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OBJECTIVES

Primary objective: 
To compare the single-dose pharmacokinetics of budesonide at three dose levels in healthy volunteers 
using two formulations delivered by the SkyePharma (SKP) hydrofluoroalkane (HFA) metered dose 
inhaler (MDI) (100 µg/actuation and 200 µg/actuation)a with a marketed chlorofluoroalkane (CFC) MDI 
[Pulmicort® , Astra Zeneca (AZ) CFC MDI, 200 µg/actuation]. 

Secondary objective: 
To evaluate the dose proportionality and relative bioavailability of the two SKP HFA MDI budesonide 
formulations (100 µg/actuation and 200 µg/actuation) in comparison to the reference product.  
  

METHODS

This study was a randomised, open-label, four-way crossover, singledose study. A total of 40 subjects 
divided into eight groups (n=5) was to be dosed with 400, 800 or 1600 µg budesonide from either SKP 
HFA MDI or AZ CFC MDI. 
Each subject was to receive a single dose on four occasions each followed by a wash out period of at 
least 2 and maximally 7 days between the four treatments. Subjects were institutionalised at the 
investigating facility (FOCUS) the night prior to drug administration and remained at the clinical facility 
until 12 hours post-dose on each of the four study periods. 
A total of 40 male and female subjects divided into eight groups (n=5) were enrolled in this study. 



Caucasian, healthy volunteers aged 18-45 years. 
Body weight above 50 kg with an acceptable range of -10% to +15% of ideal body weight as 
determined by Metropolitan Life Insurance Company (see Appendices D and E of the protocol). 
Normal findings in general physical examination. 
Normal findings in spirometry (FEV1 ≥ 80% of predicted values). 

Non-smoking. 
Absence of viral hepatitis and HIV infection as indicated by negative serological markers. 
Negative urine drug screen. 
Negative pregnancy test in female subjects. 
Signed written consent. 
 
Each subject had to dose him or herself. 
Doses contained 400, 800 or 1600 µg of budesonide and were administered by 4-8 puffs using the 
SKP HFA MDIs with 100 or 200 µg/actuation. 
Groups A, B, C, and D received 400 and 800 µg budesonide via SKP HFA (100 µg/actuation). 
Groups E, F, G, and H received 800 and 1600 µg budesonide via SKP HFA (200 µg/actuation). 
 
Each subject dosed him-or herself. 
Doses contained 400, 800 or 1600 µg budesonide and were administered by 2-8 puffs using the AZ 
CFC MDIs with 200 µg/actuation. Groups A, B, C, and D received 400 and 800 µg budesonide via AZ 
CFC MDIs (200 µg/actuation). 
Groups E, F, G, and H received 800 and 1600 µg budesonide via AZ CFC MDIs (200 µg/actuation). 
Pulmicort CFC MDI 200 µg/actuation. The sequence of treatment was different for each group. 
Each volunteer underwent a medical screening examination within 21 days prior to dosing (day 1). 
Eligible subjects were institutionalised at the clinic facility of FOCUS the night prior to drug 
administration and remained at the clinic until 12 hours post-dose on each of the four study periods. 
Each volunteer underwent a medical examination for follow up within 7 days after the last dosing day. 
The study duration for each volunteer was approximately two months including pre-study and post-
study assessments. 
 
Criteria of evaluation: 
Pharmacokinetics: 
Plasma samples were collected for budesonide concentration measurement at pre-dose and 10, 20, 
30, 40, 60, and 90 minutes and at 2, 2.5, 3, 4, 6, 8, 10 and 12 hours after dosing. 
The following pharmacokinetic parameters were calculated for budesonide: 
Cmax, tmax, AUC0-t, AUC0-inf and t1/2 
 
Pharmacodynamics: 
Blood samples were collected for cortisol plasma concentration measurement at pre-dose and 30 and 
60 minutes, and at 2, 3, 4, 6, 8, 10 and 12 hours after dosing and at follow up examination. 
The following parameter was calculated for cortisol: 
AUC0-12 

 



Safety: 
Adverse events were monitored at every visit pre-dose, 30 minutes, 6 and 12 hours after dosing and at 
the follow up examination. Subjects were also asked to spontaneously report any AEs during the 
study. Vital signs (blood pressure, heart rate and respiratory rate) were determined at screening, pre-
dose, 30 minutes and 12 hours post-dose on each dosing day and at the follow up medical 
examination. Spirometry tests (FEV1, VC and FEV1/FVC) were performed at screening, in the 
afternoon on the days before the dosing days and at the follow up medical examination. 
Laboratory monitoring (haematology, clinical chemistry including urinalysis) was carried out at 
screening and at follow up medical examination. 
 
Statistical methods: The primary statistical analysis concerned AUC and Cmax for budesonide. 
This analysis was performed separately for the two test products (100 µg and 200 µg HFA). The 
primary variables were dose normalised, logarithmically transformed and then subjected to Analysis of 
Variance (ANOVA) taking into account the factors “treatment” (test or reference), “period”, “sequence” 
(4 sequences for each test product), “dose” and “subject within sequence”. Based on these analyses, 
the 90% confidence interval (CI) of the ratio “Reference / Test ” was calculated for both primary 
parameters. Bioequivalence of the test and reference products was concluded if the 90% confidence 
interval for the ratios both fell within the pre-specified interval of 0.70-1.43 although establishment of 
bioequivalence was not a primary objective for this study. 
 
RESULTS
Summary of pharmacokinetics: 
Similar pharmacokinetic parameters were obtained for budesonide following administration of the test 
SkyePharma and reference Astra Zeneca MDI device. Slightly higher systemic plasma concentrations 
of budesonide were generally observed from the HFA inhalers. Nevertheless, the systemic availability 
of budesonide from the new HFA inhalers under test could be shown to be bioequivalent to the 
availability from the marketed CFC inhaler since the 90% confidence intervals for the ratios of both 
Cmax and AUC fell within the predefined limits of 0.70 – 1.43. Good dose proportionality was apparent 
for both the test and the reference inhalers over the dosing range of 400 to 1600 μg. Summary tables 
of the main pharmacokinetic parameters for budesonide obtained following the various treatment 
schedules are shown below:  



 
Summary of pharmacokinetic parameters for budesonide for treatment groups A to D (n=20): 

  



 



Summary of pharmacodynamics: 
The following table shows AUC0-12 (μg.h/dL) values of cortisol. No relevant differences of cortisol levels 
were observed in the different treatment sequences. 

 
Summary of safety: 
In total, 32 adverse events were reported in 19 subjects. The majority of adverse events were mild in 
intensity and spontaneously disappeared without specific therapy. 
The most common adverse event was headache. Pulmonary tolerability was excellent despite two 
episodes of slight cough, which were reported shortly after dose administration. These events possibly 
occurred due to irritation of the airways. 
There were no clinically significant effects of budesonide on vital signs or ECG parameters. The only 
clinically significant finding was an asymptomatic increase of blood alpha-amylase value in one subject 
at follow up medical examination. 
All other laboratory values including complete blood cell count, standard blood biochemistry panel and 
urinalysis showed no findings of clinical relevance. 
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As with any comprehensive clinical trial programme, individual studies may include both approved and 
non-approved treatment regimens, including doses higher than those approved for clinical use. Before 
prescribing Pulmicort™ (budesonide), Healthcare Professionals should view their specific country 
information. 

http://www.astrazenecaclinicaltrials.com/node/globalsites.aspx
http://www.astrazenecaclinicaltrials.com/node/globalsites.aspx
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