Drugs of Today 2004, 40 (7): 589-601
Copyright © 2004 PROUS SCIENCE
CCC: 0025-7656/2004

Kol kman- Pena. gxd 21/09/04 12:51 PAgina 589 $

EVALUATION OF ORAL BUDESONIDE IN THE TREATMENT
OF ACTIVE DISTAL ULCERATIVE COLITIS

Jeroen J. Kolkman', Helmut W. Mélimann?, Anja Clara Mélimann®, Amado Salvador Pena?,
Roland Greinwald®, Horst-Dietmar Tauschel® and Guenther Hochhaus?

"Medisch Spectrum Twente, Enschede, the Netherlands; 2Medizinische Klinik BG-Kliniken
Bergmannsheil, Universitatsklinik, Bochum, Germany; 3Department of Pharmaceutics, College of Pharmacy,
J. Hillis Miller Health Center, Gainesville, Florida, USA; “Vrije Universiteit Medical Centre,
Amsterdam, the Netherlands; °Dr. Falk Pharma GmbH, Freiburg, Germany

CONTENTS
SUMMANY . . ottt e 589
Introduction. . . .. ... 590
Materialand methods . . . .. ... ... .. 591
Patients and protocol . ...... ... . . . . . 591
Pharmacokinetics and analytical methods. . ................... 591
Other pharmacodynamic parameters . ....................... 593
Clinical and endoscopic efficacy . . . ........ ... 593
Results. . . ... 594
Pharmacokinetics . . . ... ... . 594
Pharmacodynamics .......... ... . .. 595
Efficacy dataandsafety .. ........ ... . . . . 595
DiscusSsioN . . .. ... 598
References. . .. ... 600

Summary

Budesonide, a topical corticosteroid, has proven
useful for the management of Crohn’s disease. Its
efficacy is similar to prednisone but it has fewer
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side effects. A new pH-modified release capsule
(Budenofalk®) is probably efficacious in distal ul-
cerative colitis. The aim of the present study was to
establish the pharmacokinetics, pharmacodynam-
ics, and safety of two dosage regimens of budes-
onide capsules and to obtain efficacy information.
Budenofalk® 9 mg daily was administered as a sin-
gle dose 9 mg in 8 patients and as three 3 mg doses
in 7 patients with active distal ulcerative colitis for 8
weeks. Symptoms were assessed at three time-
points during the study: baseline, 4 and 8 weeks af-
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ter start of treatment. Endoscopic evaluation and
budesonide concentration in mucosal biopsy spec-
imens was performed at 0 and 8 weeks. A phar-
macokinetic profile and pharmacodynamic profile
(cortisol, lymphocytes and neutrophils) was per-
formed at day 5. In the 9 mg o.d. group, higher peak
concentrations and systemic availability was found
compared to the 3 mg t.i.d. group. Cortisol suppres-
sion was more pronounced after 9 mg o.d. than af-
ter 3 mg t.i.d. Lag-time, AUC and pharmacodynam-
ic effects were comparable (14% mean decrease
lymphocyte count and 26% mean increase neu-
trophil count). Mucosal biopsy specimens in the
distal colon revealed significant budesonide levels
with both regimens. After 8 weeks, 71% in the 9 mg
o.d. group and 38% in the 3 t.i.d. group responded.
The endoscopic index improved from 10 + 2t0 2 +
3 (p <0.001) with 9 mg o0.d. and from 9 + 20 4 +
4.7 (p = 0.02) with 3 mg t.i.d. The pharmacokinetic
and pharmacodynamic profiles found in this study
indicate that Budenofalk® reaches the distal part of
colon and rectum, but further studies to validate the
budesonide assay in the mucosa and comparison
with a control group are necessary. This limited stu-
dy suggests that Budenofalk®is effective in distal
colitis and side effects are rare. Based on these ob-
servations a large clinical trial using 9 mg o.d. is in-
dicated to confirm efficacy and assess further pos-
sible side effects. © 2004 Prous Science. Al rights reserved.

Introduction

Systemically administered glucocorticoids are
effective in the treatment of ulcerative colitis, how-
ever, their use is hampered by the frequent occur-
rence of systemic side effects and the related
“steroid” fear of patients, which often result in re-
duced compliance. The increasingly used topical
glucocorticosteroids are characterized by drug re-
lease in the diseased area, resulting in high drug con-
centrations and fewer systemic effects. Moreover,
these drugs are characterized by low oral bioavail-
ability and efficient removal from the systemic cir-
culation, leading to fewer systemic side effects.

For the past 20 years, budesonide, a prototype
of a topically acting glucocorticoid, has been used
for the treatment of asthma and other diseases of
the respiratory tract. In addition, budesonide is al-
so used for the treatment of Crohn’s disease and
ulcerative colitis (1-3) when given in formulations
that insure that the drug is released at high con-
centrations at the disease area (4).
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Budenofalk® pH-modified release capsules, com-
posed of budesonide pellets coated with metha-
crylic polymers (4), fulfill this criterion: drug release
is prevented in the stomach and proximal small
bowel but occurs in a pH-dependent manner in the
intestine and colon. About 350 of these pellets (re-
presenting a total dose of 3 mg budesonide) are
placed into gastric juice-soluble hard gelatine cap-
sules. The pellets, released in the stomach, are
able to pass the pylorus intact and independent of
the interdigestive phase Ill (due to their small di-
ameter). They subsequently enter the intestine,
and the polymer coating starts degrading at pH
6.4, releasing the drug in the ileum and ascending
colon. This delivery system has been shown to im-
prove clinical and functional outcomes as quickly
and efficiently as systemically acting glucocorti-
coids such as prednisone in patients with active
Crohn’s disease (5-8).

Two controlled, double-blind, dose-finding stud-
ies have shown that 9 mg of oral budesonide per
day was the most effective dose in the treatment of
active Crohn’s disease (8, 9). Other studies de-
monstrated that budesonide and prednisolone/pre-
dnisone are therapeutically equivalent in the treat-
ment of active Crohn’s disease, but that budes-
onide induces fewer glucocorticoid-related side
effects and less suppression of the pituitary-adrenal
function (5, 6). The efficacy of oral budesonide in
active Crohn’s disease is well documented (3),
however only preliminary data are available for its
efficacy in the treatment of ulcerative colitis (10).

A pilot study suggested that the administration
of pH-modified release budesonide capsules had a
therapeutic effect on the activity of steroid-depen-
dent ulcerative colitis and exerted a significant
steroid-sparing effect (11). Beneficial effects were
demonstrated in patients exhibiting steroid-depen-
dent ulcerative colitis when the new oral budes-
onide formulation was combined with budesonide
enemas (12, 13). In an open clinical trial with 72
patients, the effect of oral budesonide in patients
with active ulcerative colitis was compared to that
of prednisolone. The results in the two treatment
groups were comparable, but in contrast to pred-
nisolone, budesonide did not change the plasma
cortisol level (10). A case-report of a 14-year-old girl
suffering from steroid-dependent chronic, active,
severe ulcerative colitis demonstrated complete re-
mission after changing from prednisolone to oral
budesonide 3 mg t.i.d. Moreover, the progression of
osteopenia and growth retardation caused by the
prednisolone treatment was stopped (14).
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Previous reports described the pharmacokinet-
ics and pharmacodynamics of single (1 x 3 mg)
and multiple (3 x 3 mg) budesonide dosage regi-
mens of 3 mg capsules in healthy volunteers (15).

The aim of the present study was to investigate
the pharmacokinetics and pharmacodynamics of
topically acting budesonide in patients with mild to
moderately active, left-sided ulcerative colitis using
the dosage regimens of 3 x 3 mg or 1 x 9 mg budes-
onide per day. The two dosing regimens were used
in order to evaluate whether or not a single high dai-
ly dose exhibited greater efficacy than the same
dose administered three times throughout the day.
This was of interest as pharmacokinetic/pharmaco-
dynamic modeling approaches suggested a higher
efficacy of the divided dosing regimens. In addition,
the budesonide concentrations in biopsy specimens
of the rectum, sigmoid and descending colon before
treatment and at steady state were assessed to de-
termine whether pharmacologically relevant con-
centrations were measurable at the site of action.
A further secondary objective was to compare sur-
rogate markers of systemic side effects, such as
serum cortisol and blood lymphocytes and granulo-
cytes, in order to allow the assessment of the safe-
ty of the two dosing regimens and to obtain infor-
mation on clinical efficacy (monitored by the clinical
activity index [CAI]).

Material and methods

Patients and protocol

Male and female patients with mild to moderate,
left-sided active proctitis, proctosigmoiditis or left-
sided ulcerative colitis were included in the study
after diagnosis was confirmed by colonoscopy and
histology (Table ). Qualified patients had CAI
score > 4 and El (endoscopic index) = 4. Patients
were not allowed to receive concomitant active
medication for ulcerative colitis such as glucocorti-
coids or immunosuppressants.

In group A, receiving 3 x 3 mg budesonide per
day, the 8 patients (6 females, 2 males) with ulcer-
ative colitis included in the evaluation were 30.4 +
16.54 years old (range: 17-67 years), had a body
weight of 66.5 + 13.73 kg (range: 4879 kg) and an
average height of 172.9 + 10.78 cm (range: 158—
190 cm).They were all Caucasian. In group B, re-
ceiving 1 x 9 mg budesonide per day, the 7 patients
(4 females, 3 males) were 48.6 + 16.38 years old
(range: 27-69 years), had a body weight of 81.6 +
17.64 kg (range: 56—-107 kg) and an average height
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of 170.6 + 9.07 cm (range: 163—182 cm). Four pa-
tients were Caucasian, two were of African origin
and one patient was Lebanese.

The present study was conducted as a con-
trolled, multicenter, randomized, open phase Il clin-
ical trial. Patients were randomly assigned either to
group A or group B for 8 weeks, or for 4 weeks in
case of remission. On study day 5, pharmacokinet-
ic (budesonide concentrations) and pharmacody-
namic parameters (cortisol as well as blood lym-
phocytes and neutrophils as alternative markers of
systemic effects) were assessed over 24 hours for
both dosage regimens of budesonide capsules. In
addition, the budesonide concentration was deter-
mined in biopsy material of the descending colon
(= 50 cm), the sigmoid colon (+ 25 cm) and the rec-
tum (+ 10 cm) at baseline (day 0) and on day 56 of
treatment. The CAIl was determined at baseline and
after 4 and 8 weeks of treatment. The El was de-
termined at baseline and after 8 weeks, or after 4
weeks if the patient was in remission and treatment
was discontinued. Both activity indices were deter-
mined according to Rachmilewitz (16). Further-
more, the number of stools per week, the percent-
age of days with bloody stools per week as well as
C-reactive protein concentrations and the blood sed-
imentation rate (ESR) were regularly documented
throughout the study period.

Pharmacokinetics and analytical methods

The purpose of this study was to investigate the
pharmacokinetics after 3 x 3 mg and 1 x 9 mg dai-
ly doses of 3 mg budesonide capsules at steady
state in patients with acute, left-sided ulcerative
colitis. The study was designed to allow an optimal
assessment of the pharmacokinetic properties.

The patients enrolled in this study were hospi-
talized on the evening of day 4 prior to the phar-
macokinetic analysis on days 5 and 6. They re-
mained in the hospital until the morning of day 6 for
the last blood withdrawal at 7:00 a.m. The patients
in group A ingested the evening dose on day 4 at
7:00 p.m. On day 5 group A ingested the capsules
in a 5 hour-interval, starting at 7:00 a.m. Group B
ingested the single dose of 9 mg at 7:00 a.m.

Seventeen blood samples of 5 ml each were
drawn from both groups A and B to determine the
budesonide and cortisol concentrations in serum.
The first blood sample was drawn at 7.00 a.m. im-
mediately before capsule ingestion and after at
least 10 hours of fasting. After ingesting the morn-
ing dose, additional blood samples were taken at
1,2,3,4,5,6,8,9, 10, 12, 14, 15, 16, 18, 20 and

.
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Table I: Baseline demography and characteristics of patients with ulcerative colitis treated with 3 x 3 mg or 1 x 9 mg budesonide daily.

Group A: 3 x 3 mg, 8 patients with UC:

. ) Duration Bloody

Location of UC Risk factors Years of present stools/ CRP ESR
Subj. Subj. Age Procto- Non- Ex- since  episode Stools/ week (mg/l) (%) Additional
code initials (years)  Sex Rectum sigmoid Higher smoker smoker Smoker first attack (days) week (%) day5 day5 EI CAl medication
1 RMD 25 M X 18 100 9.0 <50 >4 >4 Mesalazine
4 EKB 40 F X 29 100 9.0 <50 >4 >4 -
17 HN 29 F X 51 100 50.0 <50 >4 >4 Mesalazine
21 AF 18 F X 24 80 1.0 <50 >4 >4 Mesalazine
22 KB 27 F X 47 15 13.0 <50 >4 >4 Mesalazine
25 LVL 20 F X 23 100 9.9 <50 >4 >4 -
27 JBO 18 M X 35 57 28.8 <50 >4 >4 -
29 ABD 67 F X 12 100 99 <50 >4 >4 Mesalazine
Mean 30.5 2M(25%) 1(13%) 7(87%) 0(0%) 7(88%) 1(12%) 0(0%) 11.9 79.4 8.8 7.1
SD 16.5 6F(75%)
Group B: 1 x 9 mg, 7 patients with UC:

. . Duration Bloody

Location of UC Risk factors Years of present stools’ CRP ESR
Subj. Subj. Age Procto- Non- Ex- since  episode Stools/ week (mg/l) (%) Additional
code initials (years)  Sex Rectum sigmoid Higher smoker smoker Smoker first attack (days) week (%) day5 day5 EI CAl medication
2 JHA 52 M X 28 71 9.0 <50 >4 >4 -
3 EPI 27 F X 18 86 9.0 <50 >4 >4 -
23 KL 69 F X 15 100 1.0 <50 >4 >4 Mesalazine
26 ICH 42 M X 23 100 9.0 <50 >4 >4 -
28 KKR 29 F X 39 100 9.0 <50 >4 >4 Mesalazine
30 GNI 59 M X 18 100 20.0 <50 >4 >4 Mesalazine
31 IMZ 62 F X 49 100 9.9 <50 >4 >4 Mesalazine
Mean 48.6 3M(43%) 1(14%) 5(72%) 1(14%) 4(57%) 2(29%) 1(14%) 10.7 66.1 9.7 6.9
SD 16.4 4F(57%)

UC: ulcerative colitis, El: endoscopic index at baseline, CAI: clinical activity index at baseline.
CRP, ESR, Cortisol, lymphocytes, neutrophils on day 5/6 over 24 hours.
Stools/week and % bloody stools/week at baseline.
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24 hours (the last was taken at 7:00 a.m. on day 6).
Serum was separated from the 5 ml venous blood
samples by centrifugation, and immediately frozen
and stored at —20 °C until analyzed.

On day 0 and day 56 of the clinical trial period,
biopsies were taken from the descending colon,
the sigmoid colon and rectum, immediately frozen
and stored at —20 °C. Often, two biopsy samples
were provided for a given region.

Budesonide concentrations in serum were de-
termined using a validated HPLC/MS/MS assay
with a sensitivity of 50 pg/ml (17).

Budesonide levels in biopsy material were deter-
mined by HPLC/MS after homogenization in saline,
liquid/liquid extraction followed by solid phase ex-
traction, derivatization and HPLC/MS, similar to the
method described for serum (17). The assay could
not be validated, as blank biopsy material was not
available for comparison. Applying the assay per-
formance of the serum assay, and considering the
much smaller amount of biopsy material available,
a sensitivity of about 5-10 ng/g of wet tissue was
indicated.

The pharmacokinetic analysis was performed
using noncompartmental approaches using Kine-
tica® software (Version 3.1, InnaPhase Corpora-
tion, Philadelphia, PA). Data below the limit of de-
tection were not considered.

The following parameters were evaluated: time
to peak serum concentration (T, ) and peak con-
centration (C,_,,) were obtained directly from the
concentration versus time data. The time-lag of ab-
sorption (T,ag) was defined as the time after drug
administration at which concentrations increased
for the first time above baseline values. The area
under the concentration-time curve between 0
hours (day 5) and the last measurement point after
24 hours (AUC,,,) was calculated by the trape-
zoidal rule. The terminal elimination rate constant
(K,) was determined for each individual subject
from the terminal slopes of semi-logarithmic plots
of serum concentration-time profiles. For the 3 x 3
mg dosing regimen, the window of time was gen-
erally 12—24 hours. The elimination half-life was
calculated as t,, = 0.693/K..

Apparent clearance (Cl) not adjusted for the
systemic bioavailability (f) was calculated from
AUC, ,, and the administered dose (= 9 mg).
Other pharmacodynamic parameters

Neutrophils (% of leucocytes) and lymphocytes
(% of leucocytes) were used as pharmacodynamic
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parameters, beside cortisol, to describe the sys-
temic effects. Data analysis was based on relative
cell numbers (% of total white blood cells), and per-
formed after transformation of the data into percent
of baseline estimates. As a cumulative measure for
the pharmacodynamic activity on blood cells, the
area under the effect parameter-time curve was
calculated by the trapezoidal rule over 24 hours.
Missing data points were substituted with the group
means for the specific time point. Lymphocyte and
neutrophil changes were calculated individually
from the AUC,,, by calculating the deviation from
the zero-time estimate (100%, equivalent to a 24-
hour AUC of 2400 % x h™') as:

% Change = (2400 — AUC) x 100/2400 % x h"

Thus, the obtained percent change was posi-
tive for lymphocytes and negative for the effects on
neutrophils. These calculations assumed that the
baseline value at 7 a.m. was not modulated by re-
maining budesonide.

Serum cortisol concentrations were also used
as pharmacodynamic parameters describing the
systemic effects. The AUC,, was calculated by
the trapezoidal rule over 24 hours as a cumulative
measure for the pharmacodynamic activity. Missing
data points were substituted for with the estimates
of the group means for the specific time point.

Serum cortisol concentrations were determined
with a competitive solid-phase radioimmunoassay,
applicable for measurements in serum (Coat-A-
Count, Diagnostic Products Corp., obtained through
H. Biermann GmbH, Bad Nauheim, FRG). The sam-
ples (25 | of serum) were incubated for 45 min with
125|-labled cortisol in tubes coated with anticortisol
antibodies. After aspirating the liquid from each
tube, the radioactivity in the tubes was measured
with a gamma counter (Multi-Crystal Counter LB
2104; Berthold, Bad Wildbad, FRG). The concen-
trations of the samples were computed from stan-
dard curves (linear-log transformation). The be-
tween—assay’s coefficient of variation was 6.3% in
serum at a mean cortisol concentration of 48 g/I.
Cortisol standards for serum assays were used in
concentration ranges of 10-500 g/I. The cross re-
activity of the assay for cortisone, cortisol acetate
and cortisone acetate was < 1.0%, 4.7% and <
1.0%, respectively.

Clinical and endoscopic efficacy

Clinical efficacy was defined as CAl < 4 (clinical
remission as defined by Rachmilewitz [16] at day
28 [second control] and day 56 [final control]). Non-

.
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Group A (3 x 3 mg/d)
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Fig. 1. Mean serum concentrations (+ SD) after the daily administration of 3 x 3 mg (group A) and 1 x 9 mg (group B) budes-
onide daily in patients with ulcerative colitis on day 5 of the treatment. Evaluation performed by the HPLC/MS/MS method.

response was defined as CAl > 4 (absence of clin-
ical remission) at the same time. Patients who
were not in remission and had discontinued thera-
py on day 24 or earlier were considered to be non-
responders at both times of assessment. Patients
who were not in remission and had stopped thera-
py before day 49, but after day 24, were evaluated
as nonresponders at the final visit. Clinical im-
provement was defined as a decrease in CAl
greater than 30% at day 28 or day 56, respective-
ly, compared to the baseline value. Endoscopic re-
mission was defined as El < 4, evaluated at final
control after 8 weeks, or after 4 weeks if the patient
was in remission and treatment was discontinued.

Results

Pharmacokinetics

Eight patients in group A and 7 patients in
group B finished the pharmacokinetic part of the
study. One patient in group A was not included in
the analysis, as this patient received budesonide
every 6 hours. Another patient in this group was
not included in the analysis because of study devi-
ations (age = 17 years and failure to take study
medication for 3 days). Serum samples of one pa-
tient were not available. Thus, 6 patients of group
A and 7 patients of group B were included in the
pharmacokinetic analysis.

Mean serum budesonide time profiles for groups
A and B are presented in Figure 1. Mean calculat-
ed pharmacokinetic parameters for budesonide
are shown in Table II. As to be expected for a com-

parison of single versus three-times daily dosing,
absorption profiles differed between the two dosing
regimens with higher peak levels observed for the
1 x 9 mg dosing. However, in addition to individual
dose-related differences, the serum levels allowed
additional distinct pharmacokinetic observations
(Table ). A statistically later T__ value observed
for the 1 x 9 mg treatment (5.4 h vs. 3.4 h for the 3
x 3 mg treatment) is certainly due to the higher sin-
gle-dose regime. In addition, the two groups dif-
fered in K, t,,, AUC and ClI/f. These differences
were significant at the p <0.05 level. Calculated ap-

Table Il: Mean (+ SD) pharmacokinetic parameters for
budesonide under steady-state conditions on day 5 of
dosing after administration of 3 x 3 mg (group A) or 1 x 9
mg (group B) budesonide once daily in patients with ul-
cerative colitis. Analysis with HPLC/MS/MS method.

Group A Group B
Parameter (3 x3mg) (1 x9 mg)
n 6 7
Tlag (h) 1.8+0.8 1.3+0.8
Crnax1 (ng/ml) 0.98 + 0.66 410 £ 253
Cmax,z (ng/ml) 1.03 £ 0.48
Cmax,a (ng/ml) 0.80 £ 0.55
Tmax1 (h) 3.4+05 54+28
Tmax,2 3.4+0.9
Tmax,3 44 +1.5
AUC, 5 (ng*h/mi) 13.14 + 6.24 276+ 14.9
t, (h) 43+1.4 8.4 +38
Cl/t (i/h) 14.39 + 8.46 73847

.
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Table Ill: Average budesonide concentrations in biopsies
of group A and group B observed on day 0 and day 56 af-
ter administration of 3 x 3 mg and 1 x 9 mg budesonide,
respectively, in patients with ulcerative colitis.

Group A Group B

(3 x3mg) (1 x 9 mg)
Day 0 Mean ng/g +SD Meanng/g +SD
Descending Colon 23.6 51.5 4.1 4.3
Sigmoid 9.2 14.0 4.2 71
Rectum 17.8 19.6 14.5 19.5
Day 56 Mean ng/g +SD Meanng/g +SD
Descending colon 59.4 74.5 23.0 7.4
Sigmoid 15.5 5.2 54.5 84.7
Rectum 47.3 32.0 47.9 22.7

parent Cl/f values are consistent with the apparent
increased bioavailability of a single 9 mg dose
compared to administration in divided doses. Using
these estimates and the clearance of budesonide
in adults with active Crohn’s disease (61.2 I/h) (18),
the oral bioavailability was determined to be 7%
and 14% for the 3 x 3 and 1 x 9 mg regimens, re-
spectively.

Concentrations measured in biopsy specimens
obtained on day 0 and day 56 of the clinical trial are
given in Table Ill and graphed in Figure 2. In some
patients, two biopsy samples were provided for a
given colon or rectum region. Comparison of these
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individual data suggested a distinct variability of
the assay, especially when drug levels were close
to the suggested limit of quantification (5-10 ng/
ml). A potential reason might be interference of the
assay with endogenous substances. This is also
indicated by the fact that on day 0, nine out of 54
samples showed budesonide levels distinctly dif-
ferent from the suggested limit of detection (larger
than 20 ng/g considering a limit of detection of
5-10 ng/g). Such interferences could not be ex-
cluded because of lack of sufficient “placebo” biop-
sy specimens for validation of the assay. The re-
sults, however, show a tendency of increased
budesonide levels after treatment, with no distinct
differences between regional concentrations and
dosing regimens when the distinct variability in the
concentrations is considered (Table Il1).

Pharmacodynamics

Systemic pharmacodynamic effects were as-
sessed by monitoring the effects of budesonide on
lymphocytes, neutrophils and cortisol.

Lymphocytes and neutrophils

The mean changes of blood lymphocyte and
neutrophil counts, based on baseline values and
calculated from the AUC,,, obtained after applica-
tion of 3 x 3 mg budesonide or 1 x 9 mg budesonide
on day 5-6 of treatment, are shown in Figure 3 and
Table IV. While the number of lymphocytes slightly
decreased in group A and group B (11.9% and

Group A (3 x 3 mg/d)

o 100
>
£
c
K<)
® 75 4
5 59.4
s
3 50 47.3
Q
kel
c
2

236
g 251 17.8
3 - 15.5
P 9.2
©
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Baseline Day 56

Group B (1 x 9 mg/d)

3 100
(=2
£
c
kel
T 751
€
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S 54.5
8 50 47.9
(0]
Re]
C
2
§ 25 1 28
2 14.5
5 41 42
Q
= 0
Baseline Day 56

[ Descending colon (+ 50 cm) [ Sigmoid (+ 25 cm) [l Rectum (+ 10 cm)

Fig. 2. Budesonide mean concentration. Biopsies in the descending colon, sigmoid and rectum in patients with ulcera-
tive colitis after administration of 3 x 3 mg (group A) and 1 x 9 mg (group B) budesonide at baseline and on day 56.

.
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Fig. 3. Mean (+ SD) blood neutrophil and lymphocyte counts (% of pre-dose level based on relative cell numbers) after
the daily administration of 3 x 3 mg (group A) and 1 x 9 mg (group B) budesonide in patients with ulcerative colitis on

day 5 of treatment.

Table IV: Changes in blood lymphocyte and neutrophil
counts based on baseline estimates and calculated from
the area under the effect parameter time profile over 24
hours obtained after application of 3 x 3 mg (group A) or
1 x 9 mg (group B) budesonide on day 5 of treatment.

Table V: Area under the 24-hour serum cortisol concen-
tration-time profile (mean + SD) after oral administration
of 3x 3 mg (group A) or 1 x 9 mg (group B) budesonide
in patients with ulcerative colitis at steady state (day 5).

Cortisol AUC , ,,
% Change ng+h/ml
Budesonide 9 (ng )
Parameter dosage Mean  +S.D. p-value Group Mean +8S.D. p-value
Lymphocytes 3 x 3 mg -11.9 8.0 Group A
1x9mg -16.8 147  0.242 (3 x 3 mg budesonide) 1926.3 7413
Neutrophils 3x3mg 289 312 Group B 0.0196
1x9mg 231 172 0.341 (1 x 9 mg budesonide) 1085.5 4435

16.8%, respectively), the increase in neutrophils
was more pronounced (28.9% and 23.1%, respec-
tively). A t-test analysis of lymphocyte and neu-
trophil AUC,,, values did not indicate a significant
difference between group A and group B.

Serum cortisol

The endogenous 24-hour cortisol was moni-
tored for both treatment groups after administration
of budesonide on day 5. Figure 4 shows that corti-
sol suppression was somewhat more pronounced
after 1 x 9 mg budesonide (group B) than after 3 x
3 mg budesonide (group A). A ttest analysis of the
serum cortisol AUC revealed that the cumulative
cortisol level was significantly lower for group B
than for group A (Table V).

Efficacy data and safety

Only patients with active ulcerative colitis (CAI
>4) distal to the splenic flexure were included for
the assessment of the CAI. After 4 weeks, com-
plete response (CAl <4) was reached in 0 patients
in group A, but in 3 patients in group B. The over-
all response rate (CAl <4 or 30% decrease in CAl)
after 8 weeks was greater with 1 x 9 mg (71%) com-
pared to 3 x 3 mg (38%) (Table VI) (Fig. 5). The
number of stools per day at day 0 and 56 did not
change in the 3 x 3 mg group (median 3.8, range
1-6, and median 3.0, range 1—11, respectively), but
decreased from median 3.4 (range 2-8) to 1.9 (range
1-8, p = 0.02) in the 1 x 9 mg group. The percent-
age of bloody stools reduced in both groups: from
median 100% (range 29-100%) to median 29%

.
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Fig. 4. Mean (+ SD) serum cortisol concentrations after daily administration of 3 x 3 mg (group A) and 1 x 9 mg (group

B) budesonide in patients with ulcerative colitis on day 5 of treatment.

Table VI: Rates of response and improvement after treatment with 3 x 3 mg (group A) or 1 x 9 mg (group B) budesonide

daily on days 28 and 56.

Number of patients

Response n (%)

Improvement n (%)

ITT analysis (n = 15) Day 28 Day 56 Day 28 Day 56
Group A:
3 x 3 mg/d budesonide (n = 8) 0 3 (38%) 0 3 (38%)
Group B:
1 x 9 mg/d budesonide (n = 7) 4 (57%) 4 (57%) 4 (57%) 5 (71%)
p-value* 0.026™ 0.619 0.026™ 0.315
* Fisher's exact test, two-sided.
**Statistically significant.
Group A (3 x 3 mg/d) Group B (1 x 9 mg/d)
8 8
7.1 7.1 7.1
6.8 66 6.9
6 4 6 4
g 4.6 g 4.6
- 4] - 4] 3.8
3 3 3.1
= =
24 24
0
-1 0 5 28 56 -1 0 5 28 56
Day Day
n=8 n=8 n=8 n=7 n=5 n=7 n=7 n=7 n=7 n=5

Figure 5. Mean clinical activity index (CAl) after the daily administration of 3 x 3 mg (group A) or 1 x 9 mg (group B)

budesonide in patients with ulcerative colitis over 56 days.

.
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Table VII: Number of patients with at least one adverse
event (AE) or potential adverse drug reaction (ADR).

Number of patients > 1

Safety analysis (n = 15) AE ADR
Group A:

3 x 3 mg/d budesonide (n=8) 2 (25%) 1 (13%)
Group B:

1 x 9 mg/d budesonide (n =7) 3 (43%) 2 (29%)
Total 5 (33%) 3 (20%)

(range 0—100%, p = 0.03) in the 3 x 3 mg group
and from median 100% (range 71-100%) to medi-
an 14% (range 0-100%, p = 0.03) in the 1 x 9 mg-
group. The El improved from 8.8 + 2.1 t0 3.8 + 4.7
(p=0.02) in the 3 x 3 mg group and from 9.7 + 2.1
to 2.0 + 2.9 (p <0.001) in the 1 x 9 mg group. No
changes in blood sedimentation rate or CRP con-
centrations were found during the study in either
group. No decrease in serum aldosterone (mea-
sured at week 1, 4 and 8) was found. Mild adverse
effects were reported in 5 subjects, gastrointestinal
distress in 3, and nervousness and ankle edema in
1 (Table VII).

Discussion

This clinical study showed differences in the
pharmacokinetics, pharmacodynamics and proba-
bly the clinical efficacy of oral budesonide with two
different dosing regimens. It shows that the pH-
modified release formulation of budesonide 3 mg
capsules induced a treatment effect in about two-
thirds of patients and gave rise to significant bude-
sonide levels, especially in the 9 mg once-daily
dosage regimen. It was surprising that this multi-
center study recruited such a small number of pa-
tients and indicates the difficulty in performing phar-
macokinetic and pharmacodynamic studies in clin-
ical practice. Another limitation is the common
observation that patients who presented with ul-
cerative colitis to the referral hospitals had already
started treatment with other corticosteroids and
could not be included in the study. This also con-
tributed to the lack of standardization of the mesala-
zine used by patients although the dosage did not
influence the assignment of patients to a particular
group.

The once-daily dosage regimen had higher
peak levels and slower absorption rates compared
to the thrice-daily regimen, which confirms studies

Kol kman- Pena. gxd 21/09/04 12:51 PAgina 598 $

Budesonide

in healthy volunteers (19). On the other hand, the
higher oral bioavailability and larger AUC with the
once-daily regimen compared to the thrice-daily
regimen contrasts findings in studies in healthy vol-
unteers (19). Whether these differences relate to
the seemingly better clinical response with the once-
daily regimen remains uncertain at this point. Most
other studies on the effects of topical glucocorti-
coids indicated that the effects of thrice-daily ad-
ministration were superior to the same dose when
administered once daily (19, 20). Clearly, addition-
al comparative studies could elaborate whether
these differences might be due in part to the slight-
ly different patient population (differences in ethnic
composition) or whether a saturable first-pass ef-
fect is responsible for the increased bioavailability
of the 1 x 9 mg dosing regimen in the patient pop-
ulation. Lundin and et al. (18) reported an oral bio-
availability of about 10% for a 1 x 9 mg dose in
adults with active Crohn’s disease. Edsbacker and
etal. (21) reported an oral bioavailaibility of 9-12%
in healthy volunteers. Results for budesonide using
pH-modified release capsules in healthy volunteers
revealed similar AUC profiles with an oral bioavail-
ability of about 10%. A nonlinearity between the
pharmacokinetics of a 3 x 3 and 1 x 9 mg profile
was, however, not observed in these studies (20).
Differences in the intrinsic clearance of healthy vol-
unteers and the patient population might be re-
sponsible for this observation. The results for bude-
sonide mean pharmacokinetic parameters are also
in reasonable agreement with an early publication
that calculated budesonide kinetics after intra-
venous administration in healthy volunteers (22).

The mucosal levels of budesonide in the de-
scending colon, sigmoid and rectum provide evi-
dence that the budesonide from currently used
budesonide capsule is still available at this level.
The presence in baseline mucosal “budesonide
levels” before the drug was even started indicates
that some cross-reactivity of the budesonide assay
with mucosal compounds was present. Still, the
clear increase after 56 days treatment seems proof
for the local availabilitiy and effect of the current
formulation.

A difference in pharmacodynamic response be-
tween both drug regimens was noted with more
pronounced cortisol suppression in the 9 mg once-
daily regimen, although the effects on the circadian
variation of lymphocyte and neutrophil counts did
not differ. Because of the lack of actual placebo da-
ta, it was decided to neglect the small circadian

.
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rhythm and to only make valid conclusions about
the direct comparison between the two dosing reg-
imens. Previous studies for other glucocorticoids
have shown that this approach is feasible because
of relatively small variation over the day (23, 24).
Patients’ lymphocyte suppression in this study was
in the range of 11.9 to 16.8% while the increase in
neutrophils was in the range of 23.1 to 28.9%.
When the cumulative lymphocyte and neutrophil es-
timates (AUC values) were compared for groups A
and B, no significant differences between the two
groups were observed. This is probably due to the
overall relatively small effects observed at the indi-
cated drug levels, and the variability of the data is
distinct. Previous studies also indicated that lym-
phocytes and neutrophils are less sensitive markers
of systemic effects than cortisol suppression (25).

Significant differences were found between the
cortisol levels in groups A and B, indicating more
pronounced cortisol suppression after the 1 x 9 mg
treatment. The assessment of the cortisol data was
also hampered by the fact that no full baseline pro-
files were available and that the design of the study
was a randomized, parallel study design. There-
fore, it can not be clearly concluded that the signif-
icant differences in the cortisol AUC,, between
the 3 x 3 mg and 1 x 9 mg regimens are solely due
to the dosing regimen, but may be also related to
differences in the study populations. However, the
observed differences in the systemic availability of
budesonide between the two dosing regimens sup-
port the higher systemic cortisol suppression for
the 1 x 9 mg dosing regimen.

For the first time, an efficacy of oral budesonide
could be demonstrated in ulcerative colitis patients
with inflammation limited to the distal parts of the
colon. Obviously, the therapeutic effect is depen-
dent on the dosage regimen. After 4 weeks of
treatment, remarkably better results were found in
the 1 x 9 mg regimen than in the 3 x 3 mg regimen:
57% vs. 0% of patients were in remission or
showed clinical improvement. This difference was
smaller after 8 weeks of treatment, when 57%
(group B) vs. 38% (group A) were in remission.
The onset of response indicated that the 1 x 9 mg
treatment was not only more effective than the 3 x
3 mg treatment, but was also much faster in induc-
ing remission or clinical improvement. It might be
speculated that the higher efficacy of the 1 x 9 mg
treatment might be related to the higher oral bio-
availability of this dosing regimen. This is in agree-
ment with the observation that the 1 x 9 mg treat-
ment showed higher cortisol suppression than the
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3 x 3 mg treatment. If this is the case, one might ar-
gue that at least a portion of the clinical effect is
due to systemic action of budesonide.

The efficacy of oral budesonide demonstrated
in this study is in agreement with the results of two
earlier trials in ulcerative colitis. A controlled colonic
release budesonide formulation in a daily dose of
10 mg in patients with mild to moderately active ul-
cerative colitis led to a significant improvement of
the EI'0. Twenty-one out of 34 patients (62%) un-
der budesonide therapy improved endoscopically
in this trial as compared to 4 out of 8 (50%) in the
3 x 3 mg group and 7 out of 7 (100%) in the 1 x 9
mg group in the study here presented. Another
study on oral budesonide in ulcerative colitis inves-
tigated the efficacy and safety of the pH-modified
release 3 mg capsules in steroid-dependent pa-
tients. A daily dose of 9 mg budesonide was well
tolerated, significantly improving clinical symptoms
and permitting the reduction of conventional, sys-
temically acting steroids (12).

The pharmacokinetic investigations of the pre-
sent study demonstrated therapeutically adequate
mucosal budesonide concentrations in the inflamed
regions of the sigmoid or rectum. It can be con-
cluded that the active drug from both dosage regi-
mens of budesonide 3 mg capsules is effective in
the whole colon, reaching even distant distal gut
regions. These results may explain the effective-
ness of budesonide 3 mg capsules in the treatment
of active ulcerative colitis and in Crohn’s disease
with inflammation not only in the ileocoecal gut re-
gion as previously demonstrated by Bar-Meir et al.
(6) and Caesar et al. (26). In conclusion, this study
provides the groundwork for potentially interesting
validation that the topically acting oral budesonide
is effective in distal active ulcerative colitis and has
only a modest influence on systemic parameters.
Previous studies have confirmed its efficacy in
Crohn’s disease and its good tolerability profile
without serious drug-related adverse events as
compared to the conventional, systemically acting
steroids (6, 8). Thus, this topically acting, pH-mod-
ified release formulation of budesonide could be a
treatment option in active ulcerative colitis but a
larger clinical trial is mandatory.
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