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The systemic exposure of fluticasone propionate with
hydroftuoroalkane propellant compared with chlorofiuoro-
carbon propellant and the effect of fluticasone propionate
hydroftuorcalkane on 24-hour urinary cortisol in children
aged 4 to 11 years with asthma were evaluated, Study 1 was
an open-lobel, 2-way crossover study in which 16 subjects
were randomized to 7.5 days each of fluticasone propionate
hydrofiuoroalkane 88 g twice a day or fluticasone propi-
onate chlorofluorocarbon 88 pg iwice a day. In study 2, 63
subjocts received 13.5 days of placebo followed by 27.5 days
of fluticasone propionate hydrofluoroalkane 8 ug twice a
day. The main outcome measure for study 1 was the differ-
ence between fluticasone propionate hydrofluoroalkane
and fluticasone propionate chlorofluorocarbon in fluticusone
bropionate AUG,,, {area under the plasma fluticasone propi-
onate concentration-time curve from zero up to the last
quantifiable pkesma concentration), and for study 2, 24-hour

overnight urinary cortisol excretion. In study 1, fluticasone
propionate systemic exposure was significantly lower (55%)
with hydrofluoroalkane metered dose inhaler compared with
chloroftuorocarbon metered dose inhaler. Study 2 showed no
statistically significant changes in 24-hour overnight urinary
cortisol excretion and no relationship to fluticasone propi-
onate systemic exposure at this dose. The results of these 2
studies showed that in children aged 4 to 11 years with
asthing, fluticasone propionate hydrofluoroalkane has lower
systemic exposure compared with chlorofluorocarbon and
no hypothalamic-pituilary-adrenal axis effects as measured
by 24-hour urinary cortiso! excretion.
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Asthma affects approximately 9 million (12%)
children in the United States and is one of the
most common chronic diseases of children.! The
Centers for Disease Control National Health Survey
found that in 2004, 4 million children (5.4%) had
experienced an asthma attack in the past year. !
According to current national and international
asthma guidelines, inhaled corticosteroids (ICS) are
the preferred treatment for all patients with persis-
tent asthma.** However, many children with asthma
are not being managed in accordance with guideline
recommendations. The cause may be persisting
reluctance by physicians to prescribe and parents to
administer inhaled corticosteroids. This reluctance
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may be based in part on concern about risk for sys-
temic side effects. To address this question, these
studies evaluated systemic exposure of fluticasone
propionate (FP) hydrofluoroalkane (HFA) compared
with FP chlorofluorocarbon (CFG) and the sffact of
FP HFA on 24-hour urinary cortisol in children aged
4 to 11 years with asthma.

Flhuticasone propionate HFA-propelled metered
dose inhaler (MDI) has replaced the CFC-propelled
MDT* and is available in the United States as a
metered-dose inhalation aerosol for patients ages 4
years and older. Efficacy of the FP HFA and that of the
conventional CFC propelled formulation are compa-
rable at the same microgram dose in pediatric patients
and adults with asthma.** Beclomethasone dipropi-
onate is also available in an HFA formulation. The
systemic exposure of this product has been reported
to be 2- to 3-fold greater than the CFC formulation,"
such that the administered dose must be halved.”? In
comparison, a prior study demonstrated lower sys-
temic exposure of I'P from the HFA formulation ver-
sus the CFC product in healthy adult volunteers.’®

The 2 studies reported here were conducted to
characterize systemic exposure and effects on uri-
nary cortisol with FP HFA 88 ug twice daily in
children with asthma 4 to 11 years of age.

MATERIALS AND METHOQDS
Patients

Both studies included male and premenarchal female
outpatients aged 4 to 11 years with a diagnosis of
asthma™ requiring pharmacotherapy (22 months [stady
1, FAP10006]); 26 months [study 2, FAP19052]), a best
clinic visit 1 peak expiratory flow (PEF} <85% Polgar
predicted™ (after not using all asthma medications for
duration of action), and >12% reversibility within 30
minutes following 2 puffs of albuterol 100 jg. Written
informed consent was obtained from a parent/guardian.

Study 1. Subjects must have been taking ICS >1
month prior to screening. Patients were excluded if
prior to screening they had used oral or parenteral cor-
ticosteroids within 4 weeks, daily oral corticosteroids
32 months in the past 6 months, or intranasal corti-
costeroids (INS) in the past week.

Study 2. Patients were excluded if prior to screen-
ing they had used oral or parenteral corticosteroids
within 10 weeks, medium- to high-dose ICS within
6 weeks (or low-dose ICS [eg, 176 pg/d FP] within 2
weeks), or INS in the past 2 weeks. Topical corticos-
teroids  equivalent to >1% hydrocortisone cream
were excluded after screening.
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Study Design

Two multiple-dose studies with FP (Flovent®,
GlaxoSmithKline) 88 (g MDI twice a day without
spacer were conducted. Study 1 evaluated the phar-
macokinetics (PK) of FP HFA, specifically FP sys-
temic exposure compared with FP CFC, Study 2
evaluated the pharmacodynamics (PD) of FP HFA,
specifically the effect on 24-hour urinary cortisol
excretion. Albuterol was permitted as needed to
relieve acute symptoms of asthma in both studies.

Patients and/or parents or gnardians were required
to demonstrate the ability to effectively use the MDI
using the demonstration kit provided. Protocols were
approved by institutional review boards for all sites
(Quorom Review, Inc, Seattle, Wash, and National
Jewish Medical and Research Center, Denver, Colo,
for study 1 and IntegReview Ethical Review Board,
Austin, Tex, for study 2). Subjects were assigned to
freatment sequences according to a randomization
schedule prepared in advance by the sponsor. Per
request from the Food and Drug Administration, ran-
domization was stratified for subjects 4 to 7 years and
8 to 11 yoars, so that approximately one third of
subjects would be <7 years old.

Study 1. On the morning of day 1, prior ICS use
was discontinued and patients were randomized to
1 of 2 crossover sequences: 7.5 days of 2 puffs twice
daily with open-label FP 44 ug HFA MDI or FP 44 yg
CFC MDL The second period immediately followed
with no washout period.

Study 2. Patients received 13.5 days of placebo
(HFA propellant only) (period 1) immediately fol-
lowed by 27.5 days of treatment with FP HFA MDI
88 lg twice a day (period 2). On day 13 of period 1
and day 27 of period 2, overnight inpatient stays
were conducted for 24-hour urine and blood PK
sample collections. Nonsteroid asthma medications
were allowed during the study.

Measurements

PD and PK measures. Plasma FP analysis for both
studies was done at York Bioanalytical Solutions
using a solid phase extraction and liquid chro-
matography using tandem mass spectrometric detec-
tion method.” The lower limit of quantification of
the assay was 5 pg/mlL.

Study 1 PK measures. Predose and serial postdose
(20 and 40 minutes, 1, 2, 4, 8, and 12 hours) blood
samples (4 mL) for analyses of FP were taken on day
8 of each study period. The primary end point was
area under the plasma FP concentration—time curve
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from zero up to the last quantifiable plasma concen-
tration (AUC, ). Other end points included maxi-
mum observed plasma FP concentration (G}, time
to maximum observed plasma FP concentration
(t,..); minimum observed plasma FP concentration
(C.i.), and terminal elimination half-life (t,,,, calcu-
lated if adequate and sufficient data available).

Study 2 PD and PK measures. The primary end
point was 24-hour urinary cortisol excretion. Excretion
of the primary metabolite, 6-f-hydroxycartisol, was
also assessed. The PK/PD relationship in torms of 1~
hour plasma FP concentration. data and 24-hour urine
pharmacodynamic parameters was examined,

Two consecutive and approximately 12-hour col-
lections for urinary cortisol began immediately after
evening dosing on day 13 (session 1) and day 27 (ses-
sion 2) Urinary cortisol and 6-B-hydroxycortisol lev-
els were determined using reverse phase liguid
chromatography with tandem mass spectrometry
detection with a limit of detection of 1 ng/mL for cor-
tisol and 5 ng/mL for 6-B-hydroxycortisol. Two
mobile phases were used: {A) water containing 0.1%
(vol/vol) formic acid and (B) acetonitrile/water/
f ormic acid (95:4.9:0.1 vol/vol) using a gradient mode
at a flow rate of 1.0 mL/min. A Luna C18, 250-mm Ing
* 4,6-mm [D 5-y particle size column (Phenomennex)
was used in a Perkin Elmer Sciex API I Plus. Prior fo
injection, a 300-uL. sample was applied to an Qasis
HLB exiraction plate preconditioned with 100 pul, of
methanol and 100 pL of water The plate was then
washed with 400 L of water followed by 400 pL of
40% methanol in water before eluting the samples
with 400 pl. of methanol. Following evaporation
under nitrogen, the sample was reconstituted with 9:1
vol/vol 0.1% formic acid/acetonitrile for injection.
"All samples were measured at Simbec Research
Limited (South Wales, UK).

Plasma samples. A single 6-ml blood sample for
analysis of plasma FP concentration was collected 1
hour postdose following the morning dose on day 14
{period 1) and on day 28 (period 2).

Adverse events. Adverse events were collected in
hoth studies. Subjects/guardians were queried about
medical problems at clinie visits, during phone call
assessments, and, in study 2, via diary cards on
which subjects/guardians recorded any medical prob-
lems. For each adverse event, investigators recorded
whether they considered it to be related to study
medication.

FEF. In study 2, PEF was performed to monitor
asthma symptoms and severity. Subjects or parents
were advised to contact the study site should PEF
fall below 20% from the screening visit PEF,
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Data Analysis and Statistics

Study 1, The primary outcome measure was the dif-
ference between treatments in FP AUC, . AUC data
from another study'’ indicated that a sample size of
12 subjects would ensure that the width of the 90%
confidence interval (CI) for the ratic of geometric
means was 33% of the ratio.

Pharmacokinetic analysis was carried out by
(juintiles Limited. Noncompartmental pharmacoki-
netic analysis was performed by the Clinical Pharma-
cokinetics/Modelling & Simulation Department (Glaxo
Smith Kline, UK} using actual sampling times. For
each of the derived parameters, descriptive statis-
tics were calculated for each treatment, Geometric
means and related 95% ClIs were also calculated.
All data, except t,,,, were analyzed afier log_-trans-
formation. An analysis of variance, adjusted for the
effects of period and treatment group with random
effect of subject, was performed using a linear
mixed model to compare the two treatments.
Treatment ratios (ratios of geometric least square
means) and 90% CIs were constructed for each
pharmacokinetic end point. Values of t,,  were ana-
lyzed nonparametrically using Wilcoxon'’s matched
Ppairs methods to consiruct point estimates and 90%
Cls for the median difference between the formula-
tions. Because the analysis was descriptive in
nature, adjustments for multiple comparisons or
multiple end points were not made.

Study 2. The outcome measure was the difference
hetween placebo and active treatment on 24-hour uri-
nary cortisol excretion. The study was a descriptive
comparison, and traditional power calculations were
not performed. A prior study™ indicated that the log,
standard deviation of 24-hour total urine cortisol was
approximately 0.65. Therefore, 30 subjects would
allow 90% power to detect a 35% difference between
groups as measured by the ratio of geometric means
assuming a correlation between treatment and placebo
measurements of 0.70.

The data were natural-log-transformed prior to
analysis to improve compliance with the normality
assumption underlying the analysis. Absolute values
(and change from the placebo treatment assessment
value) for urinary cortisol, 6-B-hydroxycortisol, and
the sum of the 2 analytes were summarized by
treatment including 95% Cls. Linear regression
was used in a post hoc analysis to examine the
relationship between FP exposure and change in
urinary cortisol excretiom; a f test was used to
determine whether the slope was significantly
different from zero.
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Subjects Screened

17

¢ Median age 8 years: 8 < 7 years old

Protocot deviations {(n):

« 1IM:;5F

e 6 Caucasian; 6 Hispanic; 2 African-
American; 2 Asian

+  Mean pre-bronchodilator PEE:

e 3 screened »14 days
before first dose

I Excluded T .

204 L/min (SD = 82)
Mean post-bronchodilator PEF;

¢ 1 rcceived only 6 days
of medication in Period

16 Randomized .

239 L/min (8D = 93)
Mean reversibility 17.9%

2 (FP CFC MDI}

» | entered study with a
body mass index of
24.64 kg/m?, (upper
limit of 24 kg/m*)
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8

o
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Figure 1. Potient flow diagram for study 1. FF, fluticasone propionate; CFC, chlorofliorocarbon; MDI, metered dose inhaler; HEA.

hydrofluoroalkane; PK, phermacokinetics; PEF, peak expiratory flow.

RESULTS
Study 1—Effect of HFA on FP Systemic Exposure

Patients. Figure 1 shows the patient flow and patient
demographic data for this study, conducted October
through December 2003. The mean age of the
children randomized to treatment was 7.5 years (SD
2.8 years).

PK end points. Median plasma concentrations of
FP were measurable up to 4 hours after a dose of FP
HFA 88 ug and up to 8 hours after FP CFC 88 pg
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(Figure 2). Summary statistics are presented in Table
1. FP systemic exposure (AUC, ) was significantly
lower (55%) following HFA MDI adininistration
compared with the CFC MDI. The C,, for I'P was
26% lower following administration of the HFA MDI
compared with the CFC MDI, but the difference did
not reach significance. The median difference in t,
for FP was not significant between the 2 formula-
tions. Estimates of terminal half-life were not possi-
ble in most subjects because FP was not detected in
the terminal portion of the curve. Because FP was
only measurable over the first 4 to 8 hours, C_. and

min
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Table I Pharmacokinetic Parameters of Fluticasone Propionate (FP)

FP HFA MDI 88 pg BID FP CFC MDI 88 pg BID HFA/CFC?

AUC, . pgh/mL, n=13

Geometric megan 28.3 64.7 0.45

95% CI 9.99, 80,3 27.4, 152.8 0.23, 0.88
Croae PE/L, n =13

Geometric mean 15.1 20.4 0.74

95% CI 8.50, 26.6 13.0, 32.0 0.46, 1.20
tmax'b n=11

Madian 0.67 0.92 —0.003"

Range 0.33-4.00 0.37-4.00 —0.740 to 0.655

HFA, hydrofluoroalkane; MDI, matered dose inhaler: BID, twice daily; CFG, chlorofluorocarbon; AUG,, area under the plasma FP conceniration—time
curve feom zoro tp to the last quantifiable plasma concentration; CI, confidence interval; G, ., maximum observed plasma FP concentration; 1.0 time

to maximum observed plasma FP concentration.
a. Ratio of geometric least square means and 90% CL
b, Median difference.
¢. Median difference for t
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Figme 2. Patient flow dingram for study 2. FP, fluticasons propionate;
CFC, chlorofliorocarbon; MDI, metered dose inhaler; HFA, hydro-
fluoroalkane,

ferminal plasma elimination rate constant {lz) were
not calculated.

Adverse events. More adverse cvents wore reported
with FP CFC compared with FP HFA (18 vs 4 events,
8 vs 3 subjects). Adverse events reported more than
once included nasal congestion (2 HFA, 4 CFQ),
pyrexia (3 CFC), pharyngitis (2 CFC), and asthma (1
each). No adverse events were considered related to
study medication, and no subject was withdrawn
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because of an adverse event. All events resolved by
the end of the study.

Study 2—Effect of FP HFA on 24-Hour
Urinary Cortisol

Patients. Figure 3 shows the patient flow and patient
demographic data for this study, conducted August
through November 2004. The mean age of the
children randomized to treatment was 7.5 years (SD
2.3 years).

PD end points. Median 24-hour urinary cortisol
excretion was 8.870 ug after 13.5 days of HFA propel-
lant only (baseline) and 10.309 ug after 27.5 days of FP
HFA 88 pug twice a day. Mean (£SD) 24-hour urinary
cortisol excretions for FP HFA and placebo were 9.54
Hg (4.19) and 9.66 pg (+4.58); ratio of the means
(FP/placebo) was 0.987 (95% CI 0.796, 1.223). The rela-
tionship of wrinary cortisol + 6-p-hydroxycortisol
excretion ratio as a function of FP plasma concentra-
tion is shown in Figure 4 and further demonstrates no
effect on the hypothalamic—pituitary—adrenal axis with
this low level of FP HI'A exposure (* = 0.0012; P = .84).

Adverse events., Adverse ovents (AFs) were
reported by 21 subjects (34%). Headache was the most
common AE (5 placebo, 8 FP). Most AEs were mild
or moderate in intensity. Severe AEs were reported
by 3 subjects: severe headache with pyrexia (requir-
ing exclusion of meningitis), asthma, and upper res-
piratory {ract infection; severe headache and
vomiting; and severe asthma (1 subject each). None
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Patients Screened (n = 91)

e Mean age 7.5 years: 32 <7 years old

¢ 42M.21F

* 32 Cavcasian; 11 Hispanic; |5 African-
American; 3 Asian; 2 other

Enrollment
Patients Randomized (n=63)

Allocated to intervention (FP session)

Allocated to intervention (Placebo Received allocated inlervention
session) [ Allocation ] (n=56)
Received allocated intervention Did not receive allocated intervention
{n = 62%) = {n=06)
Did not receive allocated intervention " Lost to Follow-up: 1
(n=1) Consent Withdrawn: 4
Adverse Event: | Protocol Violation: 1
* 1 subject received FP in
both sessions l

Completed {n= 53)

Discontinued intervention
[ Follow-Up ] (n=3)
Adverse Event: 2
Consent Withdrawn: 1

'

Safety Analyzed (n=52)
Excluded from analysis (n= 1)
] Withdrawn prior to 1" dosing

[ Analysis

FD Endpoints Analyzed (n = 40)

Excluded from analysis (n = 23)
Did not Complete Both Trcatment Periods: 10
Received FP in Both Treatment Periods: |
Used Intranasal Corticosteroid: 11
Low Urine Creatinine Excretion: 1

Figure 3. Study 1. Median fluticasone propionate (FP) concentration {pg/ml) time profiles, FP hydrofivoroalkane (HFA) 88 = FP HFA
-88 myg twice a day: FP chlorofluorocarbon [CFC) 88 = FP CFG 8% mg twice a day. FP HFA was not detectable after 4 hours postdose. PD,
pharmacodynamics.
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(FP) G, (pg/mL} (¥ = 0.0012; P = .84),

of these AEs were considered related to study med-
ication. The AEs considered related to study med-
ication were cough (3 subjects), headache (1
subject), and nausea (1 subject).

DISCUSSION

Lower FP exposure from the HFA formulation com-
pared with the CFC formulation observed in study 1
has also been observed in 2 single-dose, crossover
studies in healthy adults. FP systemic exposure fol-
lowing 1760 pg (8 x 220 pg) of FP HFA was 30%
lower compared with FP GFC, with less effect on 24-
hour serum cortisol AUC." Similar observations
were noted in healthy adults administered 880 pg
(8 x 110 pg) of FP.¥ Results described in the current
report confirm the lower FP exposure with the HFA
MDI after therapeutic doses given to children with
asthma. Despite this lower systemic exposure, the 2
formulations have been shown to be of nearly iden-
tical particle size and have similar fine particle mass
(FPM) distribution.?**' The 44-ug formulation of FP
HFA has a mass median aerodynamic diameter
(MMAD) of 2.3 pm; the corresponding CFC formula-
tion has an MMAD of 2.3 to 2.4 pm. The FPMs for
the HFA and CFC products are 24 pg and 22 pg,
respactively. Thus, the lower FP systemic exposure
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with the HFA formulation cannot be explained by
differences in particle size or FPM.

The similarities of the particle size properties
between TP HFA and FP CFC, yet differences in
pharmacokinetic and pharmacodynamic properties,
are in contrast fo those of the 2 aerosol formulations
of beclomethasone dipropionate. Leach et al®
reported a smaller MMAD for the HFA BDP formula-
tion {1.1 pm} compared with the CFC product (3.5
pm), Because the smaller particles of the HFA BDP
are associated with a 2- to 3-fold increase in systemic
exposure,’ the administered dose needs to be
decreased to one half that of the CFC formulation for
comparable safety and efficacy.” In comparison, at
equivalent doses as noted above, a significant reduc-
tion in systemic exposure is observed with FP HFA
versus FP CFC."™ " In addition, previous studies
showed that the HFA and CFC formulations of
inhaled FP are therapeutically comparable at equal-
microgram doses in both pediatric patients and
adults with asthma."™ For example, Lyttle et al® eval-
uated the efficacy of 200 ug of FP HFA versus 200 ug
of 'P CIFC in 315 pediatric patients less than 16 years
of age (mean age 9.3 years) in a randomized, double-
blind, 4-week study. Equivalence was demonstratod
between the 2 treatment groups (90% CI -6 to 3
L/min; P =,589) in improvements in mean morning
peak flow. Why these differences between FP
HFA/CEC and HFA/CFC BDP exist is unclear. HFA
BOP is a solution that contains ethanol as a co-
solvent. FP HFA is a suspension without any co-
solvents. Whether the differences in formulation
explain in part the lower MMAD with HFA BDP is
uncertain. Nevertheless, these data suggest that parti-
cle size and fine particle mass are not the sole deter-
minants of systemic exposure. In adolescents and
adults, FP HFA systemic exposure is 30% less than the
CFC formulation, resulting in significantly less effect
on cortisol suppression.’ Because, as shown in the
study reported here, the systemic exposure using the
HFA formulation in children is 45% of the CFC
product, similarly a lesser effect on the hypothalamic-
pituitary—adrenal axis may be predicted in children
as well. Thus, based on the rosults of the current
study and those of prior studies,”" and of impor-
tance to clinicians, FP HFA can be administered at
the same dosage as used with the CFC formulation
with comparable efficacy but improved safety on the
hypothalamic-pituitary—adrenal axis.

FP HFA 88 ug twice daily was well tolerated in
these children aged 4 to 11 with asthma, and headache
was the most frequently roported AE, although this
was believed to be related to study medication in
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only 1 subject. Furthermore, the AEs that were seri-
ous or led to premature study discontinuation were
also not believed to be related to study drug. No
episodes of candidiasis occurred in this study. This
is most likely related to the short study duration,
because a recent double-blind placebo-controlled
study in a similar population reported oral candidi-
asis in 2 of 160 FP HFA—treated children compared
with none of 81 children who received placebe,*

No evidence of hypothalamic—pituitary—adrenal
-axis suppression was observed following 4 weeks of
treatment with FP HFA 88 ug twice daily, as
assessed by 24-hour urinary cortisol excretion and by
the sum of urinary cortisol and 6-B-hydroxycortisol.
These findings are consistent with a previous 12-
week placebo-controlled study in children who
received FP 100 ug twice daily via a dry powder
inhaler,* Unsurprisingly, with this low dose of FP,
the current study found no correlation between
plasma FP levels and cortisol excretion.

CONCLUSION

Fluticasone propionate HFA is approved in the
United States for the treatment of asthma in children
4 years of age and older. A recent trial in children
aged 4 to 11 years also demonstrated efficacy of FP
HFA 88 ug twice a day over placebo in terms of lung
function, albuterol use, and nighttime awakenings.®
The 2 studies reported here show that FP systemic expo-
sure from FP HFA was significantly lower compared
with the F'P CFC formulation and that there was no effect
from FP HFA on the hypothalamic-pituitary—adrenal
axis as measured by 24-hour urinary cortisol excre-
tion. Therefore, as used in this pediatric population,
the potential for systemic adverse events in suscepti-
ble individuals would be reduced with FP HFA and
may provide an opportunity for an improved thera-
peutic index.

ACKNOWLEDGMENTS

Participating investigators, study 1: Kenneth T. Kim,
MD, West Coast Clinical Trials, Long Beach,
California; Henry Milgrom, MDD, National Jewish
Medical Centers, Denver, Colorado. Study 2: Luis E.
Angles, MD, Heart of America Research Center,
Shawnee Mission, Kansas; Arden L. Levy, MD,
Spartanburg Pharmaceutical Research, Spartanburg,
South Carolina; Isaac Marcadis, MD, Palm Beach
Research Center, West Palm Beach, Florida; Paul Matz,
MD, Medford Medical Clinic, Medford, Oregon; S.
David Miller, MD, Northeast Medical Research

8 e JClin Pharmacol xxxx;xxix-x

Associates, Dartmouth, Massachusetts; Luis Napolean
Pinzon, MDD, Clinical Research of Wast Florida,
Tampa, IFlorida; Paul H. Ratner, MD, Sylvana Research
Associates, San Antonio, Texas; Michael J. Welch, MD,
Allergy and Asthma Medical Group and Research
Center, San Diego, California; Y. Kellie Yoon, MD,
West Coast Clinicai Trials, Long Beach, California.

We acknowledge technical assistance from Courtney
Crim, MD, Sharon Srebro, MD, and Jodi Tipper, MS, in
preparing the manuscript.

Financial disclosure: These studies were funded
by GlaxoSmithKline, Research Triangle Park, NG, Drs
Kim, Levy, and Welch are on GlaxoSmithKline's
speakers’ bureau. Drs Gahn, Collins, Katliman, Mehta,
Su, and Kunka are employess of GlaxoSmithKline.
Drs Milgrom, Yoon, and Matz have no conflicts of
interest.

REFERENCES

1. Blovm B, Dey AN, Swnmary health slatistics for U.S. children:
National Health Interview Survey, 2004. Vital Health Stat 10, 2006,
No 227, http://www.cde.gov/nchs/data/series/sr 10/s110_227.pdi.
Accessed May 11, 2007,

2. National Asthma Education and Prevention Program. Executive
Summary of the NAEPP Expert Panel Report: Guidelines for the
Diagnosis and Muanagement of Asthma: Update on Sslected
Topics 2002 (NIH publication 02-5075). Belhesda, Md: US
BPepartment of Health and Human Services, National Institutes of
Health; June 2002.

4. Practical guideline for the diagnosis and management of
asthma, In: Clinical Practice Guidelines of the American
Academy of Pediatrics: A Compilation of Evidence-Based
Guidelines for Pediatric Practice, 2nd ed. Elk Grove Village, Iil:
American Acacdemy of Pediatrics; 1999:3-70.

4. Global Initintive for Asthma. Pocket Guide for Asthma
Managemeni and Prevention. Based on the Workshop Report:
Global Slralegy for Asthma Management and Prevention (NIH pub-
lication 02-3659). Bethesda, Md: National Institutes of Health: 2002.
5. Flovent (fluticasone propionate) [package insertl. Research
Triangle Park, NC: GlaxoSmithKline; January 2007.

6. Lyttle B, Gilles ], Panov M, et al, Fluticasone propionate 100 pg
BID using a non-CFC propeilant, HFA 134a, in asthmatic
children. Can Respir J. 2003;10:103-100.

7. Stone D, Mairs M, Willits L, Sharma R. A conmparison of fluti-
casane propionate, 100pg twice daily, administered via a CFC and
non-CFC propellant, HFA 134a, in adult patients with asthma.
Clin Drug Invesl. 2001;21:695-703,

8. Ayres ]G, Millar AB, Sykes AP. Clinical efficacy and safety of
fluticasone propiomate 1 mg twice daily administered via a HFA-
134a pressurized metered dose inhaler to patients with severo
asthma, Respir Med. 2000;94{suppl B):542-550,

9. Tonnel AB, Bons ], Legendre M, et al. Clinical efficacy and
safety of fluticasone propionate 250 meg twice daily admniuis-
tered via a HFA-134a pressurized metered dose inhaler to
patients with mild to moderate asthma. Respir Med. 2000;94
(suppl B):529-534.



FLUTICASONE PROPIONATE FORMULATED WITH HYDROFLUOROALKANE

10. Perruchoud AP, Lundback B, Yigla M, st al. Clinical efficacy
and safety of fluticasone propionate 1 mg per day administered via
a HFA-134a pressurized metered-dose inhaler to paticnts with
mioderate to severe asthena, Raspir Med. 2000;94{suppl B):535-541,
11. Harrison L, Soria I, Cline A, Ekhelin B. Pharmacokinetic dif-
ferences between chlorofluorocarbon and chlorofluorecarbon-free
metered dose inhalers of beclomethasone dipropionate in adult
asthmatics. J Pharm Pharmacel, 1999:51:1235-1240.
12. Busse W, Brazinsky 8, Jacobson K, et al. Efficacy response of
inhaled beclomethasone dipropionate in asthma is proportional
to dose and is improved by formulation with a new propellant.
JACT 1999;104:1215-1222,
13. Kunka R, Andrews 5, Pimazzoni M, et al. Dose propertional~
ity of fluticasone propionate from hydrofluoroalkane pressurized
motered dose inhalers (pMDIs) and comparahility with chloroflu-
orocarbon pMDls. Respir Med. 2000;94{suppl. B}:510-516.
14. American Thoracic Society (ATS), Standards for the diagnosis
and care of subjects with chronic obstructive putmonary disease
(COPD} and asthma, Am Hev Respir Dis. 1987;136:225-244,
15. Polgar G, Promadhat V. Pulmonery Function Testing in
" Children: Techniques and Stundards. 1st ed. Philadsiphia, Pa:
Saunders; 1971.
16. Callojas 5L, Biddleconibe RA, Jones AE, Joyce KB, Pereira Al,
Pleasance 8. Determination of the ghucacorticoid fluticasone pro-
pionate in plasma by automated solid-phase extraction and liguid
chromatography-tandem mass spectrometry. ] Chromatography B,
1998;718:243-250.
17. Bessmortny O, Liang |, Hochhaus G, Chesrown S, Hendales L.
Fluticasone plasma concentrations in children with asthma after
delivery by MDL J Pediatr Pharmacol Ther. 2001;6:212-217.

PEDIATRICS

18, Malone R, LaForce C, Nimmagadda S, et al. The safoty of
twice-daily treatment with fluticasone propionate and salmelercl
in pediatric patients with persistent asthina. Ann Allergy Asthma
Immunol. 2005;95:66-71. ’

19. Kunka RL, Andrews S, Wang Y, Mchta R, Daley-Yates I'T. Low
fluticasone propionate exposure and effects on cortisol for CFG-
free matered dose inhalers in healthy subjects and asthmatics. J
Allergy Clin immunol. 2004;113(suppl 1:5117.

20. Boles MG, Cripps AL. The pharmaceutical evaluation of the
new HFA-134a metered dose inhaler (MDI) formulations of [uti-
casone propionate. Eur Respir J. 1999;14(suppl 30):341S.

21, Cripps A, Riche M, Schulze M, Woodhouse R. Pharmaceutical
transition to non-CFC pressurized metered dose inhalers, Respir
Med., 2000;94(suppl B):53-59.

22. Leach C, Davidson I, Boudreau R, Improved airway targeting
with the CFC-free HFA-beclomethasone metered-dose inhaler
compared with CFC-beclomethasone, Eur Respir /. 1998;12:1346-
1353,

23, Levy AL, Given JT, Weinstein ST, et al. Efficacy and safety of
fluticasone propionate hydrofluoralkane inhalation aerosol in 4
to 11 year old children with asthina: a randomized double-blind
placebo-conlrolled study, Pediatr Asthma Allergy Inmunol,
2006;19:106-117.

24, Peden DB, Berger WE, Noonan M], et al. Inhaled fluticasone
propionate delivered by moans of two different multidose powder
inhalers is effective and safe in a large pediatric population with
persistent asthma. J Allergy Clin Immunel. 1998;102:32-38,



