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STUDY OBJECTIVE To investigate the pharmacodynamic and pharmacokinetic profiles of fluticasone furo-
ate (FF)/vilanterol (VI) – a fixed-dose combination of an inhaled corticosteroid (ICS) and a long-
acting b2-agonist for the treatment of asthma and chronic obstructive pulmonary disease – after
single and repeat administration in healthy Chinese subjects.

DESIGN Double-blind, placebo-controlled, single-site, randomized, four-way crossover study.
SETTING The Clinical Pharmacological Research Centre at Peking Union Medical College Hospital

[PUMCH]) in Beijing, China.
SUBJECTS Sixteen healthy, nonsmoking Chinese adults.
INTERVENTION Subjects were randomized to receive FF/VI 50/25, 100/25, or 200/25 lg, or placebo

once/daily in the morning, delivered by the Ellipta dry powder inhaler, for 7 consecutive days. The
subjects then received the other three treatments, with each treatment period separated by a 7-day
washout period.

MEASUREMENTS AND MAIN RESULTS The co-primary outcome measures reflected pharmacodynamic
responses relating to recognized class effects of the two drug classes: reduced serum cortisol level
(ICSs), and increased Fridericia’s corrected QT interval (QTcF) and reduced serum potassium level
(long-acting b2-agonists). Co-primary pharmacodynamic endpoints were 0–24-hour weighted mean
serum cortisol level on day 7 (cortisol0–24 hr, Day 7), and 0–4-hour weighted mean and maximum
QTcF and weighted mean and minimum serum potassium level on days 1 and 7. Fluticasone furoate
and VI plasma concentrations, derived pharmacokinetic parameters, and safety were also assessed.
Of the 16 subjects randomized, 15 completed the study. Reductions in cortisol0–24 hour, Day 7 of 15%
and 25% were observed with FF/VI 100/25 and 200/25 lg, respectively, versus placebo. Minor
increases (< 10 msec) in maximum QTcF on day 7 were seen with FF/VI 50/25 and 100/25 lg but
not with 200/25 lg. Slight decreases in serum potassium level were only observed in subjects receiv-
ing FF/VI 50/25 lg on day 1 and FF/VI 50/25 and 200/25 lg on day 7. Fluticasone furoate accumu-
lation (day 7 vs day 1) for FF/VI 50/25–200/25 lg ranged from 38 to 54% for maximum observed
concentration and 63–71% for area under the concentration-time curve from 0 to 4 hours. Flutica-
sone furoate pharmacokinetics were less than dose proportional. The VI pharmacokinetic profiles
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were similar for all three FF/VI doses. Adverse events were all mild in intensity and were reported
by 13 (81%) of the 16 subjects.

CONCLUSION In healthy Chinese subjects, minimal and non–clinically relevant b-adrenergic pharmaco-
dynamic effects were observed with FF/VI doses ranging from 50/25 to 200/25 lg. FF dose-depen-
dent reductions in serum cortisol levels of 15–25% were seen after administration of FF/VI 100/25
and 200/25 lg. FF/VI was safe and well tolerated in these subjects at doses ranging from 50/25 to
200/25 lg.

KEY WORDS China, cortisol, fluticasone furoate, inhaled corticosteroids, long-acting beta2 agonists,
pharmacokinetics, pharmacodynamics, systemic exposure, vilanterol.
(Pharmacotherapy 2015;35(6):586–599) doi: 10.1002/phar.1598

Fluticasone furoate (FF)/vilanterol (VI) is a
fixed-dose, once-daily inhaled corticosteroid
(ICS)/long-acting b2-agonist (LABA) combina-
tion therapy approved in 25 countries and
regions worldwide, including the United States,
Canada, and European Union, for the treatment
of chronic obstructive pulmonary disease
(COPD) at doses of FF/VI 100/25 lg and asthma
at doses of FF/VI 100/25 and 200/25 lg). The
100/25 and 200/25 lg nominal doses represent
emitted doses from the ELLIPTA TA dry powder
inhaler (DPI) (GSK, Brentford, UK) of 92/22
and 184/22 lg, respectively. In several large-
scale, multiregion, randomized, controlled stud-
ies, once-daily FF/VI has demonstrated similar
efficacy to twice-daily fluticasone propionate
(FP)/salmeterol, an established ICS/LABA for the
treatment of asthma and COPD.1–4

Fluticasone furoate and VI have been well tol-
erated at doses up to 800 lg and 100 lg/day,
respectively5–7; healthy subjects receiving these
doses separately or in combination experienced
adverse events (AEs) at a similar frequency to
those receiving placebo.7 In a placebo-controlled
study of therapeutic doses of FF/VI 100/25 and
200/25 lg in patients with persistent asthma, no
evidence of an effect on hypothalamic–pituitary–
adrenal (HPA) axis function was noted.8 A 7-day
repeat-dose thorough QT study did not find any
association between FF/VI 200/25 lg and any
QTc changes of concern in mostly (74%) Cauca-
sian healthy subjects.6

Genetic and physiological variation may result
in pharmacokinetic (PK) differences across eth-
nic populations.9 Findings from a PK study with
inhaled FF 200 lg in healthy East Asian subjects
demonstrated modestly higher (< 2-fold) sys-
temic exposure to FF compared with Cauca-
sians.10 Despite these FF systemic exposure
differences, a 22% reduction in serum cortisol
level relative to Caucasians was only observed in
Japanese but not in Chinese or Korean subjects.

In a separate study with FF monotherapy (200,
400, and 800 lg) in healthy Japanese subjects,
significant and dose-dependent serum cortisol
level decreases were observed, which clearly cor-
related with FF systemic exposure (area under
the concentration-time curve from 0 to 24 hours
[AUC0–24 hr]).

11 A population PK analysis from
global studies has suggested that the maximum
observed concentration (Cmax) of VI may be
higher in East Asian subjects, compared with
non-Asians, whereas AUC0–24 hour is consistent
across ethnicities.12 There is no evidence to sug-
gest an effect of increased VI Cmax on heart rate
within 20 minutes of dosing.
This study aimed to assess the PK and pharma-

codynamics (PD) of FF and VI after single and
repeat administration of FF/VI combination
therapy in healthy Chinese subjects. To our
knowledge, PK and PD data for VI or FF/VI com-
bination have not previously been reported in
mainland Chinese subjects. In particular, we
sought to establish whether FF and VI systemic
exposure in healthy Chinese subjects is associated
with clinically relevant changes in PD parameters.
The co-primary study endpoints reflect PD
responses relating to recognized class effects of
the two drug classes: reduced serum cortisol level
(ICSs), and increased Fridericia’s corrected QT
interval (QTcF) and reduced serum potassium
level (LABAs). Secondary endpoints were FF and
VI plasma concentrations and derived PK parame-
ters, and safety and tolerability.

Methods

Study Design and Setting

This was a randomized, double-blind, placebo-
controlled, four-way crossover, phase I, single-
and repeat-dose study conducted at a single cen-
ter (Peking Union Medical College Hospital
[PUMCH], Beijing, China). The study was con-
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ducted in accordance with International Confer-
ence on Harmonization Good Clinical Practice
guidelines, all applicable subject privacy require-
ments, and the ethical principles outlined in the
Declaration of Helsinki. The study design was
approved by the ethics committee of PUMCH.

Subjects

Healthy, nonsmoking male or female adults,
aged 18–45 years, with a body weight of 50 kg or
greater and a body mass index of 19–24 kg/m2,
were eligible for inclusion if they lived in main-
land China and had Chinese nationality. Individ-
uals who had used tobacco products within
12 months prior to study start or had a smoking
history of more than 5 pack-years were excluded,
as were those with significant abnormalities in
clinical laboratory, hematology, urinalysis, or 12-
lead electrocardiogram (ECG) assessments at
screening or randomization. Other exclusion cri-
teria were the use of oral corticosteroids within
8 weeks, or inhaled, intranasal, or topical steroids
within 4 weeks of the screening visit. Written
informed consent was obtained from each subject
prior to any study-specific procedures.

Study Treatments

A schematic of the study design is provided in
Figure 1. All subjects attended the clinical
research center for screening not more than
21 days before first dose. Subjects were random-
ized to receive FF/VI 50/25, 100/25, or 200/25 lg,
or placebo once/daily in the morning, delivered
by the Ellipta DPI, for 7 consecutive days. The
subjects then received the other three treatments,
with each treatment period separated by a 7-day
washout period. During the screening visit, all
subjects were trained for correct use of the DPI
and were required to demonstrate satisfactory
competence in its use prior to randomization.
The order in which the treatments were admin-

istered was randomized based on a Williams
Square design (Figure 1) and was generated by
the GSK Statistics Group (R&D, Shanghai, China)
prior to study start. Treatments were adminis-
tered under double-blind conditions.

Pharmacodynamic Analysis

Blood samples (3 ml/sample) for the measure-
ment of serum cortisol levels were collected
before dosing on day 1, and at 1, 2, 4, 6, 8, 10, 12,
16, and 24 hours after dosing on day 7. Twelve-

lead ECG was performed before dosing, and at 15
and 30 minutes, and at 1, 2, and 4 hours after
dosing on days 1 and 7. Blood samples (3 ml/sam-
ple) for the measurement of potassium levels were
collected before dosing, and at 30 minutes and 1,
2, and 4 hours after dosing on days 1 and 7.
Serum samples were assayed for cortisol levels

by using a validated analytical method based on
protein precipitation, followed by high-perfor-
mance liquid chromatography mass spectrometry
(HPLC-MS/MS) analysis. Calibration standards
were prepared by using cortisol-d4 based on the
endogenous cortisol level in human serum once
the equivalent response ratio of cortisol:cortisol-
d4 was confirmed. This ensured reliable quantita-
tion of total cortisol concentrations in human
serum. The lower limit of quantification (LLQ)
was 5 ng/ml and the higher limit of quantification
(HLQ) was 1000 ng/ml (WuXi AppTec, Shanghai,
China). Quality control (QC) samples were pre-
pared at four different concentration levels using
either cortisol-d4 (two lower concentrations) or
cortisol (two higher concentrations). Quality con-
trol samples were analyzed with each batch of
samples against the separately prepared calibra-
tion standards. The pre-set guidelines for accept-
able analysis stated that no more than one-third
of the QC sample results should deviate by > 15%
from the nominal concentration, and ≥50% of
results from each QC sample concentration
should be within 15% of the nominal concentra-
tion. All predefined run acceptance criteria were
met by applicable analytical runs.
Serum potassium concentration was measured

by ion-selective electrode analysis, using an
AU5800 system (Beckman Coulter, Brea, CA,
USA) in the PUMCH central laboratory (quanti-
tation range 1.0–10.0 mmol/l).

Pharmacokinetic Analysis

Blood PK sampling (3 ml/sample) was per-
formed before dosing on days 1 and 7, and at 5,
15, and 30 minutes, and at 1, 1.5, 2, 4, and
24 hours after dosing. On day 7, additional PK
sampling was performed at 6, 8, and 12 hours
after dosing.
Fluticasone furoate and VI plasma concentra-

tions were analyzed by using two separately vali-
dated analytical methods based on solid-phase
extraction, followed by HPLC-MS/MS analysis
with a LLQ 10 pg/ml for both analytes (PUMCH).
For both FF and VI, the LLQ was 10.0 pg/ml and
the HLQ was 1000 pg/ml. Calibration standards
and QC samples were prepared at three different
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analyte concentrations and analyzed with each
batch of samples. The criteria for acceptable
analysis were identical to those for serum cortisol
level analysis. The applicable analytical runs met
all predefined run acceptance criteria.
Plasma concentrations were listed by subject,

period, treatment, and planned relative time,
then summarized by treatment and planned sam-
pling time relative to dosing. Noncompartmental
PK analysis was conducted (ICON Plc, Marlow,
UK) using Phoenix WinNonlin software, version
6.2.1 (Pharsight Corp., St Louis, MO, USA) to
estimate PK parameters. Nonquantifiable values
were imputed for Cmax (half of the LLQ) and
AUC (half of the lowest observed AUC).

Outcome Measures

Co-Primary Endpoints

The co-primary study endpoints were evalua-
tions of systemic PD effects commonly associ-
ated with either corticosteroid (reduction in
0–24-hr weighted mean serum cortisol level on
day 7)13 or b-adrenergic drug classes (increase

in 0–4-hr maximum QTcF, assessed by 12-lead
ECG on days 1 and 7; reduction in 0–4-hr
weighted mean and minimum serum potassium
level on days 1 and 7).14

Secondary Endpoints

The secondary study endpoints were FF/VI
PK parameters following single and repeat
dosing, derived from FF and VI plasma concen-
trations (Data S1).

Safety and Tolerability

Adverse events, vital signs, 12-lead ECG mea-
sures, and clinical laboratory assessments were
monitored from the start of study treatment
until end of follow-up. Changes in safety mea-
sures were evaluated as shifts relative to prede-
fined reference ranges.

Statistical Analysis

A total of 16 subjects were randomized with
the aim of achieving 8–10 evaluable subjects to

Treatment 
period 1*

Treatment 
period 2*

Follow-upTreatment 
period 3*

Treatment 
period 4*

Randomization

E

Screening w-o w-o w-o

21 days 7 days 7 days 7 days 7 days 7–10 days

*Either treatment A or B or C or D. For each individual subject will complete all 4 treatments in randomized sequence
Treatment A: FF/VI 50/25mcg
Treatment B: FF/VI 100/25mcg
Treatment C: FF/VI 200/25mcg
Treatment D: placebo
w-o: wash-out period, 7–14 days
Follow up: 7–10 days after the final dose

Period 1 Period 2 Period 3 Period 4

Sequence 1 A B C D

Sequence 2 B D A C

Sequence 3 C A D B

Sequence 4 D C B A

Randomization sequences

Figure 1. Study design schematic and randomization schedule. FF/VI = fluticasone furoate/vilanterol.
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meet the regulatory requirement for PK studies
in China. No formal sample size calculations
were performed.
Three analysis populations were predefined.

The “all subjects” population, used in all listings
other than those for PK and PD data, comprised
all subjects who received at least one dose of
study drug. The PK and PD populations, used
for the PK and PD analyses, respectively, com-
prised all subjects in the “all-subjects” popula-
tion for whom PK or PD data were obtained and
analyzed.
The co-primary endpoints were analyzed for

the PD population using mixed effects models.
Logarithmically transformed 0–24-hour weighted
mean serum cortisol level (day 7) data were ana-
lyzed with period and treatment as fixed effects
and subject as a random effect. Adjusted geo-
metric mean (95% confidence interval [CI]) data
were derived from this analysis; subsequently,
ratios of adjusted means for each treatment
group versus placebo were obtained. For QTcF
and serum potassium level, a mixed model with
period, treatment, day, and day by treatment as
fixed effects and subject as a random effect was
used to generate point estimates for each treat-
ment group with associated 95% CIs and to
obtain point estimates (90% CI) for differences
between each treatment group and placebo. All
analyses were performed by using SAS system
software, version 9.1 (SAS Institute Inc., Cary,
NC, USA). All co-primary endpoints were sum-
marized by using descriptive statistics and by
treatment group and nominal time.
For the mean or median of concentration

data, leading nonquantifiables (NQs), trailing
NQs, and > 1 consecutive NQs between measur-
able concentrations were imputed as 0. Single
NQ between measurable concentrations,
measurable concentrations after > 1 consecutive
mid-profile NQ (defined as any NQ where mea-
surable concentrations exist both before and
after that NQ in the profile), and not reported
values were set as missing.
Fluticasone furoate accumulation and dose

proportionality were analyzed using the esti-
mated PK parameters. The accumulation of log-
transformed AUC(0–4 hr) and Cmax (expressed as
point estimates and 90% CI for the difference
between days 7 and 1) was evaluated using a
mixed effects model with day as a fixed effect
and subject as a random effect, the results of
which were subsequently back-transformed to
provide the ratios. Assessment of dose propor-
tionality was performed using a mixed effects

model on log-transformed AUC(0–4 hr) and Cmax

in which loge(dose) was a fixed effect and indi-
vidual subject intercept was a random effect. An
analysis of variance (ANOVA) model, in which
dose was fitted as a categorical fixed effect and
subject as a random effect, was also used to
assess dose proportionality.

Results

Subject Disposition and Demographic
Characteristics

The study was completed between November
21, 2012, and June 4, 2013; of the 16 subjects
randomized, 15 completed the study. The demo-
graphics and disposition of the subjects are sum-
marized in Table 1. All subjects were of Chinese
heritage, with a mean age 30.4 years. The PD
population included all 16 randomized subjects,
including one who withdrew after receiving only
placebo treatment; the PK population included
the 15 subjects who completed the study.
Two subjects used concomitant medication

during the study. One, who was withdrawn due
to experiencing an AE before receiving active
treatment, used norfloxacin ear drops. A second
subject, who completed the study, used a topical
patch containing strong bone paste once on the
fourth day of the third treatment period and was
subsequently treated with paracetamol for a joint
injury. Subjects were administered the study
drug dose once/daily at the same subject-specific
time (from 8:00 to 8:42 A.M.).

Table 1. Demographic Characteristics and Disposition of
the 16 Study Subjects at Screening and Baseline

All Subjects (n=16)

Disposition of subjects
Subjects randomized 16 (100)
All subjects population 16 (100)
PK population 15 (94)
PD population 16 (100)
Subjects completing the study 15 (94)
Subjects withdrawn from the study 1 (6)
Due to an adverse event 1 (6)
Due to a serious adverse event 0

Demographics
Age (yrs) 30.4 � 6.15
Male sex 15 (94)
BMI (kg/m2) 22.04 � 1.481
Height (cm) 169.8 � 7.40
Weight (kg) 63.65 � 7.238
Asian or east Asian heritage 16 (100)

BMI = body mass index; PD = pharmacodynamics; PK = pharma-
cokinetics. Data are no. (%) of patients or mean � SD values.
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Pharmacodynamics

0–24-Hour Weighted Mean Serum Cortisol Level
on Day 7

A concentration-time profile of 0–24 hours
geometric mean serum cortisol level on day 7
is provided in Figure 2. In subjects receiving
FF/VI 100/25 and 200/25 lg, statistically signif-
icant decreases in weighted mean serum
cortisol of 15% and 25% versus placebo,
respectively, were observed (Table 2 and Fig-
ure 3). For subjects receiving FF/VI 50/25 lg
for 7 days, there was no evidence of a statisti-
cally significant difference compared with pla-
cebo (Table 2). The observed circadian rhythm
of cortisol levels was consistent with previously
reported data.15

Maximum 0–4-Hour QTcF on Days 1 and 7

No statistically significant effects of FF/VI
were observed compared with placebo on day 1.
On day 7, small but statistically significant
increases of 3.69 and 5.25 milliseconds in maxi-
mum 0–4-hour QTcF were observed with FF/VI
50/25 and 100/25 lg, respectively. No effect was
seen with FF/VI 200/25 lg. None of the effects
on QTcF observed on days 1 or 7 were judged
as clinically meaningful.

Weighted Mean and Minimum 0–4-Hour Serum
Potassium Level on Days 1 and 7

On day 1, a small but statistically significant
decrease in weighted mean 0–4-hour serum
potassium level of 0.118 mmol/l was seen in
subjects receiving the FF/VI 50/25-lg dose only.
After 7 days of dosing, similarly small but
statistically significant decreases relative to
placebo were observed in subjects receiving FF/
VI 50/25 lg (0.087 mmol/l) and 200/25 lg
(0.088 mmol/l); no effect was seen in subjects
receiving FF/VI 100/25 lg.
For minimum 0–4-hour serum potassium

level, a statistically significant decrease was
observed only in subjects receiving FF/VI 50/
25 lg on day 7 (0.084 mmol/l).
None of the observed decreases in weighted

mean or minimum serum potassium level were
considered to be clinically meaningful.

Pharmacokinetics

Plasma concentration–time profiles are pro-
vided for FF (Figure 4) and VI (Figure 5), and
derived PK parameters, following single- and
repeat-dose administration, are summarized in
Table 3 (FF) and Table 4 (VI). Following
7 days’ repeat-dose administration, FF plasma
concentrations were not quantifiable up to

Figure 2. Mean (95% confidence interval [CI]) serum cortisol concentration from 0 to 24 hours on day 7 after
administration of fluticasone furoate/vilanterol (FF/VI) 50/25, 100/25 and 200/25 lg (pharmacodynamics population).
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Table 2. Outcomes of Pharmacodynamics Analysis of Co-Primary Endpoints for all Doses of Fluticasone Furoate/Vilanterol
versus Placebo

Treatment Comparison
Specified Active Treatment vs Placebo Day

Adjusted Mean
Treatment

Adjusted Mean
Placebo

Differences in
Adjusted Means (90% CI)

Analysis of serum cortisol weighted mean 0–24 hrs (ng/ml) on day 7
FF/VI 50/25 vs placebo 7 39.455 41.260 0.956 (0.890, 1.028)
FF/VI 100/25 vs placebo 7 34.970 41.260 0.848 (0.789, 0.911)
FF/VI 200/25 vs placebo 7 30.989 41.260 0.751 (0.699, 0.807)

Analysis of maximum QTcF 0–4 hrs (msec)
FF/VI 50/25 vs placebo 1 411.0 409.6 1.42 (-1.88, 4.72)

7 411.9 408.2 3.69 (0.60, 6.78)
FF/VI 100/25 vs placebo 1 412.8 409.6 3.25 (-0.05, 6.55)

7 413.5 408.2 5.25 (2.16, 8.35)
FF/VI 200/25 vs placebo 1 410.0 409.6 0.46 (-2.84, 3.76)

7 409.8 408.2 1.53 (-1.56, 4.62)
Analysis of serum potassium weighted mean 0–4 hrs (mmol/L)
FF/VI 50/25 vs placebo 1 3.845 3.963 -0.118 (-0.192, -0.043)

7 3.888 3.975 -0.087 (-0.159, -0.015)
FF/VI 100/25 vs placebo 1 3.939 3.963 -0.024 (-0.099, 0.050)

7 3.934 3.975 -0.041 (-0.114, 0.031)
FF/VI 200/25 vs placebo 1 3.905 3.963 -0.058 (-0.133, 0.017)

7 3.887 3.975 -0.088 (-0.160, -0.015)
Analysis of minimum serum potassium 0–4 h (mmol/L)
FF/VI 50/25 vs placebo 1 3.65 3.74 -0.087 (-0.188, 0.014)

7 3.75 3.83 -0.084 (-0.164, -0.003)
FF/VI 100/25 vs placebo 1 3.79 3.74 0.049 (-0.052, 0.150)

7 3.82 3.83 -0.014 (-0.094, 0.066)
FF/VI 200/25 vs placebo 1 3.74 3.74 -0.001 (-0.102, 0.100)

7 3.76 3.83 -0.078 (-0.158, 0.003)

CI = confidence interval; FF/VI = fluticasone furoate/vilanterol; QTcF = QT interval using Fridericia’s correction.

Figure 3. Ratio (90% confidence interval [CI]) to placebo of adjusted geometric mean 0–24-hour serum cortisol level on day
7 in subjects receiving fluticasone furoate/vilanterol (FF/VI) 50/25, 100/25 and 200/25 lg (pharmacodynamics population).
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24 hours after dosing after FF/VI 50/25 lg and
were quantifiable in 10 (67%) of 15 subjects
after FF/VI 100/25 lg and in all 15 subjects after
FF/VI 200/25 lg. VI plasma concentrations were
quantifiable up to 2 hours after dosing on day 7
in 13 (87%) of 15 subjects receiving FF/VI 100/
25 lg and in 15 (100%) subjects receiving FF/VI
50/25 and 200/25 lg.
Accumulation of FF following repeat-dose

administration of FF/VI 100/25 lg on day 7 ver-
sus day 1 was estimated at 54% (90% CI 40–
68%) based on Cmax and 71% (59–85%) based
on AUC(0–4 hr). Fluticasone furoate dose propor-
tionality assessments suggested less than dose
proportional PK accumulation of FF (Table S1).
The VI PK profiles were similar for all three FF/
VI doses (Figure 5) with no evidence of any dif-
ferences in VI exposure (AUC(0–t), AUC(0–1.5 hr)

and Cmax; Table 4).
Six day 1 PK samples from five subjects were

mislabelled because of operational error and
were therefore excluded from the PK analyses.

As these samples represented only 0.7% of the
total 903 PK samples collected on days 1 and 7,
this was not considered to meaningfully affect
the overall outcome of the PK analysis.

Safety and Tolerability

In total, 13 (81%) of the 16 subjects experi-
enced ≥1 AE during the study (Table 5). The
overall number of AEs in the FF/VI 100/25 and
200/25-lg groups (5 and 3, respectively) was
similar to that experienced in the placebo group
(n=5). Slightly more AEs (8) were reported in
the FF/VI 50/25-lg group. The most frequently
reported AEs were decreased serum potassium
level (4, all in the 50/25-lg group) and oral
ulcers (4, one in each treatment group). All
reported AEs were of mild intensity and were
deemed to be treatment related by the investiga-
tor, with the exception of one occurrence of
joint injury. One subject withdrew on day 3 of
period 1 due to otitis media and tympanic mem-

(A)

(B)

Figure 4. Mean fluticasone furoate plasma concentration–time profiles over 0–4 hours on day 1 (A) and over 0–24 hours on
day 7 (B). FF/VI = fluticasone furoate/vilanterol.
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brane perforation occurring 2 days before first
dose administration and worsening after two
doses of placebo. This was the only female to be
randomized into the study.
No clinically significant or dose-related

changes were found in blood pressure records,
hematology, or clinical chemistry assessments.
Changes in ECG values from baseline to each
time point were similar across treatment groups.
Seven subjects had ECG values of potential clini-
cal importance during the study, defined as QRS
interval values of < 75 and > 110 milliseconds
and PR interval values of < 110 and > 220 milli-
seconds, although none were reported as AEs or
considered to be clinically significant.

Discussion

This study investigated the PD and PK of FF/
VI combination therapy in mainland Chinese
healthy subjects. The co-primary PD endpoints

were selected on the basis of established class
effects of ICS (reduction in serum cortisol level)
and LABAs (increase in QTcF and reduced
serum potassium level). The analysis of 0–24-
hour weighted mean serum cortisol level follow-
ing 7-day repeat dosing of FF/VI showed that
although there was no statistically significant
effect of FF/VI 50/25 lg relative to placebo, FF/
VI 100/25 lg and 200/25 lg were associated
with statistically significant, dose-related decreas-
es in healthy Chinese subjects. As for QTcF and
serum potassium levels, some statistically signifi-
cant effects were seen with the active treatments
relative to placebo on day 1 and/or day 7. How-
ever, these small effects were not considered clini-
cally significant. In addition, other b-agonist–
associated systemic effects, such as increases in
QTcF and decreases in serum potassium level,
were not particularly marked and not seen consis-
tently in all FF/VI treatment groups, despite con-
taining the same VI 25-lg dose.

(a)

(b)

Figure 5. Mean vilanterol plasma concentration-time profiles over 0–4 hours on day 1 (A) and over 0–24 hours on day 7
(B). FF/VI = fluticasone furoate/vilanterol.
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The FF systemic exposure observed in this
study was around 50% greater than that in
healthy Caucasian subjects, consistent with pre-
vious findings in East Asian healthy subjects.10

Higher systemic exposure in Chinese subjects
may be attributed to the differences in lung FF
absorption across populations. An increased
mean absorption time (estimated as the differ-
ence between mean residence time following
inhaled and intravenous dosing) relative to Cau-
casians has been observed in East Asian subjects,
potentially providing an explanation for the 20–
50% higher FF bioavailability.10 The extent of
FF accumulation and the less than dose-propor-

tional increase of exposures reported in this
study are consistent with previously published
data in healthy East Asian and Caucasian sub-
jects.5,10,11 VI exposure was similar across the
range of coadministered FF/VI doses. This was
consistent with previously reported findings in
Caucasian subjects, where similar VI exposure
equivalence was seen when administered in
combination with FF doses of 200–800 lg.5

Similar to other ICS,16 FF at supratherapeutic
doses is associated with class-related effects on
the HPA axis.7,11 The relationship between FF
systemic exposure and cortisol suppression has
been characterized: an FF AUC0–24 hour of

Table 3. Summary of Evaluated Pharmacokinetic Parameters for Fluticasone Furoate Following Single (Day 1) and Repeat-
Dose (Day 7) Administration of Fluticasone Furoate/Vilanterol (Pharmacokinetics Population)

Parameter FF/VI dose Days n n n*
Geometric

Mean (CVb%)
95% CI of

Geometric Mean

AUCss (pg9 hr/ml) 50/25 7 15 15 15 NA NA
100/25 7 15 14 4 364 (43.0) (287, 461)
200/25 7 15 15 0 691 (19.8) (620, 770)

AUC(0–4 hr) (pg9 hr/ml) 50/25 1 15 14 14 NA NA
50/25 7 15 15 3 55.8 (45.3) (43.9, 70.9)

100/25 1 15 15 3 61.7 (50.4) (47.4, 80.3)
100/25 7 15 14 0 129 (20.4) (115, 145)
200/25 1 15 15 0 118 (19.6) (106, 131)
200/25 7 15 15 0 193 (19.2) (173, 214)

Cmax (pg/ml) 50/25 1 15 14 0 22.6 (32.5) (18.8, 27.1)
50/25 7 15 15 0 30.6 (29.0) (26.2, 35.8)

100/25 1 15 15 0 26.8 (42.1) (21.4, 33.5)
100/25 7 15 14 0 43.6 (22.9) (38.2, 49.6)
200/25 1 15 15 0 36.4 (19.6) (32.7, 40.5)
200/25 7 15 15 0 55.5 (21.2) (49.4, 62.3)

Css-min (pg/ml) 50/25 7 15 15 0 11.3 (9.5) (10.8, 11.9)
100/25 7 15 14 0 13.0 (15.4) (11.9, 14.2)
200/25 7 15 15 0 20.4 (21.7) (18.1, 23.0)

RCmax 50/25 7 15 14 0 1.41 (30.4) (1.18, 1.67)
100/25 7 15 14 0 1.52 (19.1) (1.37, 1.70)
200/25 7 15 15 0 1.53 (15.0) (1.40, 1.66)

Ro 50/25 7 15 0 0 NA NA
100/25 7 15 12 0 1.72 (14.7) (1.57, 1.89)
200/25 7 15 15 0 1.63 (15.5) (1.50, 1.78)

Tmax (hrs)a 50/25 1 15 14 0 0.08 (0.08–0.08) –
50/25 7 15 15 0 0.08 (0.08–0.08) –

100/25 1 15 15 0 0.08 (0.08–1.50) –
100/25 7 15 14 0 0.08 (0.08–0.08) –
200/25 1 15 15 0 1.00 (0.08–1.50) –
200/25 7 15 15 0 1.00 (0.08–1.50) –

AUCss = area under the concentration-time curve at steady state; AUC(0–4 hr) = AUC from 0 to 4 hrs; CI = confidence interval; Cmax = maxi-
mum observed concentration; Css-min = minimum observed concentration at steady state; CVb%, between-subject coefficient of variation;
FF/VI = fluticasone furoate/vilanterol; NA = not applicable; NC = not calculated; NQ = not quantifiable; NR = not reported; RCmax = maxi-
mum observed concentration ratio; Ro = observed accumulation ratio; Tmax = time of occurrence of Cmax.
n = number of subjects with non-missing observations (including imputed NC values).
n* = number of subjects for whom parameter cannot be derived because of NQ concentrations.
CVb% = 100 9 sqrt(exp(logSD2)�1.
If all concentration values for one subject were NQ or NR, the AUC(0–4 hr) for this subject was set as missing. If some concentration values
were NQ or NR, the AUC(0–4 hr) was calculated when the last quantifiable time point was > 4; otherwise, the AUC(0–4 hr) for this subject was
reported as NC.
For Cmax and AUC, NCs were imputed prior to derivation of summary statistics when there were a small proportion (< 33%) of subjects with
NCs. AUC imputed with ½ lowest observed AUC, Cmax imputed with ½ LLQ (5 pg/ml). When there was a large proportion (100% in this
study) of subjects with NCs, the summary of statistics were set as NA.
aData are median (range).
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1000 pg9 hour/ml is predicted to reduce
24-hour serum cortisol level by 20% in a popu-
lation comprising mostly Caucasian healthy sub-
jects.17 Based on these findings, therapeutic FF
doses are not expected to produce clinically
meaningful suppression of the HPA axis. Fur-
thermore, a 6-week study of the effect of FF/VI
100/25 and 200/25 lg on the HPA axis in
patients with persistent asthma found no evi-
dence of significant cortisol level suppression.8

In a previous phase I study in healthy Japa-
nese subjects, systemic exposure of FF 200 lg
after 7 days of repeat dosing (geometric mean
AUC0–s 744 pg/ml; Cmax 62 pg/ml) was similar
to that seen in the present study, and statistically
significant serum cortisol level suppression of
32% compared with placebo was observed after
7 days of repeat FF 200 lg dosing.11 Taken
together, our observations and those of another
study11 suggest that the observed serum cortisol

level suppression may be explained by a rela-
tively higher sensitivity to FF’s corticosteroid
effect in healthy East Asian subjects versus
patients with asthma or COPD.
East Asian patients with COPD or asthma

receiving therapeutic FF doses have not dis-
played cortisol level suppression in previous
studies. A 24-week study in patients with COPD
from China, Taiwan, South Korea, and the Phil-
ippines receiving FF/VI 50/25, 100/25, or 200/
25 lg did not show statistically significant dif-
ferences in serum cortisol levels,18 and a pooled
data analysis from global studies in patients with
asthma receiving FF/VI found no difference
between patients from Japan and Korea and
those from the rest of the world in change from
baseline urinary cortisol level measurements.19

Also, in global phase III studies of up to
52 weeks’ duration, once-daily FF/VI adminis-
tered at therapeutic doses did not result in

Table 4. Summary of Evaluated Pharmacokinetic Parameters for Vilanterol Following Single (Day 1) and Repeat-Dose
(Day 7) Administration of Fluticasone Furoate/Vilanterol (Pharmacokinetics Population)

Parameter FF/VI dose Days n n n*
Geometric

Mean (CVb%)
95% CI of

Geometric Mean

AUC(0–t) (pg9 hr/ml) 50/25 1 15 15 0 61.7 (25.0) (53.8, 70.7)
50/25 7 15 15 0 94.5 (36.5) (77.7, 115)

100/25 1 15 15 0 66.0 (23.1) (58.2, 74.9)
100/25 7 15 15 0 82.9 (39.1) (67.3, 102)
200/25 1 15 15 0 71.8 (42.6) (57.2, 90.0)
200/25 7 15 15 0 91.9 (39.0) (74.6, 113)

AUC(0–1.5 hr) (pg9 hr/ml) 50/25 1 15 15 3 53.0 (44.3) (41.9, 67.0)
50/25 7 15 15 0 73.0 (20.0) (65.4, 81.4)

100/25 1 15 15 3 55.1 (45.7) (43.3, 70.1)
100/25 7 15 15 1 66.4 (31.6) (56.0, 78.8)
200/25 1 15 15 3 61.0 (52.5) (46.5, 80.2)
200/25 7 15 15 0 72.6 (23.5) (63.9, 82.6)

Cmax (pg/ml) 50/25 1 15 15 0 144 (19.8) (129, 160)
50/25 7 15 15 0 155 (24.7) (136, 178)

100/25 1 15 15 0 147 (26.3) (127, 169)
100/25 7 15 15 0 151 (25.3) (132, 174)
200/25 1 15 15 0 155 (36.7) (127, 188)
200/25 7 15 15 0 157 (25.7) (136, 180)

Tmax(hrs)
a 50/25 1 15 15 0 0.08 (0.08–0.08) –

50/25 7 15 15 0 0.08 (0.08–0.08) –
100/25 1 15 15 0 0.08 (0.08–0.08) –
100/25 7 15 15 0 0.08 (0.08–0.08) –
200/25 1 15 15 0 0.08 (0.08–0.25) –
200/25 7 15 15 0 0.08 (0.08–0.08) –

AUC(0-t) = area under the concentration-time curve from time zero to last quantifiable time point; AUC(0–1.5 hr) = AUC from 0 to 1.5 hrs; CI
= confidence interval; Cmax = maximum observed concentration; FF = fluticasone furoate; NA = not applicable; NC = not calculated;
NQ = not quantifiable; NR = not reported; Tmax = time of occurrence of Cmax; VI = vilanterol.
CVb% = 100 9 sqrt(exp(logSD2)�1.
n = number of subjects with non-missing observations (including imputed NC values).
n* = number of subjects for whom parameter cannot be derived because of NQ concentrations.
If all concentration values for one subject were NQ or NR, the AUC(0–1.5 hr) for this subject was set as missing. If some concentration values
were NQ or NR, the AUC(0–1.5 hr) was calculated when the last quantifiable time point was > 1.5, otherwise, the AUC(0–1.5 hr) for this subject
was reported as NC.
For Cmax and AUC, NCs were imputed prior to derivation of summary statistics when there were a small proportion (< 33%) of subjects with
NCs. AUC imputed with ½ lowest observed AUC, Cmax imputed with ½ LLQ (5 pg/ml). When there was a large proportion (100% in this
study) of subjects with NCs, the summary of statistics were set as NA.
aData are median (range).
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clinically meaningful reductions in serum or uri-
nary cortisol levels in patients with asthma or
COPD, including those from East Asia.2,20–22 All
these findings suggest that FF does not affect the
serum cortisol level when administered to
patients at therapeutic doses, including patients
of Asian origin with asthma or COPD.
Ethnic differences in FF (intravenous and

inhaled) PK have been investigated in an open-
label, randomized, 2-way crossover study of
healthy Caucasian, Chinese, Japanese, and Kor-
ean subjects.10 No difference in FF (intravenous)
PK parameters was observed between Asian and
Caucasian subjects. Fluticasone furoate is pri-
marily metabolized by cytochrome P450 (CYP)
3A4, and, indeed, CYP3A4 activity was reported
to be similar across all ethnic groups.
A possible explanation for the PD difference

between healthy volunteers and patients with
asthma or COPD is differential PK exposure.
Plasma exposure to ICS has previously been
observed to be markedly greater in healthy sub-
jects versus patients with asthma23 or COPD.24

Factors that affect the systemic bioavailability of
ICS in patients with chronic respiratory disor-
ders are yet to be identified. It has been hypoth-
esized that airflow obstruction associated with
asthma and COPD may contribute to increased

proximal airway deposition of FP and therefore
lower systemic FP level by increasing mucocili-
ary clearance and elimination.25 PK data from
patients with asthma or COPD and healthy sub-
jects who received FF and VI support such an
assumption, where markedly lower FF Cmax and
AUC(0–24 hr) were observed in patients with
asthma or COPD compared with healthy
subjects.26

No cortisol-related safety concerns associated
with FF/VI were identified in this study, nor
have any been reported in longer-term phase III
studies of the same FF/VI doses given to patients
with asthma or COPD of East Asian (including
Japanese) heritage.18,27 In the aforementioned
pooled analysis,19 no differences in drug- or
class-related AEs were observed among ethnici-
ties. Our study did not show any clinically
meaningful impairment on QTcF and other ECG
measures, and no clinically relevant AEs were
observed in serum potassium level, other clinical
chemistry measures, hematology outcomes, or
vital signs.
We employed a balanced crossover design,

including a placebo arm, in which all subjects
received all treatments, to enable the PD effects
of three strengths of FF plus VI to be directly
compared with placebo, with minimal confound-

Table 5. Summary of All Adverse Events Occurring During the Study

FF/VI
50/25 lg
(n=15)

FF/VI
100/25 lg
(n=15)

FF/VI
200/25 lg
(n=15)

Placebo
(n=16)

Total
(n=16)

Adverse events by subject
Subjects with any adverse event 8 (53) 5 (33) 3 (20) 5 (31) 13 (81)
All adverse events
Laboratory results and vital signs 4 (27) 1 (7) 1 (7) 2 (13) 7 (44)
Blood potassium level decreased 4 (27) 0 0 0 4 (25)
White blood cell count decreased 0 1 (7) 1 (7) 0 2 (13)
Blood glucose level increased 0 0 0 1 (6) 1 (6)
Hemoglobin level decreased 0 0 1 (7) 0 1 (6)
Heart rate decreased 0 0 0 1 (6) 1 (6)
Infections 2 (13) 1 (7) 1 (7) 2 (13) 5 (31)
Upper respiratory tract infection 1 (7) 0 1 (7) 1 (6) 3 (19)
Pharyngitis 1 (7) 1 (7) 0 0 2 (13)
Otitis media 0 0 0 1 (6) 1 (6)
Gastrointestinal disorders 1 (7) 1 (7) 1 (7) 1 (6) 4 (25)
Mouth ulceration 1 (7) 1 (7) 1 (7) 1 (6) 4 (25)
Injury, poisoning, and procedural complications 0 0 0 1 (6) 1 (6)
Joint injury 0 0 0 1 (6) 1 (6)
Musculoskeletal and connective tissue disorders 0 1 (7) 0 1 (6) 1 (6)
Musculoskeletal pain 0 1 (7) 0 0 1 (6)
Neck pain 0 0 0 1 (6) 1 (6)
Psychiatric disorders 1 (7) 1 (7) 0 0 1 (6)
Tic 1 (7) 1 (7) 0 0 1 (6)

FF/VI = fluticasone furoate/vilanterol.
Data are no. (%) of patients.
All adverse events were of mild intensity. All adverse events except for joint injury were considered by the investigators to be treatment
related.
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ing due to individual variation. The study was
completed by 94% of subjects. The main limita-
tion of the study was that we were unable to
directly test the hypothesis of differential sys-
temic exposure in healthy subjects versus
patients with asthma or COPD in the ethnic
population of interest. Further limitations were
the lack of an ethnic comparator group and the
relatively short-term treatment period.

Conclusion

Minimal and non–clinically relevant b-adren-
ergic PD effects were observed in healthy
Chinese subjects receiving FF/VI 50/25–200/
25 lg. Fluticasone furoate dose-dependent
reductions in serum cortisol level of up to 25%
were observed after administration of FF/VI 100/
25 and 200/25 lg. However, no evidence of such
PD responses has been reported in previous
studies of the same therapeutic FF/VI doses in
patients with asthma or COPD. The FF/VI safety
profile in healthy Chinese subjects demonstrated
that this treatment was well tolerated at doses
ranging from 50/25 to 200/25 lg.
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