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WHAT IS ALREADY KNOWN
ABOUT THIS SUBJECT

beclometasone dipropionate (BDP)/
formoterol fumarate (FF) 100/6μg per
actuation is currently licenced for use in
adult asthma with or without a valved
holding chamber (VHC) device.

recommended to be dosed like adults.
However, this population is unique in many
ways and limited pharmacokinetic and
pharmacodynamic data are available on
fixed combinations of inhaled
corticosteroids (ICS) and long acting β2-
adrenoceptor agonists (LABA). In addition,
the influence of age on the systemic
exposure of drugs to be administered via
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AIM
The aim was to investigate the pharmacokinetics and pharmacodynamics of an
extrafine pressurized metered-dose inhaler (pMDI) fixed combination of
beclometasone dipropionate (BDP)/formoterol fumarate (FF) in adolescent and
adult asthma.
• An extrafine fixed pressurized metered-dose

inhaler (pMDI) combination of

METHODS
This was a three-way crossover study, on 30 asthmatic adolescents receiving
BDP/FF pMDI with or without a valved holding chamber (VHC) or a free licenced
combination of BDP pMDI and FF pMDI plus a parallel arm of 30 asthmatic
adults receiving BDP/FF pMDI. All patients received a single dose of BDP and FF
of 400 μg and 24 μg, for each treatment, respectively. Assessments were
performed over 8 hours.
• Asthmatic adolescents are generally

RESULTS
In adolescents, the 90% confidence intervals (CIs) for the systemic exposure
(AUC(0,t)) geometric mean ratio of the fixed combination with or without VHC
vs. the free combination were within the bioequivalence range 0.80–1.25, both
for beclometasone-17-monopropionate (B17MP, the active metabolite of BDP)
and formoterol. Pharmacodynamic variables for plasma potassium and glucose,
pulse rate and pulmonary function in adolescents were equivalent between
treatments, 95% CI within 0.9, 1.09. The upper level of 90% CIs for AUC(0,t)
geometric mean ratio adolescents : adults of B17MP and formoterol after
treatment with BDP/FF pMDI was lower than 1.25, 90% CI 0.78, 1.04 and 0.86,
1.17, respectively.
pMDI with or without a VHC is still not fully

CONCLUSIONS
In adolescents the pharmacodynamics and the overall systemic exposure to the
active ingredients of an extrafine fixed combination of BDP/FF pMDI with or
without a VHC was equivalent to that of a free licenced combination of pMDIs of
acol / 80:3 / 569–580 / 569



WHAT THIS STUDY ADDS
• In adolescents, the overall systemic
exposure to the active ingredients of an
extrafine fixed pMDI combination of BDP/FF
with or without VHC was equivalent to that
of a free licenced combination of pMDIs of
established safety and efficacy profile. The
pharmacodynamics was equivalent
between treatments.

• The systemic exposure in adolescents was
not higher than in adults.

• These results support the indication for use
of a fixed ICS/LABA pMDI combination with
or without a VHC in adolescents at the same
dosage as in adults.
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established safety and efficacy profiles. The systemic exposure in adolescents was
not higher than in adults. These results support the indication for use of inhaled
corticosteroid/long acting β2-adrenoceptor agonist pMDIs in adolescents at the
same dosage as in adults.
Introduction

International guidelines indicate that the goal of asthma
treatment is to achieve and maintain clinical control of
the disease. In this respect, inhaled corticosteroids (ICS)
and long acting β2-adrenoceptor agonists (LABA) are
classified as controllers since they are medications taken
daily on a long term basis to keep asthma under clinical
control [1]. ICS have been shown to reduce asthma
symptoms [2], improve quality of life and lung function
[2], decrease airway hyper-responsiveness [3], control air-
way inflammation [3], reduce frequency and severity of
exacerbations [4] and asthma mortality [5]. When a me-
dium dose of ICS alone fails to achieve control of asthma,
a combination with a LABA becomes the preferred op-
tion of treatment [6]. Indeed, the addition of LABA to a
daily regimen of ICS improves symptom scores, de-
creases nocturnal asthma, improves lung function, de-
creases the use of short-acting inhaled β2-adrenoceptor
agonists, reduces the number of exacerbations, and ac-
hieves clinical control of asthma in a greater number of
patients, more rapidly, and at a lower dose of inhaled cor-
ticosteroids than ICS given alone [7]. Moreover, controll-
ed studies have shown that delivering this therapy in a
combination inhaler is as effective as giving each drug
separately, but fixed combinations are more convenient
for asthmatic patients, increasing compliance and ensur-
ing that the LABA is always accompanied by an ICS [8, 9].

Asthmatic adolescents (12 to 17 years of age) are gen-
erally recommended to be treated with the same dosage
as adults. However, this population is unique in many
ways and limited efficacy, safety and pharmacokinetic
(PK) data are available on fixed ICS/LABA combinations.
Indeed, adolescents in comparison with adults have a
lower body size and therefore a lower apparent volume
in which the drug can be distributed (volume of
distribution) after systemic absorption [10]. Thus, assum-
ing a comparable elimination of the drug from the body,
the same nominal dose could potentially lead to higher
plasma concentrations in adolescents with a consequent in-
creased risk of systemic side effects. Therefore, the optimal
dosage for adolescents may be difficult to assess and a care-
fulmonitoring of the systemic exposure is critical to assure an
appropriate safety profile [11].

A pressurized metered dose inhaler (pMDI) fixed ICS/
LABA combination containing extrafine beclometasone
dipropionate (BDP)/formoterol fumarate (FF) 100/6μg
(FosterW, Chiesi Farmaceutici, Italy) [12] is currently
licenced for use in adult asthma with or without the
valved holding chamber (VHC) device (AeroChamber
PlusTM). The aim of the present study was to investigate,
in adolescents, the PK and pharmacodynamic (PD) profile
of a BDP/FF pMDI with or without a VHC in comparison
with a free licenced combination of pMDIs of established
safety and efficacy profile. The effect of age was also
investigated by a comparison with adults.
Methods

Study design, patients and treatments
This was an open, randomized, three way crossover,
single dose study in adolescent asthmatics (≥12 and <
18 years) with an open parallel arm for adult asthmatics
(≥18 and ≤ 65 years) as control group. Patients already
treated with ICS or ICS/LABA or using short-acting
inhaled β2-adrenoceptor agonists as a reliever to control
asthma symptoms and with a documented clinical
history of asthma diagnosed by the responsible physi-
cian of the trial according to the GINA guidelines [1] were
considered for inclusion in the study. Eligible patients
were all those able to use properly a pMDI with or



PK/PD assessment of ICS/LABA pMDI in adolescent asthma
without a VHC and with a pre-bronchodilator forced
expiratory volume in 1 s (FEV1) > 70% of predicted values
(% pred).

Main exclusion criteria were exacerbation of asthma
symptoms or lower respiratory tract infection within the
previous 4 weeks, past or present diagnoses of cardiovas-
cular, renal or liver disease and a diagnosis of chronic ob-
structive pulmonary disease (COPD) in the adult patients.

Treatments were the following:

(i) Extrafine fixed combination (BDP/FF pMDI) in adoles-
cents consisting of four inhalations of BDP/FF 100/6
μg pMDI for a total single dose of 400 μg BDP and
24 μg FF.

(ii) Extrafine fixed combination (BDP/FF pMDI) with
VHC in adolescents consisting of four inhalations of
BDP/FF 100/6 μg pMDI using VHC for a total single
dose of 400 μg BDP and 24 μg FF.

(iii) Free combination (BDP pMDI + FF pMDI) in adolescents
consisting of four inhalations of BDP 100 μg pMDI plus
four inhalations of FF 6 μg pMDI for a total single dose
of 400 μg BDP and 24 μg FF.

(iv) Extrafine fixed combination BDP/FF pMDI in adults
consisting of four inhalations of BDP/FF 100/6 μg
pMDI for a total single dose of 400 μg BDP and 24
μg FF.

All study drugs contained hydrofluoroalkane (HFA-134a)
as excipient. BDP pMDI (QvarW, 100 μg metered dose per
actuation, Novartis, Switzerland) and FF pMDI (AtimosW, 6
μg metered dose per actuation, Chiesi Farmaceutici, Italy)
are both licenced for use in adolescents [13] while BDP/FF
pMDI (FosterW, 100/6 μg extrafine metered dose per
actuation, Chiesi Farmaceutici, Italy) with or without a
VHC (AeroChamber PlusTM,Trudell Medical International,
Canada), is only licenced for use in adults [12]. The
dosage in each treatment corresponded to the allowed
total daily dose in order to assess properly the plasma
profile of the analytes also during the elimination phase,
taking into account that formoterol plasma concentra-
tions in particular are very low even at the maximum
daily dosage of 24 μg.

A screening visit, evaluating medical history, vital
signs, physical examination and lung function took place
within 9 days before the first drug administration and a
medical discharge procedure was performed within 10
days after the last drug administration. Each treatment
period in the crossover design was separated by a wash-
out period of at least 7 days. At the screening visit and
prior to the study drug administration, patients were
trained on the inhalation technique using an Aerosol
Inhalation Monitor (AIM, VitalographW) and placebo
pMDIs alone or in combination with the VHC (where
applicable) until the investigator judged the technique
to be optimal. The patients were instructed to hold their
breath for at least 10 s following each long inhalation and
to wait about 30 s before taking the next inhalation. All
pMDIs were primed prior to administration. The VHC
was cleaned in accordance with the instructions in the
manufacturer’s leaflet. Intake of short and long acting
β2-adrenoceptor agonists had to be avoided for at least
6 and 24 h, respectively, prior to screening and each
study drug administration. Intake of inhaled BDP and
other ICS had to be avoided for at least 2 and 1 day,
respectively, prior to study drug administration. PK and
PD parameters, described later in the methods section,
were assessed for beclometasone-17-monopropionate
(B17MP, active metabolite of BDP) and formoterol for
each treatment over 8 h post-dose. Safety was assessed
by documenting all adverse events that occurred dur-
ing 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. All subjects were
required to give written informed consent. The study
was published on ClinicalTrials.gov (NCT01803087) and
was approved by the Office for Registration of Medicinal
Products, Medical Devices and Biocidal Products 41
zabkowska str. 03-736 Warsaw; approval: ur.dbl.
ble.4500.430.2011 dated 30 Jan 2012 and by the Bioeth-
ics Committee at the Medical University in Lodz 4
kosciuszki av., 90-419 Lodz approval: rnn/221/11/ke
dated 13 December 2011.

Pharmacokinetic and pharmacodynamic
assessments
Patients attended the clinic in the morning of the admin-
istration day after fasting overnight and until 2 h post-
dosing. At each administration period, the patients were
not allowed to lie down or sleep for 2 h after administra-
tion, except when undergoing clinical assessments. They
remained seated as much as possible avoiding strenuous
activities under constant surveillance of the nursing staff.
No alcohol or xanthine (tea, chocolate, cola, etc.) contain-
ing beverages or foods, or grapefruit were taken from 48
h before each drug administration until 24 h after admin-
istration. No food or drink, except water, was allowed for
2 h after drug administration. Blood samples were col-
lected during each study treatment day for B17MP, FF,
plasma potassium and glucose determination. Pulse rate
and lung function parameters (forced expiratory volume
in 1 s, FEV1) were also evaluated during each study treat-
ment day. Time 0 was defined as the moment when the
first inhalation of the study treatment took place (i.e. at
the moment of the first puff).

Evaluable patients were all those receiving the
study treatment excluding subjects without any valid
PK/PD measurement or with major protocol deviations
significantly affecting the PK, e.g. incorrect inhalation,
change in patient condition (worsening of asthma, cold),
failure in delivery of the device, use of non-permitted
Br J Clin Pharmacol / 80:3 / 571
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medications. Patients were not excluded based on statis-
tical analysis or for PK reasons except in the cases defined
in the European Medicines Agency (EMA) ‘Guideline on
the Investigation of Bioequivalence’ [14].

Plasma B17MP and formoterol assessment Blood samples
for B17MP and formoterol determination in plasma
were collected into vacuum tubes containing EDTA
and lithium heparin, respectively, at pre-dose and at 5,
10, 30 min, 1, 2, 4, 6 and 8 h post-dose. All samples were
immediately chilled (ice bath) and plasma preparation
was done within 15 min after blood collection. The
plasma was separated in a refrigerated centrifuge at
+4°C and at 2500 rev min–1 for 15 min and transferred
into pre-labelled polypropylene tubes. For stabilizing
the formoterol compound, the polypropylene tubes
were pre-filled with 50 μl of citric acid and centrifuged
before use in order to ensure that the citric acid was
at the bottom of each tube. Samples for B17MP and
formoterol analysis were stored below –20°C and –65°
C, respectively, before shipment on cold dry ice to the
laboratory (SGS Life Sciences Services, Belgium). The phar-
macokinetic assays were performed using validated liquid
chromatography-mass spectrometry (LC-MS/MS) methods
with a lower limit of quantification of 2 pg ml–1 for
formoterol and 50 pg ml–1 for B17MP [15]. The following
PK parameters were calculated from the individual plasma
drug concentration vs. time profiles: maximum plasma
concentration (Cmax), time to maximum plasma concentra-
tion (tmax), area under the plasma concentration–time
curve observed from 0 to last measurable point (AUC(0,
t)), area under the plasma concentration–time curve ob-
served from 0 to 30 min post-dose (AUC(0,0.5h)) and ter-
minal half-life (t1/2) calculated as 0.693/λz, where λz is the
first order terminal rate constant.

Plasma potassium and glucose assessment Blood samples
for potassium and glucose determination in plasma were
collected into vacuum tubes containing lithium heparin
and fluoride, respectively, at pre-dose and at 30 min, 1,
2, 4, 6 and 8 h post dose. All samples were immediately
chilled (ice bath) and plasma preparation was done
within 15 min after blood collection. The plasma was sep-
arated in a refrigerated centrifuge at +4°C and at 2500
rev min–1 for 15 min and transferred into pre-labelled poly-
propylene tubes. Plasma samples were stored below –20°C
before shipment on cold dry ice to the laboratory (SGS Life
Sciences Services, Belgium). The assays for potassium and
glucose were performed using a validated potentiometric
and colorimetric method, respectively. The following param-
eters were calculated from the individual plasma drug con-
centration vs. time profiles: the area under the plasma
potassium and glucose concentration–time curve observed
from 0 to last measurable point (AUC(0,t)), the area under
the plasma glucose concentration–time curve observed
from 0 to 2 h post dose (AUC(0,2 h)), the value of maximum
572 / 80:3 / Br J Clin Pharmacol
glucose concentration (Cmax) and the value of minimum po-
tassium concentration (Cmin).

Pulse rate assessmen Pulse rate was recorded with a cali-
brated pulse-oximeter at pre-dose and 5, 10, 15, 30 min,
1, 2, 4, 6 and 8 h post-dose in a sitting position and rest in
this position for at least 10 min before each reading. The
time averaged pulse rate value calculated as the area under
the curve–time interval (AUC(0,8 h)/8 h) was calculated
from the individual pulse rate values vs. time profiles.

FEV1 assessment Lung function assessments and daily cal-
ibration of the spirometer were done according to the
recommendation of the Official Statement of the Euro-
pean Respiratory Society and American Thoracic Society
[16]. Measurements were done at pre-dose and at 30
min, 1, 2, 4, 6 and 8 h post-dose with patients in a sitting
position with the nose clipped after at least 10 min rest.
Calibration of the spirometer was performed by the same
investigator at each visit prior to any spirometry ma-
noeuvres. The highest value from three technically satis-
factory attempts was recorded and if the difference
between two consecutive measurements exceeded 200
ml, up to eight measurements were made and the largest
value was reported. The following parameter were calcu-
lated from the individual FEV1 values vs. time profiles:
time averaged FEV1 value calculated as the area under
the curve time interval (AUC(0,8 h)/8 h) and the maxi-
mum FEV1 value (peak FEV1).

Data analyses
PK variables were calculated according to a non-compart-
mental kinetic model using WinNonlin version 5.2
(Pharsight Corporation, Palo Alto, CA, USA). PD variables
and statistical analyses were performed using SASW

version 9.1.3 (SAS Institute Inc., Cary, NC, USA). AUCs were
calculated using the linear trapezoidal rule. In adolescents
log-transformed values for the PK variables of B17MP and
formoterol (Cmax, AUC(0,0.5 h) and AUC(0,t)) and PD
variables (potassium: Cmin and AUC(0,t), glucose: Cmax,
AUC(0,2 h) and AUC(0,t), pulse rate: AUC(0,8 h)/8 h and
FEV1: AUC(0,8 h)/8 h and peak FEV1) were analyzed using
an anova model with treatment, sequence, period and
subject-within-sequence as fixed effects for treatment
comparisons. The ratios of adjusted geometric means
between each treatment comparison were calculated with
their 90% two-sided confidence intervals (CIs) for PK
variables and with 95% CIs for PD variables. To be able to
demonstrate equivalence for the different PK/PD variables
between treatments in adolescents, the CIs for the ratios of
the adjusted geometric means had to be entirely within
the 0.8–1.25 acceptance region [14].

The PK and PD variables were compared between ad-
olescents and adults in a descriptive manner by calcula-
tion of summary statistics (geometric means and CV%).
Log-transformed PK and PD parameters were analyzed
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using one way analysis of variance. Geometric mean ra-
tios with their 90% confidence intervals (95% for the PD
variables) were calculated and P values reported. PK var-
iables in adolescents were considered not higher than in
adults if the upper level of 90% CI of their geometric
mean ratios was lower than 1.25.

Statistical comparisons of demography data were
performed by unpaired t-test using GraphPad PrismW

version 6.0 (GraphPad Software, La Jolla, USA). Differ-
ences between subgroups for PK variables were per-
formed by means of Kruskal–Wallis one-way analysis of
variance followed by post hoc Dunn’s test for multiple
comparisons using GraphPad PrismW version 6.0. Differ-
ences were considered significant at P < 0.05.
Table 2
Pharmacokinetic parameters in adolescents - beclometasone 17-
monopropionate (B17MP)

B17MP
BDP/FF pMDI
(n = 28)*

BDP/FF pMDI
with VHC (n = 29)

BDP pMDI + FF
pMDI (n = 29)

Cmax (pg ml
–1
) 1056 (1137) 1044 (349) 1116 (508)

tmax (h) 0.50 (0.08–2.00) 0.25 (0.08–1.00) 0.48 (0.08–2.00)

t1/2 (h) 2.90 (0.83) 2.94 (0.73) 3.05 (0.82)

AUC(0,0.5 h)
(pg ml

–1
h)

337 (237) 406 (167) 409 (197)

AUC(0,t)
(pg ml

–1
h)

2798 (846) 2724 ( 957) 3028 (965)

Values are arithmetic mean (SD), except median (range) for tmax. *One patient
Results

Study population
Thirty adolescents and thirty adults were screened and all of
them were randomized. All adolescents and adults com-
pleted the study, except for one adolescent who disconti-
nued after receiving drugs in one period due to a protocol
violation (insufficient PK and PD blood sampling data). This
resulted in 29 adolescents and 30 adults evaluable for the
PK and PD analyses. Among the 29 evaluable adolescents,
one patient was excluded from the PK analysis for the
BDP/FF pMDI treatment due to quantifiable concentrations
of B17MP and formoterol at pre-dose > 5% Cmax [14].

Demographic data of the PK/PD population are
summarized in Table 1. All patients were White and
approximately half were male (48.3% and 53.3% for ado-
lescents and adults, respectively). Median (range) age of
patients was 16.0 (12–17) years for adolescents and 40
(18–64) years for adults. No relevant differences in demo-
graphic data were seen between the treatment se-
quences. The mean body surface area (BSA), calculated
according to the Mosteller formula [17], increased signif-
icantly from adolescents to adults (P = 0.007). The mean
Table 1
Patient’s demography

Adolescents (n = 29) Adults (n = 30)

Age (years) 14.9 (1.7; 12–17) 40.1 (12.1; 18–64)

Weight (kg) 62 (12; 39–91) 73 (15; 53–120)

Height (cm) 168 (12; 139–191) 172 (12; 155–196)

BMI (kg/m
2
) 21.8 (2.8; 18.5–30.1) 24.6 (3.6; 18.9–31.6)

BSA (m
2
) 1.69 (0.21; 1.24-2.10) 1.85 (0.23; 1.53–2.55)

FEV1 (L) 3.22 (0.82; 1.79–4.79) 3.06 (0.88; 1.70–4.69)

FEV1 %pred (%) 99 (17; 74–140) 88 (11; 72–117)

Results are presented as the mean (SD; range). BMI, Body Mass Index; BSA, Body
Surface Area calculated according to the Mosteller formula; FEV1, Pre-broncho-
dilator forced expiratory volume in 1 second; FEV1 % pred, FEV1 % of predicted
normal value.
BSA was 1.69 m2 (range 1.24–2.10) for adolescents and
1.85 m2 (range 1.53–2.55) for adults.

Pharmacokinetics and pharmacodynamics
The overall summary of PK parameters in adolescents is
represented in Table 2 for B17MP and Table 4 for
formoterol. Statistics for PK and PD parameters in adoles-
cents are reported in Table 3 for B17MP, Table 5 for
formoterol and Table 6 for plasma glucose, plasma potassium,
pulse rate and FEV1. Comparison between adolescents and
adults is reported in Table 7.

Extrafine fixed (BDP/FF pMDI) vs. free combination (BDP
pMDI + FF pMDI) in adolescents (Figure 1). In adolescents,
the total systemic exposures to B17MP and formoterol
assessed as AUC(0,t) were equivalent after treatment with
the fixed and the free combination. The point estimates
(PE) and 90% confidence intervals (CI) of the geometric
mean ratio fixed/free were 0.92 (90% CI 0.82,1.03) and
0.95 (90% CI 0.86, 1.05) for B17MP and formoterol,
respectively (Tables 3 and 5). The systemic exposures at
early time points assessed as index of pulmonary
absorption (AUC(0,0.5 h)) [18] for the fixed combination
was 18% (90% CI 0.64, 1.05) and 3% (90% CI 0.74, 1.20)
was excluded from the PK analysis due to quantifiable concentrations of
B17MP at pre-dose > 5% Cmax [11]

Table 3
Statistical analysis of pharmacokinetic parameters in adolescents -
beclometasone 17-monopropionate (B17MP)

B17MP
BDP/FF pMDI vs.
BDP pMDI + FF pMDI

BDP/FF pMDI with
VHC vs. BDP
pMDI + FF pMDI

BDP/FF pMDI
with VHC vs.
BDP/FF pMDI

PE (90% CI) PE (90% CI) PE (90% CI)

Cmax 0.84 (0.70, 1.01) 0.97 (0.81, 1.16) 1.15 (0.96, 1.38)

AUC
(0,0.5 h)

0.82 (0.64, 1.05) 1.15 (0.90, 1.46) 1.39 (1.09, 1.78)

AUC(0,t) 0.92 (0.82, 1.03) 0.90 (0.80, 1.01) 0.98 (0.87, 1.10)

PE, Point estimate calculated as ratio of the adjusted geometric means for the
different PK parameters between treatments

Br J Clin Pharmacol / 80:3 / 573



Table 4
Pharmacokinetic parameters in adolescents - formoterol

Formoterol
BDP/FF pMDI
(n = 28)*

BDP/FF pMDI
with VHC (n = 29)

BDP pMDI +
FF pMDI (n = 29)

Cmax (pg ml
–1
) 31.2 (15.4) 49.5 (17.9) 33.9 (26.6)

tmax (h) 0.25 (0.07–2.00) 0.08 (0.07–0.27) 0.10 (0.08–2.00)

t1/2 (h) 4.05 (1.44) 4.29 (1.47) 5.56 (3.86)

AUC(0,0.5 h)
(pg ml

–1
h)

10.3 (4.7) 16.0 (4.4) 10.8 (7.9)

AUC(0,t)
(pg ml

–1
h)

76.1 (20.1) 81.4 (23.4) 79.8 (23.5)

Values are arithmetic mean (SD), except median (range) for tmax. *One patient
was excluded from the PK analysis due to quantifiable concentrations of FF at
pre-dose > 5% Cmax [11]

Table 5
Statistical analysis of pharmacokinetic parameters in adolescents - formoterol

Formoterol

BDP/FF pMDI
vs. BDP pMDI +

FF pMDI

BDP/FF pMDI
with VHC vs.

BDP pMDI + FF pMDI

BDP/FF pMDI
with VHC vs.
BDP/FF pMDI

PE (90% CI) PE (90% CI) PE (90% CI)

Cmax 1.00 (0.82, 1.22) 1.68 (1.38, 2.05) 1.68 (1.38, 2.06)

AUC(0,0.5 h) 0.97 (0.74, 1.20) 1.71 (1.39, 2.10) 1.76 (1.43, 2.15)

AUC(0,t) 0.95 (0.86, 1.05) 1.02 (0.93, 1.13) 1.08 (0.97, 1.19)

PE, Point estimate calculated as ratio of the adjusted geometric means for the
different PK parameters between treatments

Table 6
Statistical analysis of pharmacodynamic parameters in adolescents -
plasma potassium, plasma glucose, pulse rate and forced expiratory
volume in 1 s (FEV1)

BDP/FF pMDI vs.
BDP pMDI +
FF pMDI

BDP/FF pMDI
with VHC vs. BDP
pMDI + FF pMDI

BDP/FF pMDI
with VHC vs.
BDP/FF pMDI

Plasma potassium PE (95% CI) PE (95% CI) PE (95% CI)

Cmin 1.00 (0.98, 1.02) 0.99 (0.97, 1.02) 0.99 (0.97, 1.02)

AUC(0,t) 1.00 (0.97, 1.03) 1.00 (0.97, 1.02) 1.00 (0.97, 1.02)

Plasma glucose PE (95% CI) PE (95% CI) PE (95% CI)

Cmax 1.00 (0.94, 1.07) 1.02 (0.95, 1.09) 1.02 (0.95, 1.09)

AUC(0,t) 0.99 (0.95, 1.03) 1.01 (0.98, 1.05) 1.02 (0.99, 1.07)

AUC(0,2 h) 0.99 (0.96, 1.03) 1.00 (0.97, 1.03) 1.01 (0.98, 1.04)

Pulse rate PE (95% CI) PE (95% CI) PE (95% CI)

AUC(0,t)/8 h 1.01 (0.97, 1.06) 1.02 (0.98, 1.07) 1.01 (0.97, 1.05)

FEV1 PE (95% CI) PE (95% CI) PE (95% CI)

AUC(0,t)/8 h 0.99 (0.97, 1.02) 0.98 (0.96, 1.01) 0.99 (0.96, 1.02)

Peak FEV1 0.98 (0.95, 1.01) 0.98 (0.95, 1.01) 1.00 (0.97, 1.03)

PE, Point estimate calculated as ratio of the adjusted geometric means for the
different PD parameters between treatments
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lower than for the free combination, for B17MP and
formoterol, respectively (Tables 3 and 5). Peak concentration
(Cmax) for the fixed combination was 16% (90% CI 0.70,
574 / 80:3 / Br J Clin Pharmacol
1.01) lower for B17MP while it was equivalent to the free
combination for formoterol (90% CI 0.82, 1.22) (Tables 3
and 5).

All the pharmacodynamic parameters were equivalent
after treatment with the fixed and the free combination.
For plasma potassium, the PEs of the geometric mean ratio
fixed/free for Cmin and AUC(0,t) were equal to 1 with 95% CI
within the range 0.97, 1.03. For plasma glucose the PE for
Cmax, AUC(0,t) and AUC(0,2 h) (area under the glucose
concentration–time curve observed in fasting conditions)
approximated 1 with 95% CIs within the range 0.94, 1.07
(Table 6). Finally, statistical equivalence was observed in
mean pulse rate over time (AUC(0,t)/8h) and time-averaged
FEV1 (AUC(0,t)/8h) or peak FEV1 between the two treat-
ments, 95% CI within the range 0.95, 1.06 (Table 6).

Extrafine fixed combination (BDP/FF pMDI) with VHC vs.
free combination (BDP pMDI + FF pMDI) in adolescents
(Figure 2). In adolescents, when the fixed combination
was used with the VHC, the total systemic exposures to
B17MP and formoterol were equivalent to that of the free
combination and 90% CIs for the AUC(0,t) ratio between
treatments were within the range 0.80, 1.25. Differently
from AUC(0,t), AUC(0,0.5 h) and Cmax tended to be higher
for the fixed combination with VHC in comparison with
the free combination, with the only exception for the
Cmax of B17MP that was equivalent between the two
treatments. AUC(0,0.5 h) was 15% (90% CI 0.90, 1.46) and
71% (90% CI 1.39, 2.10) higher for B17MP and formoterol,
respectively, and Cmax was 68% (90% CI 1.38, 2.05) higher
for formoterol (Tables 3 and 5).

Plasma potassium and glucose were equivalent be-
tween the two treatments. The 95% CIs of the geometric
mean ratios for potassium Cmin and AUC(0,t) and for glu-
cose Cmax, AUC(0,t) and AUC(0,2 h) were all within the range
0.95, 1.09 (Table 6). Statistical equivalence was observed in
mean pulse rate over time (AUC(0,t)/8h) and time-averaged
FEV1 (AUC(0,t)/8h) or peak FEV1 between the two treat-
ments; 95% CI within the range 0.95, 1.07 (Table 6).

Extrafine fixed combination (BDP/FF pMDI) with VHC vs.
extrafine fixed (BDP/FF pMDI) combination in adolescents
(Figure 3). Comparedwith the fixed combination alone, the
use of the VHC increased both the Cmax and AUC(0,0.5 h)
without changing the total systemic exposures for both
B17MP and formoterol; Cmax and AUC(0,0.5 h) were 15%
(90% CI 0.96, 1.38) and 39% (90% CI 1.09, 1.78) higher for
B17MP and 68% (90% CI 1.38, 2.06) and 76% (90% CI 1.43,
2.15) higher for formoterol, respectively, with the use of
the VHC while the 90% CIs of the geometric mean ratios
between treatments was within the range 0.80, 1.25 for
AUC(0,t) (Tables 3 and 5).

The PD parameters were equivalent after the fixed
combination with or without the VHC. The 95% CIs of
the geometric mean ratios for potassium Cmin and
AUC(0,t) and for glucose Cmax, AUC(0,t) and AUC(0,2 h)



Figure 1
(A) B17MP and (B) formoterol mean plasma profiles (95% confidence intervals) following inhalation of the extrafine fixed (BDP/FF pMDI) combination in
comparison with the free combination (BDP pMDI + FF pMDI) in asthmatic adolescents for a total single dose of 400 μg BDP and 24 μg FF. , BDP pMDI
+FF pMDI; , BDP/FF pMDI

Table 7
Pharmacokinetic and pharmacodynamic comparison between adolescents and adults

BDP/FF pMDI in adolescents BDP/FF pMDI in adults

PK variable Geometric means (CV%) Geometric mean ratio PE (90% CI); P

B17MP

Cmax (pg ml
–1
) 859 (108) 946 (44.2) 0.91 (0.72, 1.14); P = 0.479

AUC(0,0.5 h) (pg ml
–1

h) 277 (70.2) 328 (51.3) 0.84 (0.63, 1.13); P = 0.338

AUC(0,t) (pg ml
–1

h) 2671 (30.2) 2963 (31.6) 0.90 (0.78, 1.04); P = 0.219

Formoterol

Cmax (pg ml
–1
) 28.0 (49.3) 34.3 (56.1) 0.82 (0.64, 1.04); P = 0.164

AUC(0,0.5 h) (pg ml
–1

h) 9.0 (45.4) 10.6 (53.7) 0.85 (0.63, 1.13); P = 0.344

AUC(0,t) (pg ml
–1

h) 73.4 (26.5) 73.0 (38.8) 1.00 (0.86, 1.17); P = 0.958

PD variable Geometric means (CV%) Geometric mean ratio PE (95% CI); P

Plasma potassium

Cmin (mEq l
–1
) 3.77 (5.33) 3.86 (7.66) 0.98 (0.94, 1.02); P = 0.172

AUC(0,t) (mEq l
–1

h) 32.0 (6.58) 33.2 (10.1) 0.96 (0.92, 1.01); P = 0.103

Plasma glucose

Cmax (mg dl
–1
) 105 (13.3) 105 (17) 1.00 (0.92, 1.09); P = 0.979

AUC(0,t) (mg dl
–1

h) 683 (8.23) 707 (12.6) 0.97 (0.91, 1.02); P = 0.233

AUC(0,2 h) (mg dl
–1

h) 151 (8.25) 166 (11.6) 0.91 (0.86, 0.96); P = 0.001

Pulse rate

AUC(0,t)/8 h (beats min
–1
) 81.6 (10.1) 76 (10.7) 1.07 (1.02, 1.13); P = 0.011

FEV1

AUC(0,t)/8 h (l) 3.28 (23.6) 3.17 (28.8) 1.04 (0.90, 1.20); P = 0.624

Peak FEV1 (l) 3.41 (23.5) 3.29 (28.0) 1.04 (0.90, 1.19); P = 0.609

PE, Point estimate calculated as ratio of the geometric means for the different PK and PD parameters between treatments
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were all within the range 0.95, 1.09 (Table 6). Statistical
equivalence was observed in mean pulse rate over time
(AUC(0,t)/8h) and time-averaged FEV1 (AUC(0,t)/8h) or
peak FEV1 between the two treatments, 95% CI within
the range 0.96, 1.05 (Table 6).

Extrafine fixed combination (BDP/FF pMDI) in adolescents
vs. extrafine fixed combination (BDP/FF pMDI) in adults
(Figure 4). PK parameters in adolescents after treatment
with the fixed combination were not higher (upper level of
90% CI < 1.25) and not significantly statistically different
from in adults. The geometric mean ratios (90% CI) and
related P values for B17MP Cmax, AUC(0,0.5 h) and AUC(0,t)
were 0.91 (0.72, 1.14), P = 0.48, 0.84 (0.63, 1.13), P = 0.34
and 0.90 (0.78, 1.04), P = 0.22, respectively (Table 7). The
geometric mean ratio (90% CI) and P values for formoterol
Cmax, AUC(0,0.5 h) and AUC(0,t) were 0.82 (0.64, 1.04),
P = 0.16, 0.85 (0.63, 1.13), P = 0.34 and 1.00 (0.86, 1.17),
P = 0.96, respectively (Table 7).

No clinically relevant difference between adolescents
and adults was observed in plasma potassium and glu-
cose concentrations, mean pulse rate over time (AUC(0,
Br J Clin Pharmacol / 80:3 / 575



Figure 4
(A) B17MP and (B) formoterol mean plasma profiles (95% confidence intervals) following inhalation of the extrafine fixed (BDP/FF pMDI) combination in asth-
matic adults in comparison with the extrafine fixed combination (BDP/FF pMDI) in asthmatic adolescents for a total single dose of 400 μg BDP and 24 μg FF.

, BDP/FF pMDI adults; , BDP/FF pMDI Adolescents

Figure 2
(A) B17MP and (B) formoterol mean plasma profiles (95% confidence intervals) following inhalation of the extrafine fixed (BDP/FF pMDI) combination
with VHC in comparison with the free combination (BDP pMDI +FF pMDI) in asthmatic adolescents for a total single dose of 400 μg BDP and 24 μg FF.

, BDP pMDI+FF pMDI; , BDP/FF pMDI with VHC

Figure 3
(A) B17MP and (B) formoterol mean plasma profiles (95% confidence intervals) following inhalation of the extrafine fixed (BDP/FF pMDI) combination
with VHC in comparison with the extrafine fixed combination (BDP/FF pMDI) alone in asthmatic adolescents for a total single dose of 400 μg BDP
and 24 μg FF. , BDP/FF pMDI; , BDP/FF pMDI with VHC
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t)/8h) and time-averaged FEV1 (AUC(0,t)/8h) or peak FEV1
(Table 7).

Coordinated vs. non-coordinated patients, sub-group PK
analysis. An additional analysis was performed by
stratifying adolescents into two groups of patients based
on their AUC(0,0.5 h) for B17MP and formoterol for the
free and the fixed combination without VHC device.
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AUC(0,0.5 h) is an index of pulmonary absorption
[18] and therefore patients having a low degree of
coordination between actuation and inhalation are
expected to have lower AUC(0,0.5 h) without the use of
the VHC. Therefore, patients with AUC(0,0.5 h) below
the 50th percentile were classified as ‘poor’ coordinators
and those with AUC(0,0.5 h) above the 50th percentile
were classified as ‘good’ coordinators. Without the use of
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the VHC, the AUC(0,0.5 h) for the ‘good’ coordinators in
comparison with the ‘poor’ coordinators was increased
by 113% (B17MP) and 170% (formoterol) for the free
combination (P < 0.0001, data not shown) and by 134%
(B17MP) and 99% (formoterol) for the fixed combination
(P < 0.0001, Figure 5A). Differently, with the use of the
VHC, AUC(0,0.5 h) was not significantly affected between
the two sub-groups of patients (P > 0.05) (Figure 5B).

General safety
No serious adverse events occurred during the study.
Treatment-emergent adverse events were rare and all mild
or moderate in intensity. Tremors were reported in two
(6.9%) adolescents after inhalation of the free combination
and considered treatment-related by the investigator.
Discussion

Asthmatic adolescents are generally recommended to
be dosed like adults [13, 19, 20]. However limited PK/PD
Figure 5
AUC(0,0.5 h) (index of pulmonary absorption) (95% confidence intervals) for fo
pMDI) combination (A) and following inhalation of the extrafine fixed combinat
patients with poor inhalation technique (low50th percentile) and patients wi
considered significant at P < 0.05; ****, P < 0.0001; NS, not significant
data are available on fixed ICS/LABA combinations. In ad-
dition, the influence of age on the systemic exposure of
drugs to be administered via pMDI with or without a
VHC is still not fully elucidated. In the present study, we
showed that the PD and the overall systemic exposure
to the active ingredients of an extrafine fixed pMDI com-
bination of BDP/FF administered with or without a VHC in
adolescents is equivalent to that of a free licenced com-
bination of BDP pMDI and FF pMDI. In addition, we
showed that the systemic exposure in adolescents was
not higher than in adults.

When BDP/FF pMDI is administered without a VHC,
the total systemic exposure to B17MP and formoterol is
characterized by both pulmonary and gastro-intestinal
components [18]. Since the absorption by gastro-intesti-
nal route is much slower than the absorption by the lung
(tmax at approximately 4 h and 2 h for formoterol and
B17MP, respectively [21, 22]), it is reasonable to assume
that the amount of drug reaching the blood in the first
30 min after inhalation is predominantly coming from
the lungs. In fact in a study on healthy volunteers, the
rmoterol and B17MP following inhalation of the extrafine fixed (BDP/FF
ion (BDP/FF pMDI) with VHC (B), in two groups of asthmatic adolescents:
th good inhalation technique (high 50th percentile). Differences were
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systemic exposures at early time points (AUC(0,0.5 h))
after BDP/FF pMDI administration were not affected by
prevention of gastrointestinal absorption with charcoal
block [18], demonstrating that this parameter is a valid
indicator of pulmonary absorption and lung deposition.
In view of these considerations, it was notable that
BDP/FF pMDI in adolescents was not higher and not
significantly different to BDP/FF pMDI in adults in terms
of AUC(0,0.5 h) for both B17MP and formoterol (90% CI
0.63, 1.13). Indeed, assuming a monocompartmental
system with the same elimination rate constant, adoles-
cents have a lower volume in comparison with adults in
which drugs distribute after lung absorption (reasonably
proportional to the BSA [23]). Thus, the absolute amount
of drug absorbed from the lung must necessarily be
lower in adolescents as compared with adults. In line
with these findings, two previous investigations demon-
strated that when using a pMDI in combination with a
VHC, the lung absorption for the same nominal dose of
budesonide or BDP/FF, was lower in young patients but
with equivalent systemic exposure in children, adoles-
cents and adults [24, 25] due to the lower body size of
younger patients. Taken together, these results suggest
that for the same nominal dose administered via pMDI
with or without VHC, the amount of drug delivered to
the lung increases relative to the body size of patients
with no significant overall effect of age on the systemic
exposure. Indeed, this could be explained by the
different upper airway geometry [26] and/or the lower
inspiratory capacity of young patients in comparison
with adults [27] potentially leading to higher ingested
amounts and lower pulmonary drug delivery in adoles-
cents. Notably, the amount of drug delivered to the lung
is also expected to increase relative to the pulmonary
surface area of patients, thus maintaining comparable
lung concentrations independently of the age. These
findings support both the safety and efficacy of drugs ad-
ministered via pMDI in adolescents at the same dosage
as adults as also confirmed by the direct comparison of
the fixed with a free combination of established safety
and efficacy profile in which similar in vitro deposition
data [28] and equivalent in vivo total systemic exposure to
B17MP (PE 0.92, 90% CI 0.82, 1.03) and formoterol (PE
0.95, 90% CI 0.86, 1.05) were observed (Tables 3 and 5).
The safety profile of the BDP/FF pMDI is further supported
by the equivalent PD response to the free combination in
terms of plasma glucose (AUC(0,t) PE 0.99), plasma potas-
sium (AUC(0,t) PE 1.00) and pulse rate (PE 1.01) (Table 6)
which are all potentially affected by ICS/LABA activity.

VHCs are generally used to optimize drug targeting to
the airways in subjects with coordination difficulties.
However, the increase in pulmonary deposition often ob-
served with VHC devices [18], could potentially lead to an
increase in overall systemic exposure. In our study, the
use of the fixed combination with VHC in comparison
with the fixed or the free combination alone did not
578 / 80:3 / Br J Clin Pharmacol
increase the total systemic exposure to B17MP and
formoterol measured by AUC(0,t) (upper level of 90% CI
1.19). However, there was a general increase in the sys-
temic exposure at early time points measured as AUC
(0,0.5 h) (Tables 3 and 5). This indicates that the increased
lung deposition mediated by VHC is balanced by a de-
creased amount of drug swallowed and subsequently
absorbed from the gut, leading to no change in overall
systemic exposure. The equivalent (90% CI within 0.8,
1.25) total systemic exposure obtained with or without
the use of the VHC device (Tables 3 and 5) was also
reflected in equivalent plasma glucose, plasma potas-
sium and pulse rate levels (Table 6).

In an attempt to demonstrate the improved drug
delivery to the airways by using the VHC in subjects with
reduced coordination, we divided the adolescent popu-
lation in two sub-groups based on their AUC(0,0.5 h) after
administration of the free or the fixed combination with-
out the VHC device. Since this parameter is an index of
pulmonary drug delivery, patients having a low degree
of coordination between actuation and inhalation are ex-
pected to have lower AUC(0,0.5 h) values when inhaling
without the VHC device. Therefore, subjects with low
AUC(0,0.5 h) (below the 50th percentile) were considered
‘poor’ coordinators while those with values above the
50th percentile were considered ‘good’ coordinators. In-
terestingly, while without the use of the VHC there was
a substantial difference between the ‘poor’ and ‘good’
coordinators in terms of AUC(0,0.5 h), with the use of
the VHC, this parameter was not significantly different
between the two sub-groups of patients. This analysis
clearly demonstrated that the use of the VHC optimized
the drug delivery to the airways in subjects having
poorer coordination.

In conclusion, in the present study we showed that
the PD and overall systemic exposure to the active ingre-
dients of an extrafine fixed pMDI combination of BDP/FF
with or without VHC in adolescents is equivalent to that
of a free licenced combination of pMDIs of established
safety and efficacy profile. The systemic exposure in
adolescents was not higher than in adults. These results
support the indication for use of a fixed ICS/LABA combi-
nation pMDI with or without a VHC in adolescents at the
same dosage as adults.
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