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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT AIMS

A hydrofluoroalkane formulation of budesonide pressurized metered-dose
inhaler has been developed to replace the existing chlorofluorocarbon one.The
aim of this study was to evaluate the pharmacokinetic and pharmacodynamic
characteristics of both formulations.

METHODS

Systemic bioavailability and bioactivity of both hydrofluoroalkane and
chlorofluorocarbon pressurized metered-dose inhaler formulations at 800 g
twice daily was determined during a randomized crossover systemic
pharmacokinetic/pharmacodynamic study at steady state in healthy volunteers.
Measurements included the following: plasma cortisol AUC,4, [area under the
concentration-time curve (0-24 h)], budesonide AUCq_15, and Cyay. Clinical
efficacy was determined during a randomized crossover pharmacodynamic
study in asthmatic patients receiving 200 g followed by 800 g budesonide via
chlorofluorocarbon or hydrofluoroalkane pressurized metered-dose inhaler each

WHAT THIS STUDY ADDS for 4 weeks. Methacholine PCy, (primary outcome), exhaled nitric oxide,

spirometry, peak expiratory flow and symptoms were evaluated.

RESULTS

In the pharmacokinetic study, there were no differences in cortisol, AUCo_12n
[area under the concentration-time curve (0-12 h)], Tmax (time to maximum
concentration) or Cr.x (peak serum concentration) between the
hydrofluoroalkane and chlorofluorocarbon pressurized metered-dose inhaler.
The ratio of budesonide hydrofluoroalkane vs. chlorofluorocarbon pressurized
metered-dose inhaler for cortisol AUC.,4, was 1.02 (95% confidence interval
0.93-1.11) and budesonide AUC,_;,, was 1.03 (90% confidence interval
0.9-1.18). In the asthma pharmacodynamic study, there was a significant dose
response (P < 0.0001) for methacholine PC,, (provocative concentration of
methacholine needed to produce a 20% fall in FEV;) with a relative potency
ratio of 1.10 (95% confidence interval 0.49-2.66), and no difference at either
dose. No significant differences between formulations were seen with the
secondary outcome variables.

CONCLUSIONS

Hydrofluoroalkane and chlorofluorocarbon formulations of budesonide were
therapeutically equivalent in terms of relative lung bioavailability, airway efficacy
and systemic effects.
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Introduction

Inhaled corticosteroids (ICS) are the mainstay of treatment
in persistent asthma [1, 2]. Budesonide is one of the most
commonly prescribed ICS,and has been used effectively in
the long-term management of persistent asthma for many
years. A suspension aerosol formulation with chlorofluoro-
carbon (CFC) as the propellant was previously available for
delivery of budesonide via pressurized metered-dose
inhaler (pMDI). In recent years, CFCs have been implicated
in damage to the ozone layer,and are due to be phased out
in accordance with the Montreal Protocol [3].
Hydrofluoroalkane-134a (HFA) has been found to act as an
adequate propellant for pMDI delivery systems without
the same deleterious environmental effects. Budesonide
has therefore been reformulated in suspension with HFA as
the propellant. Two strengths of budesonide HFA pMDI
(100 and 200 ug per actuation) have been developed.
Determination of therapeutic equivalence is essential for
new drug formulations. The aim of this paper is therefore
to present pharmacokinetic and pharmacodynamic data
from studies comparing HFA and CFC formulations of
budesonide delivered via pMDI.

Materials and methods

In vitro next generation impactor

Particle distribution from HFA and CFC budesonide used in
the pharmacodynamic study was determined in standard-
ized fashion using a next generation impactor at 30 | min™'
at a temperature of 21-22°C and relative humidity of
33-35%.

Deposition on the impactor stages were calculated
using high-performance liquid chromatography with a
wavelength of detection set at 239 nm. Fine particle dose
was defined as particles <4.7 um.

Steady-state systemic pharmacokinetic/
pharmacodynamic study

This was a single-centre, open-label, randomized, three-
way, crossover study designed to compare the systemic
bioavailability of budesonide HFA and CFC pMDI formula-
tions at steady state. To be eligible for randomization, par-
ticipants were required to be healthy, nonsmokers, aged
>18 years, with a body mass index 18-30 kg m™2. Eligible
subjects attended a baseline evaluation, including an over-
night stay. During this visit, serial plasma samples (every
2 h) were obtained for evaluation of plasma cortisol con-
centration, and urine was collected over 24 h for cortisol/
creatinine evaluation. Subjects were then randomized to a
treatment sequence of four puffs twice a day of 200 ug
budesonide via HFA or CFC pMDI for 6.5 days each in a
crossover design. Subjects were admitted immediately
prior to their evening dose on day 6 and underwent

plasma cortisol sampling every 2 h and urine collection
over 24 h. The following morning, plasma budesonide
samples were obtained predose and at 10, 20 and 40 min
and 1,2,4,6,8,10 and 12 h postdose; plasma cortisol sam-
pling continued during this time. Urine and plasma analy-
ses for cortisol were performed using separate liquid
chromatography/mass spectrometry methods (Quest
Diagnostics, San Juan Capistrano, CA, USA), which both had
lower limits of quantification of 1 ng ml™" (2.8 nmol I").The
cortisol assay is known to not be cross-reactive with either
budesonide or its known metabolites. Plasma samples
were analysed for budesonide by solid-phase extraction
and liquid chromatography-atmospheric pressure chemi-
cal ionization-tandem mass spectrometry at TNO Nutri-
tion and Food Research (Zeist, The Netherlands) using a
method developed by AstraZeneca.The limit of quantifica-
tion of the assay was 0.01 nmoll”" budesonide. The
coefficients of variation for accuracy were 17.4%
at 0.030 nmol 7', 4.8% at 3.98nmoll”’, and 3.8% at
7.97 nmol I, with precisions of —2.2%,—2.6% and —2.8% at
each concentration, respectively. The concentration range
of this assay was from 0.01 to 10 nmol ™", Treatment
periods were separated by a 12-30 days washout period.

Pharmacodynamic study
This was a single-centre, randomized, open-label, crossover
study (Figure 1). At screening, entry requirements were
checked and informed consent was obtained. Participants
were considered eligible if they were aged 18-65 years and
had a diagnosis of stable, persistent asthma while receiv-
ing =1000 ug beclomethasone dipropionate or equiva-
lent. Subjects were excluded if they were pregnant or
lactating, had concomitant respiratory disease or had been
prescribed oral steroid or a change to their asthma therapy
in the 3 months preceding the screening visit. Eligible
patients then entered a step-down phase, during which
long-acting B>-agonists, theophyllines, cromones and leu-
kotriene inhibitors were stopped. Participants then had
their steroid dose gradually reduced in a manner similar to
previously published studies from this department [4].
They then entered a 1 week pretreatment (ICS-free)
washout period. A methacholine concentration of bron-
chial provocation agent causing a 20% decrease in forced
expiratory volume in 1s (PCy) of =4 mg ml™ and forced
expiratory volume in 1 s (FEV;) =60% predicted post step-
down was required for entry into the treatment period.
Subjects not meeting the entry requirements at the end of
this phase were given a further 1-2 weeks of washout.
The study consisted of two treatment periods. Subjects
received low-dose (200 g day™') budesonide, either via
CFC or HFA pMDI, for 2 weeks, followed by a further 2
weeks of medium-dose (800 ug day™') budesonide. Partici-
pants then crossed over treatment arm, effectively acting
as their own control. Treatment periods were separated by
a 1-2 week washout period. Subjects were required to be
within one doubling dilution of baseline methacholine
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Figure 1
Study flow chart

PCy at the end of washout. During all study visits, partici-
pants underwent pulmonary function testing (including
FEV;, forced vital capacity, peak expiratory flow and forced
expiratory flow between 25% and 75% of forced vital
capacity), exhaled tidal nitric oxide and methacholine chal-
lenge. Methacholine challenge was performed using the
five-breath dosimeter technique in accordance with
American Thoracic Society (ATS) recommendations [5].The
PCy was calculated using log-linear interpolation of the
dose-response curve [5]. Exhaled tidal nitric oxide was
measured in line with current ATS recommendations using
a NIOX analyser (NIOX® Nitric Oxide Monitoring System,
Aerocrine AB, Solna, Sweden). Subjects were asked to with-
hold short-acting ,-agonists and caffeine for 6 h prior to
study visits, and all study visits took place at the same time
of day. At each visit, inhaler technique was checked and
peak flow/symptom diaries were reviewed. Subjects were
asked to rate their asthma symptoms twice daily. Daytime
scores were recorded each evening, and night-time scores
were recorded on waking.The following rating scales were
used: 0, no asthma symptoms; 1, mild symptoms (easily
tolerable); 2, moderate symptoms (interferes with normal
activities/sleep); and 3, severe (prevents normal activities/
sleep). Overnight (i.e. 22.00-08.00 h) urine was collected
for cortisol and creatinine the night prior to study visits.
Urinary cortisol was measured using a commercial radio-
immunoassay kit (DiaSorin Ltd, Wokingham, Berks, UK). The
intra-assay coefficient of variation was 4% and the interas-
say coefficient of variation was 8%. Urinary creatinine was
measured on a Cobas-Bio auto analyser (Roche Products,
Welwyn Garden City, Herts, UK). The intra-assay and
interassay coefficients of variation were 4.6% and 3.0%,
respectively.
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Statistical analysis
Steady-state  systemic  pharmacokinetic/pharmacody-
namic study The primary objective of this study was to
compare the systemic effects of budesonide HFA vs. CFC
pMDI using measurement of 24 h plasma cortisol concen-
trations. Secondary objectives included the measurement
of 24 h urinary-free cortisol excretion and the measure-
ment of plasma budesonide levels for pharmacokinetic
analysis. Plasma cortisol AUCo.4 [area under the
concentration-time curve (0-24h)] was subjected to a
multiplicative (i.e. the AUC values were log-transformed)
analysis of variance (ANOvA) model with fixed factors for
subject, period and treatment. Pairwise treatment com-
parisons were made based on estimates obtained from the
ANOVA model, and estimates of pairwise differences and
two-sided 95% confidence intervals (Cls) for these differ-
ences were presented on the linear scale and expressed as
ratios of treatment effects (i.e. the ratios of geometric
means). Urine cortisol was assessed in a similar manner.
For budesonide pharmacokinetics, log-transformed
AUCq-12n and Gk (peak plasma concentration) values at
steady state were compared between treatment regimes
using an ANOVA model with fixed factors for subject, period
and treatment. Results were back-transformed to the linear
scale, giving differences between regimens as ratios of
geometric means. Ninety per cent two-sided Cls were con-
structed for the ratios between the HFA and CFC regimens.
The European Medicines Agency (EMEA) equivalence
limits for systemic bioavailability of £20% were applied
(i.e.a ratio of 0.8-1.25).

Pharmacodynamic study The primary outcome measure
was a change in methacholine PCy, from pooled baseline
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Table 1

Next generation cascade impactor data

CFC 100 pg CFC 200 ug HFA 100 pg HFA 200 pg
Mean SD Mean SD Mean SD Mean SD
Fine particle dose: 19.7 0.7 33.8 2.9 20.4 0.6 42.7 1.7
FPD <4.7 um (ug budesonide)
Group 1, throat fraction: 62.9 4.2 63.2 1.0 57.4 1.3 55.9 0.9
USP throat (% of delivered)
Group 2, droplets >4.7 um: 14.9 2.4 18.7 1.2 16.6 0.6 18.4 0.4
FPF >4.7 um (% of delivered)
Group 3 droplets 1.1-4.7 pm: 22.0 2.0 18.0 1.3 24.4 0.8 24.6 0.6
FPF 1.1-4.7 um (% of delivered)
Group 4, droplets <1.1 um 0.2 0.0 0.1 0.0 1.6 0.1 1.2 0.1
FPF <1.1 um (% of delivered)
MMAD pm 3.96 0.10 4.49 0.15 3.76 0.01 3.93 0.04
GSD 1.61 0.01 1.64 0.01 1.75 0.02 1.74 0.00

FPD, fine particle dose; FPF, fine particle fraction; GSD, geometric standard deviation; MMAD, mass median aerodynamic diameter; USP, United States pharmacopeia.

(i.e. post run-in or washout periods) for each treatment.
Any non-Gaussian data were log transformed prior to
analysis. Gaussian data were assessed using ANOVA. To
compare the relative microgram potency of the two
devices, Finney’s bioassay was used to estimate the relative
potency [6]. The relative potency is defined as the ratio of
doses estimated to provide the same effect. Fieller's
theorem allowed for the calculation of 95% Cls for the
relative potency. The 95% Cl for relative potency was
required to be contained within equivalence limits of
+50% (i.e.a ratio of 0.5- to 2.0-fold). Sample size was based
on the results of a previous study by Lipworth et al. [7]. A
comparison was also made between the two formulations
at each dose using the EMEA equivalence limits of £33%
(i.e.a ratio of 0.67-1.50).

Other outcome variables were considered as second-
ary and were analysed using a similar model but without
log transformation (except exhaled tidal nitric oxide and
overnight urinary cortisol/creatinine ratio).

Results

In vitro next generation impactor data

In vitro data revealed that at the 100 pg dose HFA and CFC
budesonide had a similar fine particle dose for respirable
particles <4.7 um of 20.4 ug (SD 0.6) vs. 19.7 ug (SD 0.7),
respectively. At the 200 g dose, the fine particle dose was
higher with HFA than CFC, at 42.7 ug (SD 1.7) vs. 33.8 ug
(SD 2.9), respectively (Table 1).

Steady-state systemic pharmacokinetic/
systemic pharmacodynamic study

In total, 50 subjects were screened, 28 were randomized
and 26 completed the study. Demographics are given in
Table 2. Two subjects withdrew postrandomization; one
withdrew consent and the other withdrew because of an
adverse event (cervicitis).

Table 2

Baseline characteristics of subjects randomized into the steady-state sys-
temic pharmacokinetic/systemic pharmacodynamic study

Characteristic Mean (SEM)
Age (years) 323 (2.7)
Weight (kg) 73.7 (2.7)
Height (cm) 178.0 (1.9)
Body mass index (kg m2) 23.1(0.6)

No. of males : no. of females 17:11

Values for plasma cortisol at steady state (AUCo-2an)
showed similar significant suppression from baseline fol-
lowing treatment with budesonide HFA and CFC pMDI, at
21% (95% Cl 16-26%) and 23% (95% Cl 18-28%), respec-
tively. The between-treatment ratio (HFA vs. CFC) for
plasma cortisol AUCp_24n was 1.02 (95% Cl 0.93-1.11; P =
0.67). The resulting 95% Cl was contained within =33%
equivalence limits (i.e.ratio of 0.67-1.50). Analysis of uncor-
rected 24 h urinary cortisol revealed suppression of 30%
(from baseline) for budesonide HFA pMDI and 37% for the
CFC pMDI. Analysis of corrected 24 h urinary cortisol/
creatinine revealed 31% suppression (from baseline) for
HFA and 27% suppression for CFC. The geometric mean
ratio between HFA and CFC pMDIs for uncorrected 24 h
urinary cortisol was 1.09 (95% Cl 0.89-1.33; P = 0.40). The
geometric mean ratio between treatments for corrected
24 h urinary cortisol/creatinine ratio was 1.08 (95% Cl 0.89-
1.30; P =0.42).

The geometric mean ratio of budesonide HFA and CFC
pMDlIs at steady state for plasma budesonide AUCo_12n was
not significantly different, being 1.03 (90% Cl 0.9-1.18; P =
0.72;(see Figures 2 and 3).The 90% Cl was contained within
conventional systemic bioequivalence limits of =20% (i.e.
a ratio of 0.8-1.25). Although the between-treatment ratio
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Mean profiles of budesonide concentration in plasma steady state over
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for Cnax was not significant (0.89;90% C10.77-1.04 P=0.22),
the lower limit of the Cl was less than 0.8, indicating that
the HFA formulation would not be considered to be
bioequivalent to the CFC formulation for Crmax. No signifi-
cant differences were found between formulations during
analysis of Thax (time to maximum plasma concentration)
or Ty, (half life), which were 0.68 h and 3.56 h for budes-
onide HFA pMDI vs. 0.52 h and 3.50 h for the CFC pMDI
(Table 3).

Pharmacodynamic study

One hundred and thirty-three adults with mild-to-
moderate asthma were screened; 99 were randomized,and
68 completed the study according to protocol (Figure 1).
The demographic characteristics of subjects randomized
to first treatment at screening are given in Table 4.Reasons
for nonrandomization included the following: FEV; =60%
predicted (n = 4); PCy >4 mgml™ (n = 13); instability in
step-down (n = 8); voluntary discontinuation (n = 8); and
lost to follow-up (n = 1).During the study, 31 patients were
withdrawn for the following reasons: failure to wash out (n

508 / 71:4 / Br] Clin Pharmacol

= 14); worsening of asthma (n = 10); personal reasons (n =
4); and adverse events (n = 3). Both treatment sequences
were well matched for age, sex, height, weight and race.

Primary efficacy variable There were no significant differ-
ences between baseline values prior to each treatment (i.e.
after each washout period) for any of the primary or sec-
ondary outcome measures. Therefore, all analyses were
performed compared with pooled baseline values. There
was also no significant difference in compliance between
the two treatments, or between doses.

The number of patients who had both baseline and
post-treatment data measured for the primary outcome
variable (methacholine PCy) was n = 80 for low-dose HFA,
n =79 for medium-dose HFA, n = 79 for low-dose CFC and
n = 78 for medium-dose CFC. Significant improvements in
methacholine PCy were observed following treatment
with both HFA and CFC budesonide formulations.The geo-
metric mean shift from baseline following treatment with
200 and 800 pg budesonide HFA pMDI was 1.55-fold (95%
Cl11.34-1.78) and 2.16-fold (95% Cl 1.88-2.50), respectively.
Similar changes were observed following treatment with
200 and 800 ng budesonide CFC, being 1.67-fold (95% Cl
1.45-1.93) and 2.08-fold (95% Cl 1.80-2.40), respectively.
Both formulations demonstrated a significant dose-
response relation between 200 and 800 g (Table 5). The
geometric mean difference in PCy shift between 800 and
200 ng budesonide was 1.24 (95% ClI 1.02-1.51; P = 0.03)
for CFC and 1.40 (95% Cl 1.15-1.67; P = 0.0008) for HFA.
There were no statistically significant differences for either
dose between the two propellant types (Table6), as
follows: 200 ug day™', HFA vs. CFC 0.93 (95% C1 0.76-1.13; P
= 0.44); and 800 g day', HFA vs. CFC 1.04 (95% Cl 0.85-
1.27;P=0.70).Both of these 95% Cls were contained within
+33% equivalence limits (ratio of 0.67-1.50)

The log-linear dose-response curves for HFA and CFC
were parallel, and the common slope was highly statisti-
cally significant (P < 0.0001). The estimated relative
potency between HFA and CFC budesonide, for the full
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Table 3

Pharmacokinetic parameters of budesonide at steady state by treatment

Parameter Treatment n Mean CV (%) Minimum Median Maximum
AUCo-120n (h nmol I-) HFA 27 5.67 25.22 2.32 5.58 10.35
CFC 28 5.59 29.56 1.92 6.10 13.98
Cmax (nmol I-") HFA 27 1.27 115.80 0.70 1.22 2.81
CFC 28 1.45 113.17 0.47 1.47 3.62
Timax (h) HFA 27 0.68 0.38 0.17 0.67 2.00
CFC 28 0.52 0.43 0.17 0.33 2.00
Ti2 (h) HFA 27 3.56 34.75 2.47 3.41 6.24
CFC 28 3.50 33.40 2.53 3.45 4.85

For Tmax, data are presented as the arithmetic mean and SD. AUCo-120h, area under the concentration-time curve (0-120 h); Gnax, maximum plasma concentration of budesonide;
Tmax, time to maximum plasma concentration of budesonide; ti/, half life; CFC, chlorofluorocarbon; HFA, hydrofluoroalkane.

Table 4

Baseline characteristics of subjects prior to first treatment with budesonide HFA and CFC pMDlIs

Variable Before HFA Before CFC
Age (years)* 40.0 (14.13) 39.5 (14.65)
Sex (male : female) 20:24 19:26
Race (Caucasian : Black : Oriental : other) 42:0:1:1 42:0:0:3
Methacholine PCy (mg ml-") 0.68 (0.33-1.03) 0.62 (0.31-0.93)
Exhaled nitric oxide (parts per billion) 34.42 (23.62-45.22) 34.76 (25.13-44.39)
Spirometry
FEV, (I) 2.86 (2.62-3.10) 2.80 (2.55-3.05)
FVC () 3.83 (3.50-4.16) 3.75 (3.42-4.08)
FEF2575 (1) 2.47 (2.15-2.79) 2.42 (2.09-2.75)
PEF (I min™") 445.25 (408.97-481.53) 438.80 (402.54-475.06)
Cortisol/creatinine ratio (nmol mmol-") 3.49 (2.40-4.58) 3.50 (2.35-4.65)

*Data are presented as arithmetic mean (SD). Data are presented as geometric mean (95% confidence interval) unless otherwise indicated. Baseline values are shown after washout
before each randomized treatment period. FEF25_75, forced expiratory flow between 25 and 75% of forced vital capacity; FEV1, forced expiratory volume in 1's; PCzo, concentration
of methacholine required to produce a 20% decrease in FEV;; FVC, forced vital capacity; PEF, peak expiratory flow.

analysis set (n=89),was 1.10 (95% Cl 0.49-2.66).The 95% Cl pMDI were therapeutically equivalent. Pharmacokinetic
was not completely contained within the +=50% equiva- budesonide data showed that both products were
lence limits of 0.5-2.0. bioequivalent in terms of steady-state AUC,_12n, and that

the 90% Cl lay within 20% systemic bioequivalence limits
Secondary efficacy/safety variables There were statisti- (0.8-1.25). The overall systemic bioavailability of budes-
cally significant differences between medium and low onide (as reflected by AUC) is mostly determined by lung
doses of budesonide for both CFC and HFA formulations bioavailability, as there is 90% hepatic first-pass inactiva-
(except morning rescue medication and pulmonary func- tion for the swallowed fraction [8]. The 95% Cl for the ratio
tion; Table 5). There were no statistically significant differ- between HFA vs. CFC for suppression of 24 h AUC for
ences when comparing low-dose budesonide CFC and plasma cortisol was close to unity and was within equiva-
HFA, and medium-dose budesonide CFC and HFA (Table 6). lence limits of =33% (0.67-1.50). These cortisol data are in
Relative potencies were calculated for secondary out- keeping with the pharmacokinetic results for AUCq_12n. The
comes that were close to unity (Table7). Only three Cmax is thought to be a better representation of early
patients discontinued following adverse events, as follows: budesonide absorption from the lung, as it does not
two lower respiratory tract infections (CFC formulation); include the later oral component from swallowing.
and one oral candidiasis (HFA formulation). No serious However, Cmax is typically more variable than AUC param-
adverse events were reported in this study. eters due to a limited number of samples being obtained.

Analysis of Crax revealed a test/reference ratio of 0.89, with
the lower 90% Cl less than 0.80, indicating inferiority of the

Discussion test product. Thus, using the pharmacokinetic outcome of

AUC (but not Cna) we have demonstrated systemic
The aim of the studies reported in this paper was to deter- bioequivalence of the budesonide HFA and CFC pMDI
mine whether budesonide HFA pMDI and budesonide CFC formulations.

Br | Clin Pharmacol / 71:4 / 509
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Table 5

Comparison between doses for all outcomes with each formulation

800 vs. 200 pg HFA 800 vs. 200 pg CFC
95% confidence interval 95% confidence interval

Outcome Mean (P value) Mean (P value)
Methacholine PCy ratio 1.40 1.15 to 1.70 (<0.01) 1.25 1.02 to 1.51 (0.03)
Exhaled nitric oxide ratio 0.86 0.80 to 0.93 (<0.01) 0.89 0.82 to 0.96 (<0.01)
Spirometry

FEV; () 0.02 —0.02 to 0.07 (0.27) 0.01 —0.03 to 0.06 (0.51)

FVC (I) 0.01 —0.03 to 0.06 (0.55) -0.01 —0.05 to 0.04 (0.78)

FEF25_75 (1) 0.04 —0.05 to 0.12 (0.38) 0.04 —0.04 to 0.13 (0.30)

PEF (I min~") 2.95 —5.11 to 10.99 (0.47) -2.83 —10.93 to 5.23 (0.49)
OUCC ratio 0.67 0.54 to 0.83 (<0.01) 0.80 0.64 to 0.99 (0.04)
Diary card data*

Morning PEF (I min~") 11.31 4.76 to 17.86 (<0.01) 9.37 2.75 to 15.99 (0.01)

Morning rescue medication (no. puffs) -0.26 —0.41 to -0.11 (<0.01) -0.12 —0.27 to 0.04 (0.13)

Evening rescue medication (no. puffs) -0.24 —0.43 to —0.05 (0.01) -0.20 —0.39 to 0.01 (0.04)

Total rescue medication (no. puffs) -0.48 —0.81 to -0.16 (<0.01) -0.34 —0.67 to —0.02 (0.04)
Symptoms (0-3)*

Morning asthma symptoms -0.1 —0.18 to -0.04 (<0.01) -0.09 —-0.16 to -0.02 (0.01)

Evening asthma symptoms -0.15 —0.22 to —0.08 (<0.01) -0.09 —0.17 to —0.02 (0.01)

Total asthma symptoms -0.26 —0.39 to -0.13 (<0.01) -0.19 —0.32 to —0.05 (<0.01)

*From diary. Data for PCyo, exhaled nitric oxide ratio and OUCC are shown as the geometric mean ratios between 800 vs. 200 pg; for other outcomes the differences between doses
are given in the units specified. FEF;s_75, forced expiratory flow between 25% and 75%; FEV;, forced expiratory volume in 1's; FVC, forced vital capacity; OUCC overnight urine
cortisol/creatinine; PEF, peak expiratory flow.

Table 6

Comparison between formulations for all outcomes at each dose

HFA 200 pg vs. CFC 200 pg HFA 800 pg vs. CFC 800 pg
95% confidence interval 95% confidence interval

Outcome Mean (P value) Mean (P value)
Methacholine PCy (mg ml-") 0.92 0.76 to 1.13 (0.44) 1.04 0.85 to 1.27 (0.71)
Exhaled nitric oxide (parts per billion) 0.99 0.91 to 1.07 (0.78) 0.96 0.89 to 1.05 (0.38)
Spirometry

FEV. () -0.02 -0.06 to 0.02 (0.34) —-0.01 —0.05 to 0.03 (0.62)

FVC () -0.02 -0.06 to 0.03 (0.42) 0.00 —0.04 to 0.05 (0.97)

FEF2575 (1) —-0.05 —-0.13 to 0.04 (0.29) —-0.05 —0.14 to 0.03 (0.23)

PEF (I min™") -2.26 —-10.57 to 6.06 (0.41) 3.52 —4.87 to 11.91 (0.41)
oucc

Cortisol/creatinine ratio (nmol mmol~") 1.04 0.83 to 1.31 (0.74) 0.87 0.69 to 1.10 (0.24)

Cortisol (nmol I") 0.99 0.78 to 1.28 (0.99) 0.86 0.67 to 1.11 (0.25)
Diary card data*

Morning PEF (I min~") -2.19 -8.61 to 4.23 (0.50) -0.23 —7.05 to 6.56 (0.94)

Morning rescue medication (no. puffs) 0.09 —0.06 to 0.24 (0.24) —-0.05 —0.21 t0 0.11 (0.56)

Evening rescue medication (no. puffs) 0.06 —-0.13 to 0.24 (0.56) 0.02 -0.18 to 0.21 (0.86)

Total rescue medication (no. puffs) 0.19 —0.13 to 0.50 (0.25) 0.05 —0.29 to 0.38 (0.78)
Symptoms (0-3)*

Morning asthma symptoms 0.002 —0.07 to 0.07 (0.95) -0.01 —0.08 to 0.06 (0.78)

Evening asthma symptoms 0.02 -0.05 to 0.09 (0.58) -0.04 —-0.11 t0 0.03 (0.30)

Total asthma symptoms 0.02 -0.11 t0 0.15 (0.74) -0.05 -0.18 t0 0.09 (0.47)

*From diary. Data for PCyo, exhaled nitric oxide ratio and OUCC are shown as the geometric mean ratios between HFA vs. CFC at either 200 or 800 ug doses. For other outcomes
the differences between formulations are given in the units specified. FEF,s5_75, forced expiratory flow between 25% and 75%; FEV;, forced expiratory volume in 1 s; FVC, forced
vital capacity; OUCC, overnight urinary cortisol/creatinine ratio; PC,0, concentration of bronchial provocation agent causing a 20% decrease in forced expiratory volume in 1 s; PEF,
peak expiratory flow.
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Table 7

Summary of relative dose potency for budesonide (full analysis set)

Parameter Relative dose potency
PCz0 HFA/CFC
Morning PEF* HFA/CFC
Morning asthma symptoms* HFA/CFC
Evening asthma symptoms* HFA/CFC
Total asthma symptoms* HFA/CFC

Estimate 95% Confidence interval
1.104 0.489, 2.660
1.186 0.611, 2.523
0.949 0.413, 2.117
0.913 0.481, 1.681
0.929 0.483, 1.740

*From diary. 95% Confidence interval for relative dose potency was determined using Fieller’s theorem. PC0, concentration of bronchial provocation agent causing a 20% decrease

in forced expiratory volume in 1's; PEF, peak expiratory flow.

Analysis of in vitro fine particle dose revealed a 22%
difference between formulations at the 200 pug strength,
which is greater than the =15% equivalence limits allowed
by current EMEA guidelines [9]. The overall fine particle
dose (i.e. particles <4.7 um) is thought to represent the
dose delivered to the lungs, and should therefore reflect
relative lung bioavailability of budesonide, which in turn
determines relative airway and systemic bioactivies from
the pharmacodynamic study.

Therapeutic equivalence was further assessed during a
single-centre pharmacodynamic study. Suppression of
bronchial hyper-responsiveness to methacholine was
selected as the primary end-point because it is a charac-
teristic feature of asthma, which varies over time, often
increasing during exacerbations and decreasing during
treatment with anti-inflammatory medications [10]. Bron-
chial hyper-responsiveness has been shown to correlate
well with inflammation of the airways and to be a reliable
surrogate of disease activity [11, 12]. As asthma is an
inflammatory condition and the role of ICS is to suppress
inflammation, we feel that using methacholine challenge
as a primary outcome is justified. It has previously been
demonstrated that 2 weeks of treatment with ICS is suffi-
cient to achieve near-maximal effects on bronchial hyper-
responsiveness [13].

The results of this study demonstrated that there was
no significant difference in response between budesonide
formulations in methacholine PCy with either 200 or
800 g day ' doses. The ratio of HFA to CFC was close to
unity, and the 95% Cls lay within =33% equivalence limits
(0.67-1.50) at each dose level. We also demonstrated sen-
sitivity of the methacholine bioassay, as there was a signifi-
cant dose-response relation for both formulations.
Significant dose separation has previously been reported
using methacholine PCy with 100 vs. 500 pg fluticasone
propionate [14]. The common slope for the overall log
dose-response relation was highly significant,demonstrat-
ing that the doses selected coincided with the steep part
of the dose-response curve for bronchial hyper-
responsiveness. The 95% Cls for the relative dose potency
ratio of HFA vs. CFC were close to unity at 1.10; however, the
95% Cl (0.49-2.66) was outside of the =50% limits of 0.5-
2.0 [15]. Comparable results have been shown in a similar

dose-response study published previously from our own
laboratory [7].It could be argued that the change observed
in the step up from 200 to 800 lg could be a time effect;
however, we feel this is extremely unlikely. Sovijarvi et al.
found the doubling dilution difference between flutica-
sone and placebo to be 1.19,1.33 and 1.27 after 72 h,2 and
4 weeks, respectively, indicating that near-maximal
response in methacholine PCy is seen after 2 weeks of
treatment. The differences observed in the present study
are too large to be due to a time effect alone. Exhaled tidal
nitric oxide is another reliable surrogate of airway inflam-
mation [16-18]. Results revealed no significant difference
between products, indicating that airway inflammation
was equally controlled by both formulations.

This improvement in airway inflammation was mir-
rored by an improvement in diary data, including symp-
toms and rescue medication. All measured outcomes, with
the exception of spirometric measures, demonstrated a
significant dose-response relation for budesonide with
both the HFA and the CFC formulation. Comparison of HFA
and CFC formulations at each dose demonstrated no sig-
nificant differences between products for any measure.
The lack of detectable dose-response for spirometric mea-
sures is probably due to our patients having mild-to-
moderate asthma with relatively well-preserved airway
calibre and little room for improvement. Previous studies
have successfully demonstrated small, clinically insignifi-
cant,improvements in lung function within this time frame
[19]. Spirometric indices are known to be relatively insen-
sitive measures for assessing response to ICS in mild-to-
moderate persistent asthmatic patients [20]; studies using
these as primary end-points have typically required large
numbers of patients with prolonged follow-up [15].
Despite these issues, current EMEA guidelines still recom-
mend the use of spirometry as the primary outcome when
determining the equivalent efficacy of ICS. Additionally,
they recommend the use of a parallel-group study design,
which requires careful matching of study groups. This
raises further problems due to the inherent heterogeneity
of asthma. The study design is also far more robust pro-
vided reliable, repeatable end-points are used. The only
potential concern regarding crossover studies is unequal
carry-over of steroid effect between treatment periods. In
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this respect, for all end-points we found no important dif-
ferences between the respective pretreatment baseline
values at run-in and washout periods.

In order to be considered equivalent, products also
need to demonstrate similar safety profiles. Hypothalamic—
pituitary-adrenal axis suppression has been shown to be
one of the most sensitive markers of systemic bioavailabil-
ity for ICS [21]. 1t has also been used as a surrogate marker
for potential adverse effects in other tissues. When com-
paring two ICS with different potencies, the ratio for sup-
pression of 24h urinary cortisol/creatinine was
comparable to that of 24 h integrated serum cortisol [22].
Results from the systemic healthy volunteer study at a
dose of 1600 ug day' have confirmed that both products
are therapeutically equivalent within limits of 0.67-1.50 in
terms of suppression of 24 h plasma cortisol. Moreover,
there was no significant difference in terms of 24 h urinary-
free cortisol. These results are supported by results from
the pharmacodynamic study, which showed assay sensitiv-
ity in terms of a significant dose-response relation
between 200 and 800 ug day' for levels of overnight
urinary cortisol/creatinine ratio, as well as revealing no dif-
ference between formulations at either dose. A review of
adverse events also revealed no significant differences
between the two products.

Conclusion

In conclusion, we have presented data from steady-state
pharmacokinetic and pharmacodynamic assessments of
HFA vs. CFC pMDI formulations of budesonide that dem-
onstrate therapeutic equivalence in terms of relative lung
bioavailability, airway efficacy and systemic effects. This
suggests in turn that both products were therapeutically
interchangeable when used in clinical practice on a puff
per puff basis.
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