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ABSTRACT 

Objective: Characterize fluticasone propionate (Fp) and combination fluticasone propionate and 

salmeterol (FS) pharmacokinetic and safety profiles, delivered via a novel, inhalation-driven, 

multidose dry powder inhaler (MDPI). 

Methods: This multicenter, open-label, 4-period crossover, single-dose study randomized 

patients aged ≥12 years with persistent asthma to Fp MDPI 200 mcg, FS MDPI 200/12.5 mcg, 

Fp dry powder inhaler (DPI) 500 mcg (250 mcg x 2 inhalations), or FS DPI 500/50 mcg. Blood 

samples for determination of Fp and salmeterol pharmacokinetic parameters including Cmax, 

AUC0-t, AUC0-inf, tmax, and t½ were collected predose through 36 hours postdose (14 time points). 

Safety assessments comprised adverse events, vital signs, and physical examinations. The 

Institutional Review Board approved the study protocol. 

Results: The pharmacokinetic analysis set and safety population each included 40 patients. Fp 

systemic exposure (Cmax, AUC0-t, and AUC0-inf) was highest for Fp DPI 500 mcg and similar for 

Fp MDPI 200 mcg, FS MDPI 200/12.5 mcg, and FS DPI 500/50 mcg. Fp geometric mean t½ 
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values were similar across treatments. Salmeterol Cmax was 20% lower and AUC0-t and AUC0-inf 

were approximately 50% lower with FS MDPI versus FS DPI. Median tmax and geometric mean 

t½ were similar between FS MDPI and FS DPI. Adverse events were similar across treatments 

with no relevant changes in vital signs, physical examinations, or hematology test results. 

Conclusions: Fp MDPI and FS MDPI produced similar or lower systemic exposure to Fp and 

salmeterol, despite lower doses, versus conventional DPI devices, suggesting improved 

efficiency due to formulation and device differences.  

ClinicalTrials.gov registration identifier: NCT02437604 
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INTRODUCTION 

Persistent asthma in adolescents and adults is characterized by the presence of asthma symptoms 

occurring more often than 2 days per week, or, in some cases, daily or throughout the day [1]. 

The treatment goal for all patients with persistent asthma, regardless of severity, is total symptom 

control [2]. Current practice guidelines advocate the initiation of controller treatment as soon as 

possible after an asthma diagnosis [2]. Patients with persistent asthma require daily, long-term 

use of controller medications as preventive or maintenance treatment, and rescue medication for 

prompt relief from bronchoconstriction and acute airway obstruction as well as during asthma 

exacerbation [1].   

Ideally, asthma therapy should provide effective, long-term control using the least amount of 

medication in order to minimize the risk of side effects [3]. When initiating therapy, a step-wise 

approach is currently recommended [1, 3], starting with inhaled corticosteroids (ICS) [2], which 

are considered safe, well tolerated, and consistently effective in the long-term management of 

asthma [2, 3]. When low- to medium-dose ICS monotherapy provides inadequate control of 

asthma symptoms, addition of a long-acting beta agonist (LABA) to ICS is the preferred 

treatment for sustained control of asthma symptoms, regardless of the previous ICS regimen [2-

4]. 

Fluticasone propionate (Fp) is an ICS approved in 1994 for use in patients 4 years of age and 

older with asthma [5]. Studies have demonstrated that adding the LABA salmeterol to moderate 

doses of ICS provides greater clinical benefit than increased doses of ICS monotherapy [4, 6, 7]. 

The combination of Fp/salmeterol (FS) was approved for asthma maintenance therapy in 2000 

[8]. 
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The ability of patients and caregivers to properly coordinate the actuation and inhalation required 

with some inhalers (eg, metered-dose inhalers) may limit the effectiveness of the medication [9-

12]. A novel, inhalation-driven, multidose dry powder inhaler (MDPI; Teva Pharmaceuticals, 

Inc., Frazer, PA, USA) was developed that is intuitive and simple for patients to use.[13] The 

MDPI does not require the patient to coordinate actuation and inhalation and has increased the 

efficiency of dose delivery compared with a conventional dry powder inhaler (DPI) [9, 14]. 

Greater efficiency of the MDPI device is suggested from other studies in which the efficacy of 

Fp MDPI 25, 50, or 100 mcg was demonstrated to be similar to Fp DPI 100 mcg and the efficacy 

of FS MDPI 100/12.5 mcg was similar to FS DPI 100/50 mcg with lower systemic exposure to 

salmeterol [15, 16].  

The objective of the present study was to assess the pharmacokinetic and safety profiles of single 

doses of Fp MDPI and FS MDPI versus Fp DPI and FS DPI in patients 12 years of age and older 

with persistent asthma. 

METHODS 

Study description 

This was a phase 1, multicenter, open-label, randomized, 4-period crossover, single-dose study 

(ClinicalTrials.gov registration identifier: NCT02437604). Prior to study initiation, the 

Institutional Review Board (Chesapeake IRB, Columbia, MD, USA) granted approval for the 

research protocol. The study was conducted in accordance with International Council for 

Harmonisation Good Clinical Practice Consolidated Guideline (E6) and all applicable national 

and local laws and regulations. 
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Patients 

Patients were eligible to participate if they were aged 12 years or older and had persistent asthma 

that was diagnosed at least 3 months prior to screening but was stable (ie, no exacerbations or 

changes in asthma medication) for ≥30 days before providing informed consent. For adult 

patients (aged 18 years and older, or as applicable per local regulations), the written informed 

consent form was signed and dated by the patient before any study-related procedures were 

conducted. For adolescent patients (aged 12 to 17 years, or as applicable per local regulations), 

the written informed consent form was signed and dated by the parent/legal guardian and the 

written assent form was signed and dated by the patient (if applicable) before commencement of 

any study-related procedure. Eligible patients had forced expiratory volume in 1 second (FEV1) 

≥60% of the predicted value for age, height, sex, and race, as per National Health and Nutrition 

Examination Survey III reference values [17] at the screening visit; used an ICS at a stable dose 

(ie, no change in dose) for ≥30 days before screening; and were able to achieve a peak 

inspiratory flow (PIF) rate of ≥60 L/minute on an inhaler training device. 

Patients were excluded from participation in the study if they could not demonstrate acceptable, 

reproducible inhalation technique with the MDPI device and the comparator device or were 

unable to withhold rescue medication for ≥6 hours before the screening and all other visits where 

spirometry was performed. Additional exclusion criteria were: a history of a life-threatening 

asthma exacerbation (defined as an asthma episode that required intubation and/or was 

associated with hypercapnia, respiratory arrest, or hypoxic seizures); pregnancy, lactation, or 

planned pregnancy during the study period or ≤30 days after the last study visit; smoking at the 

time of the screening visit or smoking history ≥10 pack-years; and history of alcohol or drug 
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abuse ≤2 years preceding the screening visit. At the screening visit, patients were excluded if 

they had a culture-documented or suspected bacterial or viral infection of the upper respiratory 

tract, lower respiratory tract, sinus, or middle ear within the previous 2 weeks, had asthma 

exacerbation requiring systemic corticosteroids within the previous 30 days, were hospitalized 

for asthma within the previous 2 months, or used immunosuppressive medications within the 

previous 4 weeks. Patients with untreated oral candidiasis at screening were ineligible to 

participate in the study. Patients who had clinically significant abnormalities in laboratory 

hematology values, or had a disease or condition that would, in the medical judgment of the 

investigator, compromise the safety of the patient through participation, were excluded from the 

study. 

Patients whose FEV1 was <60% of the predicted value, whose PIF rate was <60 L/minute, or 

who could not continue to demonstrate correct use of each device at the training visit or during 

the in-patient treatment period visits were not eligible to continue in the study. 

Study design 

The study design is summarized in Figure 1. Eligible patients were randomized to 1 of 4 

treatment sequences (ABDC, BCAD, CDBA, or DACB): A) Fp MDPI 200 mcg; B) FS MDPI 

200/12.5 mcg; C) Fp DPI 500 mcg (250 mcg x 2 inhalations); or D) FS DPI 500/50 mcg. At the 

screening visit, patients’ previous ICS was replaced with mometasone furoate 220 mcg (1 

inhalation twice daily), which was to be used until the final treatment period. Mometasone 

furoate was selected as the replacement ICS as it was previously determined to not interfere with 

the bioanalytical quantitation of either fluticasone or salmeterol. Patients observed a washout 

period of ≥5 days before the start of the treatment period. Each of the 4 treatment periods 
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consisted of an inpatient stay, during which the patient was trained on the device (day −1 of the 

treatment period), administration of study drug between 0700 and 0900 (±30 minutes; day 1), 

and collection of blood samples for pharmacokinetic assessments of plasma Fp and salmeterol 

(days 1 and 2). A washout period of 7 ± 2 days was observed between treatment periods. A 

follow-up visit (7 ± 2 days after the last study visit) consisted of a telephone call or visit to the 

investigational center at the investigator’s discretion to assess treatment-emergent adverse events 

(TEAEs). 

Pharmacokinetics 

Plasma concentrations of Fp and salmeterol were determined from blood samples (6 mL) 

collected approximately 30 minutes before dosing and at 5, 15, 30, and 45 minutes and 1, 2, 4, 8, 

12, 16, 24, 30, and 36 hours postdose. Plasma Fp and salmeterol concentrations were analyzed 

using a validated liquid chromatography–tandem mass spectrometry method. The primary 

pharmacokinetic parameters were area under the plasma concentration-vs-time curve from time 0 

to the last measurable concentration up to 36 hours following dosing (AUC0-t) and maximum 

observed plasma concentration (Cmax). Other pharmacokinetic parameters of interest included 

AUC from time 0 extrapolated to infinity (AUC0-inf), percentage of AUC0-inf due to extrapolation 

(%AUCextrap), time to Cmax (tmax), and terminal half-life of elimination (t½).  

Safety 

Safety was assessed by monitoring and recording adverse events (AEs), vital signs, physical 

examination findings, clinical laboratory hematology testing, spirometry measurements, and 

concomitant medication usage. AEs were coded according to their preferred terms in version 

18.0 of the Medical Dictionary for Regulatory Activities (MedDRA). A serious AE was defined 
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as an AE occurring at any dose that resulted in death, a life-threatening AE, inpatient hospital 

admission, prolongation of existing hospitalization, persistent or significant disability or 

incapacity, congenital anomaly, or birth defect. 

Statistics 

The intent-to-treat population (ITT) included all randomized patients. The full analysis set (FAS) 

included all patients in the ITT population who received at least 1 dose of study drug and had at 

least 1 evaluable pharmacokinetic parameter. The FAS was used for supportive analyses of the 

pharmacokinetic parameters. The pharmacokinetic analysis set consisted of all randomized 

patients who received ≥1 dose of study drug and had sufficient data to calculate the 

pharmacokinetic parameters AUC0-t and Cmax from any treatment period without a major 

protocol violation. The pharmacokinetic analysis set was the primary analysis set for analyses of 

the pharmacokinetic parameters. The safety population consisted of all randomized patients who 

received ≥1 dose of study drug. The safety population was used for all analyses of safety data.  

Plasma concentrations of Fp and salmeterol were summarized descriptively (mean, standard 

deviation, standard error of mean, median, minimum, maximum, geometric mean, and 

coefficient of variation) by analyte, by treatment, and at nominal time points. The lower limit of 

quantitation for both Fp and salmeterol was 0.50 pg/mL; concentrations below that threshold 

were treated as 0 in calculations of summary statistics for plasma drug concentrations. 

Pharmacokinetic parameters were calculated through noncompartmental methods using 

Phoenix
®
 WinNonlin

®
 version 6.3 (Certara LP, Princeton, NJ). Summary statistics were 

provided for the pharmacokinetic parameters including the mean, geometric mean and 
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coefficient of variation. If inferential statistics were computed, they were to include least square 

(LS) mean and standard error of the LS mean. 

For Fp and salmeterol, pairwise comparisons of AUC0-t and Cmax between treatments were 

performed using a parametric analysis of variance (ANOVA) model with terms for sequence, 

period, and treatment and a random effect of patient within sequence. Treatment differences for 

Fp and salmeterol and the associated 90% confidence intervals (CIs) estimated from the 

ANOVA on the log scale were back-transformed to obtain the estimated ratio of geometric 

means between treatments and the 90% CI. Because this study did not evaluate any formal 

hypotheses, these standard bioequivalence statistical analyses were not used for a formal 

bioequivalence assessment, but rather for the purpose of comparison between Fp MDPI versus 

Fp DPI and FS MDPI versus FS DPI. 

For secondary pharmacokinetic parameters (tmax, AUC0-inf, %AUCextrap, and t½), pairwise 

comparisons of tmax and t½ between treatments were performed using the Wilcoxon signed-rank 

test. AUC0-inf was analyzed using the same statistical methods used for AUC0-t and Cmax. 

%AUCextrap was summarized using descriptive statistics based on data from both the 

pharmacokinetic analysis set and the FAS. These standard bioequivalence statistical analyses 

were not used for a formal bioequivalence assessment, but rather for the purpose of comparison. 

RESULTS 

Patients 

In total, 45 patients were screened for enrollment. Of the 43 patients who were enrolled in the 

study, 3 patients withdrew before taking any study drug and 40 patients received ≥1 dose of 

study drug (FAS, pharmacokinetic analysis set, and safety population) (Figure 2). Demographic 
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and baseline characteristics of the ITT population are presented in Table 1. Prior to the start of 

the study, 34 (79%) patients were being treated with salbutamol, 20 (47%) patients with Fp, and 

10 (23%) patients with FS. 

Pharmacokinetics 

Fluticasone Propionate 

The mean plasma concentration-vs-time profiles for Fp for each treatment are shown in Figure 

3A. For all treatments, all patients had quantifiable Fp concentrations at the first postdose time 

point of 5 minutes. Systemic exposure to Fp, as represented by geometric mean estimates of 

Cmax, AUC0-t, and AUC0-inf, was highest in patients treated with Fp DPI and similar among 

patients receiving the other 3 treatments (Table 2). Overall, systemic exposures for Fp following 

Fp MDPI were approximately 20% lower than those observed with Fp DPI. The ratios of 

geometric LS means for Cmax, AUC0-t, and AUC0-inf are presented in Table 3 and demonstrate 

less systemic exposure between Fp MDPI and Fp DPI and similar systemic exposure between FS 

MDPI and FS DPI. The ratio of geometric LS means for the comparison between Fp MDPI and 

FS MDPI was close to unity for Fp Cmax (Table 3). Peak Fp concentrations for all 4 treatment 

groups were reached by 4 hours postdose, with the median tmax for Fp highest (2.0 hours) for 

patients treated with FS MDPI and similar (1.0 hour) for the other 3 treatment groups (Table 

2).There was little or no difference in tmax between Fp MDPI and Fp DPI as well as between FS 

MDPI and FS DPI (Table 3). Fp geometric mean t½ values ranged from 10.7 to 11.2 hours with a 

slight difference in comparisons between Fp MDPI and Fp DPI and FS MDPI and FS DPI 

(Tables 2 and 3).  

Salmeterol 
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Salmeterol concentrations were quantifiable in all patients for all treatments at the first measured 

postdose time point of 5 minutes (Figure 3B). Systemic exposure to salmeterol, as represented 

by geometric mean estimates of Cmax, AUC0-t, and AUC0-inf, was lower for FS MDPI compared 

with FS DPI (Table 4). In patients treated with FS MDPI, Cmax was approximately 20% lower 

and AUC0-t and AUC0-inf were approximately 50% lower compared with patients treated with FS 

DPI (Tables 4 and 5). Peak plasma concentrations of salmeterol occurred between 5 and 45 

minutes in patients treated with FS MDPI and between approximately 5 minutes and 2 hours in 

patients treated with FS DPI. There was little to no difference in median tmax for salmeterol 

between patients treated with FS MDPI compared with those treated with FS DPI (Tables 4 and 

5). Salmeterol geometric mean t½ estimates were similar between treatments (Table 4). 

Safety 

Of the 40 patients who received ≥1 dose of study drug, 13 (33%) experienced a TEAE. None of 

the TEAEs were serious or considered by the investigators to be related to study drug, and none 

resulted in study discontinuation. No AE-related deaths or asthma exacerbations were reported 

during the study. The most frequently reported TEAE was nausea, which occurred in 2 patients 

during treatment with Fp MDPI, 1 patient during treatment with FS MDPI, and 1 patient during 

treatment with FS DPI. No clinically meaningful trends in mean changes from baseline for 

clinical laboratory hematology values, vital signs, or percent-predicted FEV1 were observed 

during the study. 

DISCUSSION 

In this prospective, randomized, crossover study, single doses of Fp MDPI 200 mcg and FS MDPI 

200/12.5 mcg were safe and well tolerated by adolescent and adult patients with persistent asthma. 
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Following oral inhalation of Fp MDPI 200 mcg and FS MDPI 200/12.5 mcg, Fp and salmeterol 

concentrations were quantifiable in all patients 5 minutes after dosing. Plasma concentrations of Fp 

peaked up to 4 hours after dosing with Fp MDPI 200 mcg and Fp DPI 500 mcg, and concentrations 

of salmeterol peaked between 5 and 45 minutes after dosing with FS MDPI 200/12.5 mcg and 

between approximately 5 minutes and 2 hours for FS DPI 500/50 mcg. Systemic exposure to the 

ICS Fp was approximately 20% lower in patients treated with Fp MDPI 200 mcg compared with 

patients treated with Fp DPI 500 mcg, while systemic exposure to Fp was similar between patients 

treated with FS MDPI 200/12.5 mcg and FS DPI 500/50 mcg. Systemic exposure to salmeterol 

was between 20% and 50% lower in patients treated with FS MDPI 200/12.5 mcg compared with 

those treated with FS DPI 500/50 mcg. The tmax and t½ for Fp were similar in patients treated with 

Fp MDPI 200 mcg and Fp DPI 500 mcg, as were the tmax and t½ for salmeterol in patients treated 

with FS MDPI 200/12.5 mcg and FS DPI 500/50 mcg. Patients treated with Fp MDPI 200 mcg or 

FS MDPI 200/12.5 mcg had similar values for Fp plasma Cmax, AUC0-t, and AUC0-inf, indicating 

that there is no interaction for the systemic exposure between Fp and salmeterol when administered 

together as FS MDPI. Interestingly, the exposure to Fp in FS DPI was approximately 20% less 

than that in Fp DPI, indicating that the 2 comparator products do not have similar exposure to Fp 

despite delivering the same dose. 

For this study, the doses of Fp MDPI 200 mcg and FS MDPI 200/12.5 mcg were selected based 

on 3 dose-ranging studies conducted in patients with persistent asthma [15, 16, 18]. In studies by 

Kerwin et al [16] and Bernstein et al [18], Fp AUC0-t and Cmax increased approximately dose 

proportionally across the dose levels tested (Fp MDPI 12.5, 25, 50, 100, 200, and 400 mcg). 

Both Fp MDPI 25 and 50 mcg in the Kerwin et al study had similar clinical efficacy outcomes 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

] 
at

 0
7:

02
 1

3 
O

ct
ob

er
 2

01
7 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 13 

compared with Fp DPI 100 mcg but with lower systemic exposures. In a crossover study by 

Miller et al [15] to assess FS MDPI doses of 100/6.25, 100/12.5, 100/25, and 100/50 mcg 

compared with FS DPI 100/50 mcg and Fp MDPI 100 mcg, improvements in pulmonary 

function in patients treated with FS MDPI 100/12.5 and 100/25 mcg were comparable to 

improvements in patients treated with FS DPI 100/50 mcg with lower systemic exposure to 

salmeterol. The doses of Fp DPI and FS DPI (500 mcg and 500/50 mcg, respectively) used in 

this study were chosen as comparators based on current prescribing information and their clinical 

efficacy profiles, which are similar to Fp MDPI 200 mcg and FS MDPI 200/12.5 mcg, 

respectively. Similar to the studies by Kerwin et al and Miller et al, patients treated with Fp 

MDPI 200 mcg and FS MDPI 200/12.5 mcg in the present study had either similar or lower 

exposure to Fp and salmeterol compared with Fp DPI 500 mcg or FS DPI 500/50 mcg when used 

at a lower dose. Since Fp has negligible oral bioavailability, the systemic exposure following 

inhaled administered is attributed to lung delivery and deposition.[19, 20] The results of these 

previously published studies and of the present study suggest more efficient delivery of Fp and 

salmeterol via the MDPI device compared with the DPI device. 

Safety profiles were similar across the 4 treatments. The absence of serious TEAEs, 

discontinuations due to a TEAE, and asthma exacerbations demonstrated that single doses of Fp 

200 mcg and salmeterol 12.5 mcg used in Fp MDPI 200 mcg and FS MDPI 200/12.5 mcg in the 

present study were safe and well tolerated.  

Device selection is an important consideration when deciding the appropriate medication for a 

patient. Poor inhaler technique, sometimes stemming from an inability to coordinate inhalation 

with actuation, has the potential to lead to poor patient outcomes [21]. A recent article evaluated 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

] 
at

 0
7:

02
 1

3 
O

ct
ob

er
 2

01
7 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 14 

patient satisfaction and ease of use of albuterol delivered using an MDPI delivery device similar 

to that used in the present study [13]. Greater than 90% of patients ≥4 years of age with asthma 

or chronic obstructive disease responded that they were “very satisfied,” “satisfied,” or 

“somewhat satisfied” when asked about the ease of use in handling and holding the inhaler, in 

using the inhaler, and in inhaling a dose from the MDPI [13].    

The generalizability of the results from this phase 1 study may be limited by the small sample 

size (n=40) and open-label design, which could have introduced patient bias toward the approved 

medications. However, the PK analyses were blinded, so this is unlikely to represent bias in the 

interpretation of the results. The patient population deemed eligible for participation in this study 

may not reflect the wider patient population suffering from persistent asthma because of 

inclusion criteria regarding prior medical history (eg, prior and concomitant therapies, 

comorbidities, body mass index, and body weight). Greater monitoring of treatment adherence 

and correct administration of the study drug in the controlled setting of this clinical trial, in 

comparison to the real-world setting where the wide spectrum in patient health, adherence to 

therapy, and ability to correctly administer medication is readily apparent, also may be 

considered a limitation of this study. Similarly, the crossover design of the present study may be 

considered a limitation by the possibility of introducing a crossover effect. However, a washout 

period of 5 to 7 days was implemented in between treatment visits and study drug administration 

was randomized in order to prevent a crossover effect.  

CONCLUSIONS 

The results of this phase 1 study demonstrated that Fp MDPI 200 mcg and FS MDPI 200/12.5 

mcg are safe and well tolerated in adolescent and adult patients with persistent asthma. Fp MDPI 
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200 mcg and FS MDPI 200/12.5 mcg produced similar or lower systemic exposure to Fp and 

salmeterol despite lower doses than the conventional DPI device, suggesting improved efficiency 

due to formulation and device differences. 
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Table 1. Patient demographics and baseline characteristics, intent-to-treat population. 

Demographic variables Total (N=43) 

Age, mean (SD), years 29.6 (17.12) 

  12-17 years old, n (%) 17 (40) 

  ≥18 years old, n (%) 26 (60) 

Sex, n (%)  

  Male 24 (56) 

  Female 19 (44) 

Race, n (%)  

  White 31 (72) 

  Black 11 (26) 

  Other 1 (2) 

Weight, mean (SD), kg  76.3 (14.22) 

BMI, mean (SD), kg/m2 26.3 (4.10) 

Peak inspiratory flow rate, mean (SD), L/min 94.3 (12.88) 

Percent-predicted FEV1, mean (SD) 87.3 (12.74) 

Asthma history, n (%)  

  <5 years 0 

  5 years to <10 years 6 (14) 

  10 years to <15 years 15 (35) 

  ≥15 years 22 (51) 

Medical history, occurring in ≥12%, n (%)  

Seasonal allergy 33 (77) 

Sinus headache 12 (28) 

Dry hypersensitivity 9 (21) 

Tension headache 9 (21) 

Eczema 8 (19) 

Gastroesophageal reflux disease 6 (14) 

Food allergy 5 (12) 

Migraine 5 (12) 

Myopia 5 (12) 

Post menopause 5 (12) 

Rhinitis allergic 5 (12) 

Prior medication therapy, used by ≥2 

patients, n (%) 

43 (100) 

Drugs for obstructive airway diseases 43 (100) 

Antihistamines, systemic 12 (28) 

Analgesics 4 (9) 

Anti-diabetic medication 4 (9) 

Oral contraceptives/hormone replacement 

therapy 

4 (9) 

Proton pump inhibitors 3 (7) 

Lipid-modifying agents 3 (7) 

Thyroid hormone replacement therapy 3 (7) 
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Demographic variables Total (N=43) 

Antibacterial, systemic 2 (5) 

Anti-inflammatory and anti-rheumatic  2 (5) 

Antithrombotic agents 2 (5) 

Nasal preparations 2 (5) 

BMI, body mass index; FEV1, forced expiratory volume in 1 second; SD, standard deviation. 
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Table 2. Fluticasone propionate plasma pharmacokinetic parameters, pharmacokinetic analysis 

set. 

  Fp MDPI 200 mcg Fp DPI 500 mcg 
FS MDPI 200/12.5 

mcg 

FS DPI 

500/50 mcg 

Cmax, pg/mL n 39 37 37 37 

Mean 73.0 85.5 65.8 67.1 

Geo mean 67.5 78.1 61.6 61.3 

Min, max 21.1, 158.5 21.1, 160.0 21.9, 139.1 11.2, 137.7 

CV, % 39.0 39.0 37.0 40.0 

tmax, h 

 

n 39 37 37 37 

Median 1.0 1.0 2.0 1.0 

Min, max 0.5, 4.0 0.5, 4.0 0.1, 4.0 0.3, 4.1 

CV, % 58.7 67.6 66.4 70.4 

AUC0-t, 
h•pg/mL 

n 38 37 36 37 

Mean 654.6 810.1 582.5 626.4 

Geo mean 597.2 739.0 544.7 559.9 

Min, max 120.9, 1813.5 147.5, 1750.4 162.3, 870.9 53.2, 1099.7 

CV, % 43.9 40.8 32.1 40.6 

AUC0-inf, 
h•pg/mL 

n 32 33 30 33 

Mean 709.1 875.5 626.4 687.0 

Geo mean 642.5 796.4 585.6 608.1 

Min, max 128.5, 2157.6 155.0, 1868.6 170.7, 944.0 61.0, 1186.2 

CV, % 48.8 41.0 32.2 42.6 

%AUCextrap, % n 32 33 30 33 

Mean 7.8 7.8 6.9 8.5 

Geo mean 7.4 7.3 6.7 7.8 

Min, max 3.2, 15.9 3.2, 15.1 4.3, 10.9 3.3, 14.9 

CV, % 36.8 36.3 27.0 39.9 

t½, h n 32 33 30 33 

Mean 11.3 11.0 10.8 11.3 

Geo mean 11.2 11.0 10.7 11.1 

Min, max 8.3, 14.3 7.5, 14.4 7.6, 13.9 6.8, 16.8 

CV, % 12.6 13.8 13.3 21.7 

AUC0-inf, area under the plasma concentration-time curve from time 0 to infinity; %AUCextrap, 

percentage of AUC0-inf due to extrapolation; AUC0-t, area under the plasma concentration-time 

curve from time 0 to the time of the last measurable drug concentration; Cmax, maximum 
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observed plasma concentration; CV, coefficient of variation; Fp DPI, fluticasone propionate dry 

powder inhaler; Fp MDPI, fluticasone propionate multidose dry powder inhaler; FS DPI, 

fluticasone propionate/salmeterol dry powder inhaler; FS MDPI, fluticasone 

propionate/salmeterol multidose dry powder inhaler; Geo, geometric; t½, terminal elimination 

half-life; tmax, time to maximum observed plasma concentration. 
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Table 3. Fluticasone propionate treatment comparisons, pharmacokinetic analysis set. 

Parameter 
Treatment 

Comparison 
n 

Geometric 

LS Means 

Ratio of 

Geometric LS 

Means 

90% CI of 

Ratio 

Root 

MSE 

Intra-patient 

CV 

Cmax, pg/mL Fp MDPI vs Fp 
DPI 

37 66.4 
0.85 0.77, 0.93 

- - 

37 78.3 - - 

FS MDPI vs FS 
DPI 

36 61.9 
1.01 0.92, 1.10 

- - 

36 61.6 - - 

Fp MDPI vs FS 
MDPI 

37 66.5 
1.09 0.99, 1.19 

0.236 0.239 

37 61.2   

AUC0-t, 

h•pg/mL 

Fp MDPI vs  Fp 
DPI 

37 593.3 
0.80 0.72, 0.88 

- - 

37 744.0 - - 

FS MDPI vs FS 
DPI 

36 545.5 
0.96 0.87, 1.07 

- - 

36 567.0 - - 

Fp MDPI vs FS 
MDPI 

36 593.2 
1.09 0.98, 1.21 

0.268 0.273 

36 544.8   

AUC0-inf, 

h•pg/mL 

Fp MDPI vs  Fp 
DPI 

30 616.5 
0.76 0.69, 0.83 

- - 

30 812.9 - - 

FS MDPI vs FS 
DPI 

28 586.9 
0.95 0.86, 1.04 

- - 

28 618.5 - - 

Fp MDPI vs FS 
MDPI 

25 623.6 
1.07 0.96, 1.19 

0.225 0.228 

25 583.7   

 

Parameter Treatment n Median Min Max 
Treatment 

Comparison 

Point Estimate of 

the Difference 

90% CI of the 

Difference 

tmax, h Fp MDPI 39 1.0 0.5 4.0 Fp MDPI /  
Fp DPI 

0.000 -0.375, 0.225 

Fp DPI 37 1.0 0.5 4.0 

FS MDPI 37 2.0 0.1 4.0 FS MDPI /  
FS DPI 

0.008 0.000, 0.375 

FS DPI 37 1.0 0.3 4.1 

t½, h Fp MDPI 32 11.4 8.3 14.3 Fp MDPI /  
Fp DPI 

0.181 -0.342, 0.771 

Fp DPI 33 10.7 7.5 14.4 

FS MDPI 30 10.7 7.6 13.9 FS MDPI /  
FS DPI 

-0.055 -0.650, 0.462 

FS DPI 33 10.7 6.8 16.8 

AUC0-inf, area under the plasma concentration-time curve from time 0 to infinity; AUC0-t, area 

under the plasma concentration-time curve from time 0 to the time of the last measurable drug 
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concentration; CI, confidence interval; Cmax, maximum observed plasma concentration; CV, 

coefficient of variation; Fp DPI, fluticasone propionate dry powder inhaler; Fp MDPI, 

fluticasone propionate multidose dry powder inhaler; FS DPI, fluticasone propionate/salmeterol 

dry powder inhaler; FS MDPI, fluticasone propionate/salmeterol multidose dry powder inhaler; 

LS, least square; MSE, mean square error; t½, terminal elimination half-life; tmax, time to 

maximum observed plasma concentration.
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Table 4. Salmeterol plasma pharmacokinetic parameters, pharmacokinetic analysis set. 

  FS MDPI 200/12.5 mcg FS DPI 500/50 mcg 

Cmax, pg/mL n 38 35 

Mean 60.1 81.1 

Geo mean 54.3 68.5 

Min, max 16.5, 123.4 20.0, 197.4 

CV, % 42.7 56.6 

tmax, h  n 38 35 

Median 0.1 0.1 

Min, max 0.1, 0.8 0.1, 2.0 

CV, % 105.4 166.6 

AUC0-t, h•pg/mL n 37 35 

Mean 125.3 271.3 

Geo mean 118.1 241.1 

Min, max 47.9, 265.3 95.3, 763.8 

CV, % 36.0 55.3 

AUC0-inf, h•pg/mL n 36 35 

Mean 141.2 297.1 

Geo mean 133.3 264.7 

Min, max 57.3, 298.9 104.2, 837.4 

CV, % 35.8 54.3 

%AUCextrap, % n 36 35 

Mean 11.0 8.8 

Geo mean 10.7 8.2 

Min, max 6.2, 17.8 2.5, 14.3 

CV, % 24.3 36.2 

t½, h n 36 35 

Mean 12.6 12.1 

Geo mean 12.5 11.9 

Min, max 10.8, 16.0 8.1, 16.9 

CV, % 12.5 18.9 

AUC0-inf, area under the plasma concentration-time curve from time 0 to infinity; %AUCextrap, 

percentage of AUC0-inf due to extrapolation; AUC0-t, area under the plasma concentration-time 

curve from time 0 to the time of the last measurable drug concentration; Cmax, maximum 

observed plasma concentration; CV, coefficient of variation; FS DPI, fluticasone 
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propionate/salmeterol dry powder inhaler; FS MDPI, fluticasone propionate/salmeterol 

multidose dry powder inhaler; Geo, geometric; t½, terminal elimination half-life; tmax, time to 

maximum observed plasma concentration. 
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Table 5. Salmeterol treatment comparisons, pharmacokinetic analysis set. 

Parameter 
Treatment 

Comparison 
n Geometric LS Means 

Ratio of Geometric LS 

Means 
90% CI of Ratio 

Cmax, pg/mL FS MDPI vs FS DPI 
35 56.5 

0.81 0.70, 0.94 
35 69.7 

AUC0-t, 

h•pg/mL 
FS MDPI vs FS DPI 

35 119.7 
0.50 0.46, 0.54 

35 241.2 

AUC0-inf, 

h•pg/mL 
FS MDPI vs FS DPI 

34 134.4 
0.51 0.47, 0.55 

34 262.7 

 

Parameter Treatment n Median Min Max 
Treatment 

Comparison 

Point Estimate 

of the 
Difference 

90% CI of the 

Difference 

tmax, h FS MDPI 38 0.1 0.1 0.8 FS MDPI / FS 
DPI 

0.000 -0.333, 0.000 

FS DPI 35 0.1 0.1 2.0 

t½, h FS MDPI 36 12.6 10.8 16.0 FS MDPI / FS 
DPI 

0.207 -0.350, 0.856 

FS DPI 35 11.8 8.1 16.9 

AUC0-inf, area under the plasma concentration-time curve from time 0 to infinity; AUC0-t, area 

under the plasma concentration-time curve from time 0 to the time of the last measurable drug 

concentration; CI, confidence interval; Cmax, maximum observed plasma concentration; FS DPI, 

fluticasone propionate/salmeterol dry powder inhaler; FS MDPI, fluticasone 

propionate/salmeterol multidose dry powder inhaler; LS, least square; t½, terminal elimination 

half-life; tmax, time to maximum observed plasma concentration. 
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Figure 1. Study visits. *Mometasone furoate inhalation powder 220 mcg, 1 inhalation twice 

daily, to be used during screening and washout periods. ICS, inhaled corticosteroid. 
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Figure 2. Patient disposition. *Of the 43 enrolled patients, 3 patients withdrew consent before 

receiving any study drug. FAS, full analysis set; Fp DPI, fluticasone propionate dry powder 

inhaler; Fp MDPI, fluticasone propionate multidose dry powder inhaler; FS DPI, fluticasone 

propionate/salmeterol dry powder inhaler; FS MDPI, fluticasone propionate/salmeterol 

multidose dry powder inhaler; PK, pharmacokinetic analysis set. 
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Figure 3. Plasma concentration-vs-time profiles for fluticasone propionate (A) and salmeterol 

(B), pharmacokinetic analysis set. Fp DPI, fluticasone propionate dry powder inhaler 500 mcg; 

Fp MDPI, fluticasone propionate multidose dry powder inhaler 200 mcg; FS DPI, fluticasone 

propionate/salmeterol dry powder inhaler 500/50 mcg; FS MDPI, fluticasone 

propionate/salmeterol multidose dry powder inhaler 200/12.5 mcg.    
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