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Abstract

The aim of this study was to evaluate the pharmacokinetics and pharmacodynamics of single administration of
extrafine beclometasone (BDP)/formoterol hydrofluoroalkane (HFA) (Foster®, Chiesi Farmaceutici S.p.A., Italy) by
pressurized metered dose inhaler (pMDI) in healthy volunteers, compared to the free combination of extrafine BDP
pMDI (QVAR®, 3 M) and extrafine formoterol pMDI (Atimos®, Chiesi Farmaceutici S.p.A.) delivered via separate inhalers.

Twelve healthy male volunteers completed this open label, randomized, single-dose, placebo-controlled, three-
way cross-over study. Volunteers received (i) 4 inhalations of the fixed-combination of BDP/formoterol HFA (100/6 pg),
(i) 4 inhalations of BDP HFA (100 pg) and 2 inhalations of formoterol HFA (12 pg) administered separately or (iii) 4
inhalations of placebo HFA. There was a 7-day washout between treatment periods.

PK parameters of BDP, FF, and of the main BDP metabolite (B17MP) were calculated.

The systemic exposure to B17MP and formoterol after administration as a fixed combination or via separate inhalers
was comparable. For B17MP, C__ (794 + 316 vs 663 + 329 pg/mL), AUC (3076 + 1102 vs 2773 + 833 pg.h/mL) and
AUC .. (296 = 11.7 vs 230 + 13.3 pg.h/mL) were slightly higher, but not statistically significant, with the fixed than
with the free combination.

For formoterol, neither C__ (27.6 £ 12.2 vs 28.7 £ 16.3 pg/mL) nor AUC , (69.3 £ 28.5 vs 67.4 + 28.7 pg.h/mL) were

significantly different between fixed and free combination. There was also no significant difference between the two
combinations in serum cortisol levels, or cortisol urinary excretion adjusted for creatinine.

Use of a single inhaler rather than separate inhalers to deliver extrafine drug particles of both BDP and formoterol to
the lung does not modify relevant pharmacokinetics and pharmacodynamic parameters in healthy volunteers, therefore
it may be considered as a therapeutic option to improve compliance in asthma patients who need chronic treatment.
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Introduction

The addition of a long-acting (,-agonist (LABA) to a low-to-
moderate dose of inhaled corticosteroid (ICS) is recommended for
those asthmatics not adequately controlled on ICS alone [1]. This
simplified approach to therapy has a strong scientific rationale.
Clinically, the complementary effects of LABAs and ICSs in asthma
are well established [2-6], as they target different pathophysiological
aspects of the disease, the former inducing bronchodilation, and the
latter suppressing the chronic inflammatory component and reducing
airway hyper-responsiveness [7]. At the molecular level corticosteroids
increase the expression of (2-receptors [8], and (,-agonists may
potentiate the molecular mechanism of corticosteroid actions by
priming inactive glucocorticoid receptors, and via additive (and
sometimes synergistic) suppression of inflammatory mediator release

[7].

Inhalers delivering fixed combinations of ICSs and LABAs are
now available. A hydrofluoroalkane (HFA)-propelled extra-fine fixed
combination of the ICS beclometasone dipropionate (BDP) and
the LABA formoterol (100/6 pg) delivered by pressurized metered
dose inhaler (pMDI) (Foster®, Chiesi Farmaceutici S.p.A., Italy) has
recently been developed using Modulite” technology with a Marketing
Authorization in more than 28 countries (EU countries) for the
treatment of asthma in patients older than 18 years of age when use of
a combination of ICS and LABA is appropriate. The rationale behind
the development of an extrafine LABA/ICS formulation was due to the

and chronic obstructive pulmonary disease (COPD) take place in all
parts of the airways, including peripheral bronchioles [9-11], and that
devices which generate smaller particles produce a more peripheral
lung deposition of drug [12]. In addition, both corticosteroid- and
B,-adrenergic receptors are distributed along the entire bronchial tree
[13,14].

Several clinical studies have demonstrated that adult and elderly
patients require an extrafine BDP dose approximately 2.5 times lower
than that of BDP chlorofluorocarbon (CFC) to reach the same degree
of asthma control [15,16]. BDP extrafine 100 pg has been shown to be
as effective as BDP CFC 250 pg in patients with asthma [17,18]. This
reduction in nominal dose led to a reduction in systemic exposure
compared to concomitant administration of BDP CFC and extrafine
formoterol [19]. In fact, with a BDP dose from Foster® that was 2.5
times less than a BDP dose from Becotide® Forte, pulmonary absorption
was 86% higher, despite the fact that systemic exposure was 35% lower,
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resulting in less cortisol suppression for a clinically equivalent BDP
dosage [19]. However, a pharmacokinetic (PK)/pharmacodynamic
(PD) comparison of Foster® versus both extrafine components (in
particular BDP extrafine) administered via separate inhalers has never
been performed. The present study investigates for the first time the
PK and PD properties of BDP/formoterol HFA fixed combination after
single administration compared to BDP HFA pMDI (QVAR’, 3 M)
and formoterol HFA pMDI (Atimos®, Chiesi Farmaceutici S.p.A., Italy)
delivered via separate inhalers in healthy volunteers.

Methods

In vitro study design

To support the in vivo PK and PD comparisons of BDP/formoterol
HFA versus both extrafine components administered separately, the
lung deposition of both components (BDP and formoterol) of the
fixed combination (100/6 pg) was assessed in vitro [20]. The in vitro
deposition of BDP HFA from Foster® was also compared with that of
BDP HFA from QVAR?® [21]. The mass median aerodynamic diameter
(MMAD), geometrical standard deviation (GSD) and fine particle dose
(FPD) of BDP were determined using an Andersen Cascade Impactor
(ACL Copley Instruments, Nottingham, UK) operated at 28.3 L/min,
with ten doses per determination. FPD was defined as the fraction of
particles <4.7 mm. The drug deposition profile was assessed with a fully
validated high-performance liquid chromatography-UV method.

In vivo study design

This was an open label, randomized, single-dose, placebo-
controlled, three-way, cross-over study, consisting of one single
administration of (i) 4 inhalations of the fixed combination BDP/
formoterol HFA (100/6 pg), (ii) 4 inhalations of BDP HFA (100 ug)
and 2 inhalations of formoterol HFA (12 pg) administered separately
or (iii) 4 inhalations of placebo HFA. There was a 7-day washout
between treatment periods. PK and PD parameters - described later
in the Methods section- were assessed for BDP, its main metabolite
beclometasone-17-monopropionate (B17MP) and formoterol after
active treatments. 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, the ICH Harmonized
Tripartite Guideline for Good Clinical Practice and with applicable
regulatory requirements. The study protocol was approved by an
Independent Ethics Committee.

Subject selection

12 male healthy volunteers, aged 18-55 with a BMI of 18-28 kg/
m? were invited to participate to the study. Healthy volunteers, when
comparing orally inhaled products represent a more simple and
controlled system than the patient population, decreasing the level of
complexity [22]. Volunteers were required to be non-smokers or ex-
smokers (less than 5 pack-years and stopped smoking for more than
1 year), have normal blood pressure and heart rate (supine), normal
laboratory tests, have a 12-lead ECG with computerized protocol
interpretation considered as normal or without any clinically relevant
abnormalities and have the ability to correctly use a pMDI. All subjects
gave their written informed consent to participate to the study.

Subjects were excluded from the study if they had a history or
presence of cardiovascular, respiratory, endocrinological, renal,
gastrointestinal or neurological disorders capable of altering the
absorption, metabolism, distribution or elimination of drugs.
Volunteers were also excluded if they had hypersensitivity to the active
principles and/or formulations ingredients (or other corticosteroids),

or had a history of anaphylaxis to drugs or allergic reactions, if they had
recent (<2 months) relevant infectious disease, positive HIV1, HIV2
or hepatitis serology results or lung function measurements outside
normal limits. Use of drugs (except paracetamol) in the 14 days before
study drug administration, of enzyme-inducing drugs in the previous 2
months, or a history of excessive use of drug, alcohol (>28 units/week)
or xanthine-containing substance (>5 cups coffee/tea/cola per day)
were also considered as exclusion criteria.

Test drug inhalation

At screening and at each administration day, volunteers were
trained in the correct inhalation technique inhaling from placebo
inhalers according to the product leaflets and also using a Vitalograph®
aerosol inhalation monitor (AIM) with placebo CFC-free inhalers.
The AIM allowed the correct inhalation technique to be evaluated and
reinforced by monitoring correct timing of the actuation of the pMDI
as well as correct inhalation time, inspiratory flow and breath-holding.
Volunteers were trained using placebo inhalers at a required peak
inhaled flow rate of 30 L/min. After 3 successful inhalations with the
AIM device, volunteers used the same technique and inspiratory flow
rate for the test drug inhalation.

During each treatment period, the inhalers were removed of the
protective cap, vigorously shaken and then primed by actuating once.
This process was repeated 4 times before inhalation of drug. Device
shaking was requested before each subsequent actuation. Doses were
administered under fasting conditions, with time 0 defined as the
moment when the first inhalation was administered. Subjects inhaled
the medication in an upright position and remained upright (either
sitting or standing) for at least 5 minutes post-dose. Additionally,
subjects were instructed to breath-hold for 10 seconds following each
inhalation, and to wait 30 seconds before taking the next inhalation.

Pharmacokinetic measurements

Patients were required to fast from the evening (22:00 h) before day
1 of each study period, and remained fasting until 2 h post-dose. Blood
samples were taken from patients, who had received active treatments
only, by venipuncture at the following timepoints: pre-dose (within 10
min before inhalation), 10, 20, 30, 45 min, 1, 2, 3, 4, 6, 8 12 and 24
h post-dose. Plasma was separated (refrigerated centrifuge @ +4°C at
approx. 2500 g for 15 mins) and 1ml aliquots were immediately stored
at -80°C for formoterol assay or at -20°C for BDP/B17MP assay. Plasma
samples were analyzed for the determination of formoterol, BDP and
B17MP using validated LC-MS-MS methods (SGS Life Science Services,
Belgium) with limit of quantitation (LOQ) of 2 pg/mL for formoterol
and 20 pg/mL for BDP and B17MP. The following PK parameters were
calculated from the individual plasma drug concentration versus time
profiles: maximum plasma concentration (C_ ), time to maximum
plasma concentration (t ), area under the plasma concentration
versus time curve observed from 0 to 30 min (AUC_, ) (as an index
of lung absorption), from 0 to the last measured concentration time t
(AUC, ) and from 0 to infinity (AUC, ), calculated using the linear
trapezoidal rule. The elimination half life (t,) was calculated as 0.693/
Az. The PK calculations were performed using WinNonlin version 4.0
(Pharsight Corp., CA, USA).

The allowed time deviations for the pharmacokinetic sampling
times were: for measurements before 30 minutes post-dose: +/- 1
minute; 1 hour post-dose: +/- 2 minutes, from 2 to 4 hours post-dose:
+/- 5 minutes, from 6 to 12 hours post-dose: +/- 10 minutes and 24
hours post-dose or greater: +/- 15 minutes. Priority, for the different
measures, was given to PK samples.
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Pharmacodynamic measurements

Determination of potassium in serum: Blood samples were
collected for potassium determination in serum at the following
timepoints for both active and placebo treatments: pre-dose, 15, 30 min,
and 1, 2, 4, 6, 8, 12, and 24 h post-dose. Blood samples were analyzed
by potentiometry (Ektachem) at the Laboratory Algemeen Ziekenhuis
Stuivenberg (Antwerp, Belgium). The following PK parameters were
derived from the individual potassium concentration time profiles:
minimum serum concentration (Cmm), time to minimum serum
concentration (t_ ) and area under the concentration curve observed
from 0 to 24 h (AUC

0—24h)’

Determination of cortisol in serum: Blood samples were collected
pre-dose and at 2, 4, 6, 8, 12, 16, 20 and 24 h post-dose for both active
and placebo treatments. After coagulation (in the fridge), serum was
separated (refrigerated centrifuge (+4°C) at approx. 2500 g for 15
mins) and stored at -80°C. Cortisol in serum was determined at SGS
Life Science Services Applied Biology Laboratory (Wavre, Belgium)
using a standard radio-immuno assay kit (ZENTECH). The following
PK parameters were derived from the individual cortisol concentration
profiles: C ,t and AUC

min’ “min 0-24h.

Determination of cortisol and creatinine in urine: Urine samples
were collected for 24 h, from 5 min pre-dose until 24 h post-dose for
each study period and stored at -20°C. Urinary cortisol was determined
using a standard radio-immuno assay kit (ZENTECH) at the SGS
Life Science Services Applied Biology Laboratory (Wavre, Belgium).
Urinary creatinine was assayed at the Laboratory Algemeen Ziekenhuis
Stuivenberg (Antwerp, Belgium). 24 h urinary excretion of cortisol
(Ae) and 24 h urinary excretion of cortisol normalized for creatinine
excretion (Ae/Ae_ ) were derived from the individual cortisol and
creatinine concentration profiles.

Cardiovascular parameters and peak flow inspiratory flow:
Systolic and diastolic blood pressure and heart rate were evaluated
(WelchAllyn device) after 5 min in the sitting position pre-dose, 15, 30
minand 1,2, 4, 6,8, 12 and 24 h post dose. A 12-lead ECG (CardioMax
FX40-10, Fukuda, Denshi) was performed in the supine position at the
same time points. Heart rate, pulse rate, QRS and QTc were measured.
QTc individual changes relative to baseline measurements were
calculated in order to verify the occurrence of changes >30 ms and >60
ms.

Peak expiratory flow (PEF) was measured using a Jaeger-Masterlab
for both active and placebo treatments during the screening visit, pre-
dose (after at least 10 minutes rest, with subjects sitting with the nose
clipped) and at 1, 6 and 12 h post-dose. Three technically satisfactory
measurements were done for each subject at each time point and the
highest value recorded.

Data analysis: All statistical calculations were performed using
SAS® (version 8.2). Log-transformed values for the continuous PK
variables of BDP, B17MP and formoterol (Cmux, AUC , ., AUC, ,
AUC,  and t,) and continuous PD variables (cortisol: C_ , AUC
L Al and Ae/Ae_; potassium: C and AUCM“‘) were analyzed
using an ANOVA model adapted to cross-over experimental design
with ‘treatment’, ‘period’, ‘sequence’ and ‘subject nested to sequence’
as variables. T (BDP, BI7MP and formoterol) was analyzed using
a Wilcoxon signed rank test and associated 90% confidence intervals
calculated. Values of t . (cortisol, potassium) were compared using
a Friedman’s non parametric ANOVA [23]. A 95% non-parametric
interval for each test-reference difference of interest was computed
according to the method of Moses [24]. For cardiovascular (QTc,

HR, BP) and peak flow measurements, the mean value was calculated
as the AUC versus time over time interval (AUC_,, /12). Safety and
tolerability were evaluated using descriptive statistics.

In a previous similar study [19], the largest intra-individual
coeflicient of variation for B17MP and formoterol PK parameters was
29.6% for BI7MP C_ . Given such an intra-individual variability,
in the present study it was estimated that 12 subjects were required
to reach an 80% power to detect a 1.5 fold variation in B17MP or
formoterol systemic exposure at the 0.05 a-level. This 1.5 fold variation
corresponds to the confidence limits of 66-150% and was judged able to
detect clinically relevant differences between treatments.

Results

In vitro results

The in vitro deposition profiles of the two components of Foster®
showed that BDP and formoterol had a similar particle size distribution
with comparable FPD and MMAD (Figure 1A), suggesting a deposition
of both active drugs to the same regions within the lung, including
the peripheral airways. The comparison of the in vitro deposition
of extrafine BDP from Foster® or QVAR® also revealed comparable
deposition profiles in the therapeutically useful range 1.1-4.7 pm
(Figure 1B). The FPDs were 36.1 + 2.3 pg and 43.3 + 3.3 ug for BDP
from Foster® and QVAR® respectively, with almost identical MMADs
of 1.3 £ 0.1 um and 1.1 + 0.1 um respectively. These data have been
presented previously [20,21].

In vivo results

Volunteers: Twenty one subjects were screened and 12 subjects
were randomized. All 12 enrolled subjects completed the study as
planned. Subjects’ mean age + standard deviation was 40.7 + 7.5 years
(range 23-49 yrs). Baseline data are presented in Table 1.
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Figure 1: In vitro deposition of (A) the Foster® components beclometasone
dipropionate (BDP) and formoterol and (B) BDP of Foster® or QVAR® assessed
by the Anderson Cascade Impactor (ACI). Results are expressed as the mean
+ 95% confidence interval.
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Variable Healthy male volunteers (n=12)
Age (years) 40.7 £ 7.5 (23-49)
Height (cm) 179.4 £ 3.5 (173-184)
Weight (Kg) 80.3 £ 8.2 (68-94)

BMI (kg/m?) 24.9 £1.9 (22-28)

HR (bpm) 54.8 + 6.4 (47-65)

QTc (Bazett, ms) 390.7 £ 17.6 (369-431)
PEFR (L/s) 11.00 + 1.04 (9.63-13.19)
PEFR (% predicted) 91.9+ 7.7 (85.0-110.0)

Results are presented as the mean + standard deviation (range)
BMI: Body Mass Index; bpm: beats per minute; HR: Heart Rate; PEFR: Peak
Expiratory Flow Rate

Table 1: Subject baseline characteristics.
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Figure 2: Average (A) beclometasone 17 monopropionate (B17MP) and (B)
formoterol plasma concentrations in 12 healthy volunteers after inhalation
of 4 inhalations of the beclometasone dipropionate (BDP)/formoterol (100/6
ug) fixed formulation (Foster®), or 4 inhalations of BDP (100 ug; QVAR®) and
2 inhalations of formoterol (12 pg; Atimos®) delivered via separate inhalers.
Vales are arithmetic means + standard deviation.

Pharmacokinetics: Maximum plasma concentrations of BDP
were significantly lower with the fixed combination (390 + 270 pg/mL)
compared with the separate inhalers (781 + 444 pg/mL) the. However,
in most subjects BDP plasma concentrations were quantifiable only
up to 45 minutes after administration, due to the fast lung conversion
to its metabolite B17MP. For B17MP, both C... (633 + 329 vs 794 +
316 pg/mL; p=0.174) and AUC_, (2773 + 833 vs 3076 + 1102 pg.h/
mL; p=0.274) were slightly lower after administration of BDP and
formoterol as fixed combination (Table 2, Figure 2A). However, this

Page 4 of 8
Parameter Separate Fixed combi- Fixed combination
inhalers nation vs separate inhalers
(n=12) (n=12)
PE 90% ClI p-value
Formoterol
C... (pg/mL) 28.7+16.3 27.6+122 98.47 |71.09;136.40 0.933
t... (h) 0.17 0.17 0 -0.075; 0.458 0.563
(0.08 - 1.00) | (0.17 - 2.00)
AUC , (pg-h/mL) 67.4+28.7 69.3+28.5 |100.72 |76.00; 133.50 0.964
B17MP
C...x (Pg/mL) 794 + 316 663 *+ 329 83.30 166.38;104.54 0.174
t.. (h) 0.32 0.50 0.192 -0.15;0.425 0.259
(0.17 - 3.00) | (0.17 - 1.00)
AUC, (pg.h/mL) 3076 +1102 2773 £833 92.42 81.64;104.61 0.274
AUC . min 296 + 11.7 230 +13.3 74.60 54.03;102.99 0.130
(pg.h/mL)
t, (h) 446 +2.62* 4.01+0.70t [103.62 98.43; 109.07 0.227

Values are arithmetic means + SD, except t__ : median (range).
AUCO-t: area under the plasma concentration time curve observed from time 0 to

time t; AUC_ ;.- area under the plasma concentration time curve observed from

time 0 to 30 min; BDP: beclometasone dipropionate; B17MP: beclometasone 17
monopropionate; Cl: confidence interval; C__ : maximum plasma concentration;
HFA: hydrofluoroalkane; PE: Point Estimate; SD: Standard Deviation; t%%:
Elimination Half Life; t _: Time To Maximum Plasma Concentration;

*n=11; + n=10

Table 2: B17MP and formoterol pharmacokinetic parameters in healthy subjects
following administration of one single dose of 4 puffs of the BDP/formoterol
HFA (100/6 pg) fixed combination (Foster®) or 4 inhalations of HFA BDP (100
Hg; QVAR®) and 2 inhalations of HFA formoterol (12 pg; Atimos®) delivered via
separate inhalers.

difference was not statistically significant, and the 90% confidence
intervals were entirely within the usual 80-125% bioequivalence limits
for AUC, (90% ClIs: 81.64; 104.61), and only partially outside for Cmax
(90% ClIs: 66.83; 104.54) (Table 2). The median time to peak B17MP plasma
concentration was 30 min and 20 min for the fixed and free combinations
respectively (Table 2, Figure 2A). The AUC , —of B17MP was also
partially outside the confidence intervals (90% CI: 54.03; 102.99) between
the fixed combination (230 + 13.3 pg.h/mL) and separate inhalers (296 +
11.7 pg.h/mL). The elimination half-life of B17MP was approximately 4 h
in both active groups (Table 2).

Formoterol systemic exposure was comparable after the two
treatments (Table 2, Figure 2B). Neither C_(27.6 + 12.2 vs 28.7
16.3 pg/mL) nor AUC , (69.3 + 28.5 vs 67.4 + 28.7 pgh/mL) was
significantly different after administration of BDP/formoterol as a
fixed or free combination. The median time to peak formoterol plasma
concentration was 10 minutes with both active treatments (Table 2).

Pharmacodynamics: Mean cortisol serum concentrations were
lower after administration of both active treatments compared to
placebo as expected, (Table 3, Figure 3A). The fixed combination
decreased minimum serum cortisol concentration by 41% and the
free combination by 42% compared with placebo, but these reductions
were not statistically significant (Table 3). Differences between active
and placebo treatments were significant for serum cortisol AUC
,a, Values. The fixed combination significantly (95% CI 61.88; 88.20)
decreased serum cortisol AUC ,, by 26% and the free combination
by 30% (p=0.001; 95% CI 58.72; 83.69) compared to placebo (Table
3). Differences in Cmin (22.9 + 16.8 vs 22.8 + 18.3 ng/mL) and AUC |
o (191 £ 0.56 vs 1.86 + 0.65 pg.h/mL) between fixed dose and free
combination were not significant. All treatments showed a median t
of 16.00 h, suggesting that treatments did not alter the normal circadian
variation in cortisol secretion.

The urinary creatinine-normalized excretion of cortisol decreased
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Figure 3: Average (A) plasma cortisol levels and (B) total urinary cortisol
excretion relative to creatinine (0-24 h) in 12 healthy volunteers after inhalation
of (i) 4 inhalations of the beclometasone dipropionate (BDP)/formoterol (100/6
ug) fixed formulation (Foster®), (i) 4 inhalations of BDP (100 pg; QVAR®) and 2
inhalations of formoterol (12 ug; Atimos®) delivered via separate inhalers or (iii)
4 inhalations of hydrofluoro alkane placebo.

A and B: Values are arithmetic means * standard deviation.

by 16% with the fixed combination (95% CI 67.10; 105.74) and by 21%
with the free combination (95% CI 63.08; 99.40) compared to placebo
(Table 3, Figure 3B). There was no significant difference (95% CI 84.74;
133.53) between BDP/formoterol administered as a fixed combination
(55.5 £ 27.8 ug/g) or as two separate inhalers (49.1 + 14.4 ug/g). These
findings are in agreement with the similar systemic exposure to B17MP
observed in both the fixed and free combination groups.

The minimum serum potassium concentration was lower in
the fixed combination group (3.6 £ 0.2 mmol/L) compared to either
the free combination group (3.8 + 0.2 mmol/L) or placebo (3.8 +
0.1 mmol/L) (Table 3). The time to achieve the minimum serum
potassium concentration was 4 h in each group. The plasma potassium
AUC_,,, did not significantly (95% CI 96.36; 100.79 for fixed- vs free-
combination) differ between active treatments, but it was significantly
(95% CI 94.86; 99.22) reduced in the fixed combination group (94.5 +

4.0 mmol.h/L) compared with placebo (97.4 + 4.4 mmol.h/L) (Table 3).

Over 12h recording period of time, the administration of the fixed

combination increased HR by 4.5% compared to placebo (95% CI
100.53; 108.74), while the increase in HR with the free combination
was approximately 6.2% (95% CI 102.13; 110.48) (Figure 4A). The
difference between the fixed (63.4 + 7.5 bpm) and free combinations
(64.2 £ 6.0 bpm) was not statistically significant (95% CI 94.64; 102.37).
No changes were observed for systolic and diastolic blood pressure.

Both active treatments had similar QTcB interval profiles with an
increase from 392 ms to 406 ms 30 min after administration of BDP/
formoterol fixed combination and from 393 ms to 404 ms 15 min after
administration of the free combination , followed by a decrease to
values close to baseline values 24 h post-dose (Figure 4B). The increase
in QTcB with the active treatments was associated with a significant
increase in heart rate, supporting the concept that the QTcB method of
correction is not fully adequate to control for the effect on HR. Placebo
administration resulted in a decrease of QTcB 1 h post-dose (from 388
to 385 ms), followed by an increase to 398 ms 12 h post-dose and a
return to baseline value (388 ms) (Figure 4B). The QTc intervals AUC
/12 values for the fixed, free and placebo groups were 393 + 13.4, 397
+ 13.1 and 392 + 14.6 ms respectively, with no significant difference
between groups. No subject had a QTcB increase versus baseline
greater than 60 ms.

Both active treatments produced similar PEF profiles, which

8 “6-FOSTER®
-& Separate Inhalers (QVAR® + Atimos®
R =% Placebo
£
£ 7
@
T 6
o
SN (|| RN, ot S
° 634l | /N S e e e —————
S5
5
o 5
T
4
43+ T
0 4 8 12 16 20 24
Time (h)
“0'FOSTER®
0.4 = Separate inhalers (QVAR® + Atimos®)
' =¥-Placebo
0.41
_04
O
i-é 0.3
(¢}
0.3
0.3
0.36+ T T T T T T
0 2 4 6 8 10 12
Time (h)

Figure 4: Heart rate (A) and QTcB profile (B) in 12 healthy volunteers after
inhalation of (i) 4 inhalations of the beclometasone dipropionate (BDP)/
formoterol (100/6 ug) fixed formulation (Foster®), (ii) 4 inhalations of BDP (100
Hg; QVAR®) and 2 inhalations of formoterol (12 pg; Atimos®) delivered via
separate inhalers or (iii) 4 inhalations of hydrofluoro alkane placebo. Values

are arithmetic means + standard deviation.
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(96.36, 100.79)

(94.86, 99.22)

Page 6 of 8
Parameter Separate inhalers Fixed combination | Placebo Sep. vs Fixed Fixed vs Placebo Sep vs Placebo
(n=12) (n=12) (n=12) PE (95% CI) PE (95% Cl) PE (95% CI)
Serum cortisol
C... (ng/ml) 22.8+18.3 229+16.8 31.3+16.1 101.74 59.11 58.10
(49.75, 208.05) (28.91, 120.88) (28.41, 118.81)
t.. (h) 16.00 (6.00 - 16.02) |16.00 (4.00 - 16.00) |16.00 (8.00 - 20.00) 0.00 0.00 0.00
(-4.01, 0.02) (-3.99, 2.00) (-2.99, 2.01)
AUC,,,. (hg.h/mL) 1.86 + 0.64** 1.91 £ 0.561t 2.53+0.46 105.39 73.88 70.10
(88.28, 125.83) (61.88, 88.20) (58.72, 83.69)
Urinary cortisol
Ae (ug) 85.2+29.6 91.1+41.6 108.0 + 62.4 103.93 85.27 82.04
(84.10, 128.43) (69.00, 105.37) (66.39, 101.39)
AelAe_ . (ug/g) 49.1 +14.41t 55.5+27.8 64.1 £33.5 106.37 84.23 79.19
(84.74, 133.53) (67.10, 105.74) (63.08, 99.40)
Serum potassium
C,... (mmol/L) 3.8+0.2 3.6 £ 0.2t 3.8+0.1 96.43 95.98 99.54
(93.75, 99.37) (93.14, 98.91) (96.59, 102.58)
t.. (h) 4.00 (0 - 12.05) 4.00 (0.52 - 12.00) 3.99 (0.00 - 12.00) -0.01 0.13 1.02
(-4.77, 4.00) (-4.99, 6.00) (-3.50, 4.03)
AUC,,. (mmol.h/L) 959+ 3.9 945+4.0 97.4+44 98.55 97.02 98.44

(96.25, 100.68)

Values are arithmetic means + SD, except t . : median (range).

Ae: 24 h urinary excretion of cortisol; Ae/Aecrea: 24 h urinary cortisol concentration relative to creatinine; AUC0-24 h: area under the plasma concentration time curve ob-
served from time 0 to 24 h; BDP: beclometasone dipropionate; Cl: confidence interval; C_. : Minimum Plasma Concentration; HFA: Hydrofluoroalkane; PE: Point Estimate;

SD: Standard Deviation; t_. : Time To Minimum Plasma Concentration.

*p =0.020 vs separate inhalers; T p = 0.010 vs placebo; ¥ p = 0.012 vs placebo; ** p = 0.001 vs placebo; 11 p = 0.002 vs placebo; fi p =0.045 vs placebo.

Table 3: Summary of pharmacodynamic parameters in healthy subjects following administration of one single dose of 4 puffs of the BDP/formoterol HFA (100/6 pg) fixed
combination (Foster®) or 4 inhalations of HFA BDP (100 pg; QVAR®) and 2 inhalations of HFA formoterol (12 ug; Atimos®) delivered via separate inhalers.

peaked 1 h post-dose (666 L/min fixed combination; 654 L/min free
combination) significantly greater compared with placebo (624 L/min
placebo) (Figure 5).

Safety and tolerability: A total of 4 adverse events (AEs), all mild
in intensity and none of these related to study drugs, were reported
by four subjects. No AEs occurred after administration of the fixed
combination, 1 AE (pharyngolaryngeal pain) occurred in one subject
after administration of formoterol HFA in the free combination group
and 3 AEs (1 arthralgia, 1 cough and 1dizziness) occurred in 3 subjects
after placebo treatment. All subjects had recovered from their AEs at
the end of the study. No serious adverse events were reported.

Discussion

The addition of a long-acting inhaled B,-adrenergic receptor
agonist (LABA) to the recommended first-line ICS therapy is preferred
in patients whose asthma is not controlled with either low or high doses
of an ICS and provides better control of asthma symptoms and lung
function than increasing the dose of the ICS [2-6]. In this context, fixed
combinations of ICS and LABA have been developed (Symbicort®,
Seretide®). With a new fixed combination, it is necessary to investigate
possible interactions between the combination components and
if the systemic exposure to the single components given as a fixed
combination is comparable to the systemic exposure of the components
given separately.

In the present study the PK and PD properties of extrafine BDP/
formoterol administered as pMDI fixed combination versus the
individual extrafine components administered separately already
available on the market (QVAR® and Atimos®) are compared.

QVAR® (BDP HFA extrafine 100 ug) was the first extrafine
corticosteroid formulation available on the market. Using HFA as
a propellant, drug solutions can be manipulated to vary particle
size distribution, permitting precise control of delivered dose and

optimization of drug delivery. Particle size is a major determinant of the
proportion of drug that reaches the lung, with small drug particle size
being associated with increased and more peripheral lung deposition
[25,26,12].

The benefits of HFA drug solutions in producing extrafine drug
particles capable of homogeneously distributing throughout the
bronchial tree, whilst keeping the systemic exposure low may result in
some clinical advantages over non extrafine formulations. This has been
observed for the extrafine BDP/formoterol fixed combination, where
treatment of patients with moderate-to-severe asthma was associated
with significantly higher percentages of controlled days and nights, and
a better asthma control score versus separate administration of BDP
CFC plus formoterol dry powder inhaler or BDP alone [27].

In vitro studies showed similar particle size distribution with
comparable FPD and MMAD for both BDP and formoterol within the
same formulation suggesting a deposition of both active drugs to the
same regions within the lung, including the peripheral airways, and for
the HFA BDP of the combination product and BDP HFA delivered
separately (QVAR®). These results support the findings observed in-
vivo.

In the present study, no statistically significant difference in
systemic exposure of B17MP (the active metabolite of BDP) and
formoterol, following administration of extrafine BDP and formoterol
as either a fixed or a free combination, were found.

A significantly higher maximum plasma concentration of BDP
with the free versus the fixed combination was observed. Considering
that BDP is rapidly metabolized to its metabolite B17MP, and has
30 times lower affinity for the corticosteroid receptor compared to
B17MP [28-30], the increase in the unchanged BDP systemic exposure
observed with the free combination has a very limited impact on the
overall systemic activity.
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Figure 5: Average peakflow measurement versus time profiles in 12
healthy volunteers after inhalation of (i) 4 inhalations of the beclometasone
dipropionate (BDP)/formoterol (100/6 pg) fixed formulation (Foster®), (ii) 4
inhalations of BDP (100 pg; QVAR®) and 2 inhalations of formoterol (12 pg;
Atimos®) delivered via separate inhalers or (i) 4 inhalations of hydrofluoro
alkane placebo.
Values are arithmetic means + standard deviation.

Our results confirmed the same pulmonary absorption (AUC_, )
[31,32] and total systemic exposure (C_ _and AUC ) of the active
metabolite BI7MP delivered as a free and fixed combination and are
in agreement with Singh et al. [33] who reported remarkably similar
AUC C,.. and AUC  values for BI7MP delivered in a fixed

0-30min”  ~“max

combination with formoterol.

Formoterol peak concentrations were reached 10 min postdose and
were similar with both treatments (around 28 pg/mL). PK parameters
of formoterol did not significantly differ between treatments.

Similar results with comparable ICS plasma concentrations
following free (budesonide pMDI [8x160 ug] and formoterol DPI
[8x4.5 pg]) versus fixed dosing (one pMDI inhaler (8x160/4.5 pg)) of
budesonide and formoterol have been reported for the Budesonide/
Formoterol fixed combination [34].

In contrast with the present study, the systemic exposure to
formoterol when delivered via the fixed combination product was
about 20% lower compared to administration via separate inhalers
(515.7 pmol.h/l versus 627.1 pmol.h/l).

The effects on serum and urinary cortisol excretion were similar
for the BDP/formoterol extrafine fixed dose formulation versus both
extrafine formulations administered via separate pMDIs, in agreement
with the results of total systemic exposure. As expected, both fixed and
free combinations of extrafine BDP/formoterol reduced serum cortisol
concentrations and urinary cortisol excretion (relative to creatinine),
compared to placebo. Interestingly, the serum and urinary cortisol
results for the BDP/formoterol HFA fixed combination (4 inhalations
of 100/6 ug) were remarkably similar between the present study and
that published by Bousquet and colleagues [19]: serum cortisol Cmin:
22.9 vs 25.0 ng/mL; AUC_,, : 1.91 vs 2.26 pg.h/mL; urinary cortisol

0-24h"
relative to creatinine: 55.5 vs 48.8.

At the same time, in a clinical study with 24 weeks treatment period
in patients with moderate-to-severe asthma, adrenal function, measured
through morning plasma cortisol levels, increased significantly versus

baseline with BDP/formoterol HFA fixed-dose combination (400/24
ug/day), but remained substantially unchanged when BDP (1000 pg/

day) and formoterol (24 ug/day) were co-administered via CFC pMDI
and DPI respectively [27]. The lack of cortisol suppression observed
with beclomethasone dipropionate/ formoterol suggest a favourable
safety profile compared with non-extra-fine formulations.

The average minimum serum potassium concentration was
lower in the fixed combination group compared to either the free
combination group or placebo; however it was above the lower
limit of the normal range (3.5-5.1 mmol/L). No clinically relevant
abnormality was observed for the individual potassium values. The
plasma potassium AUC_,,, did not significantly differ between active
treatments. Systemic effects of higher doses of inhaled 3,-agonists have
previously been reported including tremor, tachycardia, hypokaliemia
and associated electrocardiographic signs [35,36]. However, a recently
published study with high cumulative doses of BDP/formoterol showed
tolerability generally similar to formoterol alone when administered
to stable asthmatic patients [37]. Formoterol caused a significantly
(p<0.05) greater decrease in serum potassium than BDP/formoterol or
placebo. QTc, plasma lactate and vital signs did not significantly differ
between the combination product and formoterol alone [37].

In the present study there was no significant difference in heart rate
between active treatment groups. Heart rate was significantly elevated
in both fixed and free combination groups compared to placebo,
although the increase was small and considered not clinically relevant
(4.5% fixed; 6.5% free). Furthermore, all groups were associated
with similar QTcB interval profiles, with no significant intra-group
differences.

One of the limitations of this study is the fact that it was carried
out in healthy volunteers rather than in a patient population. However,
deposition of BDP and formoterol has been shown to be independent
of pathophysiological condition, showing high and homogeneous
deposition in the airways of healthy subjects as well as asthmatic and
COPD patients with the average lung deposition (relative to nominal
dose) reported as 34% in healthy subjects, 31% in asthmatics and 33%
in COPD patients [25].

The present study was a single-dose design, and so cumulative and
long term effects were not assessed. However, the systemic exposure to
BDP and Formoterol of the fixed combination in the present study are
comparable to the study with the same fixed combination in asthmatic
patients after one week of treatment [37].

In conclusion, the systemic exposure to extrafine B17MP and
formoterol after administration as a fixed combination or via separate
inhalers was comparable. There was no clinically relevant difference
in systemic effects between active treatments. The fixed and free
combinations of BDP/formoterol were well-tolerated by all subjects.
In asthmatic patients, Long-Acting Beta-Agonist (LABA) should not
be used without inhaled steroids because alone, as LABA inhalers
cause an increase in serious adverse events. LABA does not increase
adverse events in COPD patients or in asthma patients who use LABA
in conjunction with an inhaled steroid [38-40].Use of a single inhaler
rather than separate inhalers to deliver extrafine drug particles of both
BDP and formoterol simultaneously thus may be considered as a
therapeutic option to improve convenience (adherence to treatment)
and potentially compliance in asthma patients who need chronic
treatment.
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