
Effect of AeroChamber
Plus™ on the lung and
systemic bioavailability
of beclometasone
dipropionate/formoterol
pMDI
Dave Singh,1 Sara Collarini,2 Gianluigi Poli,2 Daniela Acerbi,2

Alessio Amadasi3 & Antonio Rusca4

1The University of Manchester, Medicines Evaluation Unit, Manchester, UK, 2Corporate Clinical

Development Department and 3Department of Scientific Affairs, Chiesi Farmaceutici S.p.A., Parma,

Italy and 4Clinical Department, Cross Research S.A, Arzo, Switzerland

Correspondence
Dr Sara Collarini, Chiesi Farmaceutici, Via
Palermo 26/A, 43122 Parma, Italy.
Tel.: +39 0521 279 948
Fax: +39 0521 279 333
E-mail: s.collarini@chiesigroup.com
----------------------------------------------------------------------

Keywords
beclometasone 17-monopropionate,
beclometasone dipropionate, extra-fine,
fixed combination, formoterol, spacer
----------------------------------------------------------------------

Received
25 Jan 2011

Accepted
19 May 2011

Accepted Article
25 May 2011

WHAT IS ALREADY KNOWN
ABOUT THIS SUBJECT
• Use of a spacer minimizes oropharyngeal deposition

and optimizes drug targeting to the airways in
subjects with coordination difficulties. However, the
increase in pulmonary deposition often observed
with spacer devices, could potentially lead to an
increase in overall systemic exposure.

• EMA guidelines recommend that the development
of a pMDI should always include testing of at least
one specific spacer for use with a particular pMDI.

• The aim of this study was to examine the effect of
AeroChamber Plus™ on the lung bioavailability and
total systemic exposure of a hydrofluoroalkane (HFA)
pMDI fixed combination of extra-fine beclometasone
dipropionate/formoterol (100/6 mg) (Foster®).

WHAT THIS STUDY ADDS
• The use of AeroChamber Plus™ optimizes the lung

delivery of beclometasone and formoterol in
subjects that find it difficult to synchronize aerosol
actuation with the inspiration of breath.

• The total systemic exposure of beclometasone
17-monopropionate and formoterol was not
significantly increased by the use of the
AeroChamber Plus™ spacer.

• Use of the AeroChamber Plus™ spacer device with
the extra-fine beclometasone dipropionate/
formoterol (100/6 mg) fixed combination pMDI can
be a valuable option for certain patients groups, such
as subjects with difficulties in achieving an adequate
inhalation technique.

AIM
To assess the effect of AeroChamber Plus™ on lung deposition and
systemic exposure to extra-fine beclometasone dipropionate
(BDP)/formoterol (100/6 mg) pMDI (Foster®). The lung deposition of the
components of the combination given with the pMDI was also evaluated
using the charcoal block technique.

METHODS
Twelve healthy male volunteers received four inhalations of extra-fine
BDP/formoterol (100/6 mg) using (i) pMDI alone, (ii) pMDI and AeroChamber
Plus™ and (iii) pMDI and charcoal ingestion.

RESULTS
Compared with pMDI alone, use of AeroChamber Plus™ increased the peak
plasma concentrations (Cmax) of BDP (2822.3 � 1449.9 vs. 5454.9 �
3197.1 pg ml-1), its active metabolite beclometasone 17-monopropionate
(17-BMP) (771.6 � 288.7 vs. 1138.9 � 495.6 pg ml-1) and formoterol (38.4 �
17.8 vs. 54.7 � 20.0 pg ml-1). For 17-BMP and formoterol, the AUC(0,30 min),
indicative of lung deposition, was increased in the AeroChamber Plus™
group by 41% and 45%, respectively. This increase was mainly observed in
subjects with inadequate inhalation technique. However, use of
AeroChamber Plus™ did not increase the total systemic exposure to
17-BMP and formoterol. Results after ingestion of charcoal confirmed that
AUC(0,30 min) can be taken as an index of lung bioavailability and that
more than 30% of the inhaled dose of extra-fine BDP/formoterol 100/6 mg
was delivered to the lung using the pMDI alone.

CONCLUSIONS
The use of AeroChamber Plus™ optimizes the delivery of BDP and
formoterol to the lung in subjects with inadequate inhalation technique.
The total systemic exposure was not increased, supporting the safety of
extra-fine BDP/formoterol pMDI with AeroChamber Plus™.
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Introduction

Long-acting b2-adrenoceptor agonists (LABAs) and
inhaled corticosteroids (ICS) are recommended for the
treatment of both asthma and chronic obstructive pulmo-
nary disease (COPD) [1, 2]. Inhaled corticosteroids and
LABAs can be administered in combination to obtain addi-
tive clinical benefits, and there are also molecular interac-
tions between these drugs that can lead to synergistic
effects [3]. In asthmatic patients, LABA/ICS combinations
produce greater improvements in lung function, symptom
control and exacerbation rate reduction compared with
doubling the dose of ICS [4–8]. Unfortunately, despite the
widespread availability of these combination therapies,
many patients with asthma remain poorly controlled [9].

A fixed ICS/LABA combination pressurized metered
dose inhaler (pMDI) containing extrafine beclometasone
dipropionate (BDP 100 mg) and formoterol fumarate (6 mg)
(Foster®, Chiesi Farmaceutici, Italy) has been recently
developed using proprietary Modulite® (Chiesi Farmaceu-
tici, Italy) technology [10]. This technology allows the drug
particle size to be tailored, thus enabling the development
of extra-fine formulations with an improved lung deposi-
tion [11]. A recent study [12], demonstrated that the
extrafine beclometasone dipropionate/formoterol fixed
dose combination was superior to separate components in
asthma control.

It is well recognized that pMDIs require good coordina-
tion of patient inspiration and inhaler activation to ensure
correct inhalation and deposition of drugs in the lung [13,
14]. Poor inhalation technique can result in a decrease in
pulmonary deposition [15], increase in oropharyngeal
deposition and a concomitant reduction in the therapeutic
effect [14, 16]. The use of spacer and holding chamber
devices can eliminate the issues associated with inad-
equate inhalation technique by minimizing coordination
difficulties, reducing oropharyngeal deposition and
increasing lung deposition [17, 18].

This study investigates how the use of AeroChamber
Plus™ Valved Holding Chamber (Trudell Medical Interna-
tional, Canada) affects the lung deposition and systemic
exposure to BDP, its active metabolite beclometasone
17-monopropionate (17-BMP) and formoterol after admin-
istration of the extra-fine pMDI BDP/formoterol (100/6 mg)
fixed combination. The contribution of the swallowed
portion of the dose to the systemic exposure was also
assessed using the charcoal block technique.

Methods

In vitro study design
An Andersen Cascade Impactor (ACI) (Copley Instruments,
Nottingham,UK) operated at 28.3 l min-1 was used to deter-
mine the particle size distribution of BDP and formoterol
from the pMDI alone and via AeroChamber Plus™. Pre-

primed devices were actuated directly into the induction
port of the impactor and the amount of drug collected at
each stage was determined using high performance liquid
chromatography with U.V. detector (HPLC-UV) method. Six
independent replicates were performed for each condition
(with and without spacer). The dose delivered was the
amount of drug deposited in the induction port as well as in
all stages of the impactor (S0-Filter). The fine particle dose
(FPD;particles � 5 mm) and the coarse dose (induction port
plus ACI stages 0–2; particles > 5 mm) were evaluated.

In vivo study design
This was an open, randomized, single dose, three way,
crossover study, consisting of one single treatment of four
puffs of extra-fine BDP/formoterol (100/6 mg) combination
delivered by pMDI with or without the AeroChamber
Plus™, yielding a total dose of 400 mg BDP and 24 mg for-
moterol. The lung deposition of the combination was
evaluated using the charcoal block technique without
AeroChamber Plus™.There was a 7-day wash-out between
treatment periods.Pharmacokinetic (PK) and lung bioavail-
ability parameters were assessed for BDP, 17-BMP and for-
moterol. Safety was assessed by documenting all adverse
events which occurred during the study. The study was
carried out in accordance with the Declaration of Helsinki
(1996), the ICH Harmonized Tripartite Guideline for Good
Clinical Practice (GCP) and with applicable regulatory
requirements. The study protocol was approved by an
Independent Ethics Committee (Comitato Etico Cantonale,
Canton Ticino, Switzerland).

The study was published on clinicaltrials.gov
(NCT01280175).

Study participants
To be eligible for randomization, participants were
required to be healthy, male, non-smokers, aged 18–45
years, and have no history of respiratory or other disease
with a body mass index (BMI) of 18–28 kg m-2. Volunteers
were required to be able to use correctly a pMDI. All sub-
jects gave their written informed consent.

Subjects were excluded from the study if they had a
clinically relevant electrocardiogram (ECG) abnormality,
physical or laboratory analysis findings indicative of a clini-
cally significant condition which could interfere with the
objectives of the study. Volunteers were also excluded if
they were known to be hypersensitive to the active sub-
stances and/or any component of the formulation, or had
used over the counter medications within 2 weeks or an
enzyme inducing/inhibiting drug within 2 months before
the start of the study.

Test drug inhalation
At screening and on each administration day (pre-dose),
volunteers were trained in the correct inhalation technique
using the Vitalograph® aerosol inhalation monitor (AIM)
with placebo chloro-fluorocarbon (CFC)-free inhalers. The
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AIM allowed the correct inhalation technique to be evalu-
ated and reinforced by monitoring correct timing of the
actuation of the pMDI as well as the correct inhalation time,
inspiratory flow and breath holding. Volunteers were
trained using placebo inhalers at an inspiratory flow rate of
30 l min-1, and were asked to use the same technique and
inspiratory flow rate during the test drug inhalation.

During each treatment period, the inhalers (for use with
or without the AeroChamber Plus™) were primed. Volun-
teers held their breath for 10 s following each inhalation,
and waited 30 s before taking the next inhalation. The
AeroChamber Plus™ was cleaned in accordance with the
instructions in the manufacturer’s leaflet.

Charcoal block
Volunteers ingested 5 g of activated charcoal (Carbo Acti-
vatus, Switzerland) suspended in 50 ml of water 10 min
before treatment. Moreover, after each puff and at the end
of breath holding, volunteers rinsed their mouths and
gargled for approximately 10 s with 30 ml of activated
charcoal suspension. Immediately following inhalation
treatment, and at 1, 2 and 4 h post treatment, volunteers
ingested an additional 5 g of activated charcoal sus-
pended in 50 ml of water.

Pharmacokinetic measurements
Patients were required to fast from the evening before day
1 of each study period and remain fasted until 2 h post-
dose. Blood samples were obtained at pre-dose (within
10 min before inhalation), 5, 15, 30 and 45 min post-dose
followed by 1, 2, 3, 4, 6, 8 and 12 h. Plasma was separated by
refrigerated centrifugation and stored at -80°C for formot-
erol assay and at -20°C for BDP/17-BMP assay.The pharma-
cokinetic assays were performed using validated liquid
chromatography-mass spectrometry (LC-MS) methods
(SGS Life Sciences Services, Belgium) with limit of quantifi-
cation (LOQ) of 2 pg ml-1 and maximum CV% of 10% for
formoterol and LOQ of 20 pg ml-1 and maximum CV% of
10% for BDP and 17-BMP. The following PK parameters
were calculated from the individual plasma drug concen-
tration vs. time profiles: maximum plasma concentration

(Cmax), time to maximum plasma concentration (tmax), area
under the plasma concentration vs. time curve observed
from 0 to 30 min (AUC(0,30 min)) and from 0 to the last
observed concentration time t (AUC(0,tlast)), calculated
using the linear trapezoidal rule. The elimination half-life
(t1/2) was calculated as 0.693/lz, where lz is the first order
terminal rate constant. AUC(0,tlast) was used to measure the
extent of absorption. The AUC(0,30 min) was evaluated as
an index of lung absorption, whilst Cmax and tmax are indica-
tors of the rate of absorption.

Data analyses
The statistical analysis was performed using SAS® software
(version 9.12). PK calculations and statistical comparisons
on PK data were performed according to a non-
compartmental kinetic model with validated software
(Kinetica™ version 4.41, Thermo Electron Corporation,
USA). Log-transformed values for Cmax, AUC(0,30 min),
AUC(0,tlast) were analysed using a Latin-square analysis of
variance (ANOVA) for a crossover design with ‘treatment’,
‘period’,‘sequence’ and ‘subject nested to sequence’ as vari-
ables. The tmax was analyzed using the non-parametric
Friedman test.

Differences between treatments were considered not
significant, and hence the treatments were considered
bioequivalent, if the 90% confidence intervals (CIs) of the
treatment ratios were within the range 67–150%. In a pre-
vious study [19], the largest intra-individual coefficient of
variation for 17-BMP and formoterol AUC was 30% for for-
moterol. Given such variability, in the present study it was
estimated that 12 subjects were required to reach an 80%
power to detect a more than 1.5 fold difference in 17-BMP
and formoterol systemic exposure at the 0.05 a-level.

Results

In vitro results
Results obtained with the extra-fine BDP/formoterol fixed
dose 100/6 mg are presented in Table 1. Use of the Aero-
Chamber Plus™ resulted in a reduced delivered dose of

Table 1
In vitro deposition parameters of beclometasone dipropionate (BDP) and formoterol (mean � SD, n = 6) following one
actuation of extra-fine BDP/formoterol fixed combination (100/6 mg) with and without the AeroChamber Plus™

BDP Formoterol

pMDI
pMDI +
AeroChamber Plus™ pMDI

pMDI +
AeroChamber Plus™

Delivered dose (mg) 85.4 � 1.7 54.6 � 5.9 5.1 � 0.2 3.1 � 0.4
Coarse dose (mg) 52.1 � 2.7 1.7 � 0.7 3.0 � 0.2 0.0 � 0.0

FPD (mg) 33.3 � 1.4 53.0 � 6.3 2.1 � 0.1 3.1 � 0.4
Fine particle fraction (%)* 39.0 � 2.1 96.9 � 1.6 40.7 � 2.6 98.8 � 1.3

*Expressed as % of total delivered dose. Coarse dose (particles > 5 mm) = induction port plus Anderson cascade impactor (ACI) stages 0–2. Fine particle dose (FPD, particles < 5 mm)
= ACI Stage S3 – F.
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both BDP (36% reduction) and formoterol (39% reduction).
This reduction was mainly due to the fall in coarse fraction,
which was reduced by 97% and 100% for BDP and formot-
erol respectively with the use of AeroChamber Plus™ com-
pared with pMDI alone (Table 1). Conversely the fine
particle dose (FPD) for both BDP and formoterol increased
with AeroChamber Plus™ use compared with pMDI alone
(53.0 � 6.3 mg vs. 33.3 � 1.4 mg for BDP; 3.1 � 0.4 mg vs. 2.1
� 0.1 mg for formoterol).

In vivo results in healthy volunteers
Use of the AeroChamber Plus™ A total of 12 male sub-
jects were recruited (mean age 29.2 years, range 18–41
years), with a mean height of 176 cm (range 164–190 cm)
and a mean BMI of 24.3 kg m–2 (range 20.4–27.9 kg m–2).

Compared with the pMDI alone, use of AeroChamber
Plus™ increased the Cmax of BDP and formoterol with the
90% CI for the treatment ratios being greater than the
bioequivalence range. Following Cmax, BDP concentrations
promptly declined as it was metabolized to 17-BMP
(Figure 1).

The AUC(0,30 min), indicative of lung deposition, was
increased with AeroChamber Plus™ for BDP, 17-BMP and
formoterol. In each case the 90% CI for the treatment ratios
was outside the specified equivalence range (Table 2).

Even though the total systemic exposure (AUC(0,tlast))
for BDP was increased (90% CI 146, 241%) with the use of
AeroChamber Plus™, the AUC(0,tlast) for 17-BMP and for-
moterol were not affected using AeroChamber Plus™,
since the CIs of the changes were almost within the speci-
fied equivalence range.

The individual data using AeroChamber Plus™ showed
that the increase in AUC(0,30 min) was more evident in
those subjects with a lower AUC(0,30 min) with the pMDI.
A statistically significant inverse correlation (P < 0.001)
between the % change AUC(0,30 min) using AeroChamber
Plus™ and AUC(0,30 min) with pMDI alone was observed
for both formoterol and 17-BMP. This suggests that low
AUC(0,30 min) may be related to subjects with limited
inhalation ability.

An additional analysis was performed by stratify-
ing subjects into two groups on the basis of their
AUC(0,30 min) values with pMDI alone. Subjects with a
lower AUC(0,30 min) with pMDI alone (below the 50th per-
centile) showed an AUC(0,30 min) increase of 69% for
17-BMP and of 89% for formoterol when using the Aero-
Chamber Plus™ compared with the pMDI alone. A limited
effect of the AeroChamber Plus™ was noted in the sub-
jects with higher AUC(0,30 min) with pMDI alone (above
the 50th percentile). In both subgroups the AUC(0,tlast) was
not affected by the use of AeroChamber™ (Figure 2).

Charcoal block effect The charcoal block reduced the total
systemic exposure to formoterol (90% CI 46, 66%) and
17-BMP (90% CI 48, 59%) when compared with the pMDI
alone (Table 2).

The BDP plasma concentrations were not influenced by
charcoal ingestion, confirming that systemic BDP arises
from lung absorption (Figure 1). The 17-BMP plasma con-
centrations were comparable in the initial absorption
phase with or without charcoal block, while they
decreased quickly after charcoal ingestion, as it prevents
the absorption of BDP from the gut (Figure 1).

Formoterol peak concentrations and AUC(0,30 min)
values were comparable with or without charcoal block
(Table 2). Plasma concentrations of formoterol declined
rapidly soon after 30 min with the charcoal block as the
gastrointestinal absorption of the drug was prevented
(Figure 3).
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Figure 1
(A) Beclometasone dipropionate (BDP) and (B) beclometasone
17-monopropionate (17-BMP) mean plasma profiles (standard deviation)
after inhalation of four puffs extra-fine BDP/formoterol (100/6 mg) using
pMDI alone ( ); pMDI + charcoal block ( ); pMDI + Aerochamber Plus
( )

Beclometasone dipropionate/formoterol pMDI (Foster®): spacer effect

Br J Clin Pharmacol / 72:6 / 935



Discussion

Spacer and holding chamber devices facilitate optimal
drug delivery to the lungs by making co-ordination of
inhalation easier and decreasing the amount of drug
deposited in the oropharynx which is subsequently swal-
lowed. The performance of specific devices may vary
according to the inhaled drug and specific pMDI used.With
this in mind, the recently published European Medicines
Agency guidelines recommend that the development of a
pMDI should always include the testing of at least one
specific named spacer [20]. The present study therefore
investigated the effect of the Aerochamber PlusTM on lung
deposition and systemic exposure to BDP/formoterol 100/
6 mg pMDI.

It has been demonstrated that BDP given orally has
minimal systemic absorption, and that inhaled BDP con-
centrations are not affected by charcoal block [21, 22].
These findings show that systemic concentrations of
inhaled BDP are derived predominantly from pulmonary
rather than gastro-intestinal absorption. In contrast,
17-BMP can be absorbed from both the pulmonary and

gastro-intestinal route. 17-BMP absorption after oral
administration is known to be relatively slow, with a tmax at
4 h. Furthermore, systemic 17-BMP concentrations from 0
to 30 min after inhalation are not affected by charcoal
block, while there is a reduction at later time points, reflect-
ing the effect of charcoal on the orally swallowed fraction
and supporting the concept that the AUC(0,30 min) for
17-BMP derives predominantly from pulmonary absorp-
tion. This has also been proved for salbutamol [23]. We
therefore used the AUC(0,30 min) as an indicator of pulmo-
nary absorption in this study. We observed a reduction in
17-BMP and formoterol AUC(0,tlast) caused by charcoal
block without the use of Aerochamber PlusTM. The
AUC(0,30 min) results, used as an index of pulmonary
absorption, did not change with charcoal block treatment,
showing that the reduction in AUC(0,tlast) was due to the
gastro-intestinal component. In contrast, there was an
increase in AUC(0,30 min) for BDP, 17-BMP and formoterol
when the Aerochamber PlusTM was used. This is indicative
of increased pulmonary absorption. We would expect
charcoal block to have minimal effect on AUC(0,30 min)
after inhalation using the Aerochamber PlusTM, as it had

Table 2
BDP, 17-BMP and formoterol pharmacokinetic parameters in healthy volunteers following inhalation extra-fine BDP/
formoterol (100/6 mg) using pMDI alone (R), pMDI and charcoal ingestion (T1) and pMDI and AeroChamber Plus™ (T2)

pMDI (R) Charcoal block (T1) AeroChamber Plus™ (T2) % PE T1 vs. R (90% CI) % PE T2 vs. R (90% CI)

BDP
Cmax (pg ml-1) 2822.3 � 1449.9 3033.1 � 1448.4 5454.9 � 3197.1 109 181

(83, 142) (138, 237)

tmax* (h) 0.08 0.08 0.08 NC NC

(0.08–0.12) (0.08–0.08) (0.08–0.12)

AUC(0,30 min) (pg ml-1h) 399.5 � 199.4 435.2 � 204.2 781 � 439.8 110 185

(85, 142) (144, 239)

AUC(0,tlast) (pg ml-1h) 407.8 � 204.9 445.0 � 213.3 803 � 449.6 110 188

(86, 141) (146, 241)

17-BMP
Cmax (pg ml-1) 771.6 � 288.7 775.0 � 292.7 1138.9 � 495.6 100 144

(83, 122) (119, 175)
tmax (h) 0.08 0.08 0.10 NC NC

(0.08–0.75) (0.08–0.28) (0.08–0.5)
AUC(0,30 min) (pg ml-1h) 292.3 � 126.3 271.3 � 87.9 402.2 � 135.2 96 141

(82, 112) (121, 164)
AUC(0,tlast) (pg ml-1h) 2900.8 � 893.4 1559.2 � 565.3 2539.6 � 726.9 53 88

(48, 59)* (79, 98)

Formoterol
Cmax (pg ml-1) 38.4 � 17.8 37.2 � 15.8* 54.7 � 20.0 97 147

(83, 114) (126, 173)

tmax (h) 0.08 0.08 0.08 NC NC

(0.08–0.27) (0.08–0.08)* (0.08–0.25)

AUC(0,30 min) (pg ml-1h) 12.7 � 5.7 11.9 � 5.2* 17.6 � 5.9 94 145

(79, 110) (123, 171)

AUC(0,tlast) (pg ml-1h) 75.7 � 32.4 46.9 � 24.7* 77.4 � 29.8 55 105

(46, 66)* (88, 125)

Values are arithmetic means � SD, except tmax, median (range); AUC(0,30 min), area under the plasma concentration vs. time curve observed from 0 to 30 min; AUC(0,tlast), area
under the plasma concentration vs. time curve observed from 0 to the last observed concentration time; 17-BMP, beclometasone 17-monopropionate; BDP, beclometasone
dipropionate; CI, confidence interval; Cmax, maximum plasma concentration; tmax, time to maximum plasma concentration. PE, point estimate, calculated as ratio of geometric means
test/reference ¥ 100; *n = 11.

D. Singh et al.

936 / 72:6 / Br J Clin Pharmacol



little effect on this parameter without the spacer. Further-
more, our in vitro results indicate that the coarse fraction is
almost completely retained by the Aerochamber PlusTM,
with the amount of drug available for gastro-intestinal
absorption when using this spacer being approximately
3%.

Post hoc analysis showed that the use of AeroChamber
Plus™ optimizes the lung deposition to a greater extent in
subjects with lower AUC(0,30 min) values. These lower
AUC(0,30 min) values could be due to an inadequate inha-
lation technique suggesting that the AeroChamber Plus™
overcomes low lung deposition due to poor inhalation
technique.

The AeroChamber Plus™ did not increase the total sys-
temic exposure to 17-BMP and formoterol measured by
AUC(0,tlast). This was observed both in the whole popula-

tion and also in the subgroup of subjects with the greatest
increase in AUC(0,30 min) using the AeroChamber Plus™.
This indicates that the increase in lung deposition by
AeroChamber Plus™ is balanced by the decrease in the
amount of drug swallowed and subsequently absorbed
from the gut leading to no change in overall systemic
exposure.

Mulrennan et al. [24] showed that differences in peak
plasma concentration of ICS did not translate into differen-
tial hypothalamic-pituitary-adrenal (HPA) axis suppression.
It would therefore be expected that the observed
increases in plasma peak concentrations of 17-BMP with
AeroChamber Plus™ would have little clinical relevance. A
short duration of the rise of 17-BMP plasma concentrations
in the first 30 min after inhalation would interfere only on
the ‘fast reaction’ of the HPA-axis feedback mechanism
giving a limited contribution to the overall suppression
[25]. Additionally it is known that formoterol absorbed via
the lungs in the systemic circulation is three-fold less
potent, as regards to systemic effects, than orally absorbed
formoterol [26] and that side effects are likely to be
reduced with repeated dosing due to b2-adrenoceptor
down-regulation [27, 28]. Again this evidence suggests
that the increase in peak plasma formoterol concentra-
tions due to the use of AeroChamber Plus™ are of limited
clinical relevance.

It is interesting to note the consistency between the in
vivo data for lung absorption and the in vitro fine particle
fraction obtained using the AeroChamber Plus™. The
AUC(0,30 min) increase of approximately 40% for both
17-BMP and formoterol when using the AeroChamber
Plus™ matched the in vitro results, which showed an
increase in the FPD of BDP and formoterol.
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Formoterol mean plasma profile (standard deviation) after inhalation of
four puffs extrafine BDP/formoterol (100/6 mg) using pMDI alone ( );
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Interestingly, by comparing the AUC(0,tlast) values
obtained with and without charcoal block following cor-
rection for the bioavailability factor (F = 41%) [21], this
study confirmed that when using the pMDI alone more
than 30% of the extra-fine BDP/formoterol dose is deliv-
ered to the lung [29, 30], in agreement with previously
published scintigraphic data [31, 32]. Given this relatively
high delivered dose using the pMDI, it is worth considering
which patients might benefit most from using the Aero-
Chamber Plus™. This approach may be most beneficial for
subjects with inadequate inhalation technique and when
higher doses of ICS are indicated.

The results of the present study are particularly rel-
evant as previous studies with a different combination (i.e.
fluticasone/salmeterol) showed a significant increase in
total systemic exposure for the ICS administered with the
spacer when compared with the pMDI alone [33].This does
not appear to be the case for BDP/formoterol delivered
using the Modulite® pMDI.

The power calculation for this study used a within-
subject CV% assumption of 30%.The CV% that we actually
observed was lower: 25% and 15% for AUC(0,tlast) for for-
moterol and 17-BMP, respectively. At the time the study
was designed, no specific guideline for inhalation pro-
ducts was available and we therefore considered that an
appropriate equivalence criteria for the total systemic
exposure (AUC(0,tlast)) was a 90% CI of 67%, 150%. Current
guidelines [34] now state that 80,125% should be used.Our
results for AUC(0,tlast) for the comparison with and without
Aerochamber Plus™ show that the 90% CIs were fully
within the 80, 125% region for formoterol and slightly
outside (79,98%) for 17-BMP.To address these newer guide-
lines, a revised power calculation for a larger sample size
would have been preferable, as the number that we used
(n = 12) is regarded as the minimum required.The inclusion
of only male subjects can be considered as another limita-
tion of the present study, although it does not impact on
the study outcome due to the crossover design.

In conclusion, use of the AeroChamber Plus™ with the
extra-fine BDP/formoterol (100/6 mg) fixed combination
pMDI optimizes BDP/formoterol lung deposition.The total
systemic exposure is not increased,suggesting that the use
of extra-fine BDP/formoterol with AeroChamber Plus™
does not affect the safety profile of the product.
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