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Abstract

AlM: To investigate the systemic availability of budesonide
in a patient with Child A cirrhosis due to autoimmune hepatitis
(AIH) and primary hepatocellular carcinoma, who developed
serious side effects.

METHODS: Serum levels of budesonide, 6b-OH-budesonide
and 16a-OH-prednisolon were measured by HPLC/MS/MS;
portosystemic shunt-index (S1) was determined by 99mTc
nuclear imaging. All values were compared with a matched
control patient without side effects.

RESULTS: Serum levels of budesonide were 13-fold
increased in the index patient. The ratio between serum
levels of the metabolites 6b-OH-budesonide and 16a-OH-
prednisolone, respectively, and serum levels of budesonide
was diminished (1.0 vs. 4.0 for 6b-OH-budesonide, 4.2 vs.
10.7 for 16a-OH-prednisolone). Both patients had
portosystemic Sl (5.7 % and 3.1 %) within the range of
healthy subjects.

CONCLUSION: Serum levels of budesonide vary up to 13-
fold in AIH patients with Child A cirrhosis in the absence of
relevant portosystemic shunting. Reduced hepatic
metabolism, as indicated by reduced metabolite-to-drug
ratio, rather than portosystemic shunting may explain
systemic side effects of this drug in cirrhosis.
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INTRODUCTION

Autoimmune hepatitis is a chronic necroinflammatory liver
disorder of unknown etiology associated with interface
hepatitis, hypergammaglobulinemia and circulating
autoantibodies, which was first described by Waldenstrém in
19501 and termed “ autoimmune hepatitis’ by the International

Autoimmune Hepatitis Group in 199212, Theidentification and
characterization of serum autoantibodies led to differentiation
of three different types characterized by antinuclear antibodies
(typel), liver-kidney microsomal antibodies (type Il) and
soluble liver antigen (type I11)34. The distinction between
autoimmune hepatitis and other autoimmune liver diseases
like primary biliary cirrhosis (PBC) and primary sclerosing
cholangitis (PSC) isbased on characteristic clinica, histological,
biochemical and immunological features but overlap and
variant syndromes may occurt.

Primary hepatocellular carcinoma (HCC) is thought to be
a conseguence of the progression from chronic hepatitis to
cirrhosis, although this sequence appears to be rare in
autoimmune hepatitid®. In many patients who develop HCC
hepatitis C virusinfection has been found to be acomplicating
condition™. However, HCC also occursin the absence of risk
factors like hepatitis C infection and corticosteroid therapy!®.

Autoimmune hepatitis is generally responsive to
corticosteroid therapy despite its striking heterogeneity!.
Corticosteroids alone or in combination with azathioprine are
the treatment of choice and result in remission induction in
over 80 % of patients®'?. Early clinical trialswith prednisolone
documented improvement of liver function tests, amelioration
of symptoms and prolonged survival, thereby establishing
corticosteroids asthe“ standard therapy” 13, Azathioprine has
no rolein inducing remission but may be used for maintenance
of remission induced by initial corticosteroid therapy or their
dose reduction in combination therapy!®. The potential
usefullness of other immunosuppressiveslike cyclosporine and
tacrolimus has been shown but has not yet been clinically
established®. Since about 70 % of patients with AIH require
lifelong immunosuppressive therapy, long-term use of
corticosteroids is often accompanied by numerous systemic
side effects, such as osteoporosis, diabetes mellitus, systemic
hypertension, psychiatric disorders and altered steroid
metabolism4,

The search for new corticosteroids with amore favourable
risk-to-benefit ratio led to the discovery of a new class of
corticosteroidswith high receptor affinity and particularly high
first-pass effect in the liver resulting in lower systemic side
effects. Budesonide, a nonhalogenated glucocorticoid
derivative of the second generation exhibits a receptor affinity
15-20 times that of prednisolone and a 90 % first-pass
metabolism in healthy liver™. Two major metabolites, 6b-OH-
budesonide and 16a-OH-prednisolone, have been identified
which lack glucocorticoid activity making the original
compound virtually devoid of systemic side effects!®.
Budesonide has been evauated in patientswith primary biliary
cirrhosis (PBC) and primary sclerosing cholangitis (PSC) at a
dose of 9 mg/day with contradicting results concerning
additional benefit to the standard therapy with ursodeoxycholic
acid (UDCA)*¢%9, |n autoimmune hepatitis only two small
uncontrolled trialswith alimited number of patients and rather
disappointing results have been published??!, In one study
including 10 patients who were dependent on continuous
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treatment to prevent exacerbation budesonide failed to induce
clinical and biochemical remission in 7 patients who either
deteriorated or became drug intolerant?Y. In a second study
with 13 patients budesonide has been found to lower
transaminase levels significantly while causing a low
frequency of systemic side effects and only a marginal
reduction in plasma cortisol in noncirrhotic patientsi?!.
However, the majority of patients did not reach full
biochemical remission defined as normal ALT values.
Patients with cirrhosis experienced higher serum cortisol
levelsand a partial suppression of the hypothalamic-pituitary-
adrenal (HPA) axis suggestive for at least a latent systemic
activity of budesonide®,

An explanation for avariable and so far unpredictabl e extent
of systemic side effects in patients with early liver disease
treated with budesonide may be either a reduced metabolic
function or the presence of latent portosystemic shunts
bypassing the liver. However, no data are presently available
on the metabolism of budesonide in cirrhotic livers and the
incidence of side effectsin these patients. Thus, there are no
recommendations for therapy with budesonide in cirrhotic
patients with AIH to date.

To our knowledge, treatment of patients with coexisting
HCC or other malignancies has so far not been reported in
literature. Systemic immunosuppression exposes such patients
to an increased risk of tumor recurrance after curative surgical
treatment of the malignant disorder. A risk stratification for
systemic effects of budesonide by assessment of the
portosystemic shunt-index (Sl) and the metabolic activity of
thecirrhotic liver is of major importance in these patients. We
report the first case of successfull treatment of a patient with
AlH after resection of aHCC and show a predominance of
hepatic metabolism over portosystemic shunting on sytemic
availability and side effects of budesonide in this patient with
Child A cirrhosis.

MATERIALS AND METHODS

Clinical data

A 65-year-old caucasian woman (patient 1) with a 27-year
history of unclassified chronic hepatitis was referred to our
liver unit with a newly diagnosed liver mass during regular
ultrasound screening. She experienced icteric episodes 27 and
14 years ago and a known asymptomatic cholecystolithiasis.
Physical examination of the anicteric patient was unremarkable
despite liver enlargement without a palpable mass. Clinical
chemistry on admission showed mild signs of hepatic
inflammation (AST 24 U/L, GGT 53 U/L) without elevation
of further liver function tests or pancreatic enzymes.
Biochemical tests revealed type | autoimmune hepatitis with
antinuclear (titer 1:320), anticytoplasmatic (titer 1:320) and
anti-smooth muscle antibodies (titer 1:640) aswell aselevated
gamma-globulins (29 % of total proteins, 1gG 25.7 g/L).
Quantification of alpha-1-antitrypsin, ceruloplasmin, serum
iron, ferritin, transferrin saturation, serum copper and urinary
copper excretion were within normal limits, and serologic tests
for anti-HAV, anti-HBs, anti-HBc, HBs-antigen and anti-HCV
were all negative. On ultrasound the liver appeared cirrhotic
with a 4.5x3.9 cm mass in the right lobe. Computed
tomography (CT) depicted a4 cm massin segment VI of the
right lobe of the liver with contrast enhancement. Alpha-1-
fetoprotein (AFP) was not elevated. A CT-guided Tru-cut
biopsy confirmed the diagnosis of aprimary HCC inacirrhotic
liver. Tumor staging revealed no signs of metastasisin thoracic
CT, fluor deoxyglucose positron emission tomography.
Preoperative staging of the liver disease led to a grade A
cirrhosis according to the Child-Pugh classification. Endoscopy

of the upper Gl tract did not detect obvious varices of the
esophagus and gastric fundus.

The patient underwent atypical resection of segment VI
liver without further complications. Follow-up in our liver
outpatient clinic showed functional liver tests at the
preoperative level with mild AST and GGT elevation. Three
months after resection of the HCC, transaminase levels sharply
increased over a period of 4 months with peak transaminases
of ALT 247 U/L and AST 312 U/L. No signs of tumor
recurrance were detectable by abdominal CT and AFP levels.
In order to prevent further progression of the Child A cirrhosis,
we initiated a therapy with budesonide which was favoured
over systemic immunosuppressive treatment with respect to
the antecipated lower risk of tumor recurrance. Transaminase
levelsdropped rapidly to the normal range during adaily dose
of 9 mg budesonide. Remission was achieved within two
months after starting budesonide, but systemic side effects such
asfacial swelling, leg edemas and weight gain occurred. To
minimizethese adverse effects and systemicimmunosuppression,
we tapered the dose to 6 mg/day for maintenance therapy.
Follow-up for potential tumor recurrance with corticosteroid
therapy revealed normal CT-scans and AFP levels so far.
Almost four years after tumor resection, the patient is still in
remission in regard to AIH at adaily dose of 6 mg budesonide.
In thisindex patient we assessed the determinants of systemic
effects of budesonide in comparison with another AIH patient
matched for age, sex and functional Child-Pugh stage (patient
2, caucasian female, 67 years of age, Child A cirrhosis
diagnosed by liver biopsy) with steroid dependency, no
apparent varices) and historic healthy controls.

Budesonide and its metabolites

Levels of budesonide, 6b-OH-budesonide and 16a-OH-
prednisolone were determined in serum 3 hours (allowance +
60 minutes) after intake by a validated HPLC/MS/M S assay.
Serum was extracted by solid phase extraction and the
reconstituted extract was analyzed by HPLC/MS/MS on a
Micromass Quatro L C using reversed phase chromatography
and the negative electrospray ionization mode. The limit of
detection was defined as 100 pg/ml for all analytes. All
determinations have been performed by H.W. Moellmann
(Medical Clinic Bergmannsheil, Bochum, Germany) and
funded by Falk Pharma (Freiburgi.B., Germany). Falk Pharma
had no involvement in analysis, interpretation and publication
of the data.

Cortisol levels

Basal cortisol levels and cortisol levelsin response to 100 pg
corticotropine releasing hormone (CRH) were measured with
routine clinical chemistry. Both tests were performed at 8 A.
M. and stimulated cortisol levels were determined over 90
minutes after intravenous application of CRH.

Portosystemic shunt-index (SI)

Portosystemic Sl was determined by nuclear imaging after
rectal application of *"Technetium pertechnetate (Tc) as
described®. Briefly, the rectum was emptied by administration
of alaxative and a polyethylene tube was inserted. After
positioning of alarge-field scintillation camera over the patient
340 MBq of *"Tc¢ pertechnetate was given over the tube and
time-activity curves for the areas of the liver and heart were
obtained. After normalization portosystemic Sl was calculated
from the activity of the liver and heart.

Cortisol and portosystemic shunt-index was measured at
the time of the first serum analysis on budesonide and
metabolites. All measurements were determined with informed
consent by both patients.
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RESULTS

Serum levels of budesonide and its metabolites

Serum budesonide levels were determined 3 h after intake of
6 mg at 4 different time points during five months (Figure 1).
At all time points serum budesonide levels were markedly
elevated in theindex case (mean 1.9 ng/ml) when compared with
the control patient (mean budesonide level 0.15 ng/ml) and
historic healthy controls without liver disease (0.4-0.7 ng/ml)=,
Systemic availability in patient 2 was remarkably lower even
with ahigher dose of 9 mg budesonide. However, serum levels
of this control patient wasin close comparison with the historic
healthy controls, further supporting a potential clinical
relevance of the elevated serum budesonide levelsin the index
patient. To determine whether elevated serum budesonide
levels resulted from impaired hepatic metabolism, 6b-OH-
budesonide and 16a-OH-prednisolone as its major inactive
metabolites were measured in both patients (Figure 2).
Although both metabolites were detectable in both the index
and control patient, the mean ratio of metabolitesto drug serum
levels were significantly lower for both 6b-OH-budesonide
(1.0- vs. 4.0-fold) and 16a-OH-prednisolone (4.2- vs. 10.7-fold)
in the index compared with the control patient (Figure 2).
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Figure 1 Serum concentration of budesonide. Serum levels
of budesonide were analyzed 3 hours after intake of 6 mg 4
times during a 5-month period of follow-up. Budesonide levels
were largely elevated in the index case compared to the
control patient 2 with average drug levels of 1.9+2.1 ng/mL
and 0.1520.07 ng/mL, respectively. The dashed line indicates
serum levels of heathy controls.

Effect of budesonide on cortisol levels

To further determine the potential systemic effects of
budesonide, serum cortisol levels were measured at baseline
and after stimulation by 100 pg corticotropine releasing
hormone (CRH). Whereas basal and stimulated serum cortisol
levels were within the normal range in the control patient, the

Patient 1 (index)

counts

liver 28964 cou

Shunt-index 5.7%

index patient showed marked suppression of serum cortisol
[<6 nmol/L (normal range 119-618 nmol/I)] and no significant
stimulation by CRH within 90 min after application (maximum
level 63 nmol/L at 60 min).
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Figure 2 Ratio of metabolites to budesonide. 6b-OH-budesonide
and 16a-OH-prednisolone serum levels were determined at the
same time points as given in Figure 1. Metabolite-to-drug ratios
were calculated and data are given as average + SEM.

Portosystemic shunt index

To differentiate whether elevated serum budesonidelevelswere
caused by increased portosystemic shunting due to liver
cirrhosis, portal hemodynamics were assessed by per-rectal
portal scintigraphy with ®"Tc pertechnetate in both patients.
In both the index and the control patient measurement of the
portosystemic shunt index was 5.7 % and 3.1 %, respectively,
which wasin the range of healthy subjects (median 4.1 %; 25"
percentile 2.8; 75" percentile 6.3 %)??. Thus, these data
confirmed that no significant portosystemic shunting occurred
in both patients (Figure 3).

DISCUSSION

Autoimmune hepatitis is currently treated with systemic
administration of prednisolone, which has been shown to
improve liver function tests and prolong survival***3, These
first-generation glucocorticoids may cause marked side effects
in long-term therapy. In order to minimize the systemic
bioavailability, a new class of corticosteroids with greater
topical anti-inflammatory activity and particularly high first-
pass effect in healthy liver was synthesized®!. Budesonide, a
member of this second generation, has a 90 % first pass
metabolism in the healthy liver and its metabolites are virtually
devoid of systemic side effectd®. Therefore, it does not reduce
peripheral cortisol levels as a measure of systemic effect on
adrenal function to the same extent as prednisolone in

Patient 2 (control)

heart 14 723 counts

liver 45 995 counts

Shunt-index 3.1%

Figure 3 Portosystemic shunt index. Summed images with regions of interest over heart and liver of patients 1 (A) and 2 (B) after

per rectal scintigraphy using 340MBq Tc-99m petechnetate.
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noncirrhotic patients?!. However, in a double-blind crossover
study in healthy volunteersileal release budesonide had a
greater effect on plasma cortisol levels compared with
placebo®!, In patients with Crohn’ s disease budesonide
reduced the median plasma cortisol concentrations at doses of
9-15 mg/day, whereas median cortisol valuesin the group given
3 mg/day were not different from placebo!?.

In patients with liver disease, systemic side effects are
variable. In patientswith primary biliary cirrhosis treated with
9 mg budesonide per day (in addition to UDCA) changesin
bone mineral density were not significantly different as
compared with pretreatment data and placebo over 2 yearsin
the study by Leuschner et al ', whereas Angulo and coworkers
found asignificant loss of bone mass with the same treatment
regimen over one year!*. This difference may be related to
the number of patients with PBC stage IV of disease who
experienced a significantly greater loss of bone mass in the
Angulo study compared with non-cirrhotic patients. Leuschner
and coworkers enrolled only patients of PBC stages| to Ill in
this study. Similar findings were obtained in patients with
primary sclerosing cholangitis in whom budesonide appears
to be of minimal if any benefit and is associated with a
significant worsening of osteoporosig®*9, Although the drug
is considered to be a promising candidate for treatment, only
two small uncontrolled studies on budesonide in patients with
autoimmune hepatitis have been published to datef?>?1, |n
paralle with findingsin PBC and PSC therapeutic efficacy of
budesonide on AlH appeared to be limitied and systemic side
effects shown as decreased plasma cortisol levels were noted
predominantly in those patients with cirrhosig*>?, Although
there are no published data on a possible decreasein first pass
hepatic metabolism in patients with cirrhosis and consecutive
higher incidence of systemic adverse effects, indirect findings
such asincreased osteoporosisin budesonide-treated patients
with more advanced liver disease support this hypothesig*”.
This could be due to reduced hepatic metabolism in the
cirrhotic liver or, alternatively, due to increased spontaneous
portosystemic shunting in these patients who may have a
substantial bypass of the liver.

Portosystemic collaterals devel op as chronic hepatitis and
cirrhosis progress. Several methods for measurement of
portosystemic shunting have been established, of which radio-
isotopic imaging after per-rectal ®*™Tc¢ administration with
determination of the heart-liver ratio (shunt index) is most
common(?22-30_ A cross sectional study using this method has
shown an increasing portal shunt index (SI) with progression
of various liver diseased?. In this study, healthy controls and
patients with chronic hepatitis showed shunt indices with
medians between 5.9 % and 10 %, respectively. Patients with
cirrhosis without esophageal varices had only moderatly
increased portosystemic shunt indices with a median of 15 %
(25" percentile 9 %, 75" percentile 28 %) whereas those
cirrhoticswith varices appeared to have dramatically increased
shunting with amedian Sl of 70 % (25" percentile 52 %, 75"
percentile 82 %).

Hepatic metabolism and the extent of the portosystemic
shunting largely affects the bioavailability of drugswith high
first-pass metabolism such as budesonide. To date, there are
no data about systemic availability of the drug and its
determinantsin patientswith advanced liver disease. To address
this question and to distinguish between reduced hepatic
metabolism and portosystemic shunting as the cause of higher
bioavailability, we determined the serum level s of budesonide,
its two major metabolites and the portal shunt index in two
patients. The index patient 1 was compared with an age and
sex matched AlH-patient with the same stage of cirrhosis but
absent systemic effects as control. Serum levels of budesonide
were largely elevated in the index case (1.9+2.1 ng/mL, n=4)

compared with the control patient 2 (0.15+0.07 ng/mL, n=4)
and historically healthy controlswithout liver disease (0.4-0.7
ng/mL) (Figure 1). Although 6b-OH-budesonide and 16a-
OH-prednisolone serum levels were also elevated 3-fold and
4.4-fold in the index patient as against patient 2, we detected
4-fold decreased metabolite-to-drug ratios for both 6b-OH-
budesonide and 16a-OH-prednisolone in the index patient 1
compared with the control patient 2 (Figure 2). Both patients
had similar shunt indices which were in the range of healthy
subjects (Figure 3). These data demonstrate that an increased
systemic bioavailability of budesonide may berather dueto a
reduced hepatic metabolizing capacity in patients with early
stages of liver disease than portosystemic shunting of an
undetectable volume.

In these patientswith coexisting malignancies, thereis major
concern about corticogteroid-rd ated systemicimmunosuppresson
which imposes a substantial risk of recurrance or progression
of malignancy on these patients. To our knowledge, there is
no report available on steroid therapy in a patient with
autoimmune hepatitis and coexisting hepatic malignancy. The
present case is the first reported patient with successfull
treatment of AIH complicated by HCC. The substantial
inflammatory activity in this patient, who had already
developed liver cirrhosis, made an anti-inflammatory therapy
unevitable to halt progression. In this complex situation
between progression to end stage cirrhosis and recurrance of
the carcinoma, budesonide seems to be the only therapeutic
alternativeto minimize both risks. Although low bioavailability
and high first pass metabolism of budesonide are observed in
healthy volunteers, systemic availability in patients with liver
cirrhosis seems to be associated with decreased hepatic
metabolism after exclusion of Sgnificant portosystemic shunting
(Figure 3). In order to minimize systemic immunosuppression
with a concommitant risk of recurrant malignancy, we tapered
the daily dose from 9 mg to 6 mg per day after systemic side
effects appeared. Our present study identified increased systemic
budesonide levels due to reduced hepatic metabolism asarisk
factor of tumor recurrancein this patient. Therefore, we closely
monitored the recurrance of the HCC in short intervals by
ultrasound, computed tomography and AFP level s without any
signs of recurrant malignancy under budesonide for 36 months.

Whether budesonide becomes standard therapy in
autoimmune hepatitis remains to be determined in larger
clinical trials. In patients with concommitant malignant
disorders, this drug may have the best benefit-to-risk ratio of
all immunosuppressants and may be helpful even in patients
with reduced hepatic metabolism due to liver cirrhosis.
However, these patients have a substantial risk of systemic
side effects even in the absence of detectable portosystemic
shunting and need to be monitored carefully.
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