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Aims The present pharmacokinetic study was undertaken to determine the dose
proportionality of three different doses of budesonide—400 mg, 800 mg or 1600 mg
administered twice daily by a dry-powder inhaler (TurbuhalerA) in adult patients
with mild asthma.
Methods A total of 38 patients received budesonide by inhalation, 13 received
400 mg twice daily, 12 received 800 mg twice daily and 13 received 1600 mg twice
daily. Mean FEV1 at inclusion was 3.4, 4.0 and 3.9 l min−1 in the three groups,
respectively. Blood samples were taken after a single dose, and after 3 weeks of daily
treatment, for pharmacokinetic evaluation. Plasma concentrations of budesonide
were determined by liquid chromatography plus mass spectrometry.
Results Eleven evaluable patients remained in each dose group. Mean time to
peak budesonide plasma concentration (tmax) was short (0.28–0.40 h) and did not
differ between treatment groups. Budesonide concentrations declined rapidly
thereafter, indicating efficient pulmonary absorption and rapid elimination with a
half-life of approximately 3 h. Cmax was 1.4(2.0) nmol l−1 (single (repeated) doses),
2.6(3.6) nmol l−1 and 5.4(6.4) nmol l−1 after 400, 800 and 1600 mg twice daily,
respectively. The corresponding results for the area under the plasma concentration
vs time curve (AUC) were 271(325), 490(628) and 915(1096) nmol l−1 min. Ninety
percent confidence intervals for pairwise dose-normalized Cmax and AUC compari-
sons between groups were large but contained unity in all cases, thus indicating
dose-proportional pharmacokinetics. Regression on analysis supported these findings.
Mean AUC after repeated doses (AUC(0,12 h,RD)) was on average 23% higher
than the mean AUC after single doses (AUC(0,2,SD)(P=0.04) with no significant
differences between doses, indicating slight accumulation following bid dosing.
Conclusions In this relatively small study, budesonide inhaled via TurbuhalerA
appeared to have dose-proportional pharmacokinetics, both within and above the
clinically recommended dose range for asthmatic patients.
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orally. This is because the inhaled drug acts locally, so a
Introduction

lower dose can be employed, which reduces systemic
exposure and results in fewer side effects [1]. As aOver the last four decades, glucocorticosteroids (GCS)

have been the most effective therapy available for the consequence of the improved safety profile, inhaled
steroids are now commonly used across a wide spectrummaintenance treatment of asthma. Unfortunately, oral

administration of GCS is often associated with a high of asthma severity.
Budesonide was developed to further enhance topicalincidence of systemic side effects. Inhaled GCS have a

better ratio of local to systemic effects than those given anti-inflammatory effects while minimizing the systemic
effects observed with other GCS. Both preclinical and
clinical studies with inhaled budesonide have demon-
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doses [2–7]. After inhalation via TurbuhalerA, an suffered a significant chest or upper respiratory tract
infection, in the previous 4 weeks. Also excluded wereinspiratory flow-driven, metered dose, dry powder

inhaler, budesonide lung deposition is about 30% of the patients receiving other steroids or who had received any
form of steroid therapy in the previous 6 months; wholabelled dose and the systemic absorption of the swallowed

fraction is low [8]. Budesonide does not undergo oxidative had received investigational drugs in the previous 4 weeks;
or who would be starting immunotherapy.or reductive metabolism in the lungs [9] and the low

systemic activity of orally ingested budesonide is mainly
a result of its rapid first pass hepatic transformation

Study design
(approximately 90%) into metabolites with low intrinsic
GCS activity [10, 11]. The study was of a double-blind, randomized, parallel

group, multicentre design. Patients initially underwent aPrevious pharmacokinetic studies have shown that, as
a result of better lung targeting, peak plasma concentration 1 week screening period followed by a 1 week baseline

period. During this time medical histories were recorded,and systemic exposure was approximately doubled when
budesonide [8] and terbutaline [12] were inhaled from blood samples taken for laboratory testing, lung function

measured, and the patient’s ability to use TurbuhalerATurbuhalerA as compared with the same drugs inhaled
via a pressurized metered dose inhaler (pMDI). For and comply with the dosage regimen were assessed.

Patients attended the clinic for assessment at the end ofterbutaline, this 251 relationship in lung deposition was
coupled with increased clinical efficacy [12]. Hence, both each of these weeks (visits 1 and 2).

Patients who successfully completed these visits werethe drug and the device used for their administration
appear to have an influence on treatment outcome in randomly allocated to receive double-blind treatment

with either 400 mg, 800 mg or 1600 mg budesonideasthma [13–16].
The aim of the current study was to investigate the (PulmicortA, Astra Draco, Lund, Sweden) twice daily

from identical inhaler devices for 6 weeks. Each dosedose-proportionality of the pharmacokinetics of budeson-
ide administered by TurbuhalerA, an inspiratory flow- from the inhaler consisted of two metered inhalations of

study medication. Budesonide is a mixture of twodriven, metered dose, dry powder inhaler in adult patients
and to determine the plasma levels of budesonide after epimers, 22R and 22S. The three batches of Pulmicort

Turbuhaler used in the present study had identical epimerrepeated administration. The study also investigated
pharmacodynamic parameters but these are reported ratios (57.7542.3, 22R522S).

Concurrent treatment with cromolyn sodium, nedoc-elsewhere [17].
romil sodium, adrenaline, b-adrenoceptor blockers, par-
enteral b-adrenoceptor agonists, or combinations of

Methods expectorants or sedatives with bronchodilators was not
permitted. Inhaled b-adrenoceptor agonists other than

Subjects
albuterol sulphate were also not allowed.

Adult patients diagnosed as having asthma were enrolled
into the study at five centres in the USA. Patients of

Clinical assessments
either sex were eligible for inclusion if they were aged
between 18 and 65 years, and had a forced expiratory Clinical assessments were performed on the first day of

treatment and 3 weeks after the start of treatment. Involume in 1 s (FEV1) of ≥65% of the predicted value.
In addition, the patients had to have the ability to use addition, as part of the pharmacodynamic evaluation,

clinical assessments were performed at 6 and, if necessary,TurbuhalerA and be able to achieve an inspiratory flow
rate of ≥50 l min−1 through the device. 8 weeks after start of treatment. After taking the study

drug, patients were instructed to gargle with water andAll patients had to give their written, informed con-
sent to participate in the study and be willing and able to wash out their mouths without swallowing in order to

avoid possible local side effects.complete a daily diary card. Female patients had to give a
negative serum pregnancy test, and unless they were
surgically sterile or postmenopausal, had to be using a

Plasma budesonide
medically acceptable contraceptive technique, or other
contraceptive methods involving oestrogen or progestogen. Blood samples (20 ml) were taken via an indwelling

intravenous catheter 10, 20, 40 and 60 min, and 2, 4, 6,Patients were excluded if they had a history of
carcinoma, or of multiple drug allergies or hypersensitivity 9 and 12 h after administration of the first dose of study

medication. This dosing and sampling procedure wasto corticosteroids, or had any other significant disease or
major physical impairment. Patients were not included if repeated after 3 weeks of study treatment. Blood samples

taken at each time point were inverted four times andtheir asthma had required hospitalization, or if they had
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centrifuged immediately at 1500 g for 10 min. Plasma
Data analysis

samples from two vacuum tubes were removed by
pipette, placed into one 10 ml polystyrene tube and after Data were analysed using GAUSS (Aptech Systems Inc.)

version 3.0. The overall purpose of the data analysis wascareful mixing dispensed into two different polystyrene
tubes, each containing at least 3.5 ml of plasma, and to support the statement that kinetics of budesonide are

linear, i.e. that any saturation or other nonlinear processlabelled with the patient’s identifying number. Samples
were stored frozen at −20° C until the analyses could in absorption, distribution or elimination is negligible.

To prove linearity is not possible, what is possible is tobe performed.
The levels of budesonide in plasma were determined disprove it by proving that some requirement of linearity

is not fulfilled. Two such requirements are that areaat Astra Draco AB, Department of Bioanalytical
Chemistry. The assay was based on a combination of under the curve from 0 to infinity after a single dose

(AUC(0,2, SD)) is equal to AUC over the dosingliquid chromatography and mass spectrometry (LC–MS)
[18]. The lower limit of quantification (LOQ) for plasma interval in steady state (AUC(0,12 h, RD)), and that

AUC and maximum plasma concentration (Cmax) arebudesonide was 0. 1 nmol l−1 (43 ng l−1). During the
study the precision, expressed as coefficient of variation proportional to the dose given.

The ratio AUC(0,2, SD)/AUC(0,12 h, RD) discussed(CV), was 16% at LOQ and better than 5% at higher
concentrations as measured from the QC samples. The above should not be confused with the corresponding

ratio obtained after single dose only, which is theaccuracy was better than 3%.
accumulation ratio (Racc). This accumulation ratio
assumes linearity for its proper interpretation.

Safety assessments In order to compute AUC(0,2, SD), a terminal
elimination rate of budesonide was estimated using linearPatients were instructed to record any adverse event on
regression on visually determined points, on log-lineartheir diary cards and were questioned in a general manner
plasma concentration vs time curve. This procedure wasat every visit about possible adverse experiences. Adverse
followed for data obtained after a single dose and afterevents reported were graded as mild, moderate or severe
repeated dosing. Pre-dose values at the first dose wereand their relationship to study medication assessed.
deemed to be zero. AUC was calculated using theRoutine haematology and blood chemistry and urine
trapezoidal rule between 0 and the last measurementtesting were performed at visits 1, 2 and 5, and at visit 6,
above the LOQ, plus the monoexponential extrapolatedif necessary. Serum pregnancy tests were carried out at
area using the terminal elimination rate estimate. For thevisits 1 and 5. Morning plasma cortisol levels were
single-dose data, AUC was extrapolated to infinity; formeasured at visits 2 and 5.
the data following repeated dosing AUC was calculatedAll patients underwent a full physical examination at
to 12 h after dosing, the curve was extrapolated only ifvisits 1 and 5, vital signs were recorded at visits 1 and 5,
the budesonide concentration fell below the LOQ withinand a 12-lead electrocardiogram was obtained at visit 1.
this period. If no predose sample was taken at steady state
or if the value was below the LOQ, the budesonide level
at the start of treatment was estimated by backward linearPatient compliance and withdrawal
extrapolation.

Patients’ compliance with treatment was assessed by the Statistically the equality of AUC after a single dose and
use of diary cards and by recording the quantity of after 3 weeks of treatment was tested using a t-test on
double-blind study medication used. the difference of log AUCs (AUC(0,2) for single dose

Patients were withdrawn from the study if they and AUC(0,12 h) for repeated dose), motivated by what
experienced intolerable adverse events, worsening of is standard in bioavailability studies. Dose proportionality
asthmatic symptoms, or if exclusion criteria or concurrent was tested by an analysis of variance (anova on dose-
disease developed. Patients could be withdrawn from the normalized log AUCs, with dose and centre as factors.
study at the discretion of the investigator. Centre was incorporated since this is standard statistical

practise in a multicentre study. Single dose data and
steady state data were analysed separately. Budesonide

Ethical considerations
treatments were compared pairwise and the results are
presented after exponentiation back to the original scaleThe protocol procedures and consent form were approved

by the appropriate Institutional Review Board before to produce an estimate of pairwise quotients of adjusted
geometric means and the corresponding 90% confidenceinitiation of the study. The study was performed in

accordance with the Declaration of Helsinki and in intervals. Cmax was analysed in similar manner. tmax was
analysed by Wilcoxon nonparametric test using Hodge–compliance with the appropriate US Federal regulations.
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Lehmann estimators for confidence intervals. In addition, Two patients (one receiving 800 mg twice daily and
one 1600 mg twice daily) took terfenadine as requireda regression analysis of individual data based on the model

Y=A D^b, where Y is either AUC or Cmax computed during budesonide treatment. Otherwise no patient used
any of the known inhibitors or inducers of CYP3 Aeither from single dose or repeated dose data and using

metered doses, and b is the slope. Dose-proportionality throughout the study.
means that b=1.

Pharmacokinetic evaluation

Results Mean budesonide plasma concentrations after the first
dose and after 3 weeks of treatment with daily doses ofPatients
budesonide are shown in Figure 1. Table 2 summarizes

A total of 38 patients, from five centres in the USA, derived descriptive pharmacokinetic variables. All three
were randomised to double-blind treatment with bude- groups showed a rapidly attained peak and then a steady
sonide: 13 to the 400 mg twice daily group, 12 to the reduction in budesonide levels from the peak values,
800 mg twice daily group and 13 to the 1600 mg twice with a plasma half-life of approximately 3 h, both after a
daily group. single dose and after repeated dosing.

The treatment groups were similar with respect to age, Mean AUC and Cmax increased with increasing dose,
sex distribution, duration of asthma and lung function at after both a single dose and after repeated dosing, as
baseline. These demographic characteristics are summar- illustrated in Figures 2 and 3, respectively.
ized in Table 1.

Of the 38 patients who started study medication, 34 Single vs repeated dosing Mean budesonide plasma
concentrations after repeated dosing were higher thancompleted 6 weeks of treatment. Compliance was

monitored throughout the study. One patient each in those recorded after the first dose (Figure 2 and Table 2).
The geometric mean of AUC-ratios following repeatedthe budesonide 400 mg twice daily and 800 mg twice daily

groups, and two patients from the budesonide 1600 mg doses (RD) vs single doses (SD), i.e. AUC(0,12 h,
RD/AUC(0,2, SD), was 1.23 (90% confidence interval:twice daily group withdrew from the study. Both patients

from the budesonide 1600 mg twice daily group withdrew 1.04–1.44). This difference was statistically significant
(P=0.04). The corresponding Cmax-ratio was 1.34 (90%because of adverse experiences (one patient: stomach

pain, coughing, sore throat, hoarseness, nasal congestion; confidence interval: 1.01–1.78), which was not statistically
significant. There was no evidence of any dose effect inother patient: menorrhagia); the remainder were with-

drawn due to poor compliance or failure to fulfil inclusion these parameters: AUC(0,12 h, RD)/AUC(0,2,
SD) ratios at 400, 800 and 1600 mg twice daily werecriteria. In addition, one patient from the budesonide

400 mg twice daily group was unevaluable for pharmaco- 1.20, 1.28 and 1.20, respectively; the corresponding
Cmax-ratios were 1.41, 1.42 and 1.19. The observedkinetic analysis. Thus, a total of 33 patients, 11 in each

treatment group, were included in the pharmacokinetic accumulation ratio (Racc) upon repeated dosing, i.e.
AUC(0,2, SD)/AUC(0,12 h, RD) was also higher thananalyses.

Table 1 Demographic characteristics of
patients. FEV1 was measured at
recruitment.

Budesonide
400 mg twice daily 800 mg twice daily 1600 mg twice daily

Characteristic (n=13) (n=12) (n=13)

Sex
Male 9 11 8
Female 4 1 5

Age (years)
Mean 35.0 29.3 27.5
Range 21–57 18–56 18–38

Duration of asthma (years)
Mean 18.1 18.0 14.0
Range 3.0–37.5 3.5–56.0 1.0–33.0

FEV1(l)
Mean 3.35 3.98 3.88
Range 1.84–4.58 2.59–6.19 2.68–8.40

FEV1=forced expiratory volume in 1 s.

© 1999 Blackwell Science Ltd Br J Clin Pharmacol, 48, 309–316312
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Figure 2 Individual values and regression lines fitted to log data
for AUC (nmol l−1 min) after single and repeated dosing of
400 mg (metered dose 360 mg), 800 mg (820 mg) and 1600 mg
(1500 mg).

Time (h) since dose administration
0 2 4 8

b

P
la

sm
a 

bu
de

so
ni

de
 (

nm
ol

l–1
)

6 1210
0

1

2

3

4

5

6

7

0 2 4 8

a

6 1210
0

1

2

3

4

5

6

7

Figure 1 Plasma concentrations (mean) of budesonide after the
first dose (single dose) (a) and after 3 weeks of treatment Dose budesonide (µg)
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(repeated dosing) (b) with 400 mg twice daily, 800 mg twice daily Figure 3 Individual values regression lines fitted to log data for
and 1600 mg twice daily via TurbuhalerA. Cmax (nmol l−1) after single and repeated dosing of 400 mg

(metered dose 360 mg), 800 mg (820 mg), and 1600 mg (1500 mg).

expected: observed Raccs at 400, 800 and 1600 mg twice
Dose proportionality

daily were 1.27, 1.39 and 1.30, respectively, which can
be compared with expected Raccs (i.e. AUC(0,2, Pairwise comparisons of tmax, AUC and Cmax, normalized

o the metered dose (the amount of drug leaving the drugSD)/AUC(0, 12h, RD)) of 1.06, 1.08 and 1.08.

Table 2 Descriptive pharmacokinetic parameters: geometric means and (within brackets) coefficient of variation (%).

Single (SI ) Geometric means
Treatment Metered or repeated Cmax tmax

1 t1/2 AUC (0,2) AUC (0, 12h)
group dose doses (RD) (nmol l−1) (min) (h) (nmol l−1 min) (nmol l−1 min)

Budesonide SI 1.43 (56) 10 (10–40) 2.46 (42) 271 (59) 256 (58)
400 mg twice daily 360 mg twice daily RD 2.03 (89) 11 (10–60) 2.38 (37) NA 325 (75)

Budesonide SI 2.55 (137) 2.0 (10–60) 3.22 (23) 90 (75) 453 (81)
800 mg twice daily 820 mg twice daily RD 3.64 (50) 13 (10–60) 3.14 (18) NA 628 (39)

Budesonide SI 5.37 (64) 20 (10–40) 3.39 (17) 915 (43) 846 (44)
1600 mg twice daily 1500 mg twice daily RD 6.40 (43) 10 (5–40) 3.10 (16) NA 1096 (47)

1Median (range). NA=not analysed.
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reservoir), did not result in any significant differences attained tmax (<30 min) and the relatively short-terminal
half-life (about 3 h) were consistent with previous findingsamong the three budesonide treatment groups, although

the 90% confidence intervals were large (Table 3). In in healthy subjects [8, 19].
The variability of obtained pharmacokinetic data wasaddition, the 90% confidence intervals of regression slopes

include unity. Taken together, the data do suggest that larger in the present study as compared with previous
data in healthy subjects under strictly controlled conditionsplasma budesonide concentrations are proportional to the

administered dose. [8]. Variability in drug delivery as well as interindividual
differences in uptake and metabolism may explain these
findings. In healthy subjects, variability in drug delivery

Safety
has been shown to be significantly less after inhalation
via TurbuhalerA than after pMDI [8]. In the clinicalThe majority of patients in all treatment groups experi-

enced adverse events during the double-blind treatment setting, this difference might be even more accentuated
[20]. In the present study, individual TurbuhalerA inhalersperiod and the overall incidence was similar in all groups.

Most of these events occurred in the respiratory system— could not, for practical and technical reasons, be ana-
lysed concerning drug output. However, the utilizedmainly pharyngitis and rhinitis—or in the body as a

whole, primarily headaches. Adverse events that the TurbuhalerA batches were characterized concerning the
amount of drug leaving the drug reservoir (meteredinvestigators believed were possibly or probably related

to study medication were recorded for four patients from dose). Deviations from the labelled dose were 10% or
less. These deviations were taken into consideration inthe budesonide 400 mg twice daily group, two from the

800 mg twice daily group and six from the 1600 mg twice the statistical analysis of dose proportionality.
Dose proportionality may be implied from the datadaily group. Only two patients, both from the budesonide

1600 mg twice daily group, discontinued the study because provided. However, as a result of the interpatient
variability, the data are only suggestive. In order to makeof adverse events: in one patient these were stomach

pain, coughing, sore throat, hoarseness and nasal conges- firm conclusions of dose proportionality, a larger study
would be needed. A cross-over rather than a paralleltion, in the other menorrhagia. None of the adverse

events reported was considered to be serious. group design would most likely further improve the
power of such a study.

The pharmacokinetics of inhaled budesonide after
Discussion

repeated dosing have not previously been reported. In
this study, mean AUC and Cmax values after 3 weeks ofBudesonide, administered by a dry-powder inhaler

(TurbuhalerA) exhibited a linear increase in AUC and repeated dosing were higher than after single doses.
While Cmax can be expected to increase for a drugCmax after both a single dose and after 3 weeks of

repeated dosing. Dose-normalized data were consistent which partially remains in the body at the end of the
dosing interval, an AUC-ratio (i.e. AUC(0,12 h,with the findings of a previous study on 24 healthy

volunteers who received 800 mg of budesonide via RD)/AUC(0,2, SD) which is greater than unity is
indicative of accumulation: observed accumulation ratiosTurbuhalerA, where a mean AUC of 604 nmol l −1 min

and a mean Cmax of 3.5 nmol l−1 were found [8], at the different doses (Racc) ranged between 1.27 and
1.39, which was greater than those expected from singlesuggesting that asthmatics, at least those with mild disease,

have similar kinetics as healthy subjects. Also the rapidly dose data (expected Racc ranged between 1.06 and 1.08).

Table 3 Dose proportionality
comparisons of pharmacokinetic
parameters, based on metered doses and
expressed as geometric means and
(within brackets) 90% confidence limits.
Pairwise comparisons of Cmax and AUC
were tested by anova on dose-
normalized log data. A Wilcoxon test
was used for pairwise comparisons of
tmax. Dose proportionality was also tested
by linear regression of log data.

Dose proportionality comparison
(% for AUC and Cmax ,

Single (SI) min for tmax)
or repeated 800 mg vs 1600 mg vs 1600 mg vs

Parameter doses (RD) 400 mg 800 mg 400 mg Linear regression

AUC SI 78 (58, 104) 109 (81, 147) 85 (63, 114) 0.85 (0.57, 1.2)
RD 86 (61, 120) 98 (70, 137) 84 (60, 118) 0.85 (0.59, 1.10)

Cmax SI 76 (47, 122) 121 (75, 196) 91 (57, 149) 0.92 (0.54, 1.29)
RD 76 (52, 122) 95 (62, 146) 75 (49, 116) 0.80 (0.52, 1.08)

tmax SI 0 (−12.0) 0 (−10.1) 0 (0.12) Not tested
RD 0 (−20.7) 0 (0.10) 0 (0.20) Not tested

1Geometric means (90% confidence limits). A slope of 1 denotes dose proportionality.
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The mean AUC-increase (estimated in this study to be Budesonide caused a dose-related suppression of postco-
syntropin plasma cortisol, but this effect was statistically23%) is, however, lower than for the more lipophilic

glucocorticoid fluticasone [21], but is consistent with the significant vs placebo only after the highest dose
(3200 mg day−1). Prednisone 10 mg day−1 affected post-approximately 30% greater cortisol suppression noted

after repeated dosing compared with a single dose [22]. cosyntropin plasma cortisol to an extent corresponding
with 5 mg day−1 of budesonide [17].Still, considering the short plasma half-life of budesonide,

this accumulation was unexpected. That treatment itself In conclusion, in this relatively small study, budesonide
inhaled via TurbuhalerA, appeared to have linear pharm-would have this effect on the kinetics after repeated

dosing cannot be ruled out. As this was not an efficacy acokinetics, both within and up to twice the maximum
of the clinically recommended dose range for asthmaticstudy, lung function was not assessed following treatment.

Overall lung deposition of budesonide from TurbuhalerA patients. The slight, but statistically significant, accumu-
lation noted after repeated dosing may, at least partly, beappears similar in patients with asthma [23] as in healthy

subjects [8], although the regional deposition within the explained by intracellular retention as fatty acid esters.
lung may be somewhat more central in asthmatics [23].
Hence, as the patients in our study had such mild disease
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