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ABSTRACT 
Background: Fluticasone furoate (drug code 

GW685698) is an enhanced-affinity glucocorticoid that 
has been developed for the treatment of allergic rhinitis. 

Objectives: The objectives of this study were to es- 
timate the absolute bioavailability of fluticasone furoate 
nasal spray and to describe the intranasal (IN) and IV 
pharmacokinetics of fluticasone furoate in healthy 
subjects. 

Methods: This was a single-center, randomized, 
open label, 2-period crossover study. Healthy male 
and female subjects were randomized to receive supra- 
therapeutic doses of fluticasone furoate 880 pg IN 
qSh for 10 doses in 1 treatment period, and a single 
IV dose of 250 pg fluticasone furoate given as an in- 
fusion over 20 minutes in the other treatment period. 
Each treatment period was separated by a 4- to 5-day 
washout period. Blood sampling was carried out over 
8 hours following the final IN dose and 24 hours 
following the IV dose to determine plasma flutica- 
sone furoate concentrations. Plasma samples were 
analyzed for fluticasone furoate using online solid- 
phase extraction with high-performance liquid chro- 
matography with tandem mass-spectrometric detec- 
tion. The lower limit of quantification was 10 pg/mL. 
The sample size was based primarily on logistical con- 
siderations. Sample-size sensitivity was assessed by es- 
timating the 90% CI for the absolute bioavailability 
of IN fluticasone furoate, based on different estimat- 
ed bioavailabilities and within-subject SDs. The fol- 
lowing pharmacokinetic parameters were derived: 
IN administration: AUC from time 0 to the end of the 
dosing interval (AUC0_~) , AUC0_t, C . . . .  and Tmax; IV 
administration: AUC0~ , AUC0_t, tl/2, C . . . .  T . . . .  
total systemic clearance, and volume of distribution at 
steady state. 

Results: A total of 16 subjects were included in the 
study. Their mean age was 27.8 years (range, 19- 

45 years), and their mean body weight was 72.84 kg 
(range, 55.3-97.2 kg). The geometric mean AUC0_ t 
for 880 pg IN was 74.9 pg. mL/h and geometric mean 
AUC0~ for 250 pg IV was 4259 pg • mL/h. The geo- 
metric mean of the absolute bioavailability of fluti- 
casone furoate nasal spray in these healthy subjects 
was 0.50% (90% CI, 0.34%-0.74%). The admin- 
istration of large doses by the IN route did not elicit 
clinical concern. Three (19%) of 16 subjects reported 
adverse events (AEs) during the IN administration 
period, with 2 subjects experiencing dizziness and 1, 
toothache. Five (31%) subjects reported AEs dur- 
ing the IV administration period, with 3 subjects ex- 
periencing infusion-site or IV catheter-related events; 
1 subject, dizziness; and 1 subject, headache. 

Conclusions: The geometric mean of the absolute 
bioavailability of fluticasone furoate 880 pg IN qSh 
for 10 doses in these healthy subjects was low--  
0.50%. (Clin Ther. 2007;29:1415-1420) Copyright 
© 2007 Excerpta Medica, Inc. 
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INTRODUCTION 
Fluticasone furoate (drug code GW685698) is an 
enhanced-affinity glucocorticoid that has been devel- 
oped for the treatment of allergic rhinitis. A dosage of 
110 pg/d is currently being evaluated in Phase III tri- 
als in patients with seasonal and perennial allergic 
rhinitis. Systemic exposure to orally bioavailable glu- 
cocorticoids generally administered by the oral and in- 
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haled routes has been found to be associated with sys- 
temic effects such as reduction in cortisol production 1 
and growth in children. 2 Systemic exposure to cur- 
rently marketed intranasal (IN) glucocorticoids is gen- 
erally <1% bioavailability and without associated 
systemic effects. 3 It is therefore important that systemic 
exposure to fluticasone furoate following IN adminis- 
tration is low to minimize potential for unwanted sys- 
temic effects. 

Systemic exposure to fluticasone furoate IN has 
been shown to be typically below the limit of quantifi- 
cation (10 pg/mL) at a dose of 110 blg/d. 4 Therefore, 
a supratherapeutic dosing regimen of 880 tlg IN qSh 
for 10 doses (2640 tlg/d on days 1-3, 880 tlg on day 4) 
was selected because it was considered the lowest dose 
that would reliably produce measurable fluticasone 
furoate plasma concentrations for estimation of bio- 
availability. An IV dose of 250 tlg was selected be- 
cause it had previously been shown to be well tolerat- 
ed and to provide adequate pharmacokinetic (PK) 
characterization. 5,6 The effect of inflammation and 
swelling in the mucosal lining of the nose on bioavail- 
ability in patients with rhinitis is unknown. Therefore, 
use of healthy volunteers in this study was a reason- 
able choice of model. 

The objectives of the present study were to estimate 
the absolute bioavailability of an IN dose of flutica- 
sone furoate and to describe the PK properties of IN 
and IV fluticasone furoate in healthy subjects. 

SUBJECTS A N D  METHODS 
Inclusion and Exclusion Criteria 

Healthy male and female volunteers aged 18 to 
65 years, with a body mass index within the range of 
19 to 31 kg/m 2 inclusive, nonsmokers for at least the 
previous 6 months, with a pack history <5 pack-years 
and with no clinically relevant conditions identified 
from the medical history, physical examination, or 
electrocardiography (ECG) were eligible for inclusion. 
Subjects were excluded if clinically relevant results 
were identified for clinical chemistry, hematology, uri- 
nalysis, or vital-sign assessments; if they tested posi- 
tive for HIV, hepatitis B, or hepatitis C on serology; or 
failed the carbon monoxide test, alcohol breath test, 
or screening for drugs of abuse. Subjects were required 
to demonstrate their ability to use the IN device at the 
screening visit. Those unable to do so in a satisfac- 
tory manner were excluded. Subjects were financially 
compensated for their participation. 

Study Design 
This was a single-center (Hammersmith Medicines 

Research, London, United Kingdom), randomized, open- 
label, 2-period crossover study. The sample size was 
based primarily on logistical considerations. The pro- 
tocol was approved by the Ravenscourt Ethics 
Committee, London, United Kingdom, and all sub- 
jects provided written informed consent. Screening oc- 
curred 4 to 28 days prior to commencement of treat- 
ment. Eligible subjects were randomized to receive 
fluticasone furoate 880 tlg IN qSh for 10 doses in 
1 treatment period, and a single dose of 250 tlg fluti- 
casone furoate given as an IV infusion over 20 min- 
utes in the other treatment period. The randomization 
schedule was generated within RandAll (the sponsor's 
Web-based clinical trials randomization system, a se- 
cure, regulated repository used for blinded and un- 
blinded randomization schedules). A block size of 
4 was used to ensure that an equal number of subjects 
was randomized to each treatment sequence (IN in pe- 
riod 1 and IV in period 2, or IV in period 1 and IN 
in period 2). There was a washout of 4 to 5 days be- 
tween periods, and a follow-up visit approximately 
a week after the final dose. The total time an individ- 
ual was planned to be in the study was therefore 16 to 
44 days. 

Pharmacokinetic Assessments 
Blood samples (-4 mL of venous blood) were col- 

lected for determination of plasma fluticasone furoate 
concentrations. Following IN dosing samples were 
obtained prior to the final dose and at 5, 15, 30, and 
45 minutes and 1, 1.5, 2, 3, 4, 6, and 8 hours after the 
final dose (day 4). With IV administration, samples 
were obtained prior to dosing and at 5, 15, 20, 25, 30, 
and 45 minutes and 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 16, 
and 24 hours after the start of administration (day 1). 

An IV cannula was inserted into a forearm vein to 
facilitate blood sampling. Samples were collected into 
tubes containing K3EDTA anticoagulant and cen- 
trifuged (1500g for 10 minutes at 4°C) within 45 min- 
utes of collection. Supernatant plasma was stored at 
-20°C until analysis. 

Samples were prepared and analyzed at Glaxo- 
SmithKline, Welwyn, United Kingdom. Fluticasone 
furoate was extracted from human plasma using on- 
line solid-phase extraction with [13C 2H3]-GW685698 
as internal standard. Plasma extracts were analyzed 
using high-performance liquid chromatography with 
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tandem mass-spectrometric detection. The lower limit 
of quantification (LLQ) was 10 pg/mL using a 0.15-mL 
aliquot of human plasma. The method has been vali- 
dated over the range of 10 to 1000 pg/mL, and within- 
run precision and accuracy of quantification was better 
than 14.3% and-12.5%, respectively, across the con- 
centration range. 7 

Tolerability Assessments 
Vital signs (blood pressure and heart rate) were 

monitored and recorded while the subject was semi- 
supine, having rested in that position for at least 
10 minutes before each reading. Adverse events (AEs) 
reported spontaneously were recorded throughout the 
study from screening until the follow-up visit. In addi- 
tion, semisupine 12-lead ECG, hematology (white 
blood cell count, red blood cell count, hemoglobin, 
mean cell volume, mean cell hemoglobin, mean cell 
hemoglobin concentration hematocrit, platelet count, 
neutrophil count, lymphocyte count, monocyte count, 
eosinophil count, basophil count) and clinical chem- 
istry blood tests (urea, creatinine, uric acid, total 
bilirubin, total protein, albumin, globulin, alkaline 
phosphatase, aspartate aminotransferase, alanine 
aminotransferase, 7-glutamyltranspeptidase, glucose, 
phosphate, cholesterol, triglycerides, potassium, sodi- 
um, calcium, chloride, bicarbonate), and urinalysis 
dipstick tests (protein, blood, ketones, glucose, biliru- 
bin, urobilinogen, leukocyte esterase, specific gravity, 
nitrates, pH) were performed at screening and follow- 
up. Sediment microscopy was performed on urine 
samples at screening and on any samples for which 
there were abnormal dipstick test results following 
screening. All laboratory tests were performed at 
Hammersmith Medicines Research Analytical Labora- 
tory, which is accredited by the College of American 
Pathologists. Strenuous exercise and alcohol and caf- 
feine consumption were restricted during the study. 
Concomitant medications were not permitted unless 
approved by the investigator. 

Pharmacokinetic and Statistical Analyses 
The sample size was based primarily on logistical 

considerations. Sample-size sensitivity was assessed by 
estimating the 90% CI for the absolute bioavailabili- 
ty of IN fluticasone furoate, based on different esti- 
mated bioavailabilities and within-subject SDs. The 
following PK parameters were derived using standard 
noncompartmental methods and Models 200 and 202 

of WinNonlin version 4.1 (Pharsight Corporation, 
Mountain View, California): IN administration: AUC 
from time 0 to the end of the dosing interval (AUC0_~) , 
AUC0_t, C . . . .  and Tm~x; IV administration: AUC0_~, 
AUC0_t, tl/2, C . . . .  T . . . .  total systemic clearance (CL), 
and volume of distribution at steady state (Vdss). 

All derived PK parameters were summarized. In ad- 
dition, to estimate the absolute bioavailability a statis- 
tical analysis was performed on AUC. AUC0_ ~ was 
used for IN and AUC0_ ~ was used for IV. If the rele- 
vant AUC parameter was missing, AUG0_ t was used 
for that individual data point instead. The relevant 
AUC parameter was dose normalized (880 t~g for IN 
and 250 pg for IV) and logarithm transformed prior 
to analysis. A mixed-effects model was fitted, with 
treatment group, period, and sequence fitted as fixed 
effects and subject fitted as a random effect. To esti- 
mate the absolute bioavailability, the treatment ratio 
(IN/IV) was calculated by back-transforming the dif- 
ferences between the treatment means. Corresponding 
90% CIs were also presented. The ratio and CI were 
presented as a percentage (ie, %F). 

Tolerability data were summarized only. 
The summaries and statistical analysis were gener- 

ated using SAS version 8.2 (SAS Institute Inc., Cary, 
North Carolina) on a UNIX platform. 

RES U LTS 
Demographic Characteristics 

Sixteen healthy white subjects entered and com- 
pleted the study. Eight subjects were male and 8 sub- 
jects were female. Their mean age was 27.8 years 
(range, 19-45 years), their mean body mass index was 
23.92 kg/m 2 (range, 20.2-29.7 kg/m2), their mean 
height was 174.1 cm (range, 160-187 cm), and their 
mean body weight was 72.84 kg (range, 55.3-97.2 kg). 

Pharmacokinetic Profiles 

After IV treatment, quantifiable concentrations of 
fluticasone furoate were detected in all subjects up to 
at least 16 hours after administration. As expected, 
plasma fluticasone furoate concentrations after IN 
treatment were notably lower than those after IV 
treatment (Figure). Following IN dosing, all samples 
from 1 subject were below the limit of quantification 
(10 pg/mL) and no PK parameters were derived. 
Another subject had only 1 quantifiable value and 
only Cma X and Tma X were derived in this subject. All 
other subjects had at least 2 quantifiable concentra- 
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Figure. Median plasma concentration-time profile offluticasone furoate 880 pg IN q8h for 10 doses and a single 
IV administration of 250 pg in healthy male and female subjects. IN = intranasal; LLQ = lower limit of 
quantification. 

tions after IN administration. No quantifiable concen- 
trations were excluded from the derivation of the PK 
parameters. 

For the IN treatment, 2 subjects had consecutive 
nonquantifiable values between quantifiable concen- 
trations. To avoid underestimation of the absolute 
bioavailability, these concentrations were left in the 
profiles and were assigned a value of 0. Derived PK 
parameters are summarized in the table. 

Median Tma x values were 0.75 hour (range, 0.08- 
8.00 hours) for fluticasone furoate 880 pg IN q8h for 
10 doses, and 0.29 hour (range, 0.08-0.33 hour) for 
fluticasone furoate administered IV at 250 pg. Fol- 
lowing IV administration, fluticasone furoate was wide- 
ly distributed (geometric mean Vdss , 361.7 L [95% 
CI, 264.8-494.0 L]) and rapidly cleared (geometric 
mean CL, 58.70 L/h [95% CI, 53.33-64.60 L/h]). 
Following standardization for body weight, geometric 
mean Vds~ was 11.7 L/kg (95% CI, 9.76-19.8 L/kg), 
and geometric mean CL was 5.03 L • kg/h (95% CI, 
3.99-8.44 L .  kg/h). 

Absolute bioavailability could not be estimated in 
2 subjects, as AUC could not be derived due to insuf- 
ficient quantifiable values following IN dosing. In 
6 subjects, AUC0_t, rather than AUC0_ v was used to 
estimate absolute bioavailability because AUC0_ ~ 

could not be determined in those subjects. The geo- 
metric mean of the absolute bioavailability of flutica- 
sone furoate 880 pg IN qSh for 10 doses was 0.50%. 
The 90% CI suggests that the absolute bioavailability 
is not likely to be lower than 0.34% or higher than 
0.74%. 

Safety Profile 
In this small number of healthy subjects, flutica- 

sone furoate was well tolerated as a single 250-pg IV 
dose and as a repeated supratherapeutic IN 880-pg 
dose. There were no withdrawals from the study and 
no serious AEs. Each of the subjects received all of 
their allocated study medication. 

Three (19%) of 16 subjects reported AEs during 
the IN administration period, with 2 subjects experi- 
encing dizziness and 1, toothache. Five (31%) of 16 sub- 
jects reported AEs during the IV administration period, 
with 3 subjects experiencing local infusion-site or IV 
catheter-related events; 1 subject, dizziness; and 1 sub- 
ject, headache. 

None of the subjects exhibited blood pressure or 
heart rate values that were abnormal or considered to 
be of clinical significance. There were no apparent 
trends in these measures, either by individual or by 
treatment group. 
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Table. Plasma pharmacokinetic parameters after the administration offluticasone furoate 880 IJg intransally (IN) 
q8h for 10 doses and a single IV administration of 250 pg fluticasone furoate in healthy male and female 
subjects. 

Fluticasone Furoate IN 880 lag 
Repeated Doses 

Parameter n Geometric Mean (95% CI) 

AUC0 t, Pg " mL/h 14"  74.92 (43.64-128.63)  

AUC 0 ~, pg"  mL/h - 

AUC 0 ~, pg • mL/h 8f  136.31 (90.72-204.81)  

C . . . .  pg/mL 15t 20.53 (16.04-26.27)  

tl/2, h - - 

Vdss , L - - 

CL, L/h - - 

*Two subjects had _<1 measurable plasma fluticasone furoate concentrat ion.  

Fluticasone Furoate IV 250 lag 
Single Dose 

n Geometric Mean (95% CI) 

16 3787.47 (3478.52-4123.86 

16 4259.39 (3869.68-4688.34 

16 6652.10 (5803.01-7625.43 

16 10.584 (7.713-14.525)  

16 361.7 (264.8-494.0)  

16 58.70 (53.33-64.60)  

tEight subjects had no measurable plasma fluticasone furoate concentration at 8 hours after administration. 
tOne subject had no measurable fluticasone furoate concentrations. 

+ None of the ECG findings were considered abnor- 
mal or to be of clinical significance. 

None of the clinical laboratory values that fell out- 
side of the reference ranges were reported as AEs, and 
none were considered to be of clinical significance. Two 
subjects had values that fell outside of the reference 
range by a sufficient margin to be defined as values of 
potential clinical concern. A female subject had a blood 
lymphocyte count at screening of 0.93 × 109 cells/L 
(reference range in women, 1.29-3.64 × 109 cells/L), 
and a male subject had a venous blood bicarbonate 
at follow-up of 19 mmol/L (reference range in men, 23- 
34 mmol/L). However, the study investigator consid- 
ered that neither finding was treatment related or of 
clinical significance. 

DISCUSSION 
The results of this study provide information about 
the absolute bioavailability of IN fluticasone furoate 
in healthy volunteers, the geometric mean of which 
was 0.50%. 

The systemic bioavailability of IN fluticasone 
furoate is low due to a combination of low aqueous 
solubility (-0.1 pg/mL), limited mucosa contact time in 
the nose, and extensive first pass metabolism of the swal- 
lowed fraction of the dose. The oral bioavailability of 
fluticasone furoate has been estimated to be -1%. 8 At 

the clinically relevant IN dose for adults and adoles- 
cents (110 pg/d), fluticasone furoate is generally below 
the LLQ, 10 pg/mL. 4 To produce measurable plasma 
fluticasone furoate concentrations to enable estimation 
of bioavailability following IN dosing, a supratherapeu- 
tic dose of 880 pg qSh for a total of 10 doses (2640 pg/d 
on days 1-3, 880 pg on day 4) was administered in this 
study. Although this higher dose was not clinically rel- 
evant, it provided a means of assessing the absolute 
bioavailability of fluticasone furoate following IN ad- 
ministration. As expected, even at this high multiple daily 
dose (2640 pg/d), concentrations were just above the 
LLQ (10 pg/mL). However, there were sufficient data 
to estimate PK parameters after IN dosing. The geo- 
metric mean of the absolute bioavailability of flutica- 
sone furoate, 880 pg administered IN at 8-hourly 
intervals for a total of 10 doses, was 0.50%. The 90% 
CI suggests that the absolute bioavailability is not 
likely to be lower than 0.34% or higher than 0.74%. 
The low bioavailability for IN fluticasone furoate was 
comparable to values reported for other IN suspension 
formulations of glucocorticoids. Average bioavail- 
ability values of 0.51% and 0.46% have been reported 
for fluticasone propionate and mometasone furoate, 
respectively.3, 9 

Systemic exposure to older, orally bioavailable glu- 
cocorticoids (eg, prednisolone, budesonide) generally 
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administered by the oral and inhaled routes, has been 
shown to be associated with systemic effects such as 
reduction in cortisol production 1 and growth in chil- 
dren. 2 Systemic exposure to currently marketed IN 
glucocorticoids is generally <1% bioavailability and 
without associated systemic effects. 3 Therefore, the 
low bioavailability of fluticasone furoate nasal spray 
supports the low potential for systemic AEs at the 
maximum therapeutic dose of 110 pg/d. 

Vdss (mean, 361.7 L) was greater than that for total 
body water (42 L) in a 70-kg man, 1° suggesting exten- 
sive distribution into tissues. Fluticasone furoate was 
rapidly cleared, with total plasma clearance (mean, 
58.7 L/h) approaching hepatic blood flow (87 L/h). 1° 

The safety profile of fluticasone furoate in this 
study was similar to that of previous studies; the ad- 
ministration of large doses by the IN route was well 
tolerated. 

C O N C L U S I O N S  
The geometric mean of the absolute bioavailability of 
fluticasone furoate, 880 pg IN qah for a total of 10 doses 
(2640 pg/d on days 1-3, 880 pg on day 4), was 0.50%. 
Fluticasone furoate distributed extensively to tissues 
and rapidly cleared. Fluticasone furoate was well tol- 
erated in the supratherapeutic IN dosing regimen 
studied. 
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