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General introduction
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Chapter 1

Autoimmune hepatitis is a chronic inflammatory disease of the liver characterized
by autoantibodies, raised total level of lgG and interface hepofi’ris. Presentation can
vary from asymptomatically raised liver enzymes to jaundice and liver failure (1, 2).
After randomised controlled trials beginning in the 1970s treatment of patients
with AIH with corticosteroids and ozofhioprine became the standard. In these trials
induction therapy with prednisolone decreased short-term mortality from 41-56%
to 5-28% in naive AlH patients 24-41% to 5-6% in those with a relapse of AlH,
while maintenance with ozo’rhioprine enabled reduction of the dose of predniso|one
to reduce side-effects (3, 4). Nowadays AlH patients without liver cirrhosis have
a similar life expectancy as the general population (3). However, up to a third of
patients presents with cirrhosis, not all patients reach comp|e’re remission, some
patients have specials presentations like acute severe AlH or variant syndromes, and

relapses can occur, all of which can have an impact on prognosis (5).

In this thesis we aimed to predict outcome of AlH using the differences in presentation
- including immunological cytokines, acute severe presentation and variant syndrome -
and eor|y freatment response. Know|eo|ge on predic’rors for |ong»ferm and short-term
outcome can lead to further development of personalized medicine in autoimmune
hepatitis. In personalized medicine immunosuppressive medication can be adjusted to
individual risk factors. This odjusfmenf may prevent undertreatment causing disease

progression in some patients and overtreatment causing side-effects in other patients.

Presentation

Autoimmune hepatitis occurs more in women than in man. The disease can present
at any age although there is increased incidence in the second decade and between
the fourth and sixth decade (6). Presentation of autoimmune hepoﬂfis has a wide
range differing from asymptomatically raised liver enzymes to acute liver failure.

Frequenﬂy reporfed symptoms are foﬂgue, orfhro|gio, joundice and ifching (5, 6),

At diagnosis, the aminotransferases, alanine aminotransferase (ALT) and aspartate
aminotransferase (AST), are elevated while the cholestatic liver enzymes are normal
or on|y s|igh’r|y elevated. Total lgG level is elevated in opproximofe|y 90% of patients
and is used as one of the criteria to distinguish AIH from other liver disease. A
recent report showed that IgG level at diagnosis does not influence presentation or
freatment response (7). Besides total |gG level, autoantibodies are another hallmark
feature of AIH and these distinguish AIH type 1 from AlIH type 2: AlH type 1 is
the most prevalent type of AlH characterized by smooth muscle antibodies and/
or antinuclear antibodies, while AlIH type 2 occurs more often in children and is

characterized by liver kidney microsome type 1 antibodies (LKM-1) (5).
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On liver biopsy interface hepoﬂ’ris isa fypic0| his’ro|ogico| feature. Prominent presence
of p|osmo cells in the immune infiltrate, emperipo|esis and hepo’ric rosefting also
occur frequently (8). Bile duct injury is atypical for AIH but can be present in up to
10% of patients (8).

For the diagnosis of autoimmune hepatitis the revised or simplified criteria of the
international AIH group are used (9, 10). These criteria consist of features typical

of AlH including IgG level, presence of autoantibodies and histological features.

Special presentations

Presentation with acute liver failure, also called acute severe AIH (AS-AIH), is rare
but poses a clinically relevant problem. AS-AlH is defined as presentation with
jaundice and coagulopathy as signs of synthetic and excretory liver disfunction.
Patients with AS-AlIH require rapid treatment with high-dose corticosteroids to
improve liver function (11). If liver function does not improve, rapid screening and
listing for liver transplantation should be considered. Liver transplant free survival was
between 20-90% in AS-AIH depending on the report and the used case definition
(12-15).

A second rare presentation of AlH is the presence of features of both AIH and
another autoimmune liver disease (primary biliary cholangitis (PBC) or primary
sclerosing cholangitis (PSC)) (16). This phenomenon is called AIH variant syndrome
or AIH with features of PBC, PSC or vice versa. In contrast to AlH, the cholestatic
diseases PBC and PSC are not treated with corticosteroids but with ursodeoxycholic
acid (UDCA). Although the lack of standardized criteria makes the diagnosis of
variant syndrome comp|icofed, it is important fo iden’ri{:y the patients who may
benefit from combination therapy with UDCA and immunosuppression (16). As
long-term treatment with immunosuppression has side-effects, the benefit should be
balanced to the side-effects. Based on small retrospective studies, for AIH-PBC the
Paris criteria were developed and guidelines advise combination therapy with UDCA
and corticosteroids in patients fulfilling these criteria (5, 17). For AIH-PSC no formal

criteria exist but combination fheropy may also be indicated in these patients (5).

Standard treatment

Prednisolone and ozo’rhioprine have been used for treatment of autoimmune
hepatitis since the 1970's and are still the backbone of current treatment (5, 18, 19).
After induction treatment the dose of prednisolone can be tapered and stopped
in some patients. However, in many patients |ong»’rerm treatment with low-dose

prednisolone is required to maintain remission. This maintenance treatment with
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low-dose prednisolone can still lead to an increased risk of diabetes, cataract and
bone fractures (20).

To reduce side-effects of prednisolone, treatment with budesonide can be an
alternative especio“y in non-cirrhotic patients. Due to a |orge first pass effect in the
liver, budesonide has less systemic side-effects than prednisolone. In a randomized
controlled trial, budesonide was as effective in inducing remission with less side effects
compored fo predniso|one (21). Nevertheless for induction of remission most experts

favor prednisolone (22).

A few weeks after start of corticosteroids ozofhioprine is added as maintenance
treatment. Addition of azathioprine allows to reduce the dose of corticosteroids
and the associated side-effects. Azathioprine can cause gastrointestinal side-effects
and cyftopenia as side-effects. In case these side-effects occur, 6—fhioguonine and

mycophenolate mofetil are possible alternatives (23, 24).

Treatment response and long-term outcome

The aim of treatment is to reach complete biochemical remission, defined as ALT, AST
and IgG within the reference ranges which probably prevents progression of disease
to liver cirrhosis, liver fronsp|onfo’rion and mor’ro|i’ry (5). Partial response or porfio|
remission is defined as improvement of aminotransferases without normalization,
while treatment failure or non-response is defined as no or minimal improvement of
aminotransferases (5). As discontinuation of treatment leads to re|opse in more than
90% of patients, life-long maintenance treatment is needed in the vast majority of
patients (25).

With treatment autoimmune hepatitis patients in general have a good long-term
survival with a 10-year survival of approximately 90%. Life expectancy of non-
cirrhotic AIH patients is comparable to the general population in the Netherlands (3).
Factors that have been associated with long-term outcome in univariate analysis
are age at diagnosis, presence of liver cirrhosis at diagnosis, ethnicity and treatment
response. Older age was found to be not on|y a risk factor for overall morfo|ify but
also for liver related mortality and liver transplantation (2, 26-29). Comorbidity
and froiHy are more often present in e|der|y patients. These can be independenf risk
factors but migh’r also result in a more cautious treatment of e|o|er|y patients. Liver
cirrhosis was present at diagnosis in 20-30% of the patients (27, 30) and has been
associated with worse survival (2, 26, 29-33). Different ethnic populations appear to
have different outcomes, as decreased survival has been reporfed in patients with

Asian, African or Caribbean descent as compared to Caucasian patients (30, 34, 35).
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The reason for this difference is not entirely clear. It could relate to genetic factors
inﬂuencing severity of AlH or response to freatment, but could also relate to socio-
economic, environmental or cultural Fociors, for instance inﬂuencing access or

adherence to treatment.

Besides baseline variables, treatment response appears very important for long-term
outcomes. Complete biochemical remission has been associated with a better long-
term survival and less deve|oprnen’r of cirrhosis, while pctr’ric1| response and recurrent
relapses were associated with the opposite (36). However the influence of mildly
elevated aminotransferases or isolated elevated IgG during treatment on long-term
outcome is still unknown. No multivariable onc1|ysis of all these risk factors have been
performed. In addition, treatment response was studied as a baseline variable, while

it occurs during follow-up leading to bias.

If the hypothesis that treatment response is an independent prognostic risk factor is
true, new freatment options are needed for patients with partial response. Currently
no registered second-line treatment alternatives are available for these patients. A
retrospective study showed that mycophenolate mofetil led to response in 92% of
patients with intolerance to ozo’rhioprine but on|y 34% of patients with an incomp|efe
response. Tacrolimus was effective in 57% of patients but no prospective trials have
been performed (37). For these difficult-to-treat patients new freatment options

are urgently needed, with currently available drugs or new options with biologicals.

Complement and B-cell immunity

In order to develop new targeted treatment options, a better understanding of
the pofhophysio|ogy of autoimmune hepofi’ris is necessary. The presence of
autoantibodies and raised total IgG in blood and plasma cells suggests involvement
of B-cell immunity and complement. It is therefore a logical first step to have a closer

look at complement and B-cell immunity in AlH.

The comp|emen+ system is an important part of the innate immune system providing
profection against infections. The cornp|emenf system can be activated via three
different pathways: the classical pathway, the lectin pathway and the alternative
pathway. The classical pathway of complement is activated by several ligands
predorninonﬂy target bound antibodies (38). Activation of the cornp|ernenf system
can result in formation of several inflammatory mediators such as C3b, C3a and C5a
as well as the membrane attack comp|e><i Activation of comp|emen+ is beneficial in
fighting infections, but it can contribute to tissue damage if activated by target bound

autoantibodies in the context of autoimmune disease. The successful introduction of
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C5 inhibitor eculizumab for atypical haemolytic uremic syndrome and paroxysmal
nocturnal hoemog|obinurio proved that the comp|emenf system can be ’rorgefed in
vivo (39, 40). It is important to elucidate the role complement has in autoimmune
hepatitis, to see if complement inhibitors like eculizumab could be promising new

freatment options.

Besides complement, cytokines and their receptors involved in B-cell immunity
could also be interesting targets for new treatment options as elevated IgG and
autoantibodies are hallmarks of AIH. B-cells are the cornerstone of humoral immunity
and essential for production of antibodies. B-cells develop from immature B-cells in
the bone marrow to transitional cells to naive B-cells. After activation, naive B-cells will
differentiate to (non) class switched memory B-cells or plasma cells B-cell activating
factor of the tumour necrosis family (BAFF) is a cytokine necessary for survival
of transitional and naive B-cells. Overproduction of BAFF can result in survival of
autoreactive B-cells (41). Interleukin 21 (IL-21), a second B-cell cytokine, stimulates
differentiation of B-cells towards plasma cells and inhibits regulatory T-cells (42, 43).
Interleukin 2 is a natural antagonist of [L-21. The exact role of different B-cell
populations, BAFF and IL-21 in autoimmune hepatitis is still unclear. However, recent
case reports described BAFF inhibition and low-dose IL-2 treatment in difficult to
freat autoimmune hepofi’ris patients, showing that factors related to B-cell immunity

may provide new treatment targets for the future (44, 45).

Using the differences in presentation, immunological markers and early treatment
response we aimed in this thesis to predict long-term outcome of AIH. The results

can hopefully be used to further develop personalized medicine for AlH.
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Aims and outline of this thesis

Although the long-term survival of AIH patients in general is good, there is limited
knowledge on factors predicting a poor outcome. Predicting outcome could lead to
treatment differentiation and persono|izeo| medicine for AlH patients in the future.
In some patients this could prevent undertreatment with risk of disease progression

and overtreatment with risk of side-effects in other patients.

In the existing literature most risk factors were identified univariately and suboptimal
methods were used for studying treatment response as a prognostic variable.
Therefore the first aim of this thesis was to predic’r outcome of autoimmune
hepatitis patients using multivariable analysis of differences in presentation and

early treatment response.

It was anticipated that these studies would confirm that incomplete remission of AlH
is indeed related to a worse prognosis. This emphasizes the need for new treatment
options, in furn requiring better insigh’rs info po’rhophysio|ogy. Therefore the second
aim was to better understand the pathophysiology of AlH, as this could result in new

therapeutic options for patients with a high risk of disease progression.

First we focused on the general AlH population as we developed and validated a
multivariate model capable of predicting long-term survival at diagnosis, described
in chop’rer 2 'Deve/opmem‘ and validation of a prognostic score for /ong—ferm
transplant-free survival in autoimmune hepatitis type 1’ and the relation of age
on presentation and long-term outcome was studied in chapter 3 ‘Role of age in

presentation, response to fheropy and outcome of autoimmune hepoh’fis’.

Then, in chapter 4 and 5, we focused on special presentations of autoimmune
hepo’riﬂs. If patients with acute severe autoimmune hepoﬂ’ris do not respond fo
treatment with high dose corticosteroids, liver transplantation is often necessary. We
hypofhesized that improvement of liver function in the first 2 weeks could predicf
need for liver ’rronsp|on’rofion in the first year of treatment. This was invesfigofed
in chapter 4 'Early predictors of short-term prognosis in acute and acute severe
autoimmune hepatitis. Presentation of AIH with features of primary biliary cholangitis
can lead to difficulties in diognosis, In chop’rer 5 Autoimmune hepoﬁﬂs - primary
biliary cholangitis variants are often treated outside Paris criteria with similar results’
the use of clinical criteria for the diagnosis of AIH-PBC variant syndrome in real-

world" clinical practice was ono|yseo|. Secondory aim of this sfudy was to compare
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outcome of patients treated within and outside the clinical criteria and to compare
these to the outcome of AIH and PBC patients.

Besides baseline characteristics, treatment response is an important factor
defermining outcome in AlH. However in previous studies, treatment response was
used as a baseline variable although it occurs during follow-up. The aim of chapter 6
‘Aminotransferases c/uring treatment prec/idL /ong—ferm survival in patients with
aufoimmune hepofifis type I: a landmark ono/ysis’ was to ono|yse treatment response
using landmark analysis. Secondary, the aminotransferase and IgG were studied

|ongifudino||y as continuous variables in relation to |ong—ferm outcome.

In the second part of this thesis, we focused on the pathophysiology of AlH to find
new freatment options for difficult to treat patients. Due to involvement of B-cell
immunity in AIH we hypo’rhesized that comp|emen’r would be an imporftant factor in
the pathophysiology of AIH and other autoimmune liver diseases. This was studied

in chapter 7 ‘The role of complement activation in autoimmune liver disease’.

The presence of autoantibodies and plasma cells points to an important role for
B-cells and B-cell related cytokines in the pathophysiology of AIH. Inhibition of B-cell
cytokines, including BAFF and IL-21 might provide new therapeutic options for the
future. BAFF and IL-21 levels may help to identify patients with the most benefit
of these treatments. In chapter 8 'B-cell marker based immunological phenotype
preo’icfs treatment response in patients with autoimmune hepctﬂfis' we therefore
studied BAFF and IL-21 levels in AIH and their relation to presentation and treatment

response.

In chapter 9 the main results of this thesis were summarized and discussed, including

future perspectives.
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