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Background: Coadministration of mometasone furoate (MF) and formoterol fumarate (F)
produces additive effects for improving symptoms and lung function and reduces exacerbations
in patients with asthma and chronic obstructive pulmonary disease (COPD). The present study
assessed the relative systemic exposure to MF and characterized the pharmacokinetics of MF
and formoterol in patients with COPD.
Methods: This was a single-center, randomized, open-label, multiple-dose, three-period, threetreatment crossover study. The following three treatments were self-administered by patients
(n = 14) with moderate-to-severe COPD: MF 400 μg/F 10 μg via a metered-dose inhaler (MF/F
MDI; DULERA®/ZENHALE®) without a spacer device, MF/F MDI with a spacer, or MF 400 μg via
a dry-powder inhaler (DPI; ASMANEX® TWISTHALER®) twice daily for 5 days. Plasma samples
for MF and formoterol assay were obtained predose and at prespecified time points after the last
(morning) dose on day 5 of each period of the crossover. The geometric mean ratio (GMR) as a percent
and the corresponding 90% confidence intervals (CI) were calculated for treatment comparisons.
Results: Systemic MF exposure was lower (GMR 77%; 90% CI 58, 102) following administration by MF/F MDI compared to MF DPI. Additionally, least squares geometric mean systemic
exposures of MF and formoterol were lower (GMR 72%; 90% CI 61, 84) and (GMR 62%; 90%
CI 52, 74), respectively, following administration by MF/F MDI in conjunction with a spacer
compared to MF/F MDI without a spacer. MF/F MDI had a similar adverse experience profile
as that seen with MF DPI. All adverse experiences were either mild or moderate in severity; no
serious adverse experience was reported.
Conclusion: Systemic MF exposures were lower following administration by MF/F MDI
compared with MF DPI. Additionally, systemic MF and formoterol exposures were lower following administration by MF/F MDI with a spacer versus without a spacer. The magnitude of
these differences with respect to systemic exposure was not clinically relevant.
Keywords: mometasone furoate, chronic obstructive pulmonary disease, pharmacokinetics,
systemic exposure, metered-dose inhaler, dry-powder inhaler

Introduction
Current treatment guidelines for the long-term management of chronic obstructive
pulmonary disease (COPD) and asthma recommend, for certain degrees of severity,
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combination therapy with an inhaled corticosteroid (ICS)
and a long-acting β2-agonist.1–5 Clinically, coadministration
of an ICS and long-acting β2-agonist has been shown to have
additive effects for improving symptoms and lung function
and reducing the frequency of disease exacerbations.1–5
Mometasone furoate (MF) is a potent ICS with relatively
low potential to cause significant systemic side effects
typically associated with oral corticosteroids, such as
hypothalamic-pituitary-adrenal axis suppression.6–8 MF has
been shown to produce clinical benefit for treating asthma
and COPD by reducing symptoms and exacerbations, and
improving lung function, with no significant safety risks.6–10
Formoterol fumarate (F) is a potent, selective, long-acting
β2-agonist that exerts a preferential effect on β2-adrenergic
receptors of bronchial smooth muscle.11 Bronchodilator
activity observed in patients with asthma after F inhalation is
characterized by a rapid onset (within 3 minutes of inhalation)
and long duration (at least 12 hours) of action.11 F is approved
for maintenance treatment in patients with asthma and
COPD. Merck Sharp & Dohme Corp (Whitehouse Station,
NJ, USA) and Novartis (East Hanover, NJ, USA) have jointly
developed a fixed-dose combination product combining
MF and F in a metered-dose inhaler device (MF/F MDI;
marketed as DULERA® in the United States and ZENHALE®
in Canada and elsewhere; Merck & Co. Inc., Whitehouse
Station, NJ, USA) for the treatment of asthma. MF/F MDI
is also in late-stage clinical development for the treatment
of patients with COPD. In addition to producing additive
beneficial effects on symptoms and lung function, an MF/F
combination product is expected to be more convenient for
patients with asthma or COPD.
Due to the effects of decreases in lung function on exposure to inhaled products in patients with COPD, the systemic
exposure and pharmacokinetics of MF and formoterol in
these patients were expected to differ from healthy volunteers, as has been reported for other ICSs.12,13 A previous
pharmacokinetic study showed lower mean (area under the
curve [AUC]; 25%; geometric mean ratio [GMR]: 75%;
90% confidence interval [CI]: 61%–91%; mean maximum
concentration [Cmax] 39% [GMR: 61%; 90% CI: 49%–75%])
systemic exposure of MF after steady-state dosing from the
MDI compared to the dry-powder inhaler (DPI) ASMANEX
TWISTHALER ([MF] Merck Sharp & Dohme Corp) in
healthy patients (data on file, Merck Sharp & Dohme Corp,
2010). Similar differences in systemic drug exposure with
MDIs and DPIs have been reported for other ICSs.14,15
As part of the clinical development program for MF/F
MDI for the treatment of patients with moderate to severe
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COPD, the present study was conducted primarily to define
the systemic exposure of MF when administered using a new
combination product containing MF and F in an MDI device
(MF/F MDI) versus the approved DPI monotherapy product
(MF DPI) for which there is extensive clinical use and safety
experience.16 As a secondary objective, this study examined
the potential effect of using a spacer device in conjunction
with the MF/F MDI on MF and formoterol exposure (versus
use of MDI device without a spacer). In addition, this study
provided descriptive multiple-dose pharmacokinetic data for
MF and formoterol in patients with COPD.

Methods
Patient selection
This study enrolled men and women between the ages of 40
and 75 years with the following inclusion criteria: moderate to
severe COPD (as defined by post-bronchodilator forced expiratory volume in 1 second [FEV1] $30% and ,80%) within
1 week prior to the baseline visit (day 1); current smoker or
ex-smoker with at least 10 pack-years of smoking history;
and receiving only albuterol/salbutamol for relief of symptoms for at least 2 weeks prior to randomization. Subjects
were excluded from participation in this study based on the
following criteria: increase in absolute volume of FEV1 of
$400 mL within 30 minutes after administration of four inhalations of albuterol/salbutamol (total dose of 360 to 400 µg),
or nebulized 2.5 mg albuterol/salbutamol; inability to use the
MF/F MDI device or the MF DPI device; female patients
who were pregnant, intended to become pregnant (within
3 months of ending the study), or were breastfeeding; history
of any infectious disease within 4 weeks prior to drug administration; or tested positive for hepatitis B surface antigen,
hepatitis C antibodies, or human immunodeficiency virus.

Study design
This was a randomized, open-label, multiple-dose, threeperiod, three-treatment crossover study conducted at a single
study center. Subjects were screened within 21 days prior
to dosing.
All patients were trained in the use of the devices and
proper inhalation techniques using placebo, MDI, and DPI.
If necessary, patients could be retrained in the proper use of
these inhaler devices prior to the start of each period. Subjects
were instructed by the investigator regarding when and how
to take the daily treatment.
Subjects were admitted to the study center on day 1 to
confirm continued eligibility and for baseline assessments.
The investigator or designee reviewed the inclusion/exclusion
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criteria and recorded adverse events (AEs) and medications
taken within the previous 14 days. A repeat drug and pregnancy screen, laboratory safety tests (hematology, blood
chemistry, urinalysis, and electrocardiography), and vital
signs also were performed on day 1. On day 1 of the first treatment period, after a 10-hour overnight fast, each patient was
randomized to a crossover treatment sequence according to a
computer-generated randomization schedule provided by the
sponsor, and then received the first dose. The following three
treatments were self-administered by patients: treatment A,
MF 400 µg/F 10 µg twice a day (BID) via MDI oral inhalation (two puffs × 200 µg/5 µg MF/F per burst combination
product); treatment B, MF 400 µg/F 10 µg BID via MDI
oral inhalation and in conjunction with a spacer device (two
puffs × 200 µg/5 µg MF/F per burst combination product);
and treatment C, MF 400 µg BID via DPI oral inhalation (two
puffs × 200 µg MF per oral inhalation from the MF DPI).
Subjects self-administered the treatments under observation
of the site staff for 4 days every 12 hours between approximately 8 am and 9 am and again between approximately 8 pm
and 9 pm, and a single morning dose on day 5. After taking
their treatment, subjects were instructed to rinse their mouth
with water and then spit it out (not swallow it). Based on a
previous pharmacokinetic study where the effective half-life
(based on accumulation) of MF after administration from an
MDI was approximately 25 hours, and since dosing for five
half-lives is typically required to attain steady state conditions, a dosing period of 5 days was chosen for this study.
Subjects were confined to the study center for the duration
of treatment in each period of the crossover. After a 1-week
washout between dosing, patients returned to start confinement for the next treatment period.
MF/F MDIs and placebo MDI devices (for the training of the inhalation technique) were manufactured by 3M
Health Care Ltd (Loughborough, Leicestershire, UK, for
Schering-Plough Corp [now Merck Sharp & Dohme Corp],
Kenilworth, NJ, USA). The spacer device (AeroChamber
Plus® Valved Holding Chamber; Monaghan Medical Corp,
Plattsburgh, NY, USA) and MF DPI were obtained commercially by the site. Placebo DPI to match the MF DPI was
manufactured and supplied by Schering-Plough Corp (now
Merck Sharp & Dohme Corp).
The study population was identified from the surrounding
urban and suburban communities of Madisonville, KY,
USA. Subjects were recruited from a pool of volunteers
obtained from the database of Commonwealth Biomedical
Research, LLC and by word-of-mouth advertisement. The
protocol and informed consent were approved by Independent
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I nvestigational Review Board, Plantation, FL, USA, as
required by the US Code of Federal Regulations and the
internal Standard Operating Procedures of the sponsor.
The study was conducted in accordance with good clinical
practice and was approved by the appropriate institutional
review boards and regulatory agencies. Written consent was
obtained from all patients prior to the conduct of any study
related procedures.

Pharmacokinetic assessments
Pharmacokinetic parameters were calculated via noncompartmental analysis. Day 5 plasma concentrations and actual
sampling times were used to calculate the following pharmacokinetic parameters of MF and formoterol: area under
the plasma concentration–time curve from 0 to 12 hours
(AUC0–12 hr), the maximum plasma concentration (Cmax),
trough plasma concentration (Ctrough), and time to maximum
plasma concentration (Tmax). Pharmacokinetic parameters
were calculated using WinNonlin® software (v 5.0.1; Pharsight Corporation, Mountain View, CA, USA). AUC0–12 hr was
calculated using the linear trapezoidal method for ascending
concentrations and log trapezoidal method for descending
concentrations. Values for Cmax, Ctrough, and Tmax were obtained
by visual inspection of the blood concentration data.
For the determination of MF plasma concentration, whole
blood was collected in K3-ethylenediaminetetraacetic acidcontaining tubes at predose (0 hours) and at 0.5, 1, 2, 4, 8, and
12 hours after the morning dose on day 5 and centrifuged for
15 minutes at 1500 × g. Plasma was removed and stored in a
freezer at −20°C. A 1 mL sample aliquot was fortified with
50 µL of internal standard (mometasone furoate-d3). Analytes
were isolated through liquid–liquid extraction with 5.0 mL
of 15:85 ethyl acetate/hexane, v/v. The extracts were further
purified by solid phase extraction with Bond Elut® LRC NH2
cartridges (Agilent Technologies, Strathaven, Scotland). Analytes were eluted with 6.0 mL of 65:35 ethyl acetate/hexane,
v/v. The solvent was evaporated under a nitrogen stream at
approximately 50°C, and the remaining residue was reconstituted with 125 µL of methanol and 75 µL of 20 µM sodium
acetate. The final extract was analyzed using a Sciex API
5000 triple quadrupole liquid chromatography with tandem
mass spectrometry system equipped with an electrospray
ionization source (AB SCIEX, Framingham, MA, USA) and
having a lower limit of quantitation (LLOQ) of 0.250 pg/mL.
The LC system employed a Luna (Phenomenex, Torrance,
CA, USA) C18 3 × 150 mm (3 µm particle size) column
and gradient elution. The retention time for both MF and the
internal standard was approximately 14 minutes. The range of
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the standard curve using a 1.00 mL sample of human plasma
was 0.250 to 25.0 pg/mL. At the LLOQ (0.250 pg/mL) for
the MF assay, the between-day mean (standard deviation) was
0.253 (0.023) pg/mL, mean % bias was 1.10%, and the mean
coefficient of variation was 8.95%.
For the determination of the plasma concentration of
formoterol, whole blood was collected in tubes containing
lithium heparin with eserine (physostigmine) hemisulfate as
a preservative at predose (0 hours) and at 0.167 (10 minutes),
0.25, 0.5, 1, 2, 4, 8, and 12 hours after the morning dose on
day 5 and centrifuged for 15 minutes at 1500 × g. Plasma was
removed and stored in a freezer at −20°C. A 500 µL plasma
sample aliquot was fortified with 20 µL of internal standard
(formoterol-d6) and 200 µL of 2% ammonium hydroxide.
Extraction solvent was added, and the tubes were vortexed
and centrifuged. The aqueous layer was frozen and the organic
layer was decanted to a clean tube containing keeper solution. The organic solution was evaporated and the remaining
residue was reconstituted with 200 µL of reconstitution solution. A 40-µL volume of the final extract was injected and
analyzed using a Sciex API 5000 triple quadrupole liquid
chromatography with tandem mass spectrometry system
equipped with a turbo ion spray source (AB SCIEX) and
having an LLOQ of 1.45 pmol/L. The LC system employed
a 10 × 3 mm (5 µm particle size) Thermo BETASIL Silica100 loading column (Thermo Fisher Scientific, Waltham,
MA, USA) and a 50 × 3 mm (5 µm particle size) Thermo
BETASIL Silica-100 analytical column. Formoterol and the
internal standard were separated from the other plasma components using a mobile phase A consisting of 0.1% formic
acid in 10 mM ammonium formate and a mobile phase B
consisting of a 95:5 acetonitrile:mobile Phase A. The retention time for both formoterol and the internal standard were
approximately 2.5 minutes. The range of the standard curve
using a 500 µL sample of human plasma was 1.45 pmol/L to
727 pmol/L. At the LLOQ (1.45 pmol/L) for the formoterol
assay, the between-day mean (standard deviation) was 1.44
(0.135) pmol/L, mean % bias was −1.23%, and the mean %
coefficient of variation was 9.37%.

Safety assessments
Clinical laboratory tests, vital signs, electrocardiography,
and physical examinations were assessed at screening and
clinical laboratory tests and vital signs at prespecified times
during the study. Subjects were continually monitored for
possible occurrence of AEs. At study conclusion (day 6 of
period 3), vital signs, clinical laboratory tests, and physical
examinations were repeated.
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Statistical analysis
Summary statistics including means and coefficients of
variation were provided for MF concentration data at each
time point and the derived pharmacokinetic parameters. The
primary objective was to compare the MF AUC0–12 hr and Cmax
values for the MF/F MDI combination with those for MF DPI
monotherapy (ie, treatment A versus treatment C, respectively). The AUC0–12 hr and Cmax values were log-transformed
and analyzed using an appropriate analysis of variance
(ANOVA) model for a three-period crossover design extracting
sources of variation due to treatment, patient, sequence, and
period. As a secondary objective, the MF AUC0–12 hr and Cmax
values for the MF/F MDI combination administered without
and with a spacer were compared (ie, treatment A versus
treatment B). The geometric means of treatment A to treatment C or treatment A to treatment B were expressed as a
ratio (GMR), and the corresponding 90% CIs were computed.
In addition, the log-transformed AUC0–12 hr and Cmax values
for formoterol were analyzed similarly for treatments A and
B, and comparisons between treatment A and treatment B
were performed using a ratio and the corresponding 90% CI.
Assuming an intrapatient variability of 28% (based on the
variability observed in a similarly designed crossover study
in healthy adults), this study with a targeted sample size of
12 patients should have been able to detect a 30% difference
in MF pharmacokinetics between treatments B or C versus
A with 80% power and a 90% CI.
No inferential analysis of safety data was planned. The
number of patients reporting any AEs, the occurrence of specific AEs, and discontinuation due to AEs were tabulated.

Results
Demographic and baseline characteristics
A total of 14 patients (five men and nine women) aged 45 to
72 years (mean, 62.7 years) were treated. Of these, 13 (93%)
were white and one (7%) was black/African-American.
Subjects had a mean (range) 50 (20–100) pack-year smoking history and a mean (range) predicted post-bronchodilator FEV1 of 58% (42%–73%). All 14 patients completed
the study.

Pharmacokinetic results
Mean plasma concentration-time profiles showed prolonged
absorption of MF following administration of MF by MDI
(Figure 1). Median MF Tmax values were 3.00, 2.00, and
1.00 hours for treatments A, B, and C, respectively (Table 1).
Median Tmax values of formoterol were 1.02 and 0.52 hours
for Treatments A and B, respectively (Table 1).
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Figure 1 Mean (SD) MF plasma concentration-time profiles at day 5 in patients with chronic obstructive pulmonary disorder.
Notes: Subjects received the following treatments by oral inhalation twice-daily for 5 consecutive days: MF 400 µg/F 10 µg via MDI without a spacer device (MF/F MDI;
treatment A); MF 400 µg/F 10 µg via MDI with a spacer device (MF/F MDI with spacer; treatment B); and MF 400 µg via DPI (MF DPI; treatment C). Inset shows graph with
log scale for y-axis (MF plasma concentration).
Abbreviations: DPI, dry-powder inhaler; F, formoterol fumarate; MDI, metered-dose inhaler; MF, mometasone furoate; SD, standard deviation.

For the comparison of the MF exposure following
inhalation of the DPI and MDI (primary objective), the
ANOVA model included all treatments. Intrapatient variabilities for MF AUC0–12 hr and Cmax of 44% and 47%, respectively,
were obtained from the model (Table 2). Despite this large

observed variability, MF Cmax values were significantly different between treatments, with the mean Cmax for the MDI being
44% lower than that for DPI (Table 2). Mean MF AUC0–12 hr
following inhalation by MDI alone was 23% lower than the
mean value following administration of MF by DPI. The

Table 1 MF and F pharmacokinetic parameters on day 5 following twice-daily administration of MF/F MDI with or without a spacer or
MF DPI in patients with chronic obstructive pulmonary disease
Parameter

Tmax (median), h
Median (range)
Cmax, mean
(CV [%])
AUC0–12 hr, mean
(CV [%])

n

14
14
14

MF/F MDI + spacer
Treatment B

MF/F MDI
Treatment A

MF DPI
Treatment C

MF

Formoterol

MF

Formoterol

MF

3.00
(0.50–8.00)
49.2 (55)
(pg/mL)
484 (56)
(pg ⋅ h/mL)

1.02
(0.18–2.02)
23.78 (24)
(pmol/L)
152.9 (26)
(pmol ⋅ h/L)

2.00
(0.50–8.00)
41.1 (45)
(pg/mL)
353 (44)
(pg ⋅ h/mL)

0.52
(0.18–4.02)
20.77 (47)
(pmol/L)
101.1 (39)
(pmol ⋅ h/L)

1.00
(0.50–12.0)
90.2 (48)
(pg/mL)
646 (47)
(pg ⋅ h/mL)

Notes: MF/F MDI (treatment A) = MF 400 μg/F 10 μg inhaled orally twice a day via MDI without a spacer device; MF/F MDI + spacer (treatment B) = MF 400 μg/F 10 μg
inhaled orally twice a day via MDI with a spacer device; MF DPI (treatment C) = MF 400 μg inhaled orally twice a day via DPI.
Abbreviations: AUC0–12 hr, area under the concentration–time curve from 0 hours to 12 hours on day 5; Cmax, mean maximum concentration; CV, coefficient of variation;
DPI, dry-powder inhaler; F, formoterol fumarate; MDI, metered-dose inhaler; MF, mometasone furoate; Tmax, time to Cmax.
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Table 2 Day 5 exposures to MF following twice-daily administration of MF/F MDI with or without a spacer or MF DPI in patients with
chronic obstructive pulmonary disorder
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Parameter

AUC0–12 hr
(pg ⋅ hour/mL)
Cmax
(pg/mL)
Ctrough
(pg/mL)

n

Least squares geometric meana

Intrapatient
CV

Treatment
comparison

GMR (%)

90% CI

A versus C
B versus A
A versus C
B versus A
A versus C
B versus A

77
75
56
86
106
62

58–102
56–100
41–77
63–117
80–142
51–75

MF/F MDI
Treatment A

MF/F MDI + spacer
Treatment B

MF DPI
Treatment C

14

431

322

561

44%

14

44

37

77

47%

14

28

17

26

Notes: aModel-based (least squares) mean: ANOVA model extracting the effects due to treatment, sequence, period, and patient. MF/F MDI (treatment A) = MF 400 μg/F
10 μg inhaled orally twice a day via MDI without a spacer device; MF/F MDI + spacer (treatment B) = MF 400 μg/F 10 μg inhaled orally twice a day via MDI with a spacer
device; MF DPI (treatment C) = MF 400 μg inhaled orally twice a day via DPI.
Abbreviations: ANOVA, analysis of variance; AUC0–12 hr, area under the concentration–time curve from 0 hours to 12 hours on day 5; CI, confidence interval; Cmax, mean
maximum concentration; Ctrough, trough plasma concentration; CV, coefficient of variation; DPI, dry-powder inhaler; F, formoterol fumarate; GMR, geometric mean ratio;
MDI, metered-dose inhaler; MF, mometasone furoate; Tmax, time to Cmax.

large CI reflects the small sample size and the larger than
expected intrapatient variability (expected variability was
approximately 28%; observed was 44%).
A secondary objective of the study was to compare MF
and formoterol exposure following inhalation using the MDI
with and without a spacer. Following inhalation by MDI
with the spacer, MF exposures based on AUC0–12 hr were
lower than for MDI alone (Table 2). In the initial analysis
with all treatments (Table 2), the ratio estimates for MF
AUC0–12 hr and Cmax included 100%. However, because the
larger intrapatient variability was related to the DPI treatment group, a reanalysis without treatment C showed that
the AUC0–12 hr and Cmax values were 28% and 18% lower,
respectively, for MDI with a spacer compared with MDI
alone (Table 3). Intrapatient variability for MF AUC0–12 hr and
Cmax values in the original three-treatment ANOVA ranged
from 44% and 47%, respectively, to 23% and 24%, when
comparing only the MDI data.

Mean plots of formoterol plasma concentrations showed
rapid absorption of F (Figure 2). For formoterol, AUC0–12 hr
and Cmax values were 38% and 20% lower, respectively, for
MDI with the spacer compared to MDI alone (Table 3).

Safety
A total of ten (71.4%) patients reported at least one AE during the study: seven (50%) during treatment A (MF 400 µg +
F 10 µg via MDI), three (21.4%) during treatment B (MF
400 µg + F 10 µg via MDI with spacer), and four (28.6%)
during treatment C (MF 400 µg via DPI). The most common AEs were headache and dyspepsia, occurring in eight
(57.1%) and two (14.3%) patients, respectively. All reported
AEs were either mild or moderate in severity. No death or
serious AEs occurred during the study.
There were no clinically significant changes in blood
chemistry or hematologic parameters, vital signs, or
electrocardiography in any of the treatment groups.

Table 3 Day 5 exposures to MF and formoterol following twice-daily administration of MF/F MDI with or without a spacer in patients
with chronic obstructive pulmonary disorder
Parameter

Mometasone furoate
AUC0–12 hr (pg ⋅ h/mL)
Cmax (pg/mL)
Formoterol
AUC0–12 hr (pmol ⋅ h/L)
Cmax (pmol/L)

n

Least squares geometric meana,b

Intrapatient
CV

Treatment
comparison

GMR (%)

90% CI (%)

MF/F MDI
Treatment A

MF/F MDI + spacer
Treatment B

14
14

429
44

309
36

23%
24%

B versus A
B versus A

72
82

61–84
69–97

14
14

150
23.3

93
18.5

–
–

B versus A
B versus A

62
80

52–74
63–101

Notes: aModel-based (least squares) mean: ANOVA model extracting the effects due to treatment, sequence, period, and patient; bbased on analyses excluding treatment C
(MF 400 μg inhaled orally twice a day via dry powder inhaler). MF/F MDI (treatment A) = MF 400 μg/F 10 μg inhaled orally twice a day via metered-dose inhaler without a
spacer device; MF/F MDI + spacer (treatment B) = MF 400 μg/F 10 μg inhaled orally twice a day via metered-dose inhaler with a spacer device. Because data for treatment C
had higher variability than data for treatments A and B, analyses excluding treatment C were performed as sensitivity analyses.
Abbreviations: ANOVA, analysis of variance; AUC0–12 hr, area under the concentration-time curve from 0 hours to 12 hours postdose; CI, confidence interval; Cmax,
maximum plasma concentration; CV, coefficient of variation; F, formoterol fumarate; GMR, geometric mean ratio; MDI, metered-dose inhaler; MF, mometasone furoate.
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Figure 2 Mean (SD) formoterol plasma concentration-time profiles at day 5 after twice-daily oral inhalation of MF/F MDI (MF 400 µg/F 10 µg) with (treatment B) and without
(treatment A) a spacer device in patients with chronic obstructive pulmonary disorder.
Note: Inset shows graph with log scale for y-axis (formoterol plasma concentration).
Abbreviations: F, formoterol fumarate; MDI, metered-dose inhaler; MF, mometasone furoate; SD, standard deviation.

Discussion
Rapid and sustained relief from bronchoconstriction and
improvement in lung function are critical for the longterm management of patients with persistent symptoms
and exacerbation of COPD. Coadministration of MF and
F has been shown to produce additive effects in rapidly
improving symptoms and lung function and reducing the
frequency of exacerbation of asthma and COPD.9,10,17–19
The decreases in lung function seen in patients with COPD
may affect systemic exposure to drugs, such as MF/F MDI,
which are administered via inhalation, and thereby may
alter the pharmacokinetics of MF and formoterol. This has
previously been described for ICS fluticasone propionate
in patients with COPD compared to healthy controls.12,13
Therefore, the current study was conducted in patients with
moderate-to-severe COPD to assess the pharmacokinetics
of MF and formoterol in the intended target population. The
rationale for including the MF DPI comparison arm in this

International Journal of COPD 2013:8

study was to assess the relative systemic exposure of MF as
administered by the MF/F MDI to the MF DPI, for which
there is extensive clinical use and safety experience.16 A previous pharmacokinetic study in healthy subjects showed
lower systemic exposure to MF after steady state dosing
from the MDI compared to the DPI device (data on file,
Merck Sharp & Dohme Corp, 2006). Similar differences in
the systemic exposure of ICS between MDI and DPI devices
have been reported for other ICSs. For example, for SYMBICORT® (AztraZeneca, London, UK), an approved fixed-dose
combination product containing budesonide and formoterol,
the systemic exposure of budesonide was approximately
30% lower in both pediatric and adult patients with asthma
after administration from an MDI device compared to the
same dose delivered from a DPI device.14,15
The current study demonstrated that mean systemic
exposures to MF were 23% lower following administration
by MF/F MDI compared to MF DPI (primary objective).
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Additionally, mean systemic exposures of MF and formoterol were 28% lower and 38% lower, respectively, following
administration by MF/F MDI in conjunction with a spacer
(AeroChamber Plus® Valved Holding Chamber) compared
to MF/F MDI without a spacer (secondary objective). The
high intrapatient variability in MF exposures observed in
this study may in part be attributed to differences in lung
function over time (eg, reduced lung inflammation over
time with observed dosing) and/or day-to-day variations
in patient inhalation technique. In order to control for
variations in inhalation technique, patients were extensively
trained on the proper use of inhalation devices at baseline
and, if necessary, prior to the start of each treatment period.
However, even after allowing for differences in the inhalation techniques between the MDI and DPI for the observed
intrapatient variability, MF and formoterol exposure following MDI treatment were still lower than those following DPI
administration. These observed differences were not due to
differences between the two formulations/devices in the oral
deposition and subsequent gastrointestinal absorption of MF,
since patients were instructed to rinse their mouths with water
and spit it out after treatment administration. Furthermore,
after oral administration as a solution, MF has been shown
to have very low systemic bioavailability due to extensive
first pass metabolism (unpublished data). The magnitude of
the observed differences in systemic exposure between the
MDI and DPI are probably due to formulation differences,
which may result in differences in regional lung deposition
and clearance from the lungs. The high intrapatient variability was related to inclusion of data from MF DPI treatment
group (ie, treatment C) in the ANOVA model. A reanalysis
of the results excluding treatment C showed lower overall
mean exposures when a spacer was used with the MF/F MDI
compared to when the MF MDI was used alone.
The present results are in agreement with previous studies
showing that spacer devices reduce the systemic absorption
of ICS in healthy volunteers.20,21 In those studies, a major
factor that contributed to the lower dosage delivery using a
spacer was the static charge of the spacer, which attracted
medication particles. The authors also reported that multiple
actuations and delayed inhalation of the drug after actuation
may also cause reductions in dose delivery through a spacer.
Application of antistatic material or washing the spacer was
useful to reduce the static effect.21 It should be noted, however, that the demonstrated differences in systemic exposure
seen in this study in the presence/absence of a spacer device
were observed in COPD patients who were trained for good,
reproducible inhalation techniques with an MDI device and
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therefore would be unlikely to benefit from the use of a
spacer in clinical practice. Spacer devices are indicated for
patients with poor coordination and poor inhalation technique
in order to improve drug delivery to the lungs. In clinical
practice, pharmacotherapy with an inhalation product, such
as MF/F MDI, is individualized, and each patient is titrated
to a desired therapeutic response. Therefore, considering
that patients who require a spacer device will be dosed with,
and if necessary, titrated with a spacer, the use of a spacer
device is not expected to have an efficacy implication in the
target population.
In this study, MF/F MDI was shown to have a similar
AE profile to MF DPI. All reported AEs were either mild
or moderate in intensity and no serious AE was reported
in this study. These safety findings are in agreement with
those of previous studies conducted in asthma patients,
which also reported that treatment with MF/F was generally well tolerated.22,23 Nevertheless, the current short term,
multiple-dose pharmacokinetic study does not address the
long-term safety and tolerability profile of chronic MF/F
MDI therapy in patients with COPD. Two recently published
articles demonstrated treatment with MF/F MDI was well
tolerated in patients with moderate-to-severe COPD over
52 weeks.9,10
Considering that this study demonstrated a lower systemic
exposure to the MDI product compared with the DPI in
patients with COPD, there may be some concern regarding
the appropriate interchangeability of the DPI monotherapy
for the MDI combination therapy with regard to the comparability of the delivery of MF dose in each device. While a
comparison of the systemic exposure of inhaled drugs is an
acceptable way to evaluate the relative risk of ICS with regard
to their systemic safety, there is considerable debate whether
similar systemic exposure reflects comparable localized drug
concentrations in the lung. Therefore, the clinical development program for the MF/F fixed-dose combination product
has focused on demonstrating the clinical efficacy and safety
of the MF/F device compared with the MF MDI device and
placebo rather than the DPI reference products.9,10
In this study, the observed mean difference in systemic
availability between MDI and DPI formulations was 23%.
However, the difference between formulations in actual
lung deposition may be smaller than those noted in systemic
exposure and may be due to, at least in part, differences in
lung retention. This hypothesis is supported by the apparently longer MF effective half-life (25 hours) after administration from the MDI versus the DPI (effective 13 hours;
unpublished data). In addition, the majority of dose response
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studies conducted with inhaled corticosteroids have failed to
demonstrate clinically meaningful differences even between
doubling of doses,24,25 let alone a 25% difference. This point is
illustrated by formoterol/budesonide FDC (SYMBICORT®)
where the same delivered doses are approved for both the
MDI (aerosol inhaler) and DPI (Turbuhaler®; AstraZeneca)
formulations despite the ∼30% lower systemic budesonide
exposure from the MDI.14,15 Consistent with the relatively
flat dose-response relationship of ICS, the current European
Medicines Agency therapeutic equivalence guideline for
orally inhaled products (CPMP/EWP/4151/00) has expanded
equivalence acceptance criteria margins of 0.67 and 1.5,26
which assume a mean difference between treatments of up
to 1.5-fold. In view of the aforementioned considerations, the
23% lower systemic exposure to MF from the MDI relative to
the DPI formulation is not considered clinically important.

Conclusion
This multiple-dose pharmacokinetic study demonstrated that
systemic exposure to MF was lower following administration by MF/F MDI compared to MF DPI in patients with
mild-to-moderate COPD. Additionally, systemic exposures
of MF and formoterol were lower following administration
by MF/F MDI with an AeroChamber Plus® Valved Holding
Chamber spacer compared to MF/F MDI without this spacer.
The magnitude of the differences in systemic exposure to
MF seen with MF/F MDI versus MF DPI as well as MF/F
MDI administered with a spacer versus MF/F MDI without
a spacer were not clinically relevant. There also was no
clinically relevant difference in systemic exposure to formoterol seen with MF/F MDI administered in the presence
and absence of a spacer. Finally, MF/F delivered twice daily
by MDI was generally well tolerated among patients with
moderate-to-severe COPD in this short-term study.
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