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Aims

The aim of this study was to compare lung deposition of budesonide administered
from two dry powder inhalers, Giona® Easyhaler® 200 ug/dose and Pulmicort®
Turbuhaler® 200 pg/dose by utilizing a pharmacokinetic method.

Methods

This was an open, randomized, crossover study in 33 healthy subjects. The study
consisted of four treatment periods separated by at least 4 wash-out days. Equivalence
in lung deposition was assessed after a single inhaled 1000 pg (5 x 200 pg) dose
of budesonide from Giona® Easyhaler® and from Pulmicort® Turbuhaler®. Concomitant
oral charcoal administration (40 g) was used to prevent gastrointestinal (GI) absorp-
tion of budesonide. The efficacy of the charcoal was studied after oral administration
of a budesonide 2 mg capsule. The subjects were trained to inhale the study drugs
with controlled flow rates, which resulted in an equal pressure drop (4 kPa) across
both inhalers. Venous blood samples for the determination of budesonide concen-
trations in plasma were drawn before and at predetermined time points up to 8 h
after drug administration. Budesonide concentrations in plasma were determined
using liquid chromatography-tandem mass spectrometry. Several pharmacokinetic
parameters were estimated, the area under the budesonide concentration in plasma
vs time curve from dosing to infinity (AUC(0, «)) being the primary response variable.
Equivalence in lung deposition was concluded if the 90% confidence interval (Cl)
for the Easyhaler® : Turbuhaler® ratio of AUC(O, «) fell within the limits of 0.8—1.25.

Results

The mean AUC(0,0) value after Easyhaler® treatment was 3.48 (standard deviation (SD)
0.93) ngml'h and after Turbuhaler® treatment 3.46 (1.13) ngml'h. The
Easyhaler® : Turbuhaler® AUC(O, ) ratio was 1.02 and the 90% Cl was from 0.96 to 1.09.
The mean G, values (SD) for budesonide in plasma after Easyhaler® and Turbuhaler®
treatments were 1.22 (0.41) ng mI™" and 1.29 (0.44) ng ml™', respectively. There was no
statistically significant difference (P = 0.39) between the median ¢, for Easyhaler® (30 min)
and Turbuhaler® treatment (23 min). Charcoal impaired the Gl absorption of budesonide by
969%. The occurrence of adverse events was similar during both treatments.

Conclusions

The results show that the lung deposition of budesonide from Giona® Easyhaler® 200 pg/
dose and Pulmicort® Turbuhaler® 200 pg/dose dry powder inhalers is equivalent. The charcoal
block used to prevent Gl absorption of swallowed budesonide was found to be effective.
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Introduction

Inhaled budesonide is extremely effective for control-
ling inflammation in the asthmatic airway. Relatively
low doses of inhaled budesonide (400-800 g) suppress
the disease process and maintain adequate control of
inflammation. The anti-asthmatic activity of inhaled
budesonide has been proposed to be due to its local
intrapulmonary action [1].

Equivalence testing of inhaled corticosteroids is a
troublesome issue [2]. By measuring clinical outcomes
the pulmonary doses delivered by two inhalers are dif-
ficult to compare. The onset of action of corticosteroids
is slow, and the dose-response curve relatively flat, with
substantial variance in clinical effects [3]. Pharmacoki-
netic methods may be used to evaluate pulmonary bio-
availability of inhaled drugs without the numerous
confounding factors related to outpatient clinical trials.

Budesonide is not metabolized in the lungs but is
rapidly and extensively absorbed after inhalation [4, 5].
Since the absorption of budesonide from the lungs is
100%, the systemic availability can be assumed to be
proportional to the fraction reaching the lungs [6]. Only
part of the inhaled drug reaches the lungs, because the
major fraction is deposited in the oropharynx [5, 7]. If
the mouth is not rinsed, this is swallowed and absorbed
from the gastrointestinal (GI) tract. For budesonide,
hepatic first pass metabolism is substantial (approxi-
mately 90%). Nevertheless, the nonmetabolized drug
portion contributes to the total systemic availability of
the drug. Therefore the absorption of the drug via the
GI tract needs to be prevented when the pulmonary
bioavailability of an inhaled drug is evaluated. This can
be done by oral charcoal administration concomitant
with inhalation [5, 8, 9]. If drug absorption from the GI
tract is prevented, the appearance of drug in the systemic
circulation can be attributed solely to the absorption of
the drug from the lungs after inhalation.

In this study, equivalence of budesonide lung deposi-
tion for Giona® Easyhaler® 200 ug/dose, and Pulmicort®
Turbuhaler® 200 pg/dose dry powder inhalers was
assessed by comparing the pulmonary absorption of
budesonide from both devices. Absorption of the swal-
lowed fraction of the dose was prevented by giving
charcoal.

Methods

Subjects

Thirty-three healthy Caucasian male (28) and female (5)
subjects were included in the study. They were non-
smokers, had normal blood pressure and had not used
corticosteroids or regular medication for at least
4 weeks prior to the study. Oral contraceptives were

168 | 59:2 | BrJ Clin Pharmacol

allowed. Normal health was determined by previous
medical history and physical examination and labora-
tory assessments. The ability to generate an adequate
inspiratory flow rate through both inhalers was required.
The study was approved by the Ethics Committee of
Orion Pharma and by the Joint Ethics Committee for
Human Research at the University of Kuopio and the
Kuopio University Hospital. The study was conducted
according to the principles of the Declaration of Hels-
inki of the World Medical Assembly and in compliance
with the applicable regulatory requirements. Oral and
written information was given to the subjects and signed
informed consents were obtained before the study. The
subjects were free to withdraw from the study at any
time without providing a reason.

Treatments

The study drugs were Giona® Easyhaler® 200 ug/dose
(Orion Pharma, Finland), Pulmicort® Turbuhaler®
200 pg/dose (AstraZeneca, Sweden), and budesonide
2 mg capsule (Orion Pharma, Finland).

The treatments were (A) budesonide 1000 pg as a
single dose inhaled from Giona® Easyhaler® coinciding
with charcoal administration, (B) budesonide 1000 ug
as a single dose inhaled from Pulmicort® Turbuhaler®
coinciding with charcoal administration, (C) budesonide
2 mg capsule as a single oral dose and (D) budesonide
2 mg capsule as a single oral dose coinciding with
charcoal administration. Charcoal was given as a char-
coal-water suspension (50 g in 250 ml of tap water, Car-
bomix® granular, Leiras-Schering, Finland), in a dose of
10 g immediately before dosing and 30 g during the
1.5 h after dosing. Each subject was randomized to one
of the following sequences: ABBD, ABBC, BAAD or
BAAC. The replicate design for treatments A and B was
used to decrease the variance of the treatment effect and
to obtain estimates of intrasubject variabilities for both
treatments. Oral budesonide was administered to each
subject either with or without concomitant charcoal
(treatment C or D).

Methodology
This was open, randomized, crossover study, which con-
sisted of a prestudy examination, four treatment periods,
and a poststudy examination. There was a wash-out
period of at least 4 days between treatments.
Budesonide was administered under the supervision
of the study personnel as a single dose after an overnight
fast. The inhaled treatments (A and B) were adminis-
tered by five consecutive inhalations, with an interval of
1 min. A nose-clip was used to prevent nose breathing.
Before administration, the subjects were trained to



inhale the drug according to the manufacturers’ instruc-
tions except that they were taught to inhale at flow rates
resulting in an equal pressure drop (4 kPa) across both
inhalers. The target inspiratory flow rates were 45 1 min™'
for Easyhaler® and 60 1 min™' for Turbuhaler®. Inspira-
tory parameters (peak inspiratory flow rate (PIFR),
inspiratory volume, and inspiratory volume after 1 s)
were measured by using a spirometer (Vitalograph
Compact II, Vitalograph Ltd, UK) with a specially
designed interface. To avoid contamination of blood
samples the administration of inhaled treatments was
performed away from the blood sampling station. The
oral capsule was administered with 150 ml of tap water.

Charcoal (40 g) was given using a procedure
modified from Thorsson et al. [5]. The mouth was
thoroughly rinsed with 2 x 25 ml of charcoal-water
suspension and with 25 ml of tap water. After rinsing,
the charcoal suspension and the water were swallowed.
The procedure was performed immediately before and
after drug administration, and repeated after 45 min
and 1.5 h.

An overnight fast of at least 10 h preceded all study
treatments and caffeine-containing products were for-
bidden for 10 h before and during treatment periods.
Subjects fasted and maintained an upright position for
4 h after dosing. A standard lunch was then served and
caffeine free coffee or tea was given 6 h after dosing.

Clinical and laboratory safety assessments were
included in the pre- and poststudy examinations.
Adverse events were recorded during the study.

Blood sampling and drug analysis

Venous blood samples (7 ml) for analysis of budesonide
in plasma were taken before and 15, 30, 45 min and 1,
2,3,4,5, 6, and 8 h after drug administration. With
inhaled treatments, time zero was defined as the time
when the first inhalation started. The plasma was
separated by centrifugation and stored at —20 °C until
analyzed. Budesonide was extracted into ethyl
acetate : hexane (50 : 50) after adding internal standard.
Analysis was by liquid chromatography-tandem mass
spectrometry using selected reaction monitoring. The
method was validated with respect to linearity, accuracy,
specificity and precision. The method was linear over
the concentration range 0.05-2.0 ng ml™'. Recoveries for
budesonide were between 83 and 99%. The between-run
precisions determined during the study with quality con-
trol samples at concentrations of 0.1, 0.5 and 1.5 ng ml™
were 9.77%, 10.3% and 8.45%, respectively (n =52, 55
and 53). The within-run precisions determined before
the study with spiked plasma samples at concentrations
of 0.1, 0.5 and 1.5 ng ml™" were for budesonide 9.58%,
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3.60% and 6.11%, respectively (n=11-12). The limit
of determination was 0.05 ng ml™".

Data analysis

The estimated sample size was based on previously pub-
lished results [5, 10] and on the following power calcu-
lations. The coefficient of variation (CV) of the AUC
after an inhaled dose was estimated to be 35%. The
equivalence margin for the test : reference ratio of AUC
was defined as 0.8 to 1.25 (CPMP Guideline CPMP/
EWP/QWP/1401/98 [11]). The significance level in the
two-sided test was set at 5% and the sample size was
computed to achieve a power of 90%. This yielded a
sample size of approximately 26 subjects. To allow for
a discontinuation rate of 20%, 33 subjects were studied.

The pharmacokinetic parameters for budesonide were
calculated using WINNONLIN 3.0 computer pro-
gramme (Pharsight Co., Cary, NC, USA). They were the
area under the budesonide concentration in plasma vs
time curve from dosing to infinity (AUC(0, o)) and to
8 h (AUC(0, 8 h)), peak concentration (Cp,y), time to
reach peak concentration (¢,,,), and mean residence time
(MRT). The primary variable was AUC(0, oo).

The statistical method used for the equivalence anal-
ysis of lung deposition was the 90% confidence interval
(CI) for the Easyhaler® : Turbuhaler® ratio of AUC(0,
o). This was estimated by using an appropriate linear
mixed model after conversion to the natural logarithm
of the corresponding variable. For AUC(0, 8 h), testing
for equivalence was also performed. No equivalence
criterion was used for C,,, although a similar model-
ling strategy with the corresponding 90% Cls for
Easyhaler® : Turbuhaler® ratio was applied. f,,, was
compared by using the Wilcoxon signed rank test. A
two-sided P value of less than 5% was considered sta-
tistically significant in applicable analyses.

Results
Thirty out of the 33 subjects completed the study. The
mean age of the subjects was 23.1 (2.0) years, weight
73.5 (9.6) kg and height 178.7 (8.6) cm. One subject
withdrew informed consent before the study, and one
discontinued before treatment due to a respiratory tract
disorder. Another subject discontinued the study after
the third treatment period due to an adverse event (sto-
matitis). Sixteen subjects used other drugs during the
study. The most common one was ibuprofen (for the
treatment of headache). Four subjects used contracep-
tive pills. No subjects were excluded because of inap-
propriate concomitant medication.

Mean inspiratory parameters during inhalation treat-
ment are shown in Table 1. Deviations from the target
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PIFRs of 45 1 min™' and 60 1 min™" for Easyhaler® and
Turbuhaler®, respectively, were minor.

The mean budesonide concentration in plasma vs time
curves after Easyhaler® and Turbuhaler® administration
with charcoal are illustrated in Figure 1.

The mean AUC(0, ) value after Easyhaler® treat-
ment was 3.48 ng ml™' h, and 3.46 ng ml™' h after Tur-
buhaler® treatment, both in combination with charcoal
(Table 2). The Easyhaler® : Turbuhaler® ratio for the
mean AUC(0, e0) was 1.02, and the corresponding 90%
CI was well within the equivalence range of 0.8-1.25.
The 90% CI for Easyhaler®: Turbuhaler® ratio for
AUC(0, 8 h) was slightly narrower (0.95-1.08). The
Easyhaler® : Turbuhaler® ratio of C,,, values was 0.94
and the 90% CI for the C,,, ratio was 0.86—1.03. In
addition, there was no statistically significant difference
in the median t,,, between Easyhaler® and Turbuhaler®
treatment (P = 0.39).

Table 1
The mean (SD) inspiratory parameters during
administration of inhaled study treatments

Pulmicort®
Turbuhaler®

Giona®

Parameter Easyhaler®

Peak inspiratory flow rate 46 (3) 61 (4)
(I'min™")

Inspiratory volume (I) 2.8 (0.6) 3.1 (0.6)

Inspiratory volume in 1 s (I) 0.75 (0.06) 1.00 (0.06)

The target peak inspiratory flow during inhalations using
Easyhaler® and Turbuhaler® were 45 and 601 min”,
respectively.

The individual AUC(0, o) values are shown in Figure
2. The between subject variances were 0.050 for Easy-
haler® and 0.076 for Turbuhaler®, and the within subject
variances were 0.024 and 0.015, respectively. The
model-based estimates for intra-individual CVs of
AUC(0, =) were 15.6% for Easyhaler® and 12.4% for
Turbuhaler®, giving a ratio of 1.26.

The mean AUC(0, 8 h) (SD) after budesonide 2 mg
capsule without charcoal was 1.23 (0.83) ngml™ h
(n=16). When the capsule was administered with char-
coal, the AUC(0, 8 h) could be calculated for only six
out of 14 subjects because the budesonide concentra-
tions for eight subjects were below the limit of determi-
nation (0.05 ng ml™") at every time point. By assuming
that concentrations below the limit of determination

Concentration (ng/ml)

Time (h)

Figure 1

Budesonide concentrations in plasma (ng mI™") after a single inhaled dose
of 1000 ug budesonide given together with charcoal (mean, SD). Giona®
Easyhaler® (n = 43) (@), Pulmicort® Tarbuhaler® (n = 44) (O)

Table 2

The pharmacokinetic parameters after inhalation of 1000 pg of budesonide with concomitant charcoal administration

Parameter Giona® Easyhaler® (n = 43)

Pulmicort® Turbuhaler® (n = 44)

90% CI for the Easyhaler : Turbuhaler ratio

AUC(O) (ngmi' h)  3.48 (0.93) 3.46 (1.13)
AUC(0,8 h) (ngml' h) 322 (0.86) 3.22 (1.06)
Coax (Ng M) 1.22 (0.41) 1.29 (0.44)
trse (M) 30 (11) 23 (10)

MRT(0,8 h) (h) 2.37 (0.27) 2.25 (0.26)
MRT(0,%0) (h) 3.05 (0.48) 2.85 (0.38)

(0.96, 1.09)
(0.95, 1.08)
(0.86, 1.03)

Values are means (SD) except t,.q, values, which are medians (SD). AUC = area under the time-concentration curve; Cp, = peak
concentration; t.,. = time to reach peak concentration; MRT = mean residence time,; Cl = Confidence interval.
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Figure 2

Individual AUC(0,e0) values (ng mI™" h) after administration of budesonide
in a Giona® Easyhaler® (n = 43) and a Pulmicort® Turbuhaler® (n = 44)
treatments. The dotted lines indicate the mean values

were zero, the mean AUC(0, 8 h) value after adminis-
tration with charcoal was 0.05 ng ml™" h, which is 4%
of the value after capsule administration without char-
coal. The mean C,,,, value (SD) after oral administration
of 2 mg budesonide capsule was 0.4 (0.2) ng ml™" which
decreased by 90% (0.04 (0.1) ng ml™") during concom-
itant charcoal administration. The median ¢, of orally
administered budesonide was 1 h.

Twenty-four subjects out of 33 reported adverse
events (AEs) at least once during the study and the
total number of events was 51. The AEs occurred
mostly during the inhalation treatment periods (69%).
The occurrence of AEs was similar during Easyhaler
(n=18) and Turbuhaler (n=17) treatments. The
severity of AEs was graded mild or moderate in all
except one case of stomatitis, which was graded
severe. The subject with stomatitis discontinued the
study after three treatment periods, and causality with
budesonide treatment was thought to be probable. The
most frequently reported AEs were headache (19
cases) and upper respiratory tract infection (11 cases).
There were no clinically significant differences
between the pre- and poststudy laboratory values. Two
subjects suffered from anaemia after the study, but
this was treated successfully by oral ferrous sulphate
supplement.

Discussion
The pulmonary deposition of budesonide for two dry
powder inhalers was compared in this open, random-
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ized, crossover pharmacokinetic study. The results
show that Giona® Easyhaler® 200 pg/dose and Pulmi-
cort® Turbuhaler® 200 pg/dose dry powder inhalers
deliver an equivalent amount of drug to the lungs. The
plasma budesonide concentration curves for Easyhaler®
and Turbuhaler® treatments were similar and over-
lapping. The pharmacokinetic parameters also indi-
cated equivalency as well. The 90% CI for
Easyhaler® : Turbuhaler® AUC(0,%0) ratio was narrow
and well within the prespecified acceptance range
(from 0.8 to 1.25, CPMP Guideline CPMP/EWP/QWP/
1401/98 [11]). In addition, the values for AUC)(0,8 h),
Crax, and 1., were similar between the two treatments.
In the case of Turbuhaler® treatment, similar pharmaco-
kinetic parameters have been published earlier by
Thorsson et al. [5].

The pharmacokinetic parameters for the budesonide
2mg capsule given with and without charcoal
showed that the amount of charcoal and the dosing
schedule used were sufficient to prevent GI absorp-
tion of budesonide by about 96%. Since the bioavail-
ability of orally administrated budesonide is about
10% [4], only 0.4% of the swallowed budesonide was
bioavailable when charcoal was given. In a previous
study by Thorsson & Edsbicker [10], charcoal was
shown not to affect the distribution or elimination of
budesonide. Therefore, it can be concluded that
almost all the drug present in plasma originated from
pulmonary absorption.

In this study the inhalation technique for both
devices was taught and well practised beforehand. The
aim was to minimize variability in subject-related fac-
tors, of which inhalation technique was considered to
be the most critical. The manufacturers’ instructions
were used except that the subjects inhaled at controlled
flow rates. The target inhalation flow rate was set to
equal a pressure drop of 4 kPa across both devices dur-
ing inhalation. This approach was adopted from in vitro
testing of dry powder inhalers suggested by Clark &
Holligworth [12] and described in the European Phar-
macopoeia [13]. An inhalation flow rate of 601 min™
through the Turbuhaler® is consistent with flow rates
used in previous studies and is the optimal inhalation
rate when using this device [14]. Asthmatic patients can
also typically generate flow rates of 451 min™" for
Easyhaler® and 60 1 min™' for Turbuhaler® with a com-
fortable inspiratory effort [15, 16]. The inspiratory
parameters during drug administration confirm that the
subjects adopted the techniques well. The mean PIFRs
differed by only 1 1 min™" from the target and the varia-
tions were small (SD 3 1min™' for Easyhaler® and
4 1min™" for Turbuhaler®). Approximately 30% of the
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inspiratory volume was inhaled during the first second
of inhalation.

In addition to the inhalation technique the other study
conditions were standardized as much as possible. The
between subject variance for AUC(0,8 h) was somewhat
smaller for Easyhaler® than for Turbuhaler® (0.047 vs
0.080). This result most probably indicates that dry pow-
der inhalers as such show a small variability in lung dose
when administered in a standardized manner. Taking
into consideration the numerous sources of variation of
inhaled products, the intra-individual CVs of AUC(0,e<)
were small. The CVs for lung deposition for budesonide
administered by a pressurized metered dose inhaler and
by Turbuhaler® have been previously shown to be 77%
and 33%, respectively [5].

The observation of equivalent pulmonary delivery of
budesonide for the products studied correlates well
with the results of an in vivo scintigraphic study by
Hirst et al. [17], which showed similar lung depositions
of budesonide for both Easyhaler® (18.5%) and Turbu-
haler® (21.8%) in asthmatic patients. In addition, the
peripheral zone : central zone deposition ratio was sim-
ilar (0.8). Systemic effects of budesonide delivered
from Easyhaler® and Turbuhaler® have been assessed in
a separate study by Héamdldinen et al. [18]. Treatment
for 1 week at doses of 800 and 1600 ug day ' had com-
parable systemic effects irrespective of the type of
inhaler. In addition, previous clinical studies have
shown that the inhalers are equally effective and safe in
the treatment of asthma in adults and in children [19-
21].

The result of the present study suggests that pharma-
cokinetic studies, possibly supplemented with pharma-
codynamic endpoints (e.g. effects on HPA axis function
for inhaled corticosteroids), offer an alternative
approach to clinical studies to show equivalent efficacy
and safety of an inhaled generic product compared with
an innovator. The use of the method can be extended to
product development as Borgstrom & Lipniunas [22]
have reported. In the case of the Giona® Easyhaler®, the
results of this pharmacokinetic study correlate well with
the results of clinical studies. However, the validation of
the pharmacokinetic method as a surrogate for clinical
testing requires additional studies.

In conclusion, Giona® Easyhaler® and Pulmicort®
Turbuhaler® dry powder inhalers deliver equivalent
amounts of budesonide to the lungs. The charcoal block
used to prevent the GI absorption of swallowed budes-
onide was shown to be effective.

We are grateful to Ms Marianna Elo, Ms Lea Porthan,
Mr Tommi Heikura, Ms Maija Hdlikkd, Ms Terttu
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technical assistance. Orion Pharma, Finland funded the
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