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Abstract

Autoimmune hepatitis in the majority of patients responds well to standard
immunosuppressive therapy with steroids and azathioprine, and while untreated
disease is usually fatal, patients responding well to therapy have an excellent
prognosis. However, about 10-20% of patients present therapeutic challenges due to
an insufficient response or intolerable side-effects to standard therapy, requiring dose-
adaptation or switch of therapy. While there is a fairly good agreement on second-line
treatment options, there is very wide variation in the indication and use of possible
third-line therapies. The European Reference Network on Hepatological Diseases
(ERN RARE-LIVER) and the International Autoimmune Hepatitis Group (IAIHG) here
offer a treatment algorithm for both children and adults that should help to standardize
treatment approaches, in order to improve patient care as well as to allow comparison

of treatment results in scientific publications.



Lay summary

Autoimmune hepatitis is a chronic inflammatory disease of the liver. Most patients
require lifelong immunosuppressive treatment, but because of insufficient control of
liver inflammation or because of side effects some patients need alternatives to
standard immunosuppressive medication. We here present an overview of second-line

and third-line immunosuppression for patients with autoimmune hepatitis.
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Key points

e Patients with autoimmune hepatitis (AIH) require alternatives for standard
immunosuppressive treatment in two clinical scenarios: insufficient response,
i.e not achieving remission, or intolerance due to side effects

e Biochemical remission of AIH is defined as normal transaminases as well as
normal IgG levels and histological remission is defined as a hepatitis activity
index (HAI-score) of up to 3 out of 18

e The European Reference Network on Hepatological Diseases (ERN RARE-
LIVER) and the International Autoimmune Hepatitis Group (IAIHG) here present
a position statement on second-line and third-line treatment of AlH

e 6-Mercaptopurine and mycophenolate mofetil are the treatment of choice for
AlH patients being intolerant to standard treatment

e For AlH patients not achieving remission under standard treatment, optimization
of azathioprine dosage on the basis of 6-TGN levels should first be aimed at
before starting alternative immunosuppressants

e In paediatrics and adolescents, growth development, problems with adherence
and availability of liquid formulations of immunosuppressive drugs for small
children can be additional reasons for adapting the treatment strategy

e No clear preference can be given for single immunosuppressants as third-line
treatment since comparative studies are missing and none of the therapies used
are approved, yet. However, standardized approaches are needed in order to
make studies comparable and to enable comparative analysis of efficacy in the

future



Introduction

Response to initial corticosteroid therapy is so universal in autoimmune hepatitis (AIH)
that it is considered a diagnostic criterion.>? Studying the effect of prednisone or
prednisolone in AIH was the subject of a number of randomized trials in the 1960s and
1970s, some of the earliest randomized trials in medical history, with a clear result
across all trials: steroid therapy improves survival impressively.34 Subsequent trials
have established that the addition of azathioprine spares steroids and has better
success rates in the maintenance of remission than steroid monotherapy.>® Thus
steroids remain the drug of choice for remission induction, and azathioprine the drug
of choice for maintenance of remission.” There is still some debate as to the optimal
dosage of these drugs, and to what extent the azathioprine dose should be increased
in order to be able to withdraw steroids versus lower dose combination therapy.”® A
recent study has suggested that the initial steroid dose is not decisive, and that 0.5
mg/kg body weight prednisolone is probably sufficient in the majority of patients.10
There is consensus that azathioprine should be added within 2 weeks after starting
steroids, given that total bilirubin levels are about < 5 mg/dl, and that azathioprine
should be the backbone of any maintenance therapy.” The exact titration of doses
during maintenance therapy, and the relative preference of higher doses of
azathioprine as possible monotherapy versus low-dose prednisone (e.g. 5 mg/day)
combined with low doses azathioprine (around 1 mg/kg body weight) depend on
individual risk factors and preferences, and should be decided together with the
patient. There is also consensus that relapse rates after withdrawal of therapy are
extremely high, and withdrawal should only be attempted in patients who have been in
stable remission on low-dose therapy for at least two years.!! Liver biopsy before
treatment withdrawal has been recommended by many guidelines on AlH, but are

considered optional in the EASL Clinical Practise Guideline. Due to the limitations of



liver biopsy with to sampling errors, and due to the increasing evidence for biochemical
remission as a reliable predictive marker, the role of liver biopsy in the assessment of
remission has become less important. Patients with ALT levels below half the upper
limit of normal in combination with IgG levels below 12 g/L have a very good chance
for successful treatment withdrawal'? and therefore probably do not need liver biopsy
before weaning of immunosuppression. The main role of liver biopsy on follow-up is to
distinguish remaining AlH activity from other causes of elevated liver enzymes (drug
toxicity, associated NASH etc.), and to adapt management accordingly. Furthermore,
whenever there is doubt that biochemical parameters are reliable in the assessment
of remission, e.g. if IgG levels were not elevated in the beginning of treatment, or if
levels of transaminases are close to the upper limit of normal, liver biopsy may also
provide valuable information for patient management. Withdrawal of treatment should
be avoided during puberty independent of the duration of remission and only with great
alertness in patients with type 2 AlH, as well as in all patients in whom the disease first

manifested in childhood.

There is wide consensus that remission can be defined both biochemically and
histologically.**'” Biochemical remission is defined as normal transaminases as well
as normal IgG levels.”2 In the paediatric literature decrease or even disappearance of
autoantibodies is also considered an important marker of remission.® However, this
may be very closely linked to 1gG levels, and has thus so far not been confirmed as an
independent indicator of remission. Histological remission is defined as a hepatitis
activity index (HAI-score) of up to 3 out of 18, as this degree of disease activity is widely
regarded as non-progressive.’”!° A recent case series has demonstrated that patients
reaching full biochemical remission do not only not progress, but overall even show a

regression of liver fibrosis as measured by repeated evaluation of transient



elastography, e.g. by Fibroscan.?® On the other hand, this and other studies have
confirmed, that remaining disease activity is associated with progressive fibrosis and
development of cirrhosis, thus underlining the need to achieve full biochemical

remission if possible.13-16.20

While there is growing consensus on the standard management of autoimmune
hepatitis, there is a considerable degree of uncertainty regarding how to deal with
patients insufficiently responding to standard therapy, or not tolerating standard
therapy. The EASL clinical practice guideline and the ESPGHAN position statement
recommend mycophenolate mofetii (MMF) for those patients not tolerating
azathioprine, and this also appears to be a widely held consensus beyond Europe.”.821
While the data for MMF in patients intolerant to azathioprine are encouraging, MMF
seems of little benefit in those patients not responding sufficiently to first line therapy,

but there are only limited data on this issue.?2-26

The largest controlled trial in autoimmune hepatitis addressed the role of budesonide
as an alternative steroid to prednisone in induction therapy.?’ Besides its primary end-
point result establishing budesonide as an alternative drug in remission induction with
less steroid specific side effects, this trial demonstrated the very high rate of patients
not achieving the endpoint biochemical remission within six months using normal ALT
as endpoint. While some authors have criticised this trial for applying a rather low dose
of prednisone and for tapering prednisone too strictly and too quickly in some patients,
overall the treatment reflected widely used standards, and yet in both treatment arms
more than 30 % of patients were not in biochemical remission at month six. Together
with epidemiological studies showing increased liver related mortality in AIH despite

therapy, this trial thus showed the unmet need for more effective and better tolerated
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therapeutic options in AIH.2:28 Therefore, in addition to the need for new drugs and
new therapeutic approaches, we need recommendations, and in due course better
data, on how to deal with patients not responding sufficiently to standard therapy in

AlH, as well as with patients intolerant to standard therapy.

The scarcity of data, with only small studies and case series published so far
(Supplementary Table 1), and the wide variation of inclusion criteria and drug usage,
do not allow any recommendations at present as to which particular third-line therapy
should be used in an individual patient. Multicentre studies are needed in order to
accumulate data with sufficient power to make robust conclusions. In order to achieve
this most efficiently, we need to structure, standardize and report our approach to
patients with autoimmune hepatitis in need of third-line therapy. The following position
statement is the result of repeated discussions within the scientific community
coordinated by the European Reference Network on Hepatological Diseases (ERN
RARE-LIVER) and the International Autoimmune Hepatitis Group (IAIHG) in order to
help in the management of these patients, and in order to agree on a standard process
for the use of in particular third-line therapies to allow the collection of comparable data
from treatment centres. It is hoped that based on this treatment algorithm such data
can be collected in the future, helping us to improve management of this important
patient population, with the final goal of establishing third-line treatment options based
on high quality data in adequately powered studies. This position statement will cover
both adult and paediatric data and address the two key problems, sometimes

intertwined: insufficient response and intolerance (Fig. 1 and 2).

Insufficient response
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Treatment aim in every patient with autoimmune hepatitis is prevention of progressive
liver disease. Lack of progression, and even regression of fibrosis, is observed in more
or less all patients with full biochemical remission defined as normal transaminases
and normal 1gG levels.131620 |t is uncertain whether histological proof of remission by
demonstration of no or only minimal inflammatory activity (HAI<3/18) on liver biopsy is
more reliable than biochemical remission. On the one hand histology is considered the
gold standard, but on the other hand due to the risk of sampling error, biochemical
remission parameters might provide a better overall picture than liver biopsy. The two
approaches can be considered complementary. In particular in patients with borderline
biochemical parameters, a liver biopsy may help to assess the remaining disease
activity more reliably. Furthermore, liver biopsy may be able to detect co-morbidity
such as non-alcoholic steatohepatitis (NASH) responsible for not achieving normal
transaminase levels, or possible azathioprine hepatotoxicity.?® When full biochemical
remission is achieved, histological confirmation of remission is not required. Similarly,
if both IgG and transaminases show a clearly insufficient response, histological
confirmation of insufficient response is also not required. For all other cases,
histological diagnosis is recommended, as the resulting treatment decisions may have
important consequences, and are likely to determine the long-term therapy of this

chronic disease.

While insufficient response in the initial treatment period is not well defined, and needs
to be assessed individually depending on the severity of disease and co-morbidities,
we have agreed that insufficient response is failure to achieve full biochemical
remission within the first six months of treatment.3® While in many patients full
biochemical remission can be achieved even faster than that, six months appears a

reasonable time to wait, as some patients respond slower than others.3! In some
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patients with initially severe disease and a clear tendency of improvement, achieving
full biochemical remission may even take a few months longer than six months, but for
the vast majority of patients the six months’ time point is appropriate for assessing
response and should therefore be standard. Histological remission does take longer
than biochemical remission, and thus histological evaluation for degree of response,
may need to be delayed up to one year, if there is uncertainty in the interpretation of
biochemical response® — this can be the case in borderline values for transaminases

or 1gG, and discrepancy between transaminase response and I1gG response.

We recommend that in patients with insufficient response, drug levels of azathioprine
metabolites should be measured (Fig. 1).7:3233 There are two main reasons for this
recommendation:
1. Azathioprine drug metabolism varies widely between individuals. It is the group
of 6-thioguanine nucleotides (6-TGN) that contain the main active drug 6-
tioguanine-triphosphate  (6-TGTP), while the 6-methyl-mercaptopurine
metabolites (6-MMP) are not immunosuppressive, but can reflect drug toxicity.
2. Non-adherence to recommended treatment is another important reason for
insufficient treatment response, and can be detected by absent or very low
levels of all drug metabolites.
Unfortunately, 6-TGN measurements are not trivial and can only be undertaken in a
few specialized laboratories. Future studies will need to show the reliability and
reproducibility of measurements across different laboratories, but data from transplant
immunology as well as from inflammatory bowel disease have shown the value of
these measurements in patient management.34-3¢ A larger, albeit retrospective study
of AIH patients from Sheffield, UK, showed that patients with 6-TGN levels below 220

pmol/8x108 red blood cells were more likely to experience relapse or have insufficiently
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suppressed disease activity.®” Therefore, it appears reasonable to try to achieve such
a level in all patients with insufficient response and lower levels on drug measurement.
This can normally be achieved by addressing adherence to therapy and adapting the
dose up to 2 mg or even 2.5 mg/kg body weight, as is customary in treatment of
patients with inflammatory bowel disease.

For those patients with inadequately low levels of 6-TGN and high levels of 6-MMP,
the alternative drug metabolite, the underlying problem is altered drug metabolism in
the presence of good patient adherence. In these patients, again a lesson learned from
the inflammatory bowel disease colleagues, the combination of azathioprine with
allopurinol can be very effective, as allopurinol blocks the 6-MMP pathway.383° For this
approach the dose of azathioprine needs to be reduced to about one fourth of the
previous dose and 100 mg allopurinol per day added to the therapy, in order to achieve
similar 6-TGN levels.*? Allopurinol dosing for this indication is not standardized, as it is
normally only used for chemotherapy-induced hyperuricaemia in paediatrics with very
high doses up to 10 mg/kg body weight.*! The dose required for the desired drug
interaction is closer to 2—3 mg/kg body weight, thus allowing a very good safety margin.
In order to achieve therapeutic levels, azathioprine then needs to be carefully
increased keeping the allopurinol dosage constant, and drug levels need to be

monitored along the way.

In countries in which 6-TGN measurements are unavailable, some colleagues have
used mean corpuscular erythrocyte volume (MCV) as a surrogate marker for
azathioprine dosage, as MCV should increase during sufficiently dosed
azathioprine.*243 However, this approach has not been validated systematically and
can only be regarded as a simplistic alternative when testing is not available. Normal

MCV levels in azathioprine-treated patients should, however, always raise suspicion,
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and once other causes for microcytosis such as iron deficiency or thalassaemia have
been excluded, should raise the suspicion of below target drug levels, be they due to

non-adherence or to altered drug metabolism.

In addition to optimizing azathioprine dosing, patients with insufficient response should
be re-evaluated diagnostically (Fig. 1). This entails questioning the initial diagnosis (Is
this really AIH?) as well as excluding alternative and additional diagnoses. Primary
sclerosing cholangitis (PSC) as well as primary biliary cholangitis (PBC) should be
excluded in any patient with persisting cholestatic features. For possible PBC, tests
should be done not only for antimitochondrial autoantibodies (AMA), but also for the
PBC-associated antinuclear autoantibodies (ANA) anti-SP100 and anti-gp210, all of
which can be tested by highly reliable immunoserological tests.”** Drug-induced liver
injury (DILI) is another important differential diagnosis to consider, including the
possibility of azathioprine-induced liver toxicity. However, the diagnosis of azathioprine
hepatotoxicity is often given to patients only based on raised liver enzymes during
therapy, and may be a misinterpretation of insufficient response, leading to an

unnecessary change to second-line therapy.

In view of the excellent treatment efficacy of azathioprine in most patients, drug toxicity
should not be simply assumed, but needs to be proven, either by liver biopsy, or by
drug withdrawal associated with improvement, and re-exposure associated with
worsening of liver tests. Histological features of azathioprine drug toxicity are usually
quite characteristic and, at least by an experienced liver pathologist, can be well
differentiated from AIH activity.*>4% If in doubt, liver biopsy should be sent to a reference

centre for re-evaluation. Furthermore, viral infections, in particular Epstein-Barr virus
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(EBV) and Cytomegalovirus (CMV) infection in previously seronegative patients, have

also to be excluded as reasons for raised liver enzymes in treated AIH patients.

Non-alcoholic fatty liver disease (NAFLD) and NASH are frequent diseases in the
general population, but may be even more frequent in AlH as a side-effect of initial
steroid therapy. Thus, NAFLD may develop in a patient in whom initial liver biopsy did
not show any suspicious features, and should be considered in insufficient responders,
especially if the liver test pattern is compatible, with usually normal alkaline
phosphatase (ALP), high gamma-glutamyl transferase (GGT) and alanine
aminotransferase (ALT) higher than aspartate aminotransferase (AST).?° Ultrasound
screening showing increased echogenicity of the liver parenchyma, as well as high
values of ‘controlled attenuation parameter’ (CAP) on Fibroscan can help in the
diagnosis — and again liver biopsy may be required to make the final diagnosis and to
try to differentiate the relative role of NAFLD/NASH and AIH activity in explaining the

laboratory values.

Relapse during maintenance therapy may also be considered a version of insufficient
response, but should be viewed slightly differently depending on the reasons for
relapse. The most common form of relapse is due to lowering of maintenance therapy
down to a level lower than required in the individual patient. Adaptation of the doses,
and depending on the degree of relapse perhaps a transiently higher steroid dose, will
solve the problem in the majority of patients, who can then be managed on acceptable
levels of standard maintenance therapy. Relapse may also be due to non-adherence,
and this problem is particularly common in adolescents and young adults, but can
occur in any age group. Reconsideration of patient preferences and discussion of the

risks and benefits of therapy should be undertaken in these patients, and psychological
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help is sometimes necessary. Repeated relapses despite adequate maintenance

therapy and adherence also represent insufficient response.

In patients with insufficient response, in whom alternative and additional liver disease
has been excluded, standard drug therapy should be intensified taking into
consideration the disease activity, the co-morbidities, and the drug side-effects (Fig.
1). Only in those patients who are adherent to therapy, and in whom despite intensified
therapy the disease is active and presumably progressive, third-line therapy should be
attempted according to one of the protocols given in Table 1. As an alternative for
starting third-line therapy directly after unsuccessful intensification of first-line
treatment, mycophenolate mofetil (MMF) as a second-line drug can be considered,
although its effectiveness in poor responders to first-line therapy has been limited in
present reports.?® Fibroscan can be very helpful in assessing disease progression:
Fibroscan measures the combination effect of inflammatory infiltration in the liver and
fibrosis, and should thus improve upon remission induction.*” Worsening of Fibroscan
during follow-up especially beyond the first six months of therapy, indicates either re-
activation of disease, or fibrosis progression, possibly even both.?° The reasons for
starting third-line therapy should be recorded, its pros and cons discussed with the
patient, and the results of this discussion recorded. A liver biopsy before the start of
third-line treatment is recommended in order to prove the necessity of third-line
therapy, to exclude alternative diagnoses, and to have detailed information on disease
activity (grading) and fibrosis (staging) prior to starting these experimental therapies.
Patient (and in children also parents’) preferences need to be taken into consideration
when deciding on third-line therapy, both on initiation and on the drugs chosen. The

recommendations for patients with insufficient response are summarized in Fig. 1.
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Intolerance

Drug intolerance is precluding the use of azathioprine in a fair proportion of patients,
estimated to be between 3 and 5%. Reliable prospective studies of the true incidence
of azathioprine intolerance are missing. It is an idiosyncratic reaction usually
manifesting within the first two weeks of therapy, and clinically characterized by
general malaise and nausea, often associated with any of the following symptoms:
fever, diarrhoea, muscle and body pain, vomiting. Symptoms may mimic acute
gastroenteritis, which is a differential diagnosis. Symptoms typically subside within two
to three days of stopping treatment, and resume rather more quickly upon re-exposure.
Many colleagues will attempt a trial of re-exposure to be certain that it really is
azathioprine intolerance, and the first recommendation is to undertake such an attempt
by switching from azathioprine to 6-mercaptopurine (6-MP; Fig. 2), thus limiting
possible intolerance to 6-MP and its metabolites and avoiding the pre-drug
azathioprine. 6-MP is the first metabolite of azathioprine on the way to its active agent
6-TGN.*® 6-MP is thus just as effective a drug as azathioprine, and in some countries
the first drug of choice in this drug class of purine analogues. As in most countries only
azathioprine, and not 6-MP, is licensed for use as immunosuppressive agent, and as
in most countries there is a wider dose variation of azathioprine tablets on the market,
most physicians prefer azathioprine, but from a pharmacological point of view, 6-MP
is just as effective. The problem of inadequate dosing alternatives may also sometimes
hamper optimal therapy in very young children, as azathioprine fluid, which allows
exact dosing, is not available everywhere. As at the same time steroid maintenance
therapy can be problematic in young children due to its negative growth effects, some
specialists choose MMF as an alternative first-line therapy due to its wider availability
in liquid form allowing individual dosing. Systematic data are lacking, and choice of

preference should be individualised depending on the steroid dose required and
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possible MMF side-effects. More data are here required to allow general
recommendations. Furthermore, as children develop, a change to standard therapy

should be then considered in these cases.

Up to 50-75% of patients intolerant to azathioprine are not intolerant to 6-MP, or their
side-effects are markedly weaker.*° It therefore appears prudent to attempt a challenge
with 6-MP in a patient suspected to be intolerant to azathioprine (Fig. 2). Particularly
patients with only milder, mainly gastrointestinal symptoms due to azathioprine are
likely to tolerate 6-MP therapy. If symptoms of intolerance recur, this drug class should
probably be avoided completely, even though there are some reports on the use of
tioguanine as an alternative agent from this drug class with better tolerance.° If 6-MP
is tolerated, it should be used, and dose adapted similarly to azathioprine based on
optimal 6-TGN blood levels (starting usually at a dose of mercaptopurine of 0.5-1

mg/kg body weight).

In patients intolerant to both azathioprine and 6-MP, MMF should be used as a second
line drug, starting with MMF 500 mg twice daily and dose increased to MMF 1 g twice
daily, in children starting with 5 mg/kg body weight twice daily up to a maximum of
20mg/kg body weight twice daily (Fig. 2). MMF seems to be generally better tolerated
than azathioprine, but does have gastrointestinal symptoms in a fair proportion of
patients, as well as causing problems in wound healing, increasing also the risk of
organ perforation for example in peptic ulcer disease. Furthermore, MMF is strictly
contraindicated in pregnancy, and for men reliable contraception is recommended
because the risk of genotoxicity cannot be completely ruled out.5%% Long-term family
planning needs to be discussed with every AIH patients at reproductive age before

switching to MMF. Thereby, re-changes of treatment can thus be avoided, in case that
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family planning becomes first relevant soon after starting MMF. This is particularly
relevant in adolescents and young adults, who may have been put on MMF at some
stage, and in whom planned or unplanned pregnancies may lead to a complicated
situation. Effectiveness for AIH appears to be good, and it has been reported that up
to two thirds of patients intolerant to azathioprine achieve full biochemical remission

using an MMF regimen.53-% This approach is summarized in Fig. 2.

Side-effects of corticosteroids may also be severe and be considered to cause
intolerance in some patients. In particular, during adolescence, non-adherence to
steroid-based therapy may be a major problem, both due to real as well as to perceived
or feared potential steroid side-effects. As high-dose steroids are usually only required
for short periods, dose adaptation should first be tried in this situation, preferably by
optimizing azathioprine treatment as rapidly as possible in order to spare steroids.
Budesonide can be considered as an alternative in patients with severe steroid side-
effects, but is contraindicated in all patients with cirrhosis, in whom first-pass effect is
impaired with increased risk of steroid-related side effects as well as a high risk of
portal vein thrombosis.>¢ While being an option for remission induction, budesonide is
more difficult to taper due to its short half-life and limited dose availability on the market.
Both prednisolone and budesonide can cause considerable long-term steroid side-
effects, and in view of the better long-term effectiveness of systemic
immunosuppressants, steroids should in any case not be the mainstay of therapy in
AlH.27:57.58 Nonetheless, in patients intolerant to azathioprine, and also intolerant to
MMF, steroid monotherapy may be a valid treatment alternative, if bone mineral
density is good and remains good, and if the prednisolone dose required can be kept
at a maximum of 10 mg/day (in children probably at a maximum of 2.5-5 mg/day). This

approach is summarized in Fig. 3, and should be discussed as a possible option with
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the patient before entering the alternative of third-line therapy. In this discussion, it
needs to be mentioned that depression is found quite frequently in patients with AlH,
and this seems to be closely associated with steroid use, thus hinting towards a
pathogenetic role of steroids in AlH-associated depression.>® Therefore, existing
depression and depression risk should be assessed carefully, and psychological
support may be required in these patients. An algorithm summarizing all

recommendations is given in Fig. 3.

Third-line therapy

A number of drugs have been reported to help in the treatment of patients with AIH not
responding sufficiently to first- and second-line therapy (Supplementary Table 1).
Various schedules of third line drugs have been used, often depending on local
expertise as well as reimbursement rules. In order to learn the degree of effectiveness
of each third-line protocol, a collaborative effort of all expert centres managing such
patients is required. We suggest that patients should only receive third-line therapy on
the basis of the algorithm presented in Fig. 3. Patients should be stratified to the reason
they are receiving third-line therapy: Because of insufficient response to standard
therapy (expected to be difficult-to-treat), or because of intolerance to standard therapy
(expected to be easier-to-treat). Furthermore, third-line protocols should be as
standardized as possible, and therefore we have listed the possible regimens including
dosing and dosing intervals in Table 1. Results of case series of patients treated
according to these protocols should be shared and the results published. Collection of

data can be undertaken via the ERN RARE-LIVER.

This paper does not give firm guidance on the choice of third-line therapy, nor on the

question, if third line drugs should be combined with standard drugs, or given as an
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alternative, as no reliable data for such a recommendation are available. However,
experience suggests that for patients being intolerant to first- and second-line
treatment, a well-tolerated single third-line drug will probably be sufficient to control
liver inflammation. However, for cases with insufficient response under first- and
second-line therapy, double or even triple immunosuppression may frequently be
needed for remission induction, at least during the initiation of the third-line drug. But
the aim of starting third-line treatment is always that the third-line drug will maintain
remission on its own. However, for future evaluation of the effectiveness of third- line
drugs, it is important to stratify results both according to intolerance or insufficient
response as reasons for giving third-line drugs, and to record, if combination therapy,
and in what form, has been applied. When initiating third-line therapy, in addition to
checking and proving the need according to the above recommendations, re-
evaluation of the overall health status of the patient is required, not only in order to
evaluate the indication for third-line therapy, but to also determine and limit the risks.
First of all, in older patients and patients with comorbidities the overall life expectancy
and quality of life needs to be assessed: Is AlH really the most important disease of
this patient, and would progressive disease limit life-expectancy and quality of life more
than the side-effects of higher dose standard therapy? Secondly, particularly in
children, growth and developmental assessment needs to be performed regularly in
determining the risks of disease, side-effects of previous therapy and potential risks of
alternative third-line therapies. Overweight should be tested in all patient populations,
and additional measures for weight control may be required, particularly in patients still
requiring steroids. Furthermore, cardiovascular and renal risk factors should be
checked, as many of the third-line drugs have relevant cardiovascular and renal side-
effects. Chronic infections need to be excluded; in case of anti-TNF therapy in

particular tuberculosis. Finally, assessment of vaccination status and performing (re-)
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vaccinations as required should be undertaken, preferably prior to institution of third-

line therapy.

Checking the need for third-line therapy by careful re-assessment of the disease
history, patient adherence, patient preferences and co-morbidities will benefit difficult-
to-treat AIH patients. Applying the above recommendations should not only lead to
better care of our patients, but should also form the basis for scientific progress in

evaluating the utility and risks of third-line therapies in AlH.

Special recommendations for paediatric and adolescent patients with
autoimmune hepatitis

While AIH is probably in general one and the same disease across all age groups, a
number of special considerations for paediatric patients need to be stressed. Children
and adolescents with AIH may differ from adult patients in several ways: they often
present with a cholestatic variant of AlH, certain autoantibodies are more frequently
found in children, such as anti-liver-kidney microsome antibodies (anti-LKM) or anti-
liver cytosol type 1 (anti-LC1)%°, and the questions of growth, development, but also
psychosocial aspects and questions of adherence, may present special challenges in
paediatric care of AlH.

Up to about 50% of children presenting with features of AIH may later be found to have
underlying cholestatic liver disease, termed by some autoimmune sclerosing
cholangitis (ASC) or AIH/PSC overlap syndrome. Therefore, Sclerosing Cholangitis
should be excluded by cholangiography (MRCP), and possibly by repeating liver
biopsy.?! As typical findings of sclerosing cholangitis may be subtle and can be missed
by both methods, follow-up cholangiography and sometimes also follow-up liver biopsy

may be required, and is strongly recommended for all children and adolescents failing
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to reach remission. These children should also be screened for underlying
inflammatory bowel disease (IBD) by measuring faecal calprotectin followed by a
colonoscopy if elevated.?! Other differential diagnoses must also be considered in an
age-related fashion: In toddlers, careful evaluation of metabolic disorders must be
undertaken. In both children and young adults, Wilson’s disease must be excluded by
measuring ferroxidase and 24-hour urine copper excretion, by slit-lamp examination
for Kayser-Fleischer rings, by genetic analysis and, if in doubt, by measuring liver
tissue copper content quantitatively in a liver biopsy sample.

Previous studies on the treatment of paediatric AIH include only one randomized trial.%’
That is why treating this patient group is mainly based on case reports, observational
and retrospective studies and adult studies, and experience. Despite these difficulties,
a paediatric scoring system for autoimmune liver disease (AILD) and treatment
algorithm has been suggested by The European Society for Paediatric
Gastroenterology Hepatology and Nutrition (ESPGHAN), which may help in the

management of paediatric AIH.%!

Paediatric patients have a comparable remission rate as adults on first-line therapy,
with about 50% of patients achieving normal ALT levels 2-3 months after starting
treatmen.®%.62 |f remission is not achieved, monitoring of azathioprine metabolites
should rather rely on the 6-MMP/6-TG ratio being below 4 than on sole 6-TGN levels.
6-TGN levels on their own appear to only poorly correlate with biochemical remission
in paediatrics.®3%4 Although studies on the combination of allopurinol and low-dose
azathioprine in children with AIH have not been published, it seems reasonable to use
the same approach in children as in adults, with special attention to 6-MMP/6-TGN

ratio.
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Relapse during maintenance therapy in childhood and adolescence requires a special
diagnostic and therapeutic approach: one reason may be accidental undertreatment,
because as children grow, continued re-evaluation and adaptation of dosage per
bodyweight is needed. Non-adherence is a challenge in any age group, but is much
more commonly seen, and at the same time more complex in adolescence. It is
probably the most common cause of relapse during this phase in life. Managing
adherence well has to be considered a multidisciplinary task.®® In smaller children, non-
adherence may also occur, for example if the child dislikes the medication or cannot
swallow the tablet. Furthermore, psychosocial problems of parenting may also be
responsible for non-adherence. In type 2 AlH, representing about 10% of the paediatric
AlH patients®1-66, recurrent relapse is not uncommon, and second- or third-line

treatment is frequently needed.

As a consequence of the longer expected lifespan of a child with AlH, the long-term
effects of immunosuppressive treatment should be taken into consideration in a
paediatric AlH patient, and therapy may need to be adapted in different life phases
accordingly. Intolerance and side effects of therapy may have a more severe impact
on adherence and quality of life in paediatric patients. Studies on 6-MP in paediatric
AIH are lacking, however, data from acute lymphoid leukaemia and inflammatory
bowel disease (IBD) in childhood support the safety of 6-MP in this age group.
Therefore, 6-MP can be an option also in children, if azathioprine is not tolerated. MMF
is available as a liquid formulation, its use is well known for transplantation in children
and its dosing can be easily regulated in a small child. In general, if monotherapy with
prednisolone on a higher dose appears to be required for reaching and maintaining
remission, other alternatives should be discussed with the parents and child, in

particular already a teenager. Growth and bone mineralization should be monitored
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closely, and third-line treatment may be considered, if side effects on standard therapy
become worrisome, even if the child is in remission. Non-adherence due to the
cosmetic side effects of prednisolone can be a major issue during adolescence, and
can also be considered a form of drug intolerance leading to second- and third-line
therapy. Patient involvement in the decision process seems important. Furthermore,
as transition into adult life occurs, return to standard therapy should probably be

attempted.

The number of paediatric studies on third-line therapy is very low and the number of
patients included small (supplementary table 1). This highlights the need for
multicentre studies and close collaborations together with adult hepatologists. Two
observational paediatric studies on calcineurin inhibitors indicate that remission can be
achieved in about 75% of cases within 6 months and that well-monitored usage of
tacrolimus is safe in children.®16” However, we lack long-term data, which due to the
possible toxic effects are urgently needed. Other third-line drugs (supplementary table
1) in paediatrics can only be supported by case reports or adult data. The lack of data
in this area underlines the need of prospective databases and multicentre paediatric

studies.

Acknowledgements

The authors thank EASL and ESPGHAN for supporting ERN RARE-LIVER in their
efforts for the care of patients with rare liver diseases, and to the European
Commission and the Free and Hanseatic State of Hamburg for financial support for the

ERN RARE-LIVER.



26

References

Author names in bold designate shared co-first authorship.

1. Johnson PJ, McFarlane IG. Meeting report: International Autoimmune Hepatitis
Group. Hepatology. 1993;18:998-1005. doi: 10.1002/hep.1840180435.

2. Alvarez F, Berg PA, Bianchi FB, Bianchi L, Burroughs AK, Cancado EL, et al.
International Autoimmune Hepatitis Group Report: review of criteria for
diagnosis of autoimmune hepatitis. J Hepatol. 1999;31:929-938. doi:
10.1016/s0168-8278(99)80297-9.

3. Cook GC, Mulligan R, Sherlock S. Controlled prospective trial of corticosteroid
therapy in active chronic hepatitis. Q J Med. 1971;40:159-185. doi:
10.1093/oxfordjournals.gjmed.a067264.

4, Kirk AP, Jain S, Pocock S, Thomas HC, Sherlock S. Late results of the Royal
Free Hospital prospective controlled trial of prednisolone therapy in hepatitis B
surface antigen negative chronic active hepatitis. Gut. 1980;21:78-83. doi:
10.1136/gut.21.1.78.

5. Soloway RD, Summerskill WH, Baggenstoss AH, Geall MG, Gitnick GL,
Elveback IR, et al. Clinical, biochemical, and histological remission of severe
chronic active liver disease: a controlled study of treatments and early
prognosis. Gastroenterology. 1972;63:820-833.

6. Murray-Lyon IM, Stern RB, Williams R. Controlled trial of prednisone and
azathioprine in active chronic hepatitis. Lancet. 1973;1:735-737. doi:
10.1016/s0140-6736(73)92125-9.

7. European Association for the Study of the Liver. EASL Clinical Practice
Guidelines: Autoimmune hepatitis. J Hepatol. 2015;63:971-1004. doi:
10.1016/j.jhep.2015.06.030.

8. Mack CL, Adams D, Assis DN, Kerkar N, Manns MP, Mayo MJ et al. Diagnosis
and management of autoimmune hepatitis in adults and children: 2019 practice
guidance and guidelines from the American Association for the study of liver
diseases. Hepatology. 2019 Dec 21. doi: 10.1002/hep.31065. [Epub ahead of
print]

9. Schramm C, Weiler-Normann C, Wiegard C, Hellweg S, Miller S, Lohse AW.
Treatment response in patients with autoimmune hepatitis. Hepatology.
2010;52:2247-2248. doi: 10.1002/hep.23840.



10.

11.

12.

13.

14.

15.

16.

17.

27

Pape S, Gevers TJG, Belias M, Mustafajev IF, Vrolijk JM, van Hoek B, et al.
Predniso(lo)ne Dosage and Chance of Remission in Patients With Autoimmune
Hepatitis. Clin  Gastroenterol Hepatol. 2019;17:2068-2075. doi:
10.1016/j.cgh.2018.12.035.

Van Gerven NM, Verwer BJ, Witte BI, van Hoek B, Coenraad MJ, van Erpecum
KJ, et al. Relapse is almost universal after withdrawal of immunosuppressive
medication in patients with autoimmune hepatitis in remission. J Hepatol.
2013;58:141-147. doi: 10.1016/j.jhep.2012.09.009.

Hartl J, Ehlken H, Weiler-Normann C, Sebode M, Kreuels, B, Pannicke N, et al.
Patient selection based on treatment duration and liver biochemistry increases
success rates after treatment withdrawal in autoimmune hepatitis. J Hepatol.
2015;62:642—646. https://doi.org/10.1016/j.jhep.2014.10.018.

Miyake Y, Iwasaki Y, Terada R, Okamaoto R, lkeda H, Makino Y, et al.
Persistent elevation of serum alanine aminotransferase levels leads to poor
survival and hepatocellular carcinoma development in type 1 autoimmune
hepatitis. Aliment Pharmacol Ther. 2006;24:1197-1205. doi: 10.1111/;.1365-
2036.2006.03113.x.

Verma S, Gunuwan B, Mendler M, Govindrajan S, Redeker A. Factors
predicting relapse and poor outcome in type | autoimmune hepatitis: role of
cirrhosis development, patterns of transaminases during remission and plasma
cell activity in the liver biopsy. Am J Gastroenterol. 2004;99:1510-1516. doi:
10.1111/.1572-0241.2004.30457 .x.

Muratori L, Muratori P, Lanzoni G, Ferri S, Lenzi M. Application of the 2010
American Association for the study of liver diseases criteria of remission to a
cohort of Italian patients with autoimmune hepatitis. Hepatology. 2010;52:1857.
doi: 10.1002/hep.23924.

Montano-Loza AJ, Carpenter HA, Czaja AJ. Improving the end point of
corticosteroid therapy in type 1 autoimmune hepatitis to reduce the frequency
of relapse. Am J Gastroenterol. 2007;102:1005-1012. doi: 10.1111/;.1572-
0241.2007.01153.x.

Czaja AJ, Wolf AM, Baggenstoss AH. Laboratory assessment of severe chronic
active liver disease during and after corticosteroid therapy: correlation of serum
transaminase and gamma globulin levels with histologic features.
Gastroenterology. 1981;80:687-692



18.

19.

20.

21.

22.

23.

24.

25.

26.

28

Gregorio GV, McFarlane B, Bracken P, Vergani D, Mieli-Vergani G. Organ and
non-organ specific autoantibody titres and IgG levels as markers of disease
activity: a longitudinal study in childhood autoimmune liver disease.
Autoimmunity. 2002;35:515-519. doi: 10.1080/0891693021000056721.

Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat F, et al. Histological
grading and staging of chronic hepatitis. J Hepatol. 1995;22:696—-699. doi:
10.1016/0168-8278(95)80226-6.

Hartl J, Ehlken H, Sebode M, Peiseler M, Krech T, Zenouzi R, et al. Usefulness
of biochemical remission and transient elastography in monitoring disease
course in autoimmune hepatitis. J Hepatol. 2018;68:754-763. doi:
10.1016/j.jhep.2017.11.020.

Mieli-Vergani G, Vergani D, Baumann U, Czubkowski P, Debray D, Dezsofi A,
et al. Diagnosis and Management of Pediatric Autoimmune Liver Disease:
ESPGHAN Hepatology Committee Position Statement. J Pediatr Gastroenterol
Nutr. 2018;66:345-360. doi:  10.1097/MPG.0000000000001801.

Hlivko JT, Shiffman ML, Stravitz RT, Luketic VA, Sanyal AJ, Fuchs M, et al. A
single center review of the use of mycophenolate mofetil in the treatment of
autoimmune hepatitis. Clin Gastroenterol Hepatol. 2008;6:1036—1040. doi:
10.1016/j.cgh.2008.04.006.

Hennes EM, Oo YH, Schramm C, Denzer U, Buggisch P, Wiegard C, et al.
Mycophenolate mofetil as second line therapy in autoimmune hepatitis? Am J
Gastroenterol. 2008;103:3063—-3070. doi: 10.1111/}.1572-0241.2008.02180.x.
Sharzehi K, Huang MA, Schreibman IR, Brown KA. Mycophenolate mofetil for
the treatment of autoimmune hepatitis in patients refractory or intolerant to
conventional therapy. Can J Gastroenterol. 2010;24:588-592. doi:
10.1155/2010/891252.

Aw MM, Dhawan A, Samyn M, Bargiota A, Mieli-Vergani G. Mycophenolate
mofetil as rescue treatment for autoimmune liver disease in children: a 5-year
follow-up. J Hepatol. 2009;51:156-160. doi: 10.1016/j.jhep.2009.02.024.

Efe C, Taii HA, Ytting H, Aehling N, Bhanji RA, Hagstrom H, et al. Tacrolimus
and Mycophenolate Mofetil as Second-Line Therapies for Pediatric Patients with
Autoimmune Hepatitis. Dig Dis Sci. 2018;63:1348-1354. doi: 10.1007/s10620-
018-5011-x.



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

29

Manns MP, Woynarowski M, Kreisel M, Lurie Y, Rust C, Zuckerman E, et al.
Budesonide induces remission more effectively than prednisone in a controlled
trial of patients with autoimmune hepatitis. Gastroenterology 2010;139:1198-
1206. doi: 10.1053/j.gastro.2010.06.046.

Grgnbaek L, Vilstrup H, Jepsen P. Autoimmune hepatitis in Denmark: incidence,
prevalence, prognosis, and causes of death. A nationwide registry-based cohort
study. J Hepatol. 2014;60:612-617. doi: 10.1016/j.jhep.2013.10.020.

De Luca-Johnson J, Wangensteen KJ, Hanson J, Krawitt E, Wilcox R. Natural
History of Patients Presenting with Autoimmune Hepatitis and Coincident
Nonalcoholic Fatty Liver Disease. Dig Dis Sci. 2016;61:2710-2720. doi:
10.1007/s10620-016-4213-3.

Czaja AJ. Rapidity of treatment response and outcome in type 1 autoimmune
hepatitis. J Hepatol. 2009;51:161-177. doi: 10.1016/j.jhep.2009.02.026.

Pape S, Gevers TJG, Vrolijk JM, van Hoek B, Bouma G, van Nieuwkerk CMJ,
et al. Rapid Response to Treatment of Autoimmune Hepatitis Associated With
Remission at 6 and 12 Months. Clin Gastroenterol Hepatol. 2019 Nov 9. pii:
S1542-3565(19)31268-6. doi: 10.1016/j.cgh.2019.11.013. [Epub ahead of print]
Hindorf U, Jahed K, Bergquist A, Verbaan H, Prytz H, Wallerstedt S, et al.
Characterisation and utility of thiopurine methyltransferase and thiopurine
metabolite measurements in autoimmune hepatitis. J Hepatol. 2010;52:106-
111. doi: 10.1016/j.jhep.2009.10.004.

Rumbo C, Emerick KM, Emre S, Shneider BL. Azathioprine metabolite
measurements in the treatment of autoimmune hepatitis in pediatric patients: a
preliminary report. J Pediatr Gastroenterol Nutr. 2002;35:391-398. doi:
10.1097/00005176-200209000-00032.

Bergan S, Rugstad HE, Bentdal O, Stokke O. Monitoring of azathioprine
treatment by determination of 6-thioguanine nucleotide concentrations in
erythrocytes. Transplantation. 1994;58:803-808.

Dubinsky MC, Lamothe S, Yang HY, Targan SR, Sinnett D, Théorét Y, et al.
Pharmacogenomics and metabolite measurement for 6-mercaptopurine therapy
in inflammatory bowel disease. Gastroenterology. 2000;118:705-713. doi:
10.1016/s0016-5085(00)70140-5.

Lowry PW, Franklin CL, Weaver AL, Pike MG, Mays DC, Tremaine WJ, et al.

Measurement of thiopurine methyltransferase activity and azathioprine



37.

38.

39.

40.

4].

42.

43.

44.

30

metabolites in patients with inflammatory bowel disease. Gut. 2001;49:665-670.
doi: 10.1136/gut.49.5.665.

Dhaliwal HK, Anderson R, Thornhill EL, Schneider S, McFarlane E, Gleeson D,
et al. Clinical significance of azathioprine metabolites for the maintenance of
remission in autoimmune hepatitis. Hepatology. 2012;56:1401-1408. doi:
10.1002/hep.25760.

Sparrow MP, Hande SA, Friedman S, Lim WC, Reddy SI, Cao D, et al.
Allopurinol safely and effectively optimizes tioguanine metabolites in
inflammatory bowel disease patients not responding to azathioprine and
mercaptopurine.  Aliment Pharmacol Ther. 2005;22:441-446. doi:
10.1111/1.1365-2036.2005.02583.x.

Sparrow MP, Hande SA, Friedman S, Cao D, Hanauer SB. Effect of allopurinol
on clinical outcomes in inflammatory bowel disease nonresponders to
azathioprine or 6-mercaptopurine. Clin Gastroenterol Hepatol. 2007;5:209-14.
doi: 10.1016/j.cgh.2006.11.020.

de Boer YS, van Gerven NM, de Boer NK, Mulder CJ, Bouma G, van Nieuwkerk
CM. Allopurinol safely and effectively optimises thiopurine metabolites in
patients with autoimmune hepatitis. Aliment Pharmacol Ther. 2013;37:640-646.
doi:10.1111/apt.12223

Krakoff IH, Murphy ML. Hyperuricemia in neoplastic disease in children:
prevention with allopurinol, a xanthine oxidase inhibitor. Pediatrics. 1968;41:52-
56.

Armstrong L, Sharif JA, Galloway P, McGrogan P, Bishop J, Russell RK.
Evaluating the use of metabolite measurement in children receiving treatment
with a thiopurine. Aliment Pharmacol Ther. 2011;34:1106-1114. doi:
10.1111/j.1365-2036.2011.04848.x.

Bouguen G, Sninsky C, Tang KL, Colombel JF, D’Haens G, Kornbluth A, et al.
Change in erythrocyte mean corpuscular volume during combination therapy
with azathioprine and infliximab is associated with mucosal healing: a post hoc
analysis from SONIC. Inflamm Bowel Dis. 2015;21:606-614. doi:
10.1097/MI1B.0000000000000302.

Schulz L, Sebode M, Weidemann SA, Lohse AW. Variant syndromes of primary
biliary cholangitis. Best Pract Res Clin Gastroenterol. 2018;34-35:55-61. doi:
10.1016/j.bpg.2018.06.003.



45.

46.

47.

48.

49.

50.

51.

52.

31

Siramolpiwat S, Sakonlaya D. Clinical and histologic features of Azathioprine-
induced hepatotoxicity. Scand J Gastroenterol. 2017;52:876-880. doi:
10.1080/00365521.2017.1311936.

Bjornsson ES, Gu J, Kleiner DE, Chalasani N, Hayashi PH, Hoofnagle JH; DILIN
Investigators. Azathioprine and 6-Mercaptopurine-induced Liver Injury: Clinical
Features and Outcomes. J Clin Gastroenterol. 2017;51:63-69. doi:
10.1097/MCG.0000000000000568.

Hartl J, Denzer U, Ehlken H, Zenouzi R, Peiseler M, Sebode M, et al. Transient
elastography in autoimmune hepatitis: Timing determines the impact of
inflammation  and  fibrosis. J Hepatol.  2016;65:769-775.  doi:
10.1016/j.jhep.2016.05.023.

Chan GL, Erdmann GR, Gruber SA, Matas AJ, Canafax DM. Azathioprine
metabolism: pharmacokinetics of 6-mercaptopurine, 6-thiouric acid and 6-
thioguanine nucleotides in renal transplant patients. J Clin Pharmacol.
1990;30:358-363. Doi: 10.1002/j.1552-4604.1990.tb03606.x.

Hubener S, Oo YH, Than NN, Hibener P, Weiler-Normann C, Lohse AW, et al.
Efficacy of 6-Mercaptopurine as Second-Line Treatment for Patients With
Autoimmune Hepatitis and Azathioprine Intolerance. Clin Gastroenterol
Hepatol. 2016;14:445-453. doi: 10.1016/j.cgh.2015.09.037.

van den Brand FF, van Nieuwkerk CMJ, Verwer BJ, de Boer YS, de Boer NKH,
Mulder CJJ, et al. Biochemical efficacy of tioguanine in autoimmune hepatitis: a
retrospective review of practice in the Netherlands. Aliment Pharmacol Ther.
2018;48:761-767. doi: 10.1111/apt.14939.

Coscia LA, Armenti DP, King RW, Sifontis NM, Constantinescu S, Moritz MJ.
Update on the teratogenicity of maternal mycophenolate mofetil. J Pediatr
Genet. 2015;4:42-55. doi: 10.1055/s-0035-1556743.

Mycophenolate: updated recommendations for contraception for men and
women. EMA/828208/2017. https://www.ema.europa.eu/documents/press-
release/mycophenolate-updated-recommendations-contraception-men-

women_en.pdf



53.

54.

55.

56.

S57.

58.

59.

60.

61.

32

Santiago P, Schwartz |, Tamariz L, Levy C. Systematic review with meta-
analysis: mycophenolate mofetil as a second-line therapy for autoimmune
hepatitis. Aliment Pharmacol Ther. 2019;49:830-839. doi: 10.1111/apt.15157.
De Lemos-Bonotto M, Valle-Tovo C, Costabeber AM, Mattos AA, Azeredo-da-
Silva ALF. A systematic review and meta-analysis of second-line
immunosuppressants for autoimmune hepatitis treatment. Eur J Gastroenterol
Hepatol. 2018;30:212-216. doi: 10.1097/MEG.0000000000001019.
Giannakopoulos G, Verbaan H, Friis-Liby IL, Sangfelt P, Nyhlin N, Almer S;
Swedish Hepatology study group, SweHep. Mycophenolate mofetil treatment in
patients with autoimmune hepatitis failing standard therapy with prednisolone
and azathioprine. Dig Liver Dis. 2019;51:253-257. doi:
10.1016/j.dId.2018.10.004.

Hempfling W, Grunhage F, Dilger K, Reichel C, Beuers U, Sauerbruch T.
Pharmacokinetics and pharmacodynamic action of budesonide in early- and
late-stage primary biliary cirrhosis. Hepatology. 2003;38:196-202. doi:
10.1053/jhep.2003.50266.

Woynarowski M, Nemeth A, Baruch Y, Koletzko S, Melter M, Rodeck B, et al.
Budesonide versus prednisone with azathioprine for the treatment of
autoimmune hepatitis in children and adolescents. J Pediatr. 2013;163:1347-
53. doi: 10.1016/}.jpeds.2013.05.042.

Peiseler M, Liebscher T, Sebode M, Zenouzi R, Hartl J, Ehlken H, et al.
Efficacy and Limitations of Budesonide as a Second-Line Treatment for Patients
With Autoimmune Hepatitis. Clin Gastroenterol Hepatol. 2018;16:260-267. doi:
10.1016/j.cgh.2016.12.040.

Wong LL, Fisher HF, Stocken DD, Rice S, Khanna A, Heneghan MA, et al. The
Impact of Autoimmune Hepatitis and Its Treatment on Health Utility. Hepatology.
2018;68:1487-1497. doi: 10.1002/hep.30031.

Jiménez-Rivera C, Ling SC, Ahmed N, Yap J, Aglipay M, Barrowman N, et al.
Incidence and Characteristics of Autoimmune Hepatitis. Pediatrics.
2015;136:e1237-e1248. doi:10.1542/peds.2015-0578.

Cuarterolo M, Ciocca M, Lépez S, Araujo M, Alvarez F. Autoimmune Hepatitis
in Children: Prednisone Plus Azathioprine vs Cyclosporine: A Randomized Trial.
J Pediatr Gastroenterol Nutr. 2020 Jun 9. doi:
10.1097/MPG.0000000000002776. Epub ahead of print.



62.

63.

64.

65.

66

67.

68.

69.

70.

33

Pniewska A, Sobolewska-Pilarczyk M, Pawtowska M. Evaluation of the
effectiveness of treatment with prednisone and azathioprine of autoimmune
hepatitis in children. Prz Gastroenterol. 2016;11:18-23. doi:
10.5114/pg.2015.52566.

Sheiko MA, Sundaram SS, Capocelli KE, Pan Z, McCoy AM, Mack CL.
Outcomes in Pediatric Autoimmune Hepatitis and Significance of Azathioprine
Metabolites. J Pediatr Gastroenterol  Nutr. 2017;65:80-85. doi:
10.1097/MPG.0000000000001563.

Bolia R, Rajanayagam J, Hardikar W. Lower 6-MMP/6-TG Ratio May Be a
Therapeutic Target in Pediatric Autoimmune Hepatitis. J Pediatr Gastroenterol
Nutr. 2018;67:695-700. doi: 10.1097/MPG.0000000000002146.

Trevizoli IC, Pinedo CS, Teles VO, Seixas RBPM, de Carvalho E. Autoimmune
Hepatitis in Children and Adolescents: Effect on Quality of Life. J Pediatr
Gastroenterol Nutr. 2018;66:861-865. doi: 10.1097/MPG.0000000000001930.

Vitfell-Pedersen J, Jgrgensen MH, Muller K, Heilmann C. Autoimmune hepatitis
in children in Eastern Denmark. J Pediatr Gastroenterol Nutr. 2012;55:376-379.
doi: 10.1097/MPG.0b013e3182602b20.

Marlaka JR, Papadogiannakis N, Fischler B, Casswall TH, Beijer E, Németh A.
Tacrolimus without or with the addition of conventional immunosuppressive
treatment in juvenile autoimmune hepatitis. Acta Paediatr. 2012;101:993-999.
doi: 10.1111/j.1651-2227.2012.02745.x.

Van Thiel DH, Wright H, Carroll P, Abu-Elmagd K, Rodriguez-Rilo H, McMichael
J, et al. Tacrolimus: a potential new treatment for autoimmune chronic active
hepatitis: results of an open-label preliminary trial. Am J Gastroenterol.
1995;90:771-776.

Aqgel BA, Machicao V, Rosser B, Satyanarayana R, Harnois DM, Dickson RC.
Efficacy of tacrolimus in the treatment of steroid refractory autoimmune
hepatitis. J Clin Gastroenterol. 2004;38:805-809. doi:
10.1097/01.mcg.0000139050.67178.be.

Larsen FS, Vainer B, Eefsen M, Bjerring PN, Adel Hansen B. Low-dose
tacrolimus ameliorates liver inflammation and fibrosis in steroid refractory
autoimmune hepatitis. World J Gastroenterol. 2007;13:3232-3236. doi:
10.3748/wjg.v13.i23.3232.



71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

34

Tannous MM, Cheng J, Muniyappa K, Farooq I, Bharara A, Kappus M, et al.
Use of tacrolimus in the treatment of autoimmune hepatitis: a single centre
experience. Aliment Pharmacol Ther. 2011;34:405-407. doi: 10.1111/;.1365-
2036.2011.04749.x.

Than NN, Wiegard C, Weiler-Normann C, Fussel K, Mann J, Hodson J, et al.
Long-term follow-up of patients with difficult to treat type 1 autoimmune hepatitis
on Tacrolimus therapy. Scand J Gastroenterol. 2016;51:329-336. doi:
10.3109/00365521.2015.1095351.

Al Taii H, Hanouneh MA, Hanouneh I, Lopez R, Zein N, Alkhouri N. The use of
tacrolimus in refractory autoimmune hepatitis in children and adults: a single
center experience. Scand J Gastroenterol. 2017;52:157-158. doi:
10.1080/00365521.2016.1236398.

Efe C, Hagstrom H, Ytting H, Bhanji RA, Muller NF, Wang Q, et al. Efficacy and
Safety of Mycophenolate Mofetil and Tacrolimus as Second-line Therapy for
Patients With Autoimmune Hepatitis. Clin Gastroenterol Hepatol. 2017;15:1950-
1956. doi: 10.1016/j.cgh.2017.06.001.

Pape S, Nevens F, Verslype C, Mertens C, Drenth JPH, Tjwa ETTL. Profiling
the patient with autoimmune hepatitis on calcineurin inhibitors: a real-world-
experience. Eur J Gastroenterol Hepatol. 2019. doi:
10.1097/MEG.0000000000001580.

Efe C, Taii HA, Ytting H, Aehling N, Bhanji RA, Hagstrom H, et al. Tacrolimus
and Mycophenolate Mofetil as Second-Line Therapies for Pediatric Patients with
Autoimmune Hepatitis. Dig Dis Sci. 2018;63:1348-1354. doi: 10.1007/s10620-
018-5011-x.

Chatrath H, Allen L, Boyer TD. Use of sirolimus in the treatment of refractory
autoimmune  hepatitis. Am J Med. 2014;127:1128-1131. doi:
10.1016/j.amjmed.2014.06.016.

Rubin JN, Te HS. Refractory Autoimmune Hepatitis: Beyond Standard Therapy.
Dig Dis Sci. 2016;61:1757-1762. doi: 10.1007/s10620-015-4022-0.

Kurowski J, Melin-Aldana H, Bass L, Alonso EM, Ekong UD. Sirolimus as rescue
therapy in pediatric autoimmune hepatitis. J Pediatr Gastroenterol Nutr.
2014;58:e4-6. doi: 10.1097/MPG.0b013e318291feaa.

Ytting H, Larsen FS. Everolimus treatment for patients with autoimmune

hepatitis and poor response to standard therapy and drug alternatives in use.



81.

82.

83.

84.

85.

86.

87.

88.

89.

35

Scand J Gastroenterol. 2015;50:1025-1031. doi:
10.3109/00365521.2014.998271.

Sherman KE, Narkewicz M, Pinto PC. Cyclosporine in the management of
corticosteroid-resistant type | autoimmune chronic active hepatitis. J Hepatol.
1994;21:1040-1047. doi: 10.1016/s0168-8278(05)80615-4.

Fernandes NF, Redeker AG, Vierling JM, Villamil FG, Fong TL. Cyclosporine
therapy in patients with steroid resistant autoimmune hepatitis. Am J
Gastroenterol. 1999;94:241-248. doi: 10.1111/j.1572-0241.1999.00807.x.
Malekzadeh R, Nasseri-Moghaddam S, Kaviani MJ, Taheri H, Kamalian N,
Sotoudeh M. Cyclosporin A is a promising alternative to corticosteroids in
autoimmune  hepatitis. Dig Dis Sci. 2001;46:1321-1327.  doi:
10.1023/a:1010683817344.

Cuarterolo M, Ciocca M, Velasco CC, Ramonet M, Gonzalez T, Lopez S, et al.
Follow-up of children with autoimmune hepatitis treated with cyclosporine. J
Pediatr Gastroenterol Nutr. 2006;43:635-639. doi:
10.1097/01.mpg.0000235975.75120.38.

Weiler-Normann C, Schramm C, Quaas A, Wiegard C, Glaubke C, Pannicke N,
et al. Infliximab as a rescue treatment in difficult-to-treat autoimmune hepatitis.
J Hepatol. 2013;58:529-534. doi: 10.1016/j.jhep.2012.11.010.

Weiler-Normann C, Wiegard C, Schramm C, Lohse AW. A case of difficult-to-
treat autoimmune hepatitis successfully managed by TNF-alpha blockade. Am
J Gastroenterol. 2009;104:2877-2878. doi: 10.1038/ajg.2009.433.
Nedelkopoulou N, Vadamalayan B, Vergani D, Mieli-Vergani G. Anti-TNFa
Treatment in Children and Adolescents With Combined Inflammatory Bowel
Disease and Autoimmune Liver Disease. J Pediatr Gastroenterol Nutr.
2018;66:100-105. doi: 10.1097/MPG.0000000000001759.

Burak KW, Swain MG, Santodomingo-Garzon T, Lee SS, Urbanski SJ, Aspinall
Al, et al. Rituximab for the treatment of patients with autoimmune hepatitis who
are refractory or intolerant to standard therapy. Can J Gastroenterol.
2013;27:273-280. doi: 10.1155/2013/512624.

Than NN, Hodson J, Schmidt-Martin D, Taubert R, Wawman RE, Botter M, et
al. Efficacy of rituximab in difficult-to-manage autoimmune hepatitis: Results
from the International Autoimmune Hepatitis Group. JHEP Rep. 2019;1:437-
445. doi: 10.1016/j.jhepr.2019.10.005.



90.

91.

92.

93.

94.

36

D'Agostino D, Costaguta A, Alvarez F. Successful treatment of refractory
autoimmune hepatitis with rituximab. Pediatrics. 2013;132:€526-530. doi:
10.1542/peds.2011-1900.

Kanzler S, Gerken G, Dienes HP, Meyer zum Bischenfelde KH, Lohse AW.
Cyclophosphamide as alternative immunosuppressive therapy for autoimmune
hepatitis--report of three cases. Z Gastroenterol. 1997;35:571-578.

Burak KW, Urbanski SJ, Swain MG. Successful treatment of refractory type 1
autoimmune hepatitis with methotrexate. J Hepatol. 1998;29:990-993. doi:
10.1016/s0168-8278(98)80128-1.

Venkataramani A, Jones MB, Sorrell MF. Methotrexate therapy for refractory
chronic active autoimmune hepatitis. Am J Gastroenterol. 2001;96:3432-3434.
doi: 10.1111/j.1572-0241.2001.05346.x.

Sultan M, Biank VF, Telega GW. Successful treatment of autoimmune hepatitis
with methotrexate. J Pediatr Gastroenterol Nutr. 2011;52:492-494. doi:
10.1097/MPG.0b013e3181f3d9c0.



37

Table 1 Third-line therapy in autoimmune hepatitis: Expert opinion and suggestions for standards

Therapy Dose - Adults Dose - Children Comments
Tacrolimus 0.1 mg/kg twice daily, or 0.05 mg/kg/day. The best studied alternative. Variable and generally lower
prolonged-release Initial serum trough levels 6-8 | doses have been applied in retrospective and prospective
formulation of tacrolimus | ng/ml, tapering to 3-5 ng/mi studies (e.g. 0.5-6 mg/day or 2-3 mg twice daily). Several of
in lower dose. after full biochemical remission | these studies have reported a significant, but insufficient
Serum trough levels < has been achieved. effect (full remission was not achieved). Hence, by expert
8ng/ml opinion, we recommend standardisation of the dose at a
higher serum trough level as given in this table and tapering
the trough levels after remission has been achieved.
Renal function (eGFR) should be assessed prior to and
during treatment; consider dose reduction in cases of eGFR
reduction >25%.
Ciclosporin 2 mg/kg twice daily; 4 mg/kg twice daily to initial Doses of 2-5 mg/kg/day were assessed in a small open-label
Serum trough levels < trough levels at 200-250 ng/ml, | clinical trial. A dose of 2.5 mg/kg twice dalily is frequently
120 ng/mi tapering to trough levels < 120 | advised for non-transplant indications (e.g. nephrotic
ng/ml after full biochemical syndrome) and tapering the trough levels after remission has
remission has been achieved. | been achieved.
Renal function (eGFR) should be assessed prior to and
during treatment; consider dose reduction in cases of eGFR
reduction >25%.
Infliximab 5 mg/kg/day; at week 0O, No data The proposed dose corresponds to standard
2, 6, and every 4-8 weeks recommendations for other indications (e.g. inflammatory
thereafter bowel disease, ankylosing arthritis). Maintenance therapy in
AIH appears to usually require a 4-week interval contrary to
most IBD patients
Rituximab 1000 mg at week 0 and 2, | 375 mg/m? Surveillance of CD20+ B-cells is recommended. Supplement
to be repeated whenever with immunoglobulins may be necessary. Paediatric data
transaminases rise (e. g. limited to single case reports.
after 6-12 months)
Methotrexate 7.5-15 mg per week 10 mg/m? per week Data are scarce and limited to case series.

Some case reports associate development of autoimmune
hepatitis with ongoing methotrexate therapy for other
indications.
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Cyclophosphamide | 1-1.5 mg/kg/day or pulse | No data Data are scarce and limited to case series.
therapy 1 g i.v. every 4
weeks

Everolimus 0.75-1.5 mg/day No data Data are scarce and limited to case series.

Serum trough level 3-6
ng/mi

eGFR, estimated glomerular filtration rate; IBD, inflammatory bowel disease.
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Figure legends

Fig. 1. Treatment algorithm for AIH patients with insufficient response to first-line treatment

In AlH patients with insufficient response under first-line treatment with steroids and azathioprine, the active metabolite of azathioprine,
6-TGN (6-thioguanine nucleotide), should be measured. Insufficient response in AlH patients is defined by not achieving full remission.
Biochemical remission is defined as normal transaminases as well as normal IgG levels and histological remission is defined as a
hepatitis activity index (HAI-score) of up to 3 out of 18. Patients with 6-TGN levels below 220 pmol per 8x108 red blood cells should be
assessed for incompliance. After exclusion of incompliance, optimization of 6-TGN levels, either by increasing azathioprine dosage or
by the combination of low-dose azathioprine and allopurinol, should be performed. In AlH patients not achieving full response and with
6-TGN levels above 220 pmol per 8x108 red blood cells, alternative or concomitant diagnoses to AIH must be considered before steroid
and azathioprine treatment is intensified or third-line treatment is started.

Fig. 2. Treatment algorithm for AIH patients with side-effects under first-line treatment

AlIH patients who are intolerant to standard treatment with azathioprine due to side effects, should be treated with 6-mercaptopurine or
mycophenolate mofetil before starting third-line treatment. Insufficient response in AIH patients is defined by not achieving full remission.
Biochemical remission is defined as normal transaminases as well as normal IgG levels and histological remission is defined as a
hepatitis activity index (HAI-score) of up to 3 out of 18.

Fig. 3. AlH treatment algorithm
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In selected AIH patients being intolerant to second-line treatment with 6-mercaptopurine and mycophenolate mofetil, steroid mono-
therapy can be an option. All AlH patients requiring third-line treatment, should first be discussed in an expert panel, such as the clinical
patient management system (CPMS) for patients with rare liver diseases, hosted by the European Reference Network on Hepatological
Diseases (ERN RARE-LIVER). Before starting third-line treatment, inclusion of the patient into a clinical trial should be considered.
Insufficient response in AlH patients is defined by not achieving full remission. Biochemical remission is defined as normal transaminases

as well as normal IgG levels and histological remission is defined as a hepatitis activity index (HAI-score) of up to 3 out of 18.
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