy of CNIs as second- or third-line treatment.
METHODS
Patients
Patients with an established AIH diagnosis were identified by local databases from
the University Hospital KU Leuven in Belgium and the Radboud University Medical
Center, Nijmegen, The Netherlands. AIH diagnosis was based on the simplified
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IAIHG diagnostic criteria [13,14]. Inclusion criteria for this study were as follows: all
patients with a probable or definite AIH diagnosis on current or previous treatment
with either CsA or tacrolimus as second- or third-line therapy for AIH. We defined
second- and thirdline therapy as a second or third drug used for maintenance
therapy regardless of reason of switch from prior therapy. Patients with variant
syndromes with primary biliary cholangitis (PBC) or primary sclerosing cholangitis
(PSC) were included in this study. Variant syndrome with PBC was defined according
to the Paris criteria with an antimitochondrial antibody (AMA) titer >1:80 in
combination with compatible histology [15,16]. Variant syndrome with PSC was
defined as having typical radiological findings on imaging (magnetic resonance
cholangiopancreaticography/endoscopic retrograde cholangiopancreaticography)
[17]. Liver transplantation recipients were excluded. Data on initiation and cessation
of therapy, laboratory values and other variables of interest were retrospectively
collected from (electronic) patient records and databases. Ethics approval was
waived by institutional review board after local review.
Analysis
We analyzed baseline and treatment characteristics of patients who used CNI
treatment as third-line therapy compared to patients who used CNI treatment as
second-line therapy. The call to switch to CNI was made by the treating physician
in case there was an insufficient response or intolerance to prior therapy. Efficacy
was assessed by normalization of transaminases at last moment of follow-up.
Biochemical remission was defined according to international guidelines as normal
serum transaminases and IgG [18]. Drug-related adverse events were ascribed at
the discretion of the treating physician. Univariate comparisons were made using
Fisher’s exact test, Mann–Whitney U test or t-test as appropriate. Patients with
ongoing treatment were censored at last moment of follow-up. P-values <0.05 were
considered statistically significant. Analysis was done with SPSS version 24 (IBM
Corporation, Armonk, New York, USA).
RESULTS
Population
The total cohort of AIH patients in Leuven and Nijmegen consisted of 393 patients.
We identified 26 patients who had been, or were actively treated with CNIs. We
excluded three patients who used CNIs for prevention of allograft rejection after
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liver transplantation. Furthermore, we excluded three patients who started CNIs
as first-line therapy for AIH. Final analysis included 20 patients: 13 patients used
CNIs as third-line treatment and seven patients used CNIs as second-line treatment.
Most patients were female (70%) and mean age at diagnosis was 34 years (range
13– 66). Mean duration of follow-up since diagnosis was 12.5 years (SD 8.95) and
mean duration of follow-up on CNI treatment was 26.6 months (SD 40.3). Fourteen
patients (70%) were diagnosed as probable AIH and six patients (30%) as definite
AIH. Nineteen patients were diagnosed with AIH type 1 and one patient with AIH
type 2. There were no significant baseline differences between patients who used
CNIs as third-line treatment when compared to patients who used CNIs as secondline treatment (Table 1).
pvalue

Third-line
therapy
N = 13
9 (69.2%)
68.4 (4.5)
35.5 (15.9)

Second-line
therapy
N=7
5 (71.4%)
71.7 (10.9)
38.3 (13.6)

1.00
0.64
0.63

10 (76.9%)
3 (23.1%)
3 (23.1%)

4 (57.1%)
3 (42.9%)
1 (14.3%)

0.61
0.61
0.52

AZA

-

6 (85.7%)

MMF

-

1 (14.3%)

AZA + MMF

10 (76.9%)

-

AZA + 6-TG

1 (7.7%)

-

AZA + 6-MP

1 (7.7%)

-

6-TG + MMF

1 (7.7%)

-

2.58
(0.08 – 17.17)
1.33
(0.08 – 16.75)
96
(16 – 794)

6.83
0.28
(0.25 – 24.42)
-

Female gender, n (%)
Weight (kg), mean (SD)
Age at diagnosis, mean (SD)
Fibrosis stage (biopsy)
F0 – F2
F3 – F4
Overlap PBC/PSC, n (%)
Therapies before switch:

Therapy duration
1st line therapy (years),
median (range)
2nd line therapy (years),
median (range)
ALT start CNI (U/l), median (range)
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134
(21 – 295)

0.84

IgG start CNI (g/l), median (range)

10.90
14.10
0.48
(8.27 – 25.44) (6.15 – 27.80)

Reason for switch to CNI
Intolerance, n (%)
Insufficient response, n (%)

3 (23.1%)
9 (69.2%)

3 (42.9%)
4 (57.1%)

Other, n (%)

1 (7.7%)

0

Use of CsA, n (%)

6 (46.2%)

4 (57.1%)

Use of TAC, n(%)
Initial dose CNI

7 (53.8%)

3 (42.9%)

1.00

1.83
(1.36 – 3.75)
0.08
(0.05 – 0.08)
10
(5 – 40)

2.11
(1.23 – 2.99)
0.06
(0.04 – 0.10)
20
(10 – 30)

0.48

2.11
(1.36 – 3.75)
0.07
(0.04 – 0.10)

2.11
(1.23 – 2.99)
0.04
(0.01 – 0.07)

107
(18 – 125)
7.6
(5.2 – 8.3)
9.0
(5.0 – 12.0)

82
(74 – 89)
12.3
(7.6 – 14.0)
15.0
(2.5 – 30)

CsA (mg/kg)
TAC (mg/kg)
Predniso(lo)ne dose at switch (mg),
median (range)
Dose CNI at last FU, median (range)
CsA (mg/kg)
TAC (mg/kg)

0.54

0.86
0.38

0.64
0.20

Trough levels CNI at last FU
CsA (ng/ml), median (range)
TAC (ng/ml), median (range)
Predniso(lo)ne dose at last FU (mg),
median (range)

0.50
0.14
0.19

Table 1. Vignette of patients who used CNIs as third-line therapy versus patients who used them as second-line
therapy. 6-MP, 6-mercaptopurine; 6-TG, 6-tioguanine; ALT, alanine aminotransferase; AZA, azathioprine; CNI,
calcineurin inhibitor, CsA, cyclosporine; FU, follow-up, IgG, immunoglobulin ; PBC, primary sclerosing cholangitis;
PSC, primary sclerosing cholangitis G; TAC, tacrolimus.

Patients who used calcineurin inhibitors as second-line treatment
Seven patients received CNI treatment as second-line therapy: four patients were
treated with CsA and three patients received TAC. Most patients (6/7) were treated
with AZA before switching to CNIs. Median AZA dose before switch was 87.5mg
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(range 25–100mg) (P = 1.00 compared to third-line treated patients). The other
patient was treated with MMF 1000mg as first-line therapy. Patients were on firstline therapy for a median duration of 6.83 years (range: from 3 months to 24 years).
Three patients switched to CNIs because of intolerance to first-line treatment and
four patients switched because of insufficient response. Most patients still had
evidence of biochemical disease activity at the time of switch to CNI treatment:
median alanine aminotransferase (ALT) at AIH diagnosis was 171 U/l (94–1692) and
had barely dropped at the moment of switch to CNI therapy: 134 U/l (21–295).
Patients who used calcineurin inhibitors as third-line treatment
Thirteen patients received CNI treatment as third-line therapy: six patients were
treated with CsA and seven patients received TAC. Most patients (76.9%) received
prior therapy consisting of AZA followed by MMF. For this combination, the last used
median AZA and MMF dosages before switch to CNIs were 50mg (range: 25–200mg)
and 1000mg (range: 1000–2000mg), respectively. Other treatment combinations
are presented in Table 1. Patients were on first-line therapy for a median duration of
2.58 years (range: from 1 month to 17.17 years). Interestingly, duration of secondline therapy was shorter with a median therapy duration of 1.33 years (range: from
1 month to 16.75 years) (Fig. 1), this difference was not statistically significant (P =
0.67). Most patients (n = 9) switched to CNI therapy due to an insufficient response on
second-line therapy and three patients switched because of intolerance to secondline treatment. One patient switched from MMF to CsA because of pregnancy wish.
Most patients had evidence of biochemical disease activity at the time of switch
from second-line therapy to third-line CNI treatment: median ALT at diagnosis was
278 U/l (range 92–1355) and decreased to 84 (13–703) U/l at moment of switch to
second-line treatment. However, at the moment of switch from second-line therapy
to CNI, ALT had increased to 96 U/l (16–794).
Differences between third- and second-line calcineurin inhibitor treatment
Patients on CsA treatment were started on a median dose of 1.83mg/kg (1.36–
3.75) when on third-line therapy compared to 2.11mg/kg (1.23–2.99) and when on
second-line therapy (P = 0.48). CsA dosage at last moment of follow-up was equal in
both second- and third-line treated patients [2.11 mg/kg (1.23–2.99) vs. 2.11 mg/kg
(1.36– 3.75); P = 0.64]. Initial median doses of TAC treatment did not differ between
third- and second-line treated patients [0.08 mg/kg (0.05–0.08) vs. 0.06 mg/kg
(0.04–0.10); P = 0.86]. TAC dose at last moment of follow-up was nonsignificantly
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higher in third-line treated patients: 0.07 mg/ kg (0.04–0.10) vs. 0.04 mg/kg (0.01–
0.07) for second-line treated patients (P = 0.20). All patients used concomitant
steroids at the time of therapy switch to CNI. Median daily prednisolone dose was
10 mg (range 5–40) for patients on third-line CNI therapy vs. 20 mg (range 10–30)
for patients on second-line CNI therapy (P = 0.38). At last moment of follow-up,
six patients were successfully withdrawn from steroids. In patients who were still
steroids, median prednisolone dosages had dropped to 9 mg (5.0–12 mg) in thirdline patients compared to 15 mg (2.5–30 mg) in second line patients (P = 0.19). Two
patients (Table 3: patients 13 and 18) used additional immunosuppression next to
CNI treatment: one patient used MMF 1000 mg in addition to CsA 200 mg and one
patient was on AZA 100 mg in addition to CsA 150 mg. Median trough level of CsA
at last follow-up was 107ng/mL for patients on third-line treatment vs. 82ng/ml in
patients on second-line treatment (P = 0.50). For TAC, the median trough level was
lower in patients on third-line treatment that in patients on second-line treatment:
7.6 ng/ mL (5.2–8.3) vs. 12.3 ng/mL (7.6–14.0); (P = 0.14).

Figure 1. Duration of treatment prior to CNI initiation. Patients who used CNIs as third-line treatment used 1st line
therapy shorter than patients who used CNIs as second-line treatment, however not significant. CNI, calcineurin
inhibitor.

Efficacy of calcineurin inhibitor therapy
At last moment of follow-up (median follow-up on CNI treatment: 26.6 months),
7/13 (53.8%) patients who used CNIs as third-line therapy had normalization of
serum transaminases compared to 4/7 (57.1%) patients who used CNIs as secondline therapy (P = 1.00) (Table 2). ALT kinetics per group are presented in Fig. 2. From
the 13 patients who had available IgG at last moment of follow-up, 4/9 (44.4%)
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patients who were on third-line therapy reached biochemical remission compared
to 3/4 (75.0%) patients who were on second-line therapy (P = 0.31). There were
no differences in rates of normalization of transaminases between patients who
switched because of intolerance on prior therapy (n = 6) when compared to patients
who switched due to insufficient response (n = 13): 50% vs. 53.8% (P = 0.64). There
were no patients with a second (follow-up) biopsy after initiation of CNI treatment
to assess histological response.

Years of follow-up since
diagnosis, median (range)
Months of follow-up on CNI
therapy, median (range)
Normal transaminases at last
moment of FU, n (%)
Biochemical remission at last
moment of FU, n (%)*

Third-line therapy Second-line
N = 13
therapy, N = 7

p-value

15 (2 – 28)

8 (1 – 29)

0.24

12 (1 – 154)

16 (3 – 23)

0.78

7/13 (53.8%)

4/7 (57.1%)

1.00

4/9 (44.4%)

3/4 (75.0%)

0.31

Table 2. Treatment outcomes of patients who used CNIs as third-line therapy versus patients who used them as
second-line therapy. CNI, calcineurin inhibitors; FU, follow-up. * IgG was available in 13 patients.

Figure 2. Median ALT during CNI treatment. Comparison of patients who use CNIs as 3rd line therapy vs. patients
who use CNIs as 2nd line therapy. ALT, alanine aminotransferase; CNI, calcineurin inhibitor; FU, follow-up.
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Adverse events on calcineurin inhibitor treatment
Overall, CNI treatment was well tolerated. Renal function remained stable in the
majority of patients: median serum creatinine before start of CNI treatment was
62 µmol/L (range 45–86) compared to 65.5 µmol/L (44–132) at last moment of
follow-up (P = 0.36). Patients on third-line CNI treatment were more frequently
subject to adverse events than patients on second-line treatment: 46.2% vs. 28.6%
(P = 0.44). Most commonly reported adverse events for TAC treatment were tremor
(n = 3) and nausea (n = 2), followed by diarrhea and vertigo. Adverse events with
CsA treatment were less common and were limited to headache, flu-like symptoms
(leading to discontinuation of therapy) and gingival hypertrophy. One patient
developed hepatocellular carcinoma shortly after CsA initiation and underwent
a curative resection. There was no occurrence of other liver-related events (liver
transplantation or liver related death). One patient on second-line TAC treatment,
who had presented with Child-Pugh B cirrhosis at diagnosis, died of complications
after an unexpected and unrelated event.

Patient

Age/
gender

FiMedication
bro- prior to CNI
sis
switch

Reason
CNI
switch

ALT CNI +
Medication
at
last dose while on
start
CNI
CNI

1

33/F

F4

AZA 100 mg

IR

134

TAC 5 mg Pred 2.5 mg Yes

2

46/F

F0

AZA 75 mg

INT

43

TAC 3 mg none

Yes

3

21/F

F2

6-TG 50 mg  IR
MMF 1000 mg

118

TAC 3 mg Pred 10 mg

Yes

4

57/F

F1

AZA 50 mg 
MMF 2000

IR

83

TAC 1 mg Pred 5 mg

Yes

5

42/F

F0

AZA 25 mg 
6TG 20 mg

IR

34

TAC 1 mg Pred 10 mg

No

6

49/F

F1

AZA 50 mg  IR
MMF 2000 mg

51

TAC 5 mg Pred 7.5 mg Yes

7‡

13/M F3

AZA 175 mg
MMF 2000
mg

IR

108

TAC 3 mg Pred 10 mg

No

8*

50/F

F2

AZA 50 mg  IR
MMF 2000 mg

159

TAC 3 mg Pred 10 mg

No

9 †

37/F

F4

MMF 1000 mg INT

148

TAC 5 mg Pred 30 mg

No
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Normal
TA at
last FU

10 *

32/M F3

AZA 75 mg

IR

164

TAC 6 mg Pred 15 mg

No

11

20/F

AZA 50 mg  IR
MMF 1000 mg

623

CsA 125
mg

none

No

12

33/M UNK AZA 50 mg  INT
MMF 2000 mg

96

CsA 100
mg

Pred 8 mg

No

13

35/M F2

AZA 100 mg

IR

37

CsA 150
mg

AZA 100
mg

Yes

14

19/M F3

AZA 200 mg
 MMF 1000
mg

IR

429

CsA 125
mg

Pred 12 mg

Yes

15

28/M F1

AZA 100 mg
 MMF 1000
mg

Pregnancy

54

CsA 120
mg
stopped
therapy

none

Yes

16

24/F

UNK AZA 100 mg

IR

295

CsA 175
mg

Pred 15 mg

No

17

50/F

F0

AZA 75 mg 
6MP 50 mg

IR

794

CsA 200
mg

Pred 5 mg

Yes

18 ‡

57/F

F3

AZA 100 mg
 MMF 1000
mg

INT

16

CsA 200
mg

MMF 1000
mg

Yes

19

22/F

UNK AZA 150 mg
 MMF 1000
mg

INT

71

CsA 200
mg

none

No

20

66/F

UNK AZA 25 mg

INT

21

CsA 100
mg

Bud 3 mg

Yes

F0

Table 3. individual patient data of patients who are treated with calcineurin inhibitors. ALT, alanine
aminotransferase; AZA, azathioprine; Bud, budesonide; CNI, calcineurin inhibitors; F, female; INT, intolerant; IR,
insufficient response; M, male; MMF, mycophenolate mofetil; FU, follow-up; CsA, cyclosporin; Pred, prednisone;
TA, transaminases; TAC, tacrolimus; UNK, unknown. * indicates patients with a variant syndrome with primary
sclerosing cholangitis, ‡ indicates patients with a variant syndrome with primary biliary cholangitis.

DISCUSSION
We identified 20 AIH patients from two university hospitals who switched to CNI
treatment when standard therapy failed. Thirteen patients received CNIs as third-line
treatment for AIH. Most common reason for switch to CNI was insufficient response
to the previous therapeutic regimen. Interestingly, we found that duration of first
line therapy was almost twice as long as duration of second-line therapy. Disease
characteristics of patients on third-line CNI treatment (n = 13) were comparable
161

to those who used CNI as second-line therapy. Both second- and third-line treated
patients achieved rates of ~50% for normalization of transaminases. Additionally,
7/13 patients who were on CNI treatment and had available IgG at last moment of
follow-up achieved complete biochemical remission. Previous studies on both TAC
and CsA in AIH are of a limited sample size, mostly retrospective of nature and focus
on a heterogeneous study population. Evidence from these studies show response
rates varying from 27 to 94% [19–26]. The use of different definitions for response
may be the root cause for the wide range of response rates reported in these studies.
The largest study to date that investigated CNI therapy in AIH, which uses the same
definitions of response as our study, found that the overall response rate in 80 TAC
treated patients with a prior insufficient response to standard therapy was 56.5%
[27], which is in line with our results and probably more accurate to clinical practice
than the higher response rates reported in other studies. Treatment with CNI is
complex and should be tailored to the individual patient with frequent measuring
of trough levels to avoid incorrect dosing. The exact target trough level TAC in AIH is
unknown, although a level of 6ng/mL is suggested in the EASL guideline [18]. In our
cohort, we found that patients treated with TAC had relatively high trough levels
associated with minor adverse events.
Although most studies report only on separate use of CNI treatment as second-line
therapy option in AIH, there are reports on using either TAC or CsA in combination
with other immunosuppressive agents to control the disease [25,28]. A recent survey
among AIH experts showed that CNI treatment was mainly initiated by physicians
working in transplant-centers. The survey does not report on the combination of
two (or more) immunosuppressive agents in the management of AIH [29,30]. It is
therefore unclear how many physicians use CNI treatment as separate therapy or
in combination with other immunosuppressive drugs. In our cohort, two patients
were using additional immunosuppression (AZA and MMF) in addition to treatment
with CNIs.
The fact that patients on third-line CNI treatment received relatively shorter
second-line treatment regimens when compared to duration of first-line therapy
questions the optimal timing for switch to other therapies. A possible explanation
for our finding could be that physicians and patients grow impatient when, after
therapeutic failure on a first agent, a second drug also fails to be effective. The
low occurrence of third-line therapy in AIH creates paucity of data in this field,
leading to low-evidence recommendations in difficult-to-treat patients [18]. Ideally,
162

international adapted timelines and criteria for initiation of third-line AIH treatment
would exist, which would minimize practice variation.
Our study naturally comes with its limitations. First, because of the retrospective
design, this study has its inherent selection bias. Second, we were not able to report
on biochemical remission (normalization of transaminases and IgG) in every patient
because of missing IgG values at last moment of follow-up. Third, in some patients
standard therapy might have been dosed in suboptimal regimens, which could have
been improved. Current guidelines advise to increase AZA dose up to 2 mg/kg/day
in case of insufficient response, but this was not done in every patient. Last, our
sample size limited us to conduct a multivariable analysis, which would be preferred
for this type of study.
The relatively low response rates in our study and those that are reported in
other studies raise the question whether CNI therapy is the optimal treatment
for difficult-to-treat AIH. Currently, few alternatives exist such as MMF and
monoclonal biologicals, MMF is widely accepted in patients who are intolerant to
or have an insufficient response on first-line therapy. Recent reports showed that
MMF is mainly successful in AZA intolerant patients in contrast to patients with
an insufficient response [31]. Remission rates from recent studies vary between
34 and 57% in nonresponders, while remission rates varied from 62 to 91.9%
in AZA intolerant patients [27,31]. However, the same studies report on high
discontinuation rates due to infectious complications. Furthermore, the teratogenic
properties of MMF raise questions about its applicability in a disease that mainly
targets females in childbearing age. There is some familiarity in expert centers with
biological treatment. Infliximab is able to act successfully as salvage therapy for
difficult-to-treat AIH, although the large majority of patients developed infectious
complications [32]. Alternatively, there are anecdotal reports on use of rituximab,
which was deemed as a safe and effective treatment in AIH patients who failed on
AZA therapy [33]. Other experimental therapies currently under investigation for
AIH treatment are low-dose interleukin-2 and anti-B-cell activating factor antibody
therapy (NCT03217422) [34].
In conclusion, we demonstrate that difficult-to-treat AIH patients on CNI treatment
have a heterogeneous trajectory before switch to CNI. Treatment with CNIs was
effective in ~50% of patients to achieve remission of the disease. Patients who are
treated with third-line CNIs might have a longer duration of first-line therapy than
second line therapy.
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CHAPTER 8

GENERAL DISCUSSION
This thesis focussed on issues surrounding clinical management of autoimmune
hepatitis (AIH). The three aims of our were to define endpoints in AIH treatment, to
improve treatment strategies for AIH and to investigate the relationship between an
early treatment response and remission in AIH. In chapter 2 we first presented an
overview of the current clinical management of AIH, specifically aimed at the general
gastroenterologist. In this chapter we will discuss the outcomes and significance of
the studies performed in this thesis. Additionally, we will discuss its strengths and
limitations and provide a research agenda. An overview of the aims, main findings
and limitations of each study is presented in table 1.
RESEARCH AIM 1: TO DEFINE ENDPOINTS IN AIH TREATMENT
The absence of internationally agreed endpoints in AIH management has led to the
use of various definitions for remission and response over the years 1-3. This has led
to variation in both endpoints for clinical studies as to wide practice variation when
it comes to AIH care 4, 5. In chapter 3, we performed a survey among experts involved
in the International Autoimmune Hepatitis Group (IAIHG). Using a modified Delphi
approach with two survey rounds and a panel discussion during a IAIHG workshop,
we managed to reach consensus on definitions for the endpoints of ‘remission’,
‘complete biochemical response’, ‘insufficient response’, ‘non-response’ and
‘intolerance to treatment’. The results of this study allows the international AIH
field to incorporate these endpoints in future cohort studies and trials in order to
enhance comparability between datasets. The use of uniform definitions for future
studies will increase knowledge in AIH management which will ultimately lead
to better patient-care. However, it is important to underline that these proposed
definitions for endpoints are based on structured expert opinion rather than
driven by data. Future collaborative studies will have to reveal the validity of these
endpoints.
RESEARCH AIM 2: TO INVESTIGATE THE RELATIONSHIP BETWEEN AN EARLY
TREATMENT RESPONSE AND REMISSION IN AIH
In chapter 4 we explored the predictive value of a rapid response to treatment in AIH.
We found that patients with a substantial decline of transaminases (>80% after 8
weeks) were more likely to achieve normalization of transaminases and biochemical
remission after 6 and 12 months of treatment when compared to patients who
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failed to demonstrate such a response. Furthermore, we found that patients with a
rapid treatment response had a lower risk for liver transplantation or liver related
death when compared to non-rapid responders. However, this last finding was not
validated in a validation cohort. This study is one of the first and largest studies
to provide insight into the early dynamics of transaminases after steroid induction
therapy is initiated. An important implication of this study is that it highlights the
need for close monitoring of transaminases in the first months of treatment. The
absence of a rapid treatment response after 8 weeks should trigger the physician to
upgrade monitoring of these patients, as they risk a worse outcome than patients
that do show a rapid response. Monitoring of these patients should be thorough in
the first year of treatment, as our study shows that patients with a slow treatment
response after 8 weeks and without normalization of transaminases after one year
have the highest chance of liver transplantation or death. Treatment escalation or
consultation with an expert centre should be considered in these patients. One
major limitation of our study is that it carries selection bias, only patients that
reached the eight week time point were included for analysis. Therefore our results
do not hold for AIH patients with an acute-severe presentation or liver failure who
might need intensive treatment or even liver transplantation before they have arrive
at eight weeks of steroid treatment. While we only focussed on ALT and AST in our
study, future research should explore the incorporation of additional variables such
as bilirubin or INR in order to develop prediction models for AIH treatment.
RESEARCH AIM 3: TO IMPROVE TREATMENT STRATEGIES FOR AIH
In chapter 5 we found that AIH patients treated with a lower initial predniso(lo)
ne dose (<0.50 mg/kg/day) are just as likely to reach remission of disease when
compared to patients with a higher predniso(lo)ne dose. An important finding
was that if patients are started on a higher predniso(lo)ne dose (≥0.50 mg/kg/
day), they are likely to be exposed to substantially higher predniso(lo)ne dosages
the next six months, possibly resulting in more occurrence of steroid-related
adverse events. Long-term side effects of steroids can effect the musculoskeletal,
endocrine, neuropsychiatric, gastrointestinal, cardiovascular, dermatologic, ocular
and immunologic organ systems 6. When prescribing steroids for auto-immune
diseases, physicians should always be aware of the balance between optimal
efficacy and adverse events, especially when lifelong treatment is warranted.
Since AIH treatment generally implies prolonged use of steroids, it is of the utmost
importance to minimize adverse events without attenuation of efficacy. Indeed, a
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recent study found that adverse events of corticosteroids are common in the AIH
population, even in lower dosages 7, stressing the need to minimize corticosteroid
exposure if possible. The results of our study will contribute to an improved
treatment strategy for many AIH patients, as we have demonstrated that there is
no need for high dosages of steroids in clinical management of AIH, resulting in a
lower steroid burden in these patients.
In chapter 6 we investigated whether a strategy of early (<2 weeks after steroid
induction) or delayed (>2 weeks) initiation of azathioprine maintenance therapy
for AIH would result in differences in discontinuation rates of azathioprine, adverse
events and efficacy. We found that there are no major differences between the
two strategies. Discontinuation of azathioprine therapy, whether due to insufficient
response or intolerance, occurs just as often when initiated early after steroid
induction as when initiated in a later phase of treatment. Similar results were
seen in normal AIH presentations as well as acute-severe AIH. One of the main
reasons to delay azathioprine initiation in AIH management, is to discriminate
between azathioprine induced hepatotoxicity and non-response to treatment, in
case of elevation of liver enzymes or bilirubin. We found that hepatotoxicity due to
azathioprine was uncommon in our study and equally prevalent between the early
and late initiation groups. This finding implicates that delaying azathioprine in order
to prevent azathioprine induced hepatotoxicity is not necessary. However, since we
did not used standardized definitions but used the assessment of the local physician
for defining adverse events in our study, these result should be interpreted with
some caution.
In chapter 7 we explored the use of the calcineurin inhibitors (CNIs) tacrolimus and
cyclosporine as second- or third-line agents in AIH treatment. An important finding
of this study was that treatment with CNIs was only moderately effective, with 55%
remission at last moment of follow-up. These remission rates are comparable with
other studies with a larger sample size 8. Additionally, we found that patients who
used CNIs as third-line therapy, duration of first-line therapy was almost twice as
long as duration of second-line therapy. This finding is interesting because it reflects
physicians behaviour: they might grow impatient when, in a difficult-to-treat AIH
patient, a second drug fails to be effective to obtain remission. Both findings stress
the fact that AIH treatment beyond first-line therapy can be a difficult practice. As
AIH care is still very fragmented throughout centres with different levels of expertise,
it is expected that discrepancies exist in care received by patients with difficult-to171

treat AIH, highlighting an unmet need for these patients 9. This study also supports
timely referral to expert or transplant centres in case of difficult-to-treat AIH.
LIMITATIONS AND STRENGTHS
The studies presented in this thesis provide answers to a number of important
question in clinical management of AIH. A strength of our thesis is that we established
one of the largest, multicenter, international cohorts of AIH patients across several
European countries, providing a heterogenous group. The data from this cohort and
its studies are therefore easily translatable to clinical practice. The large majority
of this cohort was compiled by ourselves using pre-defined data collection forms
and data collection was done mainly on-site by the first author of this thesis. This
increases the validity of the data presented in our studies.
The major limitation of most studies in this thesis is the retrospective design. As
discussed in the various chapters, a retrospective design inherently carries various
forms of bias including but not limiting to: selection bias, lead-time bias, and
confounding by indication. It is important to acknowledge that all these biases
can be present it our studies when interpreting the data. However, we have tried
to minimize bias where possible. For example, in chapter 4, we used propensity
score matching, which allows comparison of two heterogenous groups of patients,
based on their baseline characteristics. Propensity score matching attempts posthoc adjustment for recognized unbalanced factors, which will hopefully reflect
results resembling a prospective randomised data set. Although this method is not
perfect and has its limitations, propensity score matching is increasingly being used
in retrospective studies 10, 11. Especially in a rare disease as AIH, retrospective studies
have some advantages over prospective studies as it is possible to investigate the
disease from routine clinical care over a long period of time 12. A second important
limitation of our studies is that we encountered missing data, leading to exclusion of
a lot of cases. For example, we had to exclude 336 of 880 patients in chapter 4 due
to missing primary endpoint data. We were able to account for some non-endpoint
variables using multiple imputation, but this does not completely outweigh the fact
that we were only able to report on cases that had ample datapoints.
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RESEARCH AGENDA
The studies presented in this thesis provide answers relevant for the field of AIH.
Naturally, results of our studies provide new research questions that could be
addressed in future research:
Optimal steroid dose
Our study in chapter four suggests that lowering of predniso(lo)ne dosages does
not affect remission in AIH. Ideally, a multicenter randomized controlled trial
should be conducted to provide a more robust answer to this issue. In such a study,
patients with a newly established diagnosis of AIH could be randomized to either a
high-dose (≥ 0.50 mg/kg/day) or low-dose (<0.50 mg/kg/day) predniso(lo)ne dose
regiment with structured tapering in both groups. Primary outcomes should be:
complete biochemical response after 6 and 12 months, steroid-related side effects
and quality of life.
Prediction model
In chapter 5, we suggested a model to predict treatment response based on
percentage AST decrease after 8 weeks of treatment. Future collaborative studies
should focus on a more potent prediction model to predict treatment response
in AIH. A future study investigating a prediction model should include various
laboratory values in the first weeks of treatment (including transaminases, bilirubin,
INR and IgG) as well as baseline characteristics (gender, cirrhosis, age). The primary
endpoint for such a study should focus on liver-related complications and survival.
A prediction model could lead to better patient counselling and possibly shorter
treatment regimens for low-risk patients.
Quality of life
An important unexposed area of AIH knowledge concerns health-related quality
of life (HRQoL). Patients with AIH, even when in remission, experience a large
spectrum of complaints (e.g. fatigue, depressive symptoms), resulting in lower
HRQoL 13, 14. Since validated questionnaires that assess the wide range of symptoms
that company AIH are lacking, future research should be aimed at development and
validation of such questionnaires and their relationship with (surrogate) endpoints.
Patients should be actively included in this process.
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The establishment of various international networks and the retrospective and
prospective registries by the IAIHG and, more recently, the European Reference
Network (ERN) Rare Liver will undoubtedly lead to large collaborative research
projects which could provide answers to the open questions that remain in clinical
management of AIH.
Alternative first-line treatment
Azathioprine is the only first-line agent AIH that has been investigated in clinical
trials. It is unknown whether alternative immunosuppressive agents, such as
mycophenolate mofetil (MMF) provide better results than azathioprine. Recent
studies suggest that treatment with MMF results in high rates of biochemical
remission, with few adverse events 15. As a randomized clinical trial comparing
MMF with azathioprine is lacking, we have started the CAMARO-trial in 2016
(NCT02900443) to investigate the efficacy and safety of MMF compared to
azathioprine. Results of this multicenter trial will be expected in the coming years.

Chap- Aim(s)
ter
2

Main findings and implications Limitations and comments

To assist
•
the general
gastroenterologist
and hepatologist
in the
•
management of
AIH
•

AIH treatment involves
steroid induction therapy
with azathioprine
maintenance therapy
Biochemical remission
of disease is the primary
treatment goal
Referral of difficult cases
to specialist centres is
recommended
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•
•

No systematic review
Some advices in this
review are expert
opinion rather than
evidence based

3

To derive a set
of AIH endpoints
for use in clinical
trials, based on
current evidence,
expert guidance,
and international
consensus

•
•

•
•

4

To investigate
the outcomes
of patients with
vs. without a
rapid response
to treatment of
AIH in a large
international
cohort.

•

•

•

•

Histology should be
included when assessing
remission of AIH
A complete biochemical
response means normal
transaminases and IgG
and should be achieved no
later than 6 months after
initiation of treatment
Insufficient response
means a lack of a complete
biochemical response
Non-response is defined
as <50% decrease of
transaminases within 4
weeks after initiation of
treatment

•

A rapid response to
treatment (>80% AST drop
after 8 weeks) is associated
with normalization of
transaminases in the
following year.
Patients with a with
a rapid response to
treatment have a lower
risk of liver-related death
or transplantation than
patients without this
response
The absence of a rapid
response after 8 weeks
might be used to identify
patients that could
benefit from intensified
monitoring and escalation
of treatment
AIH patients should be
monitored intensively
during the first weeks of
treatment

•
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•

•
•

•
•

•

Response rate of 34%
over two survey rounds
might not be high
enough to reflect the
opinion of all experts
No patient-reported
outcomes were
included in the
(proposed) endpoints
Endpoints need
validation in order to
investigate their validity
Heterogeneity of AIH
presentations makes
that these endpoints
might not be applicable
in every clinical setting
Selection bias due to
retrospective design
No data on histological
disease activity at
diagnosis or follow-up
Concept of rapid
response is only
applicable for patients
who reach the 8-week
time point
Missing data hampered
us from exploring other
predictive models

5

To determine
the efficacy
of different
dose ranges of
predniso(lo)
ne induction
therapy in a large
European cohort
of patients with
AIH.

•

•

•

6

7

To investigate
the role of early
versus delayed
introduction
of AZA therapy
and its effect on
discontinuation
rates, side-effects
of therapy, and
efficacy

•

To describe the
road toward CNI
therapy in AIH
patients

•

•

•

•

No difference in rates of
remission between high
(>0.50 mg/kg/day) or low
(<0.50 mg/kg/day) dose
predniso(lo)ne
Patients given an initial
high dose received more
predniso(lo)ne over time
than patients started on a
lower dose (3780 mg vs.
2573 mg over 6 months)
The predniso(lo)ne dose
in AIH can be lowered
without affecting
remission

•

Early (<2 weeks) or
delayed AZA (>2 weeks)
initiation do not differ
in remission and
discontinuation rates in
AIH induction therapy
No relationship between
AZA dose and occurrence
of gastrointestinal sideeffects.
The data from our study
support both strategies of
immediate AZA initiation
(AASLD) or delayed AZA
introduction (EASL),

•

•
•

•
•

CNI treatment in AIH
•
as second- or third-line
therapy is effective in
~50% of patients
•
Patients who are treated
with third-line CNIs have a
longer duration of first-line
therapy than second line
therapy.

Possibility of
confounding by
indication and selection
bias
No confirmation of
histological remission
No data on liver
transplantation, liver
related mortality, or
death.

Assessment from
treating physicians was
used to define adverse
events, rather than predefined definitions
No data on use of
6-TGN monitoring
Selection bias

Small sample size:
no possibility of
multivariable analysis
No optimization of
standard treatment in
every patient

Table 1. Overview of the aims, main results and limitations of the studies in this thesis.
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APPENDICES

ENGLISH SUMMARY
Autoimmune hepatitis (AIH) is a rare liver disorder that primarily affects women of
all ages. It is diagnosed using a combination of parameters, including positive titers
for auto-antibodies, characteristic features at histopathology and elevated serum
levels of immunoglobulins. Patients experience a wide variety of symptoms, with
excessive fatigue being the most common. Without treatment, the inflammation
caused by AIH leads to cirrhosis of the liver which in turn may lead to complications
of end-stage liver disease or even death. Treatment for AIH was established
decades ago by a number of clinical trials and consists of steroid induction therapy
followed by maintenance therapy with azathioprine (AZA) and is generally life-long.
Success of treatment is defined by normal serum levels of transaminases (alanine
aminotransferase (ALT) and aspartate aminotransferase (AST)) and immunoglobulin
G (IgG). Although it has not changed over the last years, there are various gaps
of knowledge regarding AIH treatment. These include lack of proper definitions of
treatment response and lack of alternative treatment strategies. With this thesis we
aimed to optimize treatment strategies in autoimmune hepatitis.
In chapter 2 we present a narrative review regarding the latest developments on
clinical management of AIH. We summarized the standard of care of AIH: induction
therapy with predniso(lo)ne followed by maintenance therapy with AZA. This
therapy is effective in the vast majority of patients. Patients who fail first-line
therapy should be started on other immunosuppressants such as mycophenolate
mofetil or tacrolimus, although no clinical trials comparing these drugs to AZA have
been conducted, so formal evidence is lacking. Given the rarity of AIH, we argue
that specialist consultation should be sought as early as possible when it comes to
difficult-to-treat AIH patients.
Our first aim was to define new endpoints in AIH treatment. In chapter 3 we
describe the results of an international Delphi-survey among AIH experts in the
world concerning new definitions for endpoints in AIH treatment. Since current
clinical trial design in AIH is hampered by the low rate of clinical relevant endpoints
(such as liver transplantation or death), a wide variety of surrogate endpoints
exist in current literature. This leads to practice variation and lack of comparability
between studies. By using a modified Delphi approach we surveyed members of
the International Autoimmune Hepatitis Group on the best definitions for the
endpoints: remission, complete biochemical response, insufficient response, nonresponse and intolerance to treatment. The results of the survey were discussed
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during an international AIH workshop in Vienna, July 2019. We encourage the AIH
community to use these new definitions for endpoints in future AIH studies in order
to facilitate comparison of outcomes. As the new definitions are based on expert
opinion, future studies with prospective datasets will be needed to investigate the
validity of these definitions.
The second aim of this thesis was to investigate the relationship between an early
treatment response and remission of AIH. In chapter 4 we demonstrated that AIH
patients with a rapid and substantial decrease in serum transaminases have higher
probability of normalization of transaminases after 6 and 12 months and a lower
risk on liver transplantation and death. The results of this study underline that a
rapid improvement of biochemical inflammatory activity is an important prognostic
factor in AIH. The absence of a rapid response to treatment in an individual AIH
patient should trigger the treating physician to intensify monitoring and consider
escalation of treatment in patient.
The third aim of this thesis was to improve treatment strategies in AIH. In chapter
5 we investigated the need for high-dose predniso(lo)ne in AIH treatment. Most
guidelines advise predniso(lo)ne dosages of 0.50 – 1.00 mg/kg/day while formal
evidence for this advice is lacking. We retrospectively analysed a large cohort of
European AIH patients and assigned them to high-dose group (≥0.50 mg/kg/day
initial predniso(lo)ne dose) and a low-dose group (<0.50 mg/kg/day). We found
that there were no significant differences in rates of remission between the highdose and the low-dose group. A propensity score matching analysis showed similar
results as our main analysis. Interestingly we found that AIH patients who were
started on a high dose of predniso(lo)ne received significantly more steroids over
time than low-dosed patients, placing them at risk for steroid-related adverse events.
An important finding of our study is that the majority if AIH patients will reach
remission, regardless of steroid dose. We therefore propose an initial starting dose
of <0.50 mg/kg/day of predniso(lo)ne since this prevents unnecessary exposure to
high cumulative doses of steroids.
In chapter 6 we investigated the optimal timing of initiation of AZA in AIH treatment.
AZA can be initiated either concurrent to initiation of steroids or delayed after a
few weeks of steroid monotherapy. Safety and efficacy of both these strategies
have been unexplored. It is therefore unknown whether either strategy leads to
different rates of AZA discontinuation or different remission rates. We compared
patients with early AZA initiation (<2 weeks after initiation of steroids) and late AZA
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initiation (> 2 weeks) and found no differences in discontinuation or remission rates
between the groups. A propensity score matching analysis in a matched subgroup
of patients did not alter these results. An important finding of our study was that
the discontinuation rate of AZA was ~15% in the first year of treatment, which is
higher than previously reported. We did not find evidence for increased occurrence
of AZA-related hepatoxicity in the early group, which is posed as a main reason to
delay AZA therapy. The data from our study supports both strategies (delayed or
immediate AZA initiation).
In chapter 7 we analysed 20 AIH patients who used calcineurin inhibitors (tacrolimus
or cyclosporine) as second- or third-line therapy. Although both tacrolimus and
cyclosporine are often used as a salvage agent in AIH, numbers on efficacy vary
greatly in published literature. With this study we aimed to describe the road that
led towards initiation of calcineurin inhibitor treatment. Interestingly we found
that patients who used calcineurin inhibitor treatment as third-line treatment,
duration of first-line therapy was almost twice as long as duration of second-line
therapy (2.58 years vs. 1.33 years), probably due to patient- and physician-related
impatience when a second drug fails to achieve the desired effect. We found that
treatment with calcineurin inhibitors is effective in ~50% of AIH patients when used
as second- or third-line treatment. Although effective, calcineurin inhibitors are
certainly not a panacea for AIH treatment.
In conclusion, this thesis focuses on issues surrounding clinical management of
AIH. We provided new definitions for endpoints in AIH for researchers to use in
current and future AIH studies. Additionally we provided new insights into the early
phase of AIH management which should prove useful to physicians who treat AIH
patients. These include the possibility of lowering predniso(lo)ne dosage, close
monitoring of transaminase dynamics to predict whether an AIH patient is at risk for
an adverse outcome, and new views towards optimal timing of AZA therapy. Future
collaborative studies, as currently conducted or initiated by international groups
as the International Autoimmune Hepatitis Group and the European Reference
Network Rare-Liver will hopefully provide additional evidence and insights towards
further optimization of clinical management in AIH.
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NEDERLANDSE SAMENVATTING
Auto-immuun hepatitis (AIH) is een zeldzame leverontsteking die met name voorkomt
onder vrouwen van alle leeftijden. AIH wordt gediagnosticeerd door middel van
een combinatie van factoren waaronder de aanwezigheid van auto-antilichamen,
karakteristieke bevindingen bij histologie en verhoogde serumwaarden van
immunoglobulines. Patiënten met AIH hebben veel verschillende symptomen,
waarbij excessieve vermoeidheid de meest voorkomende is. Zonder behandeling
leidt de ontsteking tot levercirrose, wat op zijn beurt weer kan leiden tot complicaties
van eindstadium leverziekten, waaronder overlijden. De behandeling van AIH is
tientallen jaren geleden vastgesteld door een aantal klinische trials en bestaat uit
inductiebehandeling met steroïden gevolgd door onderhoudsbehandeling met
azathioprine (AZA). Behandeling van AIH is vaak levenslang. Succes van behandeling
wordt meestal gedefinieerd door normale serumwaarden van transaminases
(alanine aminotransferase (ALAT) en aspartaat aminotransferase (ASAT) en
immuglobuline G (IgG)). Hoewel de behandeling al jaren bestaat, zijn er diverse
hiaten met betrekking tot de optimale AIH behandeling. Zoals het gebrek aan goede
definities voor behandelrespons of alternatieve behandelopties. Met deze thesis
poogden wij huidige dogma’s rondom AIH te onderzoeken en een alternatieve
benadering te zoeken voor de individuele AIH patiënt.
Hoofdstuk 2 beslaat een review over de laatste ontwikkelingen met betrekking tot
de behandeling van AIH. We geven een samenvatting van de eerstelijnsbehandeling
voor AIH: inductietherapie met prednison gevolgd door onderhoudsbehandeling
met AZA. Deze therapie is effectief voor een meerderheid van patiënten. Patiënten
die falen op eerstelijnsbehandeling worden idealiter behandeld met andere
immunosuppressiva als mycofenolaatmofetil en tacrolimus. Er zijn echter geen
klinische trials gedaan met deze medicijnen, dus formeel bewijs voor effectiviteit en
veiligheid in AIH ontbreekt. Vanwege de zeldzaamheid van AIH stellen we voor dat
consultatie met gespecialiseerde centra zo vroeg als mogelijk gezocht moet worden
in het geval van moeilijk te behandelen AIH patiënten.
Ons eerste doel was om nieuwe eindpunten voor AIH behandeling te definiëren.
In hoofdstuk 3 beschrijven we de resultaten van een internationale Delphi survey
van wereldwijde AIH experts over nieuwe definities voor eindpunten in AIH
behandeling. Omdat huidige klinische trials worden belemmerd door het niet of
weinig voorkomen van harde klinische eindpunten (zoals levertransplantatie en
overlijden), worden er verschillende surrogaat eindpunten gebruikt in de literatuur.
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Dit leidt enerzijds tot praktijkvariatie en maakt het onmogelijk om verschillende
studies en datasets met elkaar te vergelijken. Door een gemodificeerde Delphisurvey te houden binnen verschillende leden van de International Autoimmune
Hepatitis Group konden we overeenstemming bereiken voor de definities van
remissie, complete biochemische respons, insufficiënte respons, non-response en
intolerantie voor behandeling. De resultaten van de survey werden bediscussieerd
tijdens een internationale AIH workshop in Wenen in juli 2019. Wij moedigen de AIH
gemeenschap aan om de nieuwe definities voor eindpunten te gebruiken in huidige
en toekomstige studies zodat de uitkomsten met elkaar kunnen worden vergeleken.
Omdat de huidige eindpunten zijn gebaseerd op meningen van experts, zullen de
nieuwe definities nog wel gevalideerd moeten worden in toekomstig onderzoek.
Het tweede doel van deze thesis was om de relatie te onderzoeken tussen een
vroege behandelrespons en remissie in AIH. In hoofdstuk 4 lieten we zien dat
AIH patiënten met een snelle en substantiële daling van serum transaminasen
een hogere kans hebben op normalisatie van transaminasen na zes en twaalf
maanden behandelen. Daarnaast hebben ze ook een kleinere kans op het
ondergaan van een levertransplantatie en overlijden. De resultaten van deze studie
laten zien dat een snelle verbetering van biochemische ontstekingsactiviteit een
belangrijke prognostische factor is in AIH. De afwezigheid van een dergelijke snelle
behandelrespons in een AIH patiënt zou de behandelaar tot actie moeten bewegen.
Geïntensiveerde monitoring of opschalen van behandeling zou bij een dergelijke
patiënt moeten worden overwogen.
Het derde doel van deze thesis was om behandelstrategieën van AIH te verbeteren.
In hoofdstuk 5 onderzochten we de noodzaak van hoge steroïddoseringen in de
behandeling van AIH. De Europese richtlijn adviseert een predniso(lo)n dosering
van 0.50 – 1.00 mg/kg/dag terwijl formeel bewijs voor dit advies ontbreekt. We
analyseerden een grote groep Europese AIH patiënten en verdeelden ze in een
groep met hoge doseringen predniso(lo)n (≥0.50 mg/kg/dag) en lage doseringen
predniso(lo)n (<0.50 mg/kg/dag). We vonden dat er geen significante verschillen
waren in remissiepercentages tussen de hoog- en laag gedoseerde groep. Een
propensity score matching analyse ondersteunde deze resultaten. We zagen dat AIH
patiënten die beginnen met een initiële hoge dosis predniso(lo)n een veel hogere
cumulatieve dosering krijgen dan patiënten met een initieel lage dosis, waarmee
ze een hoger risico hebben op steroïdgerelateerde bijwerkingen. Een belangrijke
bevinden van deze studie is dat de grote meerderheid van alle AIH patiënten
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remissie behaalt, ongeacht welke predniso(lo)n dosering ze krijgen. We stellen
daarom voor dat AIH patiënten worden behandeld met een initieel lage dosering
predniso(lo)n (<0.50 mg/kg/dag) om onnodige blootstelling aan hoge doseringen
steroïden te voorkomen.
In hoofdstuk 6 onderzochten we de optimale timing met betrekking tot start van
AZA behandeling in AIH. AZA kan zowel gestart worden initieel aan de start van
predniso(lo)n of kan een aantal weken worden uitgesteld. Zowel de effectiviteit
en de veiligheid van deze strategieën is niet onderzocht. Het is daarom onbekend
of de ene dan wel andere strategie leidt tot verschillen in stoppen met AZA of
remissiepercentages. We vergeleken patiënten die vroeg met AZA begonnen
(<2 weken na start van steroïden) met patiënten die laat met AZA begonnen (>2
weken na start van steroïden) en vonden dat er geen verschillen waren tussen
de twee groepen met betrekking tot het stoppen met AZA door bijwerkingen of
ineffectiviteit. Er waren ook geen verschillen in remissiepercentages. Een propensity
score matching analyse in een gematchte subgroep van patiënten leverde dezelfde
resultaten op. Een belangrijke bevinding van deze studie was dat ongeveer 15%
van alle AIH patiënten stopt met AZA behandeling in het eerste jaar. Dit is een
hoger percentage dan eerder bekend was. We vonden geen bewijs voor het meer
optreden van hepatotoxiciteit in de groep die vroeg met AZA begon. De resultaten
van onze studie ondersteunen beide strategieën (vroeg of later starten van AZA) in
de behandeling van AIH.
In hoofdstuk 7 analyseerden we 20 AIH patiënten die werden behandeld
met calcineurineremmers (tacrolimus of ciclosporine) als tweede- of
derdelijnsbehandeling. Hoewel deze twee medicijnen regelmatig gebruikt worden
als alternatieve behandeling in AIH, verschillen de remissiepercentages in de
gepubliceerde studies aanzienlijk. Met deze studie onderzochten we vooral het
traject voorafgaand aan de start met calcineurineremmers. Zo vonden we dat
de duur van eerstelijnsbehandeling in patiënten die een calcineurineremmer als
derdelijnsbehandeling gebruikten bijna twee keer zo lang was vergeleken met
patiënten die een calcineurineremmer als tweedelijnsbehandeling gebruikten (2.58
vs. 1.33 jaar). Dit is waarschijnlijk te verklaren door patiënt- en artsgerelateerde
factoren: mogelijk worden zowel artsen als behandelaars ongeduldig als een
tweedelijnsbehandeling niet het gewenste effect laat zien. We vonden dat
calcineurineremmers effectief zijn in ongeveer 50% van alle AIH patiënten, waarmee
ze zeker geen panacee zijn voor de behandeling van AIH.
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Concluderend focuste deze thesis zich op problemen aangaande klinisch
management van AIH. We geven een voorstel voor het gebruik van nieuwe definities
voor eindpunten in AIH die gebruikt kunnen worden in huidig en toekomstig AIH
onderzoek. Daarnaast geven onze resultaten nieuwe inzichten in de vroege fase
van AIH behandeling, welke artsen direct in de klinische praktijk kunnen toepassen.
Deze behelzen onder andere het verlagen van de initiële prednis(lo)n dosering,
het nauwgezet monitoren van dynamiek van transaminases in de vroege fase van
behandeling alsook nieuwe inzichten met betrekking tot de timing van het initiëren
van AZA therapie. Toekomstig multicenter onderzoek, zoals momenteel wordt
uitgevoerd en geïnitieerd door de International Autoimmune Hepatitis Group en het
European Reference Network Rare-Liver, zullen hopelijk nieuw bewijs en inzichten
geven welke zullen leiden tot verdere optimalisatie van de behandeling van AIH.
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mijn onderzoek. Het is bijzonder hoe een klein landje als Nederland zoveel goed
AIH onderzoek voortbrengt! Prof. dr. B. van Hoek, beste Bart, bedankt voor je
samenwerking met betrekking tot de CAMARO-trial. Ik weet zeker dat als de studie
vol komt (en dat komt ie!) het resultaat er mag zijn. Beste Maaike Biewenga,
bedankt voor het tijdelijk overnemen van de trial toen ik in de kliniek in ging, succes
met het afronden van je promotietraject.
A lot of the work in this thesis has been conducted in collaboration with various
international partners of whom most are involved in the International Autoimmune
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Delphi study. I want to extend my special gratitude to our colleagues in the UKE
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het Radboudumc. Ik heb als beginnend dokter een korte maar ontzettend leuke
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unit. Veel hebben we gepraat over hoe het beter moest en het resultaat mag er zijn.
Ik ben trots op wat we hebben neergezet: we leveren hoge kwaliteit data en hebben
alles goed op orde, dat heeft menig audit bewezen! Bedankt voor het meedenken
over de invulling van de rol van trialarts in combinatie met onderzoek. Het zal altijd
een lastige combinatie blijven om beide taken ten volle uit te voeren, al geloof ik dat
het met jullie steun altijd goed zal komen. Beste Cynthia en Marlon, bedankt voor
jullie gezelligheid en werklust binnen de Research Unit. Ook de collega’s van het Lab
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