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LINICAL—LIVER, PANCREAS, AND BILIARY
RACT

udesonide Induces Remission More Effectively Than Prednisone in a
ontrolled Trial of Patients With Autoimmune Hepatitis
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ACKGROUND & AIMS: Autoimmune hepatitis (AIH)
s a chronic liver disease associated with cirrhosis and
iver failure. Corticosteroid therapy induces long-term
emission but has many side effects. We compared the
ffects of budesonide (a steroid that is rapidly metabo-
ized, with low systemic exposure) and prednisone, both
n combination with azathioprine. METHODS: We per-
ormed a 6-month, prospective, double-blind, random-
zed, active-controlled, multicenter, phase IIb trial of pa-
ients with AIH without evidence of cirrhosis who were
iven budesonide (3 mg, three times daily or twice daily)
r prednisone (40 mg/d, tapered to 10 mg/d); patients
lso received azathioprine (1–2 mg/kg/d). Treatment was
ollowed by a 6-month, open-label phase during which all
atients received budesonide in addition to azathioprine.
he primary end point was complete biochemical remis-

ion, defined as normal serum levels of aspartate amino-
ransferase and alanine aminotransferase, without pre-
efined steroid-specific side effects, at 6 months. RESULTS:
he primary end point was achieved in 47/100 patients
iven budesonide (47.0%) and in 19/103 patients given
rednisone (18.4%) (P � .001; 97.5% 1-side confidence in-
erval [CI] � 16.2). At 6 months, complete biochemical
emission occurred in 60% of the patients given budesonide
ersus 38.8% of those given prednisone (P � .001; CI: 7.7);
2.0% of those in the budesonide group did not develop
teroid-specific side effects versus 46.6% in the prednisone
roup (P � .001; CI � 12.3). Among 87 patients who were
nitially given prednisone and then received budesonide
fter 6 months, steroid-specific side effects decreased from
4.8% to 26.4% at month 12 (P � .002). CONCLUSIONS:
ral budesonide, in combination with azathioprine,
nduces and maintains remission in patients with non-
irrhotic AIH, with a low rate of steroid-specific side
ffects.

eywords: Autoimmune Hepatitis; Steroid Side Effects;
emission; Budesonide, Prednisone, and Azathioprine.

iew this article’s video abstract at www.gastrojournal.org.

utoimmune hepatitis (AIH), represents a disease en-
tity within the heterogeneous spectrum of chronic

epatitis1 that has a significant potential for morbidity
nd mortality. It has been characterized as a disease with
ypergammaglobulinemia (mainly immunoglobulin G

IgG]), is associated with extrahepatic autoimmune syn-
romes and high necroinflammatory activity, frequently
ccompanied by histologic signs of chronic hepatitis.
IH responds favorably to steroid treatment and has
ecome the first liver disease for which medical therapy
as been shown to improve survival. Current manage-
ent of AIH constitutes of prednisone alone or in com-

ination with azathioprine,2–7 which induces remission
n approximately 80% of patients. Other immunosup-
ressive drugs such as mycophenolate mofetil,8,9 cyclo-
porine A,10 or tacrolimus11 have shown only modest
uccess but have been associated with significant un-

Abbreviations used in this paper: ACTH, adrenocorticotrophic hor-
one; AIH, autoimmune hepatitis; ALT, alanine aminotransferase;
ST, aspartate aminotransferase; CI, confidence interval; HLA, human

eukocyte antigen; IgG, immunoglobulin G; ITT, intention to treat;
KM-1, liver-kidney microsomal type 1; PP, per protocol; SLA/LP,
oluble liver antigen/liver pancreas; ULN, upper limit of normal.

© 2010 by the AGA Institute
0016-5085/$36.00
doi:10.1053/j.gastro.2010.06.046
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October 2010 BUDESONIDE IN AUTOIMMUNE HEPATITIS 1199
anted effects. Withdrawal of therapy after 2 years leads
o relapse in 85% of cases, but long-term therapy carries
he risk of significant steroid-specific side effects and
zathioprine-related adverse effects such as jaundice, leu-
openia, and anemia. In clinical practice these adverse
vents are a major problem for young as well as for
iddle-aged women.
One alternative is the use of “topical” steroids with

ow systemic side effects such as budesonide.12 Budes-
nide has a 90% first-pass effect in the liver and has
een reported to improve liver function in patients
ith AIH.13 In a small study of 10 patients with AIH
ho had not responded to previous standard therapy

he effect of budesonide was reported to be modest,14

ut in 2005 a pilot study showed budesonide mono-
herapy to be effective in 12 previously untreated pa-
ients with AIH.15

We report here the results of the largest prospective,
andomized, multicenter trial published to date for the
reatment of AIH, in which the efficacy and safety of
udesonide was compared with standard prednisone
herapy, both administered in combination with azathio-
rine.

Materials and Methods
Setting and Participants
Patients 10–70 years of age were eligible for the

tudy if they had (1) either a first diagnosis of acute AIH
ased on liver biopsy results obtained �3 months before
creening or were experiencing relapse after a previous di-
gnosis of AIH based on histology findings �12 months
efore screening, according to the criteria of the Interna-
ional Autoimmune Hepatitis Group16; (2) thiopurine

ethyltransferase activity and adrenocorticotrophic hor-
one (ACTH) levels in the normal range; (3) serum alanine

minotransferase (ALT) levels or serum aspartate amino-
ransferase (AST) levels �2 times higher than the upper
imit of normal (ULN), (4) normal levels of �1-antitrypsin,
erum copper, and ceruloplasmin; and (5) elevated levels of
-globulins or IgG. Exclusion criteria included the presence
f hepatitis A, B, C, D, or E virus infection; primary biliary
irrhosis; primary sclerosing cholangitis; Wilson disease or
emochromatosis; liver cirrhosis; fulminant liver failure;
ecent treatment with drugs having known liver toxicity;
nd parenteral administration of blood or blood products
ithin 6 months before screening.

Design Overview
This was a 6-month double-blind, double-dummy,

ontrolled study (segment A) with a further 6-month open-
abel phase (segment B) (Figure 1A). During segment A,
atients were randomly assigned to receive budesonide (3
g three times daily, or 3 mg twice daily, after biochemical

emission) or prednisone (starting dose 40 mg/d tapered to

0 mg/d). Patients who already showed biochemical remis- r
ion after 3 months in segment A were eligible to enter
egment B. Patients without biochemical remission at

onth 6 could also proceed to segment B at the investiga-
or’s discretion. During segment B, all patients were treated
ith budesonide (3 mg three times daily or twice daily).
zathioprine was administered at a dose of 1–2 mg/kg/d,
ccording to clinical judgment, throughout both segments

and B.
Baseline findings on liver biopsy were scored by local

athologists with the use of the Knodell score17 to ex-
lude cirrhosis. Patients with biopsy-proven liver cirrho-
is were excluded, because first-pass hepatic extraction of
udesonide may be reduced because of shunting of por-
al venous blood. Safety variables were assessed through-
ut the study, including adverse events, steroid-specific
ide effects, laboratory variables, vital signs, and complete
hysical examination.

Study End Points
The primary efficacy end point was complete

esponse to therapy, defined as complete biochemical
emission (ie, serum AST and ALT within normal
ange determined by a central laboratory) at the pa-
ient’s last visit of segment A, and the absence of
redefined steroid-specific side effects (ie, moon face,
cne, buffalo hump, hirsutism, striae, diabetes, glau-
oma, and increased intraocular pressure) throughout
egment A. Secondary end points included complete
iochemical remission and the occurrence or absence
f steroid-specific side effects.

Statistical Analyses
Complete response rates of 35% and 17.5% were

xpected for patients with budesonide and prednisone,
espectively. With 102 patients assessable per treatment
roup, a one-sided �2 test at the �-level of 2.5% had a
ower of approximately 80% to detect a difference as
ssumed. The study was conducted with the use of a
-stage group sequential adaptive design with possible
ample size adjustments at each of the 2 planned interim
nalyses.18 A classical group sequential test design of
’Brien/Fleming type18 was appropriate. For (one-sided)
� .025, the critical values were given by 3.471, 2.454,

nd 2.004 for the first, second, and third analysis, respec-
ively. The planned information rates were 0.333, 0.667,
nd 1, respectively.

The primary analysis was the comparison of the 2
reatment groups on the basis of the complete response
ate in the intention-to-treat (ITT) population of seg-

ent A. For confirmatory hypothesis testing in the in-
erim analyses as well as in the final analysis, the inverse
ormal method of combining P values of the one-sided
hifted asymptotic �2 test for comparing 2 rates accord-
ng to Lehmacher and Wassmer19 was applied. At each of
he planned analyses the differences between complete

esponse rates and the corresponding 97.5% lower limit
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igure 1. (A) Schematic representation of double-blind, randomized, active-controlled, multicenter phase IIb study that evaluated prednisone and
zathioprine against budesonide and azathioprine in autoimmune hepatitis. In weeks 1 and 2 of segment A, all patients received 3 mg of budesonide
times daily (TID) or 40 mg/d prednisone, respectively. After 2 weeks the dose of budesonide was tapered to 3 mg twice daily (BID), and a low-dose

egimen for prednisone could be implemented in patients with serum AST and ALT within the normal range (ie, complete biochemical remission).
atients without complete biochemical remission continued to receive 3 mg of budesonide TID and the high-dose prednisone regimen. The dose of
udesonide could be increased to 3 mg TID or decreased to 3 mg BID, depending on serum AST and ALT levels at subsequent visits. Prednisone
ose was tapered down according to the fixed-dose regimen selected at the 2-week visit (high-dose regimen or low-dose regimen). Segments A and
were scheduled to last 6 months each. Patients who showed biochemical remission after 3 months in segment A were eligible to enter segment
. Patients without biochemical remission at month 6 could proceed to segment B at the investigator’s discretion. In segment B, patients who had

eceived prednisone were switched to budesonide in an open-label fashion. (B) Screening, treatment, and open-label treatment of the study patients
CONSORT flow diagram). Of 307 patients screened, 99 patients were ineligible for the study protocol. Those patients who showed biochemical
emission at month 3 and at month 6 were eligible to enter segment B, and those patients without biochemical remission at month 6 were able to
roceed to segment B at the investigator’s discretion. Major protocol violations that resulted in an exclusion from the per-protocol analysis set

ncluded the violation of an inclusion or exclusion criterion, the intake of prohibited concomitant medication, and the administration of study

edication for �28 days.
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f the one-sided confidence interval (CI) is provided to
stimate the treatment effect.

Planned subpopulation analyses for rates of complete
esponse and rates of complete biochemical remission
nclude HAI Knodell fibrosis score at baseline (0 –1 vs
– 4), gender (male/female), type of AIH (type 1 only, type
, and/or type 3 only or in combination with type 1, type
only or in combination with type 1 or type 2), country

nd AST/ALT activity at baseline (�4� ULN, �4�
LN). Subpopulation analysis by body weight (�60 kg or
60 kg at baseline in patients �18 years of age) was

erformed post hoc.
The safety population comprised all randomly as-

igned patients who had taken �1 dose of study medi-
ation. The ITT population consisted of all patients in
he safety population who had AST and/or ALT �ULN
t baseline. The per protocol (PP) population comprised
ll ITT patients who completed or prematurely termi-
ated the study without a major protocol deviation and

n whom the reason for premature termination was an
dverse event or lack of efficacy.

Descriptive statistical methods were used to analyze all
ariables other than the primary efficacy end point. All P
alues are the result of 1-sided shifted asymptomatic �2

ests for comparing 2 rates except for the analysis of the
ncidence of commonly associated steroid-specific side
ffects at month 6 and month 12 (McNemar’s test for
aired observations).

Study Conduct
Institutional review boards at all participating cen-

ers approved the protocol. All patients provided written
nformed consent. The study was conducted in accordance
ith the Declaration of Helsinki and Good Clinical Practice
uidelines. An external data and safety monitoring board
eviewed the results of the 2 interim analyses and made
ecommendations to the sponsor. Data analysis was per-
ormed by the authors, Andrea Kreter/ClinResearch, and
he sponsor, based on a statistical analysis plan finalized
efore unblinding of the study.

Results
Study Population
A total of 307 patients were screened. Of these,

9 did not meet the inclusion criteria, such that 208
atients were enrolled and randomly assigned to the
udesonide (n � 103) and the prednisone (n � 105)
reatment arms between March 2001 and November
006. One patient randomly assigned to budesonide
ook no study drug so the safety population comprised
07 patients (Figure 1B). A definite diagnosis of AIH
ith an aggregate AIH score �15 according to the

AIHG scoring system16 was confirmed in 77.5% (79/
02) of the patients in the budesonide group and

0.0% (83/105) of the patients in the prednisone c
roup. A probable diagnosis of AIH (aggregate score of
0 –15 points) was found in 20.6% (21/102) of the
udesonide group and 18.1% (19/105) of the pred-
isone group. Four patients were excluded from the

TT population (n � 203) because AST and/or ALT did
ot exceed ULN at baseline. The PP population con-
isted of 158 patients (24 patients in the budesonide
roup and 21 patients in the prednisone group were
xcluded for major protocol violations) (Figure 1B). Of
he 207 treated patients, 92/102 (90.2%) budesonide
atients and 88/105 (83.8%) prednisone patients com-
leted segment A. Reasons for premature withdrawal
ere lack of efficacy (3 budesonide, 12 prednisone),
dverse events (3 budesonide, 3 prednisone), and lack
f compliance with the study protocol (4 budesonide,

prednisone). Of 180 patients who completed seg-
ent A, 176 entered segment B. The last patient com-

leted the study on November 30, 2007.
The 2 treatment groups were similar in terms of

emographics and baseline characteristics other than a
ower proportion of females in the budesonide group
69.6% vs 84.8%; P � .009) (Table 1). Regarding the
ctivity and features of AIH, there was a lower propor-
ion of human leukocyte antigen (HLA) DR3 carriers
nd a higher proportion of HLA DR4 carriers in the
udesonide group, fewer patients with a normal re-
ponse to ACTH injection, and more patients with
osetting on histology (all differences were nonsignif-
cant) (Table 2). Patients with an increased risk for
rogression and mortality as indicated by the presence
f interface hepatitis at baseline20 were equally distrib-
ted between the treatment groups (interface hepatitis
� 50 and n � 57 in the budesonide and prednisone

roups, respectively; Table 1). Five patients had re-
eived prior systemic glucocorticoid treatment before
nclusion. Of these, 2 patients were randomly assigned
o the budesonide group and 3 patients to the pred-
isone group. Patients with the less frequently occur-
ing liver-kidney microsomal type 1 (LKM-1) autoan-
ibodies (AIH type 2, n � 8) and anti–soluble liver
ntigen/liver pancreas (SLA/LP) autoantibodies (AIH
ype 3, n � 32) were present only at low numbers.

Treatment compliance did not differ between the groups
nd was more than 95% in both treatment groups.

Efficacy
The primary efficacy end point, complete response

o therapy at the last visit of segment A, was reached in
7/100 (47.0%) budesonide-treated patients compared with
9/103 (18.4%) prednisone-treated patients (P � .001; CI:
6.2). A similar difference was observed in the PP popula-
ion (budesonide 35/76 [46.1%], prednisone 14/82 [17.1%];
� .001; CI: 15.1). No significant difference was observed in

he rate of complete response between patients initially
andomly assigned to budesonide or prednisone at the

ompletion of segment B, during which all patients received
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1202 MANNS ET AL GASTROENTEROLOGY Vol. 139, No. 4
udesonide (Figure 2A). The proportion of patients with a
omplete response at the end of segment B was 95/173
54.8%), which was mainly because of a reduction of steroid
ide effects.

Levels of IgG and total � globulins were comparable in
oth treatment groups at 12 months, but IgG normal-

zation was achieved later in the budesonide arm (data
ot shown).
A significantly higher rate of complete response at month

was observed with budesonide compared with prednisone
n both female and male patients (Figure 2B). Males showed
numerically higher complete response rate than females in

he budesonide group (Figure 2B). In addition, in a post hoc
nalysis significantly higher rates of complete response
t month 6 were observed with budesonide versus
rednisone regardless of the variables body weight,

able 1. Demographic and Baseline Characteristics (Safety P

ender
Male, n (%)
Female, n (%)

thnic origin
White, n (%)
Other, n (%)

ge (y), mean � SD
MI (kg/m2), mean � SD
utoimmune hepatitis score, mean � SD
iseases associated with AIH, n (%)
LA status
HLA DR3 (yes), n (%)
HLA DR4 (yes), n (%)

erology
Anti-HAV (positive), n (%)
Anti-HBc (positive), n (%)
HBsAg (positive), n (%)
Anti-HCV (positive), n (%)
TPMT test (positive), n (%)

ther biopsy assessments
Interface hepatitis, n (%)
Predominantly lymphocytoplasmatic infiltrate, n (%)
Rosetting of liver cells, n (%)
Biliary changes, n (%)

iver function parameters
Albumin concentration (g/dL), mean � SD
Alkaline phosphatase activity (U/L), mean � SD
�-GT activity (U/L), mean � SD
Total bilirubin concentration (mg/dL), mean � SD
AST activity (U/L), mean � SD
ALT activity (U/L), mean � SD

mmunoglobulins
IgG concentration (mg/dL), mean � SD
�-Globulin concentration (g/dL), mean � SD

CTH test
Normal response at 30 or 60 minutes, n (%)
Predefined steroid-specific symptoms, n (%)

CTH, adrenocorticotrophic hormone; AIH, autoimmune hepatitis; ALT
ass index; �-GT, �-glutamyltransferase; HAV, hepatitis A virus; HBc,
CV, hepatitis C virus; HLA, human leukocyte antigen; IgG, immunog
P � .009 vs budesonide group.
LA type DR3, or HLA type DR4 status (�60 kg: (
2/20 vs 2/19; P � .001; CI: 24.0; �60 kg: 31/60 vs
3/55; P � .001; CI: 11.1; HLADR3: 13/28 vs 8/44; P �

005; CI: 6.5; HLADR4: 12/24 vs 3/22; P � .004; CI: 11.8).
The potential influence of inflammatory activity was in-

estigated by comparing patients showing high (�4� ULN)
nd lower (�4� ULN) aminotransferase levels. Signifi-
antly higher rates of complete biochemical response were
bserved in the budesonide treatment arm than in the
rednisone treatment arm in both subpopulations (Figure
C). In contrast to prednisone, patients within the budes-
nide cohort who had lower aminotransferase activity at
aseline showed a higher complete response rate than those
ith higher activity (Figure 2C). The complete biochemical

emission rate (ie, serum AST and ALT within normal range
t the end of segment A) was 60/100 (60.0%) in the budes-
nide group versus 40/103 (38.8%) in the prednisone group

ation)

Budesonide (n � 102) Prednisone (n � 105)

31 (30.4) 16 (15.2)a

71 (69.6) 89 (84.8)

99 (97.1) 104 (99.0)
3 (2.9) 1 (1.0)

36.0 � 17.0 38.0 � 19.0
24.3 � 5.20 23.9 � 5.3
17.2 � 3.0 17.6 � 3.0
27 (26.5) 28 (26.7)

42 (41.2) 54 (51.4)
38 (37.3) 31 (29.5)

24 (23.5) 23 (21.9)
6 (5.9) 8 (7.6)

0 1 (1.0)
0 1 (1.0)

96 (94.1) 99 (94.3)

50 (49.0) 57 (54.3)
56 (54.9) 58 (55.2)
11 (10.8) 4 (3.8)
8 (7.8) 5 (4.8)

4.38 � 0.52 4.41 � 0.48
194 � 127 197 � 145
162 � 148 181 � 200
2.5 � 4.4 2.6 � 4.4

316 � 373 341 � 428
399 � 435 451 � 530

2428 � 918 2396 � 886
2.35 � 0.93 2.29 � 0.83

64 (62.7) 74 (70.5)
13 (12.7) 13 (12.4)

nine aminotransferase; AST, aspartate aminotransferase; BMI, body
ody to hepatitis B core antigen; HBsAG, hepatitis B surface antigen;
in G; TPMT, thiopurine S-methyltransferase.
opul

, ala
antib
lobul
P� .001; CI: 7.7) for the ITT population and 46/76 (60.5%)
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ersus 29/82 (35.4%) for the PP population (P � .001; CI:
0.1). However, when the biochemical response was defined
s a reduction of ALT activity to �2� ULN, a biochemical
esponse was observed in 89/100 (89.0%) of the budesonide-
reated patients and in 83/103 (80.6%) of the prednisone-
reated patients (NS; Figure 2D). When patients with AIH

18 years of age are analyzed separately, complete biochem-
cal remission rates were also similar (54/81 (66.7%) in the
udesonide treatment group and 31/76 (40.8%) in the pred-
isone treatment group (P � .001; CI: 10.8), indicating that
he inclusion of children does not affect the overall results

able 2. Diagnosis and Features of Autoimmune Hepatitis at

lkaline phosphatase-to-aminotransferase ratio
�3.0
1.5–3.0
�1.5

erum globulins or IgG level
Below normal
1.0–1.5� normal
�1.5–2.0� normal
�2� normal

iter of antibodies to nucleus, smooth muscle, or liver/kidney micros
Adults �1:40
Adults 1:40
Adults 1:80, children �1:10
Adults �1:80, children �1:20
itochondrial antibodies
Yes
No

epatitis viral markers
Positive
Negative

ther autoimmune disease
No
Yes

xposure to toxic drugs
Yes
No

lcohol consumption
�60 g/d
25–60 g/d
�25 g/d

mmunologic features
No
HLA DR3 or DR4
Other autoantibodies
HLA DR3 or DR4 and other autoantibodies

istologic scorec

�5
0
�1
�2
�3
�4
�5

IH, autoimmune hepatitis; HLA, human leukocyte antigen; IgG, imm
All values are n (%).
These antibodies are presented according to the AIH score of Alv
etermined in all patients.
Presented is the sum of score points for liver histology according to
f this study. 3
Other subgroup analyses were performed to examine a
ossible influence of gender (planned), body weight (in
atients �18 years of age, planned), and HLA type (DR3 vs
R4,21 post hoc). In terms of complete biochemical remis-

ion rates at the end of segment A, the between-group
ifference was significant for males but not females (Figure
A). Patients weighing �60 kg showed a significantly higher
omplete biochemical remission rate in the budesonide
roup than in the prednisone group, which was not ob-
erved among patients �60 kg (Figure 3B). Type of HLA
llele did not influence the biochemical response (Figure

eline (Safety Population)

Budesonide (n � 102) Prednisone (n � 105)

6 (5.9)a 5 (4.8)
10 (9.8) 15 (14.3)
84 (82.4) 85 (81.0)

0 3 (2.9)
54 (52.9) 52 (49.5)
26 (25.5) 25 (23.8)
22 (21.6) 25 (23.8)

type 1b

0 1 (1.0)
3 (2.9) 3 (2.9)

13 (12.7) 12 (11.4)
86 (84.3) 89 (84.8)

2 (2.0) 3 (2.9)
100 (98.0) 102 (97.1)

4 (3.9) 4 (3.8)
98 (96.1) 100 (95.2)

79 (77.5) 79 (75.2)
22 (21.6) 25 (23.8)

0 0
102 (100.0) 105 (100.0)

0 0
0 1 (1.0)

102 (100.0) 104 (99.0)

28 (27.5) 19 (18.1)
60 (58.8) 70 (66.7)

4 (3.9) 5 (4.8)
4 (3.9) 4 (3.8)

1 (1.0) 2 (1.9)
1 (1.0) 1 (1.0)

24 (23.5) 22 (21.0)
3 (2.9) 1 (1.0)

26 (25.5) 26 (24.8)
36 (35.3) 47 (44.8)
10 (9.8) 6 (5.7)

lobulin G; SLA/LP, soluble liver antigen/liver pancreas.

et al16, which omits SLA/LP, although these autoantibodies were

AIH score of Alvarez et al.16
Bas

ome

unog

arez
C). Other subpopulation analyses as described in “Materi-
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ls and Methods” showed no effect of these variables on
omplete biochemical remission rates.

Safety and Tolerability
Both study medications were well tolerated. Treat-

ent-emergent adverse drug reactions reported in the
udesonide (n � 102) and prednisone (n � 105) cohorts

ncluded weight increase (5.9%/19.0%), headache (11.8%/

igure 3. Complete biochemical remission (serum AST and ALT within
ormal range) at month 6 according to gender (A), body weight (B), and
ype of HLA allele (C). P values were calculated by 1-sided asymptotic
t2 test; significance is defined as P � .025; n.s., not significant.
.6%), mood alterations (9.8%/7.6%), muscular weakness
4.9%/7.6%), hypertension (2.9%/6.7%), and insomnia
1.0%/4.8%). At month 6, the incidence of predefined
teroid-specific side effects was significantly lower in the
udesonide group than in the prednisone arm in both
he ITT and PP populations (Table 3). When side effects
ere assessed after the completion of segment B, there
as a reduction of approximately 40% in the incidence of

ommonly associated steroid-specific side effects among
atients converted from prednisone to budesonide

39/87 [44.8%] at entry to segment B; 23/87 [26.4%] at
onth 12; P � .002).

Discussion
The results of this study show that budesonide in

ombination with azathioprine is capable of inducing
nd maintaining remission in AIH, and they showed a
ignificantly lower incidence of steroid-specific side ef-
ects compared with standard prednisone therapy, when
dministered with azathioprine.

This is the first study to directly compare budesonide to
rednisone with the use of prednisone doses that represent
nd even slightly exceed the 30-mg dose that is generally
sed for patients receiving concomitant azathioprine.6,22

nlike other trials, we used a stringent definition for re-
ponse, namely complete normalization of biochemistry in

Figure 2. (A) Complete re-
sponse (defined as serum AST
and ALT within normal range
and absence of steroid-specific
side effects) for the intention-to-
treat (ITT) and per protocol (PP)
populations. (B) Complete re-
sponse rate at month 6 (end of
segment A) according to gen-
der. (C) Complete response rate
at month 6 according to baseline
aminotransferase level. (D) Com-
plete biochemical remission rate
at month 6 compared with the
biochemical remission defined
as ALT activity �2� ULN at
month 6.
he absence of predefined steroid-specific side effects. This
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tringent definition was chosen because, first, well-tolerated
nduction of complete biochemical remission (ie, serum
ST and ALT within normal range) is likely to reduce

ong-term hepatic damage, and, second, residual amino-
ransferase activity almost universally leads to relapse after
rug withdrawal. The sensitivity of this definition is shown
y the fact that a more relaxed definition of remission
aminotransferase activity within twice the ULN) showed
ittle difference between groups (budesonide, 89.0%; pred-
isone, 80.6%; NS).
We considered whether baseline differences between

tudy groups could have influenced the observed results.
ender, body weight (and hence the dose of drug per
ilogram), and the presence of immunogenetic markers
uch as HLA DR3/DR4 are variables with a potential to
nfluence outcome,21 and both gender and the presence of

LA DR3 were unequally distributed between groups. Al-
hough male patients showed a higher biochemical remis-
ion rate than females, the total number of males in both
reatment arms was too small to have a significant effect on
he overall findings of the study. In addition, the distribu-
ion of HLA DR3/DR4 was not found to have a significant
ffect on the biochemical remission rate. In the prednisone
roup, patients with lower body weight received a higher
illigram per kilogram dose, but the frequency of biochem-

cal responders in this group was lower compared with
eavier patients. Thus, variations in baseline characteristics
etween the study groups are not believed to have con-
ounded the observed difference in response rates.

Budesonide therapy was associated with a lower inci-
ence of steroid-specific side effects than prednisone.
oreover, switching from a previous regimen of pred-

isone and azathioprine to budesonide and azathioprine
ed to an approximately 40% reduction of the incidence
f steroid-specific side effects.

A debate has been long standing about whether AIH is a

able 3. Predefined Steroid-Specific Side Effects Observed a

Budesonide (n � 10

o SSSEs throughout segment A, n (%)a 72 (72.0)
t least 1 SSSE throughout segment A, n (%)b 26 (26.0)
Moon face 10 (10.0)
Acne 8 (8.0)
Hirsutism 9 (9.0)
Skin striae 2 (2.0)
Buffalo hump 1 (1.0)
Diabetesc 4 (4.0)
Increased intraocular pressure 0
Glaucoma 0

TT, intention to treat; PP, per protocol; SSSE, steroid-specific side e
Difference (lowest level of 97.5% confidence interval) for ITT: 25.4%
Predefined SSSEs.
Two of the 4 reported diabetes events were determined to be pr
emoglobin.
ingle disease or a more heterogeneous entity.23 Autoanti- M
odies may be used to subclassify AIH, with antinuclear
ntibodies characterizing type 1 disease, LKM-1 antibodies
dentifying type 2, and SLA/LP antibodies characterizing
ype 3.24,25 Compared with type 1, patients with type 2 AIH
re generally younger at the time of onset, relapse more
requently, require liver transplantation more often, and
xhibit a higher incidence of acute disease onset. Here, the
reatment response according to autoantibody profile was
nalyzed, and no significant differences between serologic
ubtypes were found. The improved complete response rate
een with budesonide versus prednisone was maintained for
ll 3 serologic subtypes of AIH (data not shown).

In conclusion, this study shows that budesonide in
ombination with azathioprine is able to induce and
aintain remission in patients with AIH without evi-

ence of cirrhosis. In addition, budesonide therapy offers
he advantage of fewer steroid-specific side effects than
ith prednisone therapy. Budesonide may be associated
ith improved efficacy compared with prednisone when

ach drug is administered in combination with azathio-
rine, but further studies are needed to evaluate the
ffect of budesonide on other long-term steroid-specific
ide effects such as bone metabolism. The combination
f budesonide with azathioprine may therefore become a
ew standard of care for noncirrhotic patients with AIH.

Appendix

In addition to the authors of this manuscript,
ther members of the European AIH-BUC study group

nclude the following:
Estonia: R. Salupere; Finland: H. Nuutinen; Germany:

h. Arnold, U. Beuers, Ch. Schramm, A. Csepregi, P.R. Galle,
. Fölsch, W. Hempfling, E. Hennes, K. Herzer, S. Kanzler,
. Koletzko, P. Malfertheiner, M. Melter, L. Mendoza, C.
iederau, B. Rodeck, J. Wiegand, B. Wigginghaus; Hungary:

eported Throughout Segment A

PP

rednisone (n � 103) Budesonide (n � 76) Prednisone (n � 82)

48 (46.6) 55 (72.4%) 37 (45.1)
53 (51.5) 21 (27.6) 45 (54.9)
43 (41.7) 8 (10.5) 36 (43.9)
15 (14.6) 7 (9.2) 13 (15.9)
3 (2.9) 8 (10.5) 3 (3.7)
4 (3.9) 1 (1.3) 4 (4.9)
4 (3.9) 1 (1.3) 4 (4.9)

0 4 (5.3) 0
0 0 0
0 0 0

3%); P � .001; PP: 27.2% (12.5%); P � .001.

ting and 1 was described as a transient elevation of glycosylated
nd R

ITT

0) P

ffect.
(12.

eexis
. Albonyi, L. Dalmi; Israel: Y. Baruch, R. Oren, R. Tur-
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aspa; Poland: A. Boron-Kaczmarska, Z. Gonciarz; Russia:
. Alexeeva, V. Isakov, S. Krishtopenko, V. Radchenko; Swe-
en: K. Hagen, A. Nemeth; The Netherlands: P.L.M. Jansen,
. van den Berg; Slovakia: F. Gazdik.
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