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Executive Summary

Background: This new drug application is to provide information to demonstrate the safety and
effectiveness of Flovent” HF A Inhalation Aerosol (Flovent® HFA) at three dosage strengths of 44
mcg, 110 meg and 220 mcg. The active ingredient in Flovent is fluticasone propionate (FP). FP is
a potent glucocorticoid used to treat asthma. It has a high therapeutic index with significant
topical anti-inflammatory activity and is associated with low systemic (hypothalamic-pituitary-
adrenal axis) suppressive activity. Pressurized metered dose inhalers {MDIs) are the most popular
forms of portable treatment for respiratory disease. Chlorofluorocarbons (CFCs) have been used
for many

years as medicinal acrosol propellants in MDIs because they are non-toxic, inert, and
non-flammable. However, the environmental threat posed by the emission of CFCs to

the atmosphere is now well recognized, necessitating the need for development of new
propellants. The sponsor has developed a FP metered-dose inhaler (MDI) containing a
nonchlorinated hydrofluoroalkane (HFA) to replace the currently marketed CFC propellants.
Three dose strengths of FP CFC inhalation aerosol are available for use in the US.: 44 meg,

110 mecg and 220 mcg.

The objectives of the clinical pharmacology program conducted to support this application were
to 1) describe FP systemic exposure following single doses from different FP strength inhalers
using HFA propellant in healthy adult volunteers 2) describe FP systemic exposure at steady state
following multiple doses from different FP strength inhalers using HFA propellant in adolescent
and adult with asthma 3) evaluate the effect of the HFA propellant on FP systemic exposure in



healthy adult volunteers and 4) evaluate the potential clinical significance of differences in FP
systemic exposure between formulations by examining serum cortisel levels and urinary cortisol
excretion in adolescent and adult patients with asthma.

The studies submitted demonstrated that in healthy volunteers, there was an increase in FP
exposure with an increase in dose from 352 meg to 1760 mcg. The increase was considered dose
proportional for AUC, but not for Cmax. Following administration of FP 1760 mcg using the
220mceg HF A product in healthy volunteers, the exposures were 30% to 35% lower compared to
the same dose administered from the approved 220 mcg FP CFC product. After multiple dosing
in asthmatic patients, a dose-related increase in systemic exposure was observed when FP doses
of 88, 220 and 440 mcg are administered via HFA propellant. However, the increase in systemic
exposure was not proportional to dose. The effect of propellant on exposure was not adequately
evaluated in the studies provided to support this submission. Cortiso levels decreased in all
treatments compared to placebo. However, these decreases in cortiso} were not dose-related.
Generally, changes in urine cortisol were not statistically significant.

General Comments: There was not sufficient data in the application to completely assess the
relative effect of changes in exposure of FP after administration with MDI via either HFA or CFC
propellants on serum/urine cortisol levels in asthmatic patients. However, since there is clinical
safety and efficacy data, this information may not be needed but may have been useful in
understanding differences in safety in the two Flovent formulations. It is recommended that the
sponsor evaluate the differences in exposure and cortisol levels in appropriate asthmatic patients
after administration of Flovent CFC versus Flovent HFA if future studies are planned.

Recommendation: Based on the data submitted to the Human Pharmacokinetics and
Bioavailability section of NDA 21-443 to fulfitl section 320 and 201.5 of 21 CFR, the
information on FP human pharmacokinetics support the approval of Flovent HFA from a clinical
pharmacology and biopharmaceutics perspective.

Kofi A. Kumi, Ph.D.
Reviewer

Clinical Pharmacology and Biopharm.
OCPB

Concurrence

Emmanuel Fadiran, Ph.D.

Team Leader

Clinical Pharmacology and Biopharm.
HFD-570 Section
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Summary of Clinical Pharmacology and Biopharmaceutics Findings

Human pharmacokinetic and pharmacodynamic analyses to support this application were
obtained from three new clinical studies (FAP 10001, FAP 30007 and FL.TA3022) plus a report
from a previous study (FLTB 1020} in healthy volunteers and asthmatic patients. Fluticasone
propionate (FP) aerosol for oral inhalation was originally approved under NDA 20-548, 20-549.
The approved product uses chloroflucrocarbon (CFC) propellants. A cross reference is made in
this application to the pharmacokinetic studies submitted to NDA 20-548 and 20-549. All
pharmacokinetic studies and reports submitted to this application were reviewed. The
pharmacokinetic results of one study (FLTA 3022) at best was viewed as supportive information
because of the design of the PK substudy (only a single trough concentration measured), the
limited number of patients who participated in the pharmacokinetic studies and the significant
number of patients with values below limit of quantitation (BLQ).

Deose proportionality was evaluated in a single dose study in healthy volunteers and in a multiple
dose study in asthmatic patients using HFA propellants. In the pivotal single dose study,
AUClast, AUCee and Cmax increased following increasing single doses of 352, 880, and 1760
mcg in healthy volunteers administered from a 44, 110 and 220 mcg inhalers, respectively,
containing HFA propellant. The increase was considered dose proportional for AUC, but not for
Cmax. Dose proportionality was also observed both in AUC and Cmax in a supportive study
using 8 inhalations FP strengths of 50, 125 and 250 mcg (doses of 400, 1000 and 2000 mcg),
administered via HFA propellant marketed outside the United States. After multiple dosing in
asthmatic patients, a dose-related increase in systemic exposure was observed when FP doses of
88, 220 and 440 mcg are administered via HFA propellant (Table 1). However, the increase in
systemic exposure was not proportional to dose.

Table I: Summary FP AUClast, Cmax and tmax in Asthmatic Patients after 4-week multiple dose

administration.

FP Parameters FP 88mcg FP 220mcg FP 440mcg Ratio Ratio®
HFA BID HFA BID HFA BID 220:88 440:220
N=20 N=15 N=17
AUCkst (pg"h/mL)
Geometric Mean 76.2 297.5 500.9
95% Cl (33.2, 174.7)  (191.0,463.6) {430.7,838.2)
a0 LS Mean Ratio 1.56 1.01
90% ClI (0.77,3.18) (0.48,2.11)
Crmax (pQImL)
Geometric Mean 25.2 60.8 1031
95% ClI (17.6,36.1)  {(45.8, 80.6) (73.2, 145.1)
Geo LS Mean Ratio 0.97 .85
90% CI (0.66,1.42) [0.57,1.26)
Tmax ()
Median 1.03 1.00 1.00
Range’ (0.50,10.0)  {0.50, 7.6) (0.00, 2.1)
ean Difference -0.44 -0.51
0% ClI (-1.52,0.64) |(-1.62,0.6)

adata dose normalized and log transformed prior to statistical analysis except tmax




The effect of propellant on systemic exposure of FP was evaluated in healthy patients. Following
administration of FP 1760mcg using the 220mcg HFA product, the geometric mean for AUClast
and Cmax were 30% and 35%; respectively, lower compared to the same dose administered from

the approved 220mceg CFC product.

Table 2: Key Results for Comparison between HFA and CFC Formulations

Treatment FP 220 mcg HFA Ratio HFA/CFC FP 220 mcg CFC
Total Dose (1760 mcg) {1760 mcg)
AUClast (pg*h/mL)

Geo. Mean 2495 3606

95% Ci (1945, 3200) (2626, 4953)
Mean Ratio 0.696

90% ClI (0.588, 0.823)

AUCe~ (pg*h/mL)

Geo. Mean 2760 4442

95% Cl (2156, 3533) (3552, 5556)
Mean Ratio 0.648

90% CI (0.571, 0.736)

Cmax (pg/mL)

Geo. Mean 420.5 6571

95% Cli (337.7,523.6) (498.3, 866.3)
Mean Ratio 0.646

90% Cli (0.553, 0.755)

The effect of FP on HPA axis was evaluated by examining the effect of FP on cortisol levels after
administration of different doses of FP via HFA and CFC propellants in both healthy and

asthmatic patients.

In healthy volunteers, significant dose-related decreases in serum cortisol (both AUC24 and
Cmin) were observed following all HFA and CFC treatments compared to placebo. The decrease
in serum cortisol was significantly greater with CFC compared to HF A propellant when tested
using the 220 mcg strength at a dose of 1760 mcg. Significant decreases in urinary cortisol
excretion were observed after the 880 and 1760 meg doses but not with 352 mcg compared to
placebo. Statistically significant decrease in urinary 6-beta-hydroxycortisol excretion was
observed only at the 1760 mcg dose when the doses of FP administered were compared to
placebo. When the effect of propellant was evaluated, statistically significant differences in
urinary cortisol and in 6-beta-hydroxycortsiol excretion were not observed when the 220 mcg
HFA and CFC FP strength at a dose of 1760 mcg were compared.

The following table provides the effect of FP administered via HFA propellant on serum cortisol

in asthmatic patients




Table 3: Key Pharmacodynamic Results for Serum Cortisol at Week 4

[Serum Cortisol [Placebo HFA [FP 88 mcg HFA  [FP 220 mcg [FP 440 mcg
arameters [BID D HF A BID IHFA BID

IN=13 =20 N=15 IN=17

AUCI12 (ng*h/mL)

Geometric Mean 503.09 955.74" 670.44° 779.93

Geometric LS Mean 934.42 886.50 687 .84 811.60

Active/Placebo (.95 0.74 0.87

95% CI (.74, 1.22) K0.57, 0.96) (0.67, 1.12)

Cmin (ng/mk)

iGeometric Mean 34.76 37.25 30.50 30.01

Geometric LS Mean 36.36 313.73 31.54 31.63

Active/Placebo 0.93 0.87 0.87

095% CI 0.56, 1.54) (0.51, 1.48) {0.52, 1.46)

a Significantly different from placebo
b Significantly different from 220 mcg dose

Cortisol AUCI12 and Cinin decreased in all treatments compared to placebo. However, these
decreases in cortisol were not dose-related. Changes in serum cortisol and urine cortisol were not

dose-related and generally not significant. Only serum cortisol AUC12 after the 220 mcg

treatment was significantly different from placebo. There were no significant changes in the
corresponding cortisol Cmin or urine cortisol excretion measurements at this dose.

No relationship was observed between FP systemic exposure and gender, pulmonary function and

weight. There was a weak but significant relationship between FP systemic exposure and

subject’s age as illustrated in figure 1. However, no correlation was observed between serum
cortisol and age. Therefore, the increase in exposure may not be clinically significant.
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What are the general attributes of the approved Fluticasone Propionate (FP) CFC MDI?

FP is a long-acting, potent, synthetic trifluorinated glucocorticoid with topical anti-inflammatory
activity. FP is a white to off-white powder with a molecular weight of 500.6. It is practically
insoluble in water, freely soluble in dimethyl sulfoxide and dimethylformamide and slightly
soluble in methanol and 95% ethanol. The following is the structure for FP

Fig3

Inhaled FP is a potent corticosteroid that has negligible oral bioavailaibility due to incomplete
absorption from the GI track. The absolute bioavailaibity of FP as a percentage of nominal dose
after inhalation was 28.6% (90%CI 24.1 - 33.8%). Urinary cortisol excretion decreased on the
average by 44% following 880 mcg inhaled FP and by 39% following 250 meg intravenous FP.
Flovent 44 mcg, 110 mcg, 220 mcg inhalation aerosol are pressurized, metered-dose aerosol units
intended for oral inhalation. Each unit contains a microcrystalline suspension of FP (micronized)
in a mixture of two chlorofluorocarbon propellants i1 and 12 (trichlorofluoromethane and
dichlorodifluoromethane) with lecitin. The chlorofluorocarbon (CFC) formulation of FP, Flovent
Inhalation Aerosol was approved in 1996. Three dose strengths of FP CFC were approved for use
in U.S.: 44 mcg, 110 mcg and 220 meg ex-actuator dose equivalent to 50 mcg, 125 mcg and 250
meg ex-valve dose. The FP HFA formulation will also be available in similar strengths.

Is the FP concentration after administration via MDI HFA proeportional to dose?

Dose proportionality of FP after administration with HFA propellant was evaluated in 2 pivotal
studies in healthy volunteers and asthmatic patients and 1 supportive study conducted outside the
U.S. in healthy volunteers. Dose proportionality was evaluated using power model analysis ®.

There is a proportional increase in plasma concentration when the dose of FP administered via
HFA propellant to healthy volunteers is increased from 332 to 1760 mcg. However, in asthmatic
patients administered doses between 88 and 440 meg, via MDI with HFA propellant, the increase
in concentration was not proportional to dose.

In healthy volunteers, AUClast, AUCee and Cmax increased following increasing doses of 352,
880 and 1760mcg from the 44, 110 and 220mcg inhalers, respectively, containing HFA
propellant. The increase was considered dose proportional for AUC, but not for Cmax. Following
administration of FP 1760mcg using the 220mcg HF A product, the geometric mean for AUClast
was 70% compared to the same dose administered from the 220mcg CFC product. The following
tables contain the calculated pharmacokinetic parameter and the resuits of the power model
analysis. A confitdence interval of the slope that is within the range 0.78 - 1.22, indicates dose
proportionality over the range tested. The adjusted mean slope (and 90% confidence interval) of
the log transformed AUClast was 1.02 (0.91, 1.13) and that of AUC was 0.95 (0.84, 1.06). The




corresponding results of the Cmax analysis were 6.75 (0.65, 0.85). Thus, the results indicated that
there was dose proportional increase in AUClast and AUC across HFA strengths. A dose-related

increase in Cmax was observed, but was not considered dose proportional. The increase in Cmax
with increasing dose was smaller than the change in dose.

Table 4: Key PK Results for each Parameter by Treatment

[TreatmentTotal B X 44mcg HFA B X 110mcg HFA |8 X 220mcg HFA 8 X 220mcg CFC
Dose (352mcg) (880mcg) 1760mcg) {1760mcg)
AUClast (pg*h/mL)

Geo . Mean #87.5 1283.7 2495 3606

5% C.L (361.9, 656.7) (004.4, 1822.) (1945, 3200) (2626, 4953)
AUC= (pg*h/mL)

Geo . Mean 628.7 1595 2760 1442

5% C.1 (480.7, 822.2) {1254, 2029) (2156, 3533) (3552, 5556)
Cmax (pg/ml.)

Geo. Mean 126.3 2541 420.5 657.1

55% C.L K108.0, 147.7) (202.4, 318.9) (337.7, 523.6) (498.3, 866.3)
tmax {h)

Median 1.00 1.02 1.00 0.67

ange 0.17, 4.00) (0.33, 2.00) (0.33, 2.05) (0.17, 2.02)

t1/2 (h)

Geo. Mean 3.79 5.10 6.63 0.47

05% C.L ¥3.07, 4.68) (4.57, 5.69) (5.92, 7.42) (5.89,7.12)

APPEARS This way
ON OR1GINAYL




Results of FP PK Parameter Dose Proportionality using Power Model
Standard
Parameters fntercept Slope {Error DE 190% CI
AUCinf (hr*pg/mL) $.834 0.951 0.064 KO K 0.843, 1.060)
AUClast (hr*pg/mL} 10.202 1.022 10.067 |3 K 0.909, 1.134)
Cmax (pg/mL) 0.455 0.748 10.061 43 K 0.646, 0.851)
Table 5 (above)

Table 6 contains the calculated pharmacokinetic parameters obtained when FP was administered

via HF A propellant in asthmatic patients.

Table 6

{EP Parameters FP 88mcg IFP 220mcg FP 440mcg  [Ratio® Ratio® [Ratio®
{HFA BID [HEA BID HFA BID 220:88 440220 1140:88
IN=20 N=15. IN=17

IAUClast (pg*h/ml)

Mean + SD 176.8 + 166.9 391.17 £ 300.45 [707.2 + 359.24

Geometric Mean 76.2 297.5 600.9

05% CI K33.2, 174.7) (191.0,463.6) [{430.7, 838.2)

Geo LS Mean Ratio 1.56 1.01 1.58

90% CI (0.77,3.18){(0.48, 2.11) K0.79,3.13)

Cmax (pg/mL)

Mean £ SD 32.8 +24.4 68.7+ 38.0 1250+ 784

Geometric Mean 25.2 60.8 103.1

95% C1 (17.6,36.1) (45.8, 80.6) K73.2, 145.1)

iGeo LS Mean Ratio 0 97 085 0.82

90% Cl (0.66, 1.42)§0.57, 1.26) [(0.57,1.19)

tmax (h)

Mean + SD 2.07 + 2.53 1.63+1.75 1.11 +0.74

Median 1.03 1.00 1.006

[Range K0.50, 10.0) (0.50, 7.6) (0.00,2.1)

NMean Difference 0,44 -0.51 -0.96

190% CI €-1.52,0.69){(-1.62, 0.60)[(-1.99,0.09)

*Data dose normalized and log transformed prior to statistical analysis except for tmax

Ratio of geometric mean AUClast between 440 and 220 mcg treatments was 2.02 (dose

normalized ratio was 1.01). The ratio between 220 and 88 mcg treatments was 3.9 {dose
normalized ratio was 1.56). The ratio of geometric means for Cmax between 440 and 220 mcg
treatments was 1.7 (dose normalized ratio was 0.85) and between 220 and 88 mcg treatments was




2.4 (dose normalized ratio was (.97). None of the pairwise comparisons were statistically
significant {90% confidence intervals contained 1.0) likely because of the small number of
subjects that were examined.

Power model analysis for these 3 treatments showed that adjusted mean slope (and 90%

CIj of the log transformed AUClast was 1.30 (0.88, 1.72) and 0.88 (0.66, 1.11) for Cmax

A confidence interval (CI) of the slope that is within the range 0.78 - 1.22, would indicate dose
proportionality over the range tested. Ninety percent CI for slopes for both parameters were wider
compared to the acceptance range indicating that increase in AUClast and Cmax across HFA
strengths was dose-related, but could not be considered dose-proportional. Dose normalized
pairwise comparison support the results from the power model analysis.

Dose proportionality was demonstrated in healthy volunteers but not in asthmatic patients.
However, the range of doses studied were different with higher doses studied in heaithy subjects
and lower doses in asthmatic patients. The doses in asthmatic patients represent the therapeutic
doses recommended. Hence, dose proportionality was not demonstrated between 88 and 440 mcg
of FP when administered with HFA propellant.

Is the Exposure of FP different after administration of FP via MDI HFA versus CFC
Inhalers?

Following administration of FP' 1760 using the 220 mcg HFA product to healthy volunteers, the
exposure to FP was higher after administration with MDI with CFC propellant compared to HFA
propeilant. Geometric mean for AUCeo after administration with HFA propellant was about 65%
of the AUCee of the same dose administered from the 220 mcg CFC product. A comparison of
exposure after administration of FP via MDI with CFC or HFA in asthmatic patients was not
adequately evaluated. Table 7 provides a comparison of exposures after administration of FP via
MDI either with CFC or HF A to healthy volunteers

APPEARS THIS WAY
ON ORIGINAL
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Table 7: Key Results for Comparison between HFA and CFC Formulations

Treatment FP 220mcg  HFA Ratio HFA/CFC FP 220mcg CFC
Total Dose {(1760mcg) (1760mcg)
AUCHast (pg*h/mL)
Geo. Mean 2495 3606
95% Cl (1945, 3200) (2626, 4953)

ean Ratio 0.696
90% Ci (0.588, 0.823)
AUCeo (pg*h/mL)
Geo. Mean 2760 4442
95% Cl (2156, 3533) (3552, 5556)
Mean Ratio ‘ 0.648
90% Cl (0.571, 0.736)
Cmax (pg/mL)
Geo. Mean 420.5 657 .1
95% ClI (337.7, 523.6) (498.3, 866.3)
Mean Ratio 0.646
90% ClI (0.553, 0.755)

Is the Effect of FP on cortisol levels different after administration via MDI with CFC
propellant compared to MDI with HFA propellant?

The effect of FP on serum and urinary cortisol levels was compared afier FP administration via
MDI with either CFC or HFA 1n healthy volunteers. In asthmatic patients, the effect of FP on
cortisol levels after FP administration via MDI with HF A propellant was compared to Placebo.

Significant decreases in serutn cortisol (both AUC24 and Cmin) were observed following all
HFA and CFC treatments compared to placebo in healthy volunteers and asthmatic patients. In
healthy volunteers, the decrease in serum cortisol was significantly greater with CFC compared to
HFA propellant when tested using the 220 mcg strength at a dose of 1760 mcg (Fig. 8, Table 8).
Significant decreases in urinary cortisol excretion were observed at doses of 880 and 1760mcg
but not with 352 mcg when compared to placebo in healthy volunteers. A comparison of the
effect of the propellant used with MDI to deliver FP in asthmatic patients was not adequately
evaluated.

The potential effect of FP on hypotbalamic-pituitary-adrenal (HPA) axis in adolescents and adults
with asthma provide physicians with information on the safety of FP. The effects in adolescents
and adults on the HPA axis at doses less than 1000 mcg daily are reported to clinically not be
significant when delivered either in a dry powder formulation or with the CFC propellant. The
effect of FP when delivered via MDI with HF A propellant on the HPA axis was evaluated by
measuring cortisol levels. Figure 4 and table 8 represent data obtained in the pivotal study in
healthy volunteers

11
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Table 8: Serum Cortisol Results in Healthy Volunteers

I8x44mcg [8x110mcg [8x220mcg [8x220mcg

Treatment [HFA HFA HFA ICFC
Total Dose [Placebo [(352mcg) |(880mcg) [(1760mcg) [(1760mcg)|
AUC24 (ng"h/imL) 2090  |1815¢  [1504° 1270°¢ 1068°

Geometric Mean

I% decrease compared

0 placebo 16 31 42 {51
ICmin (ng/mL)
eometric Mean 2579 [1.58* [6.78° 13.013% 10.112
|

% decrease compared

lto placebo 22 41 53 63

a Significantly different from placebo
b Significantly different from 880mcg dose
¢ Significantly different from 220meg CFC

Statistically significant dose-related decreases in serum cortisol AUC24 and Cmin were observed
in all treatments when compared to placebo in healthy volunteers {Table 8). Differences were
observed between the HFA and CFC treatments for AUC24 and Cmin and were statistically
different (Table 8). No statistically significant differences in urinary cortisol and in 6-beta-
hydroxycortisol excretion were observed between the 220 mcg HFA and CFC FP strength at a
dose of 1760 mcg.

The following figure (Fig. 5) provides serum cortisol-time profile in asthmatic patients

APPEARS THIS waY
ON ORIGINAL
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Table 9: Key Pharmacodynamic Results for Serum Cortsol at Week 4 in Asthmatic

Patients

Serum Cortisol Placebo HFA FP 88mcg HFA  |FP 220mcg FP 440mcg
Parameters BID BID HFA BID HFA BID

N=13 IN=20 N=15 IN=17
AUC12 (ng*h/mL)
Geometric Mean 903.09 1955.74b 670.442 779.93
Geometric LS Mean 934.42 886.50 687 .84 811.60
Active/Placebo 0.95 0.74 0.87
535% CI (0.74, 1.22) (0.57, 0.96) (0.67,1.12)
Cmin (ng/mL)
Geometric Mean 34.76 37.25 30.50 30.01
KGeometric LS Mean 36.36 33.73 31.54 31.63
Active/Placebo 0,93 0.87 0.87
95% ClI (0.56, 1.54) (0.51, 1.48) (0.52, 1.46)

a Significantly different from placebo
b Significantly different from 220mcg dose

14
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Table 10: Summary of Urine Cortisol Results in Asthmatic Patients

Urine Cortisol Excretion Placebo FP 88mcg HFA  FP 220mcg P 440mcg
HFA BID BID HFA BID HFA BID
IN=7 N=17 IN=12 N=11

Baseline (mcg/24h)

[Mean 4.76 14.99 12.60 15.66

Pe CV 04 90 70 92

Median 4.00 11.69 13.75 14.52

Final (mcg/24h)

Mean 3.90 17.93 13.57 11.88

% CV 50 144 95 123

fMedian 10.00 0.29 11.63 12.60

Change from Baseline (mcg)

Mean 5.14 2.94 0.97 -3.77

% CV 116 637 898 331

Median 6.00 0.33 0.19 -2.16

15




In asthmatic patients, cortisol AUCI12 and Cmin decreased for the higher dose strengths
compared to placebo (Fig. 5, Table 9). Among the comparisons with placebo treatment, only the
220 mcg vs. placebo AUC12 comparison was statistically significant with ratio (and 95% CI) of
0.74 (0.57, 0.96) (Table 9). Decrease in urine cortisol was observed for FP 440 mcg HFA BID
treatment (Table 10).The re was considerable variability with baseline and final cortisol levels.

Fig. 7
Crange i Uring Cartieol fom Baseing Jag) W R* AUClast fng*ivimi)
m.
Tattrwant <°° FP @ mg
a o FP 22 mog
=+ 3 P a0 mog
m. lhl:lbl:l
i«
f o -
L ] a * E
4 ]
a Ba 8 %0 -
g $s £ a° > ™
E |0 L
o i
—201 *e
»®
—401 . s

0 20 40 MO 30 oM 2D K0
FP AUClast (pg*himi)

The extent of systemic exposure and the effect on serum cortisol level after administration of FP
via MDI with HFA compared to CFC propellant to asthmatic patients was not adequately
established in the pharmacokinetic studies conducted to support this application. However, in a
study in which single trough concentrations were taken from a limited number of asthmatic
patients, there was a suggestion that when considering the potential effect of propellant, there was
higher systemic exposure for the CFC formulation compared with the HFA formulation at a dose
of 440mcg. This difference was not seen at a dose of 880mcg. . There was high variability in the
trough concentrations, limited number of samples obtained during the study and large number of
samples with values below limit of quantitation of the assay.
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Is there any demographic differences in FP exposure after administration of FP via MDI
with HFA propellant?

No relationship between FP systemic exposure and gender, weight and pulmonary function was
observed in asthmatic patients. A weak correlation (r’ = 0.16) was observed between FP exposure
and age; there was a trend towards an increase in exposure with age. No correlation was observed
between serum cortisol and age. Therefore, the clinical significance of the observed correlation
between FP exposure and age in asthmatic patients is not clear.

FP AUClast was plotted against several demographic characteristics to examine the effect

of baseline characteristics on FP systemic exposure in asthmatic patients. Linear regression of
FP AUC]ast as a function of the demographic parameter at each dose was used to look for

trends. The following plots show FP AUC vs. gender, pulmonary function (% of predicted normal
FEV 1), weight and age. There was no relationship between FP AUC and any of the parameters
except age (p value = 0.003). There was no relationship observed between cortisol AUC12 and
age for any dose,
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Does particle size have an effect on systemic exposure after administration of FP via MDI
with either HFA or CFC?

Fine particle mass dose correlated with systemic exposure to fluticasone propionate for the HFA
inhalers.

The relationship between particle size and systemic exposure was examined in the single dose
study in healthy volunteers. Systemic exposure from the 220meg HFA inhaler was significantly
lower compared to the 220mcg CFC inhaler (Fig. 11). Differences in particle size distribution
could potentially affect lung deposition and the rate of absorption from the lung. The in vitro
delivery characteristics of the batches used in these studies were assessed via Anderson cascade
impactor. Fine particle mass ¢ » values are plotted versus FP AUClast.

Fig 11
Fine Particle Mass vs. AUC
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Differences in systemic exposure observed between HFA and CFC inhalers may be partially
explained by differences in fine particle mass. Additional factors such as oropharyngeal
deposition may also contribute to these differences.

What are the attributes of the analytical methods used to determine FP concentrations?

Flucatisone propiopnate concentrations were determined using an - —
- o + The calibration range was '~ —
o - The limit of quantitation was —
The bias in the assay was  — 4. The intra-assay CV was - and interassay CV was —
The recovery was determined tobe  —  The method was re-validated and the limit of
quantitation lowered to - ) Fhe re-validated method was linear from
— For this re-validated method, the bias was = and the intra-assay CV was
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— The revalidated method was used to determine FP concentrations in the pivotal single
dose study in healthy volunteers and the pivotal multiple dose study in asthmatic patients.
The analytical method was adequate and acceptable.

What is the formulation for Flovent HFA ?

The drug substance, fluticasone propionate (micronised), used in FLOVENT HFA is the
same as that used in the approved 50 pg and FLOVENT (fluticasone propionate) Inhalation
Aerosol

Table 11: Composition of FLOVENT HFA per Actuation Delivered through the Valve

Component Theoretical Quantity per Actuation Through | Function | Reference
the Valve'? to
Standard
44 g, 110 ug, 60 & 220 pg,
120 Actuation | 120 Actuation | 120 Actuation

fctive ingredient;

Fluticasone 50 ug 125 yg 250 pg Actve GSK

Propionate

{micronised}

Other

Component;

GR106642X - . Propelant | GSK

1. The target quantity of fluticasone propionate delivered per actuation delivered through the
valve is 50 pg, 125 pg and 250 pg for the 44 pg, 110 pg and 220 pg strength products,
respectively. —

2. 60 mg per actuation is the nominal weight of suspension delivered by the metering valve for
the 44 ug strength product and 75 mg per actuation is the nominal weight of suspension delivered
by the metering valve for the 110 pg and 220 pg strength products.

GSK=GlaxoSmithKline
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Table 12: Composition of FLOVENT HFA per Canister and Suspension Concentration

Componant Theorelical Quantity per Canixter! (Suspansion Concentration) Function | Referencs
0
g, 120 = 110 g, 120 0yug. 120
g - Hg. 2% bg. 1 Standard
Active ingredient I
Fuficascre Propinsie v 2 Acts GSK
(mieronised) d I g <
Other Composent: /
GRICEBAZX / / - Propeant | GSK
.,'-j(
3.
4.
5.
6.

GSK=GlaxoSmithKline
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Title: Pharmacokinetics and pharmacodynamics following increasing fluticasone propionate
doses using different strengths in HFA propellant and comparison with the marketed product in
CFC propellant (Protocol FAP10001)

Objectives: The primary study objectives were to describe the increase in fluticasone propionate
(FP) systemic exposure following increasing doses from different FP strength inhalers using HFA
propellant; to evaluate the effect of propellant on FP pharmacokinetics 2nd to evaluate the
potential clinical significance of pharmacokinetic differences by examining serum and urinary
cortisol excretion.

Subjects: Twenty-four healthy subjects enrolled and completed the study. There were thirteen
fernale and eleven male subjects. The mean £ SD (range) age and weight were 30.8 + 7.7 (21-
45) years and 23.8 + 2.25 (27.8 — 19.6) kg, respectively.

Study Design: This was an open-label, randomized, five-way crossover study. The subjects were
randomly assigned to receive each of the following treatments as a single dose, separated by a 5-7
day washout period between treatment sequences:

8 x 44 mcg FP from HF A-containing inhaler {total ex-actuator dose = 352 mcg)

8 x 110 mcg FP from a HF A-containing inhaler (total ex-actuator dose = 880 mcg)

8 x 220 meg FP from a HF A—containing inhaler (total ex-actuator dose = 1760 mcg)

8 x 220 mcg FP from a CFC containing inhaler [FLOVENT] (total ex-actuator dose =
1760 meg)

8 x HF A-containing placebo inhaler

The FP dose 1n each treatment is eXpressed as total ex-actuator dose. Inhalations were
given at 30sec intervals over a 3.5min period. Subjects rinsed their mouths with 50mL of
water at the end of inhaler administration. The water was not swallowed.

The FP/GR106642X inhaler and the FP/CFC inhaler were pressurized metered-dose
inhalers for oral inhalation. Each inhaler consisted of a white to off-white suspension of
FP (micronized) in a liquefied HFA propellant (GlaxoSmithKline Inhalation Grade
GR106642X) or CFC propellant, which was contained in an aluminwm can sealed with a
metering valve. The canisters were presented in a plastic actuator fitted with a dust cap.

/
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Table 1

[Study Drug/Dose Batch Number [Expiration/Review Date

P 44mcg MDI AX4462/003 31 May 2002
(filled as R11166/003)

FP_110mcg MDI AX4461/001 28 February 2002
(filled as R11137/001)

P 220meg MDI AX4460/001 28 February 2002
[filled as R11138/001)

JFLOVENT 220mcg MDI ZP0910 31 January 2002

Placebo HFA MDI AX4462/001 28 February 2002
(filled as R11142/001)

Safety Measurements: Adverse events, vital signs, concurrent medications, and pregnancy
testing

Data Analysis:
Pharmacokinetic measurements:

Sixteen serial five-milliliter blood samples were collected into the _— tubes
Provided at the following time points: predose, 10, 20, 40 minutes post dose and 1, 1.5, 2, 3, 4, 6,
8, 10, 12, 16, 20, and 24 hours post dose for determination of FP concentrations (80 mL PK blood
per treatment period, 400 mL PK blood total for study).

PK plasma was analyzed for FP concentrations at each time point using —

Nyt

-—— The method required -~ of plasma and has been validated over the range -—

qp—

Pharmacokinetic parameters were derived for each subject from the plasma fluticasone
concentration data as well as metabolite concentration data using standard non-
compartmental technique.

Pharmacodynamic measurements:

Twelve serial two-and-one-half-milliliter blood samples were collected into the tubes
provided at the following time points: predose, and at 1,2, 3, 4,6, 8, 10, 12, 16, 20, and
24 hours from the beginning of dosing for determination of serum cortisol concentrations
(30m].. pharmacodynamic (PD) blood per treatment period, 150 mL total for PD blood for
the study). Serum samples were analyzed for cortisol levels usmg —_—

For the determination of urinary cortisol excretion following administration of all five
treatments was collected for 24 hours post-dose. Cortisol levels were determined by -_—
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Pharmacodynamic measurements were serum cortisol over 24h for AUC24 and Cmin, urine
cortisol excretion over 24h

Statistical methods:

The power model analysis of AUClast, AUC , and Cmax was performed. The power

model using the equation y = ¢ ** dose ® was used to examine increases in FP systemic

exposure, where y was the quantity (AUClast, AUC or Cmax) before log transformation. A value
of b (slope) close to unity would indicate a proportionality of doses. The analyses were
performed using SAS PROC MIXED procedure with dose level and period as fixed

effect and subject as random effect after log transformation of AUClast, AUC and Cmax.

In addition to the power model, ratio R=Xy/X,, and its 90% confidence interval were
also estimated for all adjacent pairs of doses, where Xg and X, are AUC, AUClast,
Cmax, tmax, t1/2, and Az from treatment B and A (44mcg, 110mcg or 220meg HFA).

Comparability of the HFA and CFC data was examined by a pairwise ANOVA

comparison using the CFC inhaler as the reference population. To evaluate the effect of
propellant on FP pharmacokinetics, the ratio (Rprop) = AUC(HFA)YAUC(CFC), and its 90%
confidence interval were also estimated, where AUC(HFA) and AUC(CFC) are AUC or AUClast
from 220mcg HF A and CFC, respectively. Ratios for Cmax were also calculated.

Absolute values of serum cortisol data were listed by subject, treatment and time. The
area under the serum cortisol concentration versus time curve 24 hours after dosing
(AUC24) was calculated using the linear trapezoidal area method.

The ANOV A approach was also used for the log transformed data except for tmax to examine
increases in FP systemic exposure foltowing dose normalization of the data and was planned to
be a secondary analysis unless the power model was shown not to be adequate. ANOV A was
used to analyze tmax. Comparability of the HFA and CFC data was performed by similar
analysis. The CFC data was utilized as the reference population.

Serum cortisol was analyzed by calculating AUC24 for 24h after each dose using the linear
trapezoidal area method. The minimum concentration over 24h, Cmin, was also calculated.
Urinary free cortisol concentration was converted to amount excreted in 24h. Analysis of
variance (ANOVA), adjusted for the fixed effects of period and treatment group and random
effect of subject was performed on log-transformed data. Comparisons of serum and urinary
cortisol after each active treatment were made against placebo and between the 352 and
880mcg doses and 1760 and 880mcg doses. An ANOVA comparison between the high strength
FP HFA and CFC products was also made.

Serum 6-B-hydroxycortisol, a metabolite of cortisol, was analyzed. Serum 6-B-hydroxycortisol
concentrations were below the limit of quantitation (BQL) for most of the subjects, and,
therefore, were not analyzed statistically. However, the urine data were analyzed.
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RESULTS

Bioanalytical: Concentrations of FP in human serum were determined by — Accuracy
and precision were calculated using S )
Table 2
Analyte Sample size (n) ccuracy (% {Precision (% CV)Calibration
[AS) ange
luticasone
ropionate /
Concentrations of Cortisol and 6- -Hydroxycortisol in human serum were determined by
—r— Accuracy and precision were calculated )
Table 3
Analyte lAccuracy (% BIAS) [Precision (% CV) |Calibration Range

Cortisol /

6-B-Hydroxycortisol

The analytical methods are acceptable.
Pharmacokinetic: Comparative semi-log plots of individual AUClast, AUC and Cmax are

shown in figures 1-3. Median tmax was about 1h for the 3 HFA treatments whereas for 220 mcg
CFC treatment it was 40 min.
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Table 4 provides summary pharmacokinetic parameters after the various treatments.

Table 4
[Key PK Results for each Parameter by Treatment

Treatment Total B X 44mcg HFA B X 110meg HFA BX 220meg HFA 8 X 220mcg CFC

ose (352meg) (880mcg) K[760mcg) 1760mcg)
JAUClast 187.5 1283.7 2495 3606
(pg*h/mL)
Geo . Mean
05% C.1 361.9, 656.7) (904.4, 1822) (1945, 3200) (2626, 4953)
AUCe 628.7 1595 D760 14442
(pg*h/mL)
Geo . Mean
05% C.1. 480.7, 822.2) (1254, 2029 (2156, 3533) {3552, 5556)
Cmax (pg/mL) 126.3 2541 120.5 657.1
Geo. Mean
05% C.1 (108.0, 147.7) (202 4, 318.9) 337.7,523.6) (498.3, 866.3)
[Tmax (h) 1.00 1.02 1.00 .67
Median
Range (0.17, 4.00) (0.33, 2.00) (033, 2.05) (0.17. 2.02)
t1/2 (h} 3.79 5.10 6.63 6.47
IGeo. Mean
[95% C.1. K3.07, 4.68) (4.57,5.69) (5.92,7.42) (5.89,7.12)

AUClast, AUCes and Cmax for the 3 HFA containing treatments showed increases with
increasing dose. Table 5 presents the results of the power model analysis. A confidence interval
of the slope that is within the range .78 - 1.22, indicates dose proportionality over the range
tested. The adjusted mean slope (and 90% confidence interval) of the log transformed AUClast
was 1.02 (0.91, 1.13) and that of AUC was 0.95 (0.84, 1.06). The corresponding results of the
Cmax analysis were 0.75 (0.65, 0.85). Thus, the results indicated that there was dose proportional
increase in AUClast and AUC across HFA strengths. A dose-related increase in Cmax was
observed, but was not considered dose proportional. Increase in Cmax with increasing dose was
smaller than the change in dose.
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Table 5

Results of FP PK Parameter Dose Proportionality using Power Model
Standard
arameters jIntercept Slope [Error DF [90% CI
AUCinf (hr*pg/ml)  10.834 0.951 [0.064 40§ 0.843, 1.060)
AUClast (hr*pg/ml) 10.202 1.022 10.067 43 1(0.909, 1.134)
KCmax (pg/mL) 0.455 0).748 10.061 M3 J(0.646, 0.851)

Effect of propellant on FP pharmacokinetics was evaluated by estimating ratio (and 90%
confidence interval} of HFA/CFC at a dose of 1760mcg (8x220mcg) using the 220mcg

HFA product for the primary PK endpoints. The following table provides the comparison of the
HFA and CFC Flovent 220 mcg.

Table 6

IKey Results for Comparison between HF A and CFC Formulations

Treatment FP 220meg HFA Ratio HFA/CFC FP 220meg CFC
[Total Dose (1760mceg) (1760meg)
IAUClast (pg*h/mL)

Geo. Mean 2495 3606

95% CI (1945, 3200) (2626, 4953)
Mecan Ratio 0.696

90% C1 (0.588,0.823)

AUCe= (pg*h/ml.)

Geo. Mean 2760 1442

95% CI (2156, 3533) (3552, 5556)
Mean Ratio 0.648

0% C1 K0.371, 6.736)

Cmax (pg/mL)

iGeo. Mean 420.5 657.1

95% CI (337.7,523.6) (498 3, 866.3)
Mean Ratio 0.646

90% ClI (0.553, 0.755)

Geometric mean AUClast for the HFA inhaler was about 70% compared to the CFC inhaler and
that of Cmax was about 65% compared to the CFC inhaler. The results indicate that 220mcg HF A
product at a dose of 1760mcg was not comparable to the 220meg CFC product at the same dose.
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Pharmacodynamic: The mean cortisol-concentration time profile for all treatments is presented
in figure 6. Key results for cortisol PI) parameters are presented below:

Table 7: Serum Cortisol Results

[Bxddmcg  [Bx110mcg ]8x220mcg 8x220meg
Treatment [HFA JHFA [HFA ICFC
Total Dose {Placebo _|[352mcg)  [880meg)  k1760meg) |(1760mcg)
AUC?24 (ng*h/mL) D090 1815% 1504* 1270** 1068*
Geometric Mean
6 decrease compared
to placebo 16 31 42 51
Cmin (ng/mL)
Geometric Mean 25.79 D1.58" 16.78 13.01*> 10.11"
% decrease compared
to placebo 22 41 53 03
a Significantly different from placebo
b Significantly different from 880mcg dose
¢ Significantly different from 220meg CFC
APPEARS THis way
ON ORIGINAL
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Statistically significant dose-refated decreases in cortisol AUC24 and cortisol Cmin were
observed in all treatments compared to placebo. Differences were observed between the 8 x
220mcg HFA and CFC treatments for AUC24 and Cmin and were statistically different. 6-B-
hydroxycortisol levels for most subjects were BQL and were not analyzed.

While cortisol and 6-beta-hydroxycortisol trended lower following the 8 X 220mcg CFC
treatment, the differences with 8 X 220mcg HFA were not statistically significant. Geometric LS
mean ratios (with associated 95% confidence intervals) for 8 X 220mcg HFA/CFC comparison
were 1.32 (0.91, 1.92) for cortisol and 1.21 (0.91, 1.62) for the 6-beta-hydroxycortisol.

Figures 7-10 and table 7 contain urinary cortisol and 6-beta-hydroxycortisol information.
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Table 8: Urine Cortisol and 6 -B-Hydroxycortisol Results

Treatment Bxddmecg  Bx110mcg 8x220mcg' 8x220mcg
HFA HFA HFA ICFC

[Total Dose [Placebo (352meg)  KBBOmcg) (1760mcg) (1760mcg)

Cortisol (meg) 18.02 18.09° 10.11° 9.32° 7.05°

Geometric Mean

%% decrease compared 1 44 48 61

to placebo

6 [1-Hydroxy (mcg) 82.03 21.39 61.24 51.75% 42,66

Geometric Mean

%o decrease compared 2 25 37 18

fto placebo

a Significantly different from placebo
b Significantly different from 880mcg dose

Serum cortisol AUC24 decrease with an increase in FP AUClast. The relationship between the
decrease in urine cortisol compared to placebo with increase in FP AUClast is the depicted in the

figure 10.

APPEARS THIS way

ON ORIGINAL
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Significant decreases in urinary cortisol excretion were observed with 880 and 1760mcg

doses but not with 352mcg HF A compared to placebo. Decreases in urinary 6-beta-
hydroxycortisol excretion reached statistical significance compared to placebo only with
1760mcg doses but not with the 830meg or 352meg doses. No statistically significant differences
in urinary cortisol and in 6-beta-hydroxycortsiol excretion were observed between the 220mcg
HFA and CFC FP strength.

SAFETY :

The sponsor reported that a total of 33 AEs were reported in 15 subjects throughout the study.
None of the AEs were considered as treatment-related in the opinion of the investigator. Most
AEs were mild to moderate in intensity. All resolved by the end of the study. The most common
adverse event was headache. The sponsor reported that clinical laboratory results were all within
normal limits, as determined by the investigator.

CONCLUSIONS:

AUClast, AUCee and Cmax increased following increasing doses of 352, 880, and
1760meg from the 44, 110 and 220mceg inhalers, respectively, containing HFA
propellant. The increase was considered dose proportional for AUC, but not for Cmax.
Following administration of FP 1760mcg using the 220mcg HFA product, the
geometric mean for AUClast was 70% compared to the same dose administered from
the 220mcg CFC product.

Significant dose-related decreases in serum cortisol (both AUC24 and Cmin) were

observed following all HFA and CFC ireatments compared to placebo. The decrease

in serum cortisol was significantly greater with CFC compared to HFA propellant when tested a
dose of 1760mcg. Significant decreases in urinary cortisol excretion were observed after the 880
and 1760mcg doses when compared 1o placebo. No statistically significant differences i urinary
cortisol and in 6-beta-hydroxycortsiol excretion were observed between HFA and CFCFP at a
dose of 1760mcg.

REVIEWER’S COMMENTS:

Pharmacokinetics: Based on the power analysis model and the 90% confidence interval (Cl} of
0.78 to 1.22 set aprior for the slope, dose proportionality was demonstrated when AUC was used
as the PK parameter for the three FP HFA doses tested. When Cmax was used, dose
proportionality was not demonstrated. Evaluation of dose —normalized AUCs support dose
proportionality but there is less than proportional increase in Cmax when the IH{FA FFP doses are
increased from 352 to 1760 mcg. This may not be clinically significant since Cmax is usually
associated with safety. There was large variability in the PK data and dose proportionality was
not demonstrated in all the patients. Concentrations after administration of 1760 mcg FP with
CFC propellant were usually higher than that measured after a simifar dose via HFA propellant.

Pharmacodynamic: Reviewer agrees with sponsor conclusions, Serum cortisol levels were
decreased to a greater extent after administration of 1760 mcg FP with CFC compared to HFA.
However, no statistically significant differences in urinary cortisol and 6-beta-hydroxycortsiol
excretion were observed between the HFA and CFC FP strength at a dose of 1760mcg.
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Title (FAP 30007): Pharmacokinetic Report: A Randomized, Double-Blind, Parallel-Group,
Placebo-Controlled Trial of Inhaled Fluticasone Propionate 88mcg BID, 220meg BID and
440mcg BID versus Placebo in Propellant GR106642X in Adolescent and Adult Subjects with
Asthma who are Maintained on Inhaled Corticosteroid Therapy.

Objective: The primary clinical pharmacology objective of the study was to describe the steady-
state fluticasone propionate (FP) pharmacokinetics (PK) and pharmacodynamics (PD) in
adolescent and adult subjects with asthma who were maintained on inhaled corticosteroid (ICS)
therapy following FP 88mcg, 220mcg, and 440mcg HFA BID and relate FP systemic exposure to
serum cortisol.

Study Design: This multi-center, randomized, double-blind, parallel-group, placebo-controlled
trial was designed to assess the efficacy and safety of 12 weeks of treatment with FP 88 mcg, 220
mcg and 440 mcg HFA BID versus Placebo HF A via the MDI in adolescent and adult subjects
(12 years of age or older) with asthma who were maintained on inhaled corticosteroid (ICS)
therapy. All subjects demonstrated a moming pre-bronchodilator FEV 1 of 45-80% of predicted
and >12% reversibility.

After 4 weeks of dosing, selected investigative sites assessed the PK and PD of double- blind
study medication. Sixty-six subjects (14 placebo; 20 FP88 mcg HFA BID; 15 FP 220 meg HFA
BID; 17 FP 440 mcg HF A BID) participated in the PK/PD portion of the study. Subjects were
randomly assigned at Treatment Day 0 to one of four double-blind study medications twice daily
for the 12-week treatment period:

1. 2 x FP 44 mcg/actuation in propellant GR106642X (FP 88mcg HFA BID)

2, 2 x FP 110 mcg/actuation in propellant GR106642X (FP 220mcg HF A BID)
3. 2 x FP 220 mcg/actuation in propellant GR106642X (FP 440mcg HFA BID)
4, 2 x Placebo in propellant GR106642X (Placebo HFA BID)

Subjects were instructed to inhale two actuations (puffs) from the MDI inhaler each

morning and evening, approximately 12 hours apart. Serial plasma FP and serum cortisol
concentrations were obtained from a subset of subjects to compare systemic absorption of FP in
subjects with inhaled corticosteroid-dependent asthma. Samples were collected immediately prior
to dosing and at 0.5, 1, 2, 4, 8, 10 and 12 hours post-dose. Serial serum cortisol concentrations
were also obtained for correlation with FP plasma concentrations. Samples were collected
immediately prior to dosing and at 0.5, 1, 2, 4, 8, 10 and 12 hours post-dose. Twenty-four hour
urine samples for cortisol excretion were collected beginning on the day prior to Visits 2 and 9.
Collection of 24-hour urine sample for measurement of urinary cortisol and creatinine
excretion was completed the day before the Randomization and Week 12 visits.

If a 24-hour urine cortisol measurement was abnormal at Week 12, the investigator

repeated the test as medically indicated.

Test product, dose and mode of administration, batch no.: FP in propeliant GR 106042X
(HF A), 44mcg/actuation (ex-actuator) via inhalation, 2 puffs twice daily, batch numbers
AX4462/001, AX4462/003; FP 110meg/actuation (ex-actuator) via inhalation, 2 puffs twice
daily, batch number AX4461/001; FP in propeliant GR106642X (HFA), 220mcg/actuation (ex-
actuator) via inhalation, 2 puffs twice daily, batch number AX4460/001.
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Reference therapy, dose and mode of administration, batch no.: Placebo in propellant
GR106642X (HFA), 2 puffs twice daily, batch number AX4463/001.

Analytical Methods: Pharmacokinetic plasma was analyzed for FP concentrations at each time

point using —_— A o ..

= . The method required — of plasma and has been validated over the
range — . Serum cortisol levels were determined using ~—  'he method
has been validated to a limit of quantitation of = Urine free cortisol levels were analyzed
by ~~  he method required __  of urine and has a validated limit of quantitation of

Data Analysis: Pharmacokinetic parameters were derived for each subject from the plasma FP
concentration data using standard non-compartmental techniques. For parametric analysis, a
subject with all plasma concentrations below the LOQ, AUClast and Cmax were assigned a value
of —_ _ . respectively. The same analysis was also performed while seiting the
values to missing to ensure that results were similar.

To examine the increase in systemic exposure of FP over the range of FP strengths, the
power model analysis of AUClast and Cmax was performed. The power model using the
equation y = e * *dose * was used to examine increases in FP systemic exposure, y was the
quantity (AUClast and Cmax) before log transformation. A value of b (slope) close to unity
would indicate a proportionality of doses. The adequacy of the power model was checked
using suitable diagnostic techniques such as plotting residuals against log dose.

Systemic exposure of FP was evaluated using the ratio R,

ALC,
Ro=—
AU

and its 90% confidence interval, where AUCy and AUC, are dose normalized AUClast

for each comparison. Ratios for Cmax were also calculated. Both AUClast and Cmax were dose
normalized to 220 meg. Comparison was performed with and without log transformation. Tmax
was analyzed without transformation. Analysis of variance was used to compare treatments.

A similar analysis was done on dose normalized AUClast and Cmax. Serum cortisol
concentration at each sampling time point was summarized by treatment using mean, SD, median,
maximum, and minimum and plotted by median and mean.

The following variables were calculated for each subject in the pharmacodynamic
population:
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Table 1

Variable Name Description

AUC12 The area under the serum cortisol concentration
versus time curve

Cmin The munimum serum cortisol concentration
over 12 hours post dose

Amount 24 (baseline) The amount of cortisol 1n urine collected over
24 hours prior to visit 2

Amount 24 (final) The amount of cortisol in urine collected over
24 hours prior to visit 9

Change from baseline in urine cortisol Change in urine cortisol between baseline and
12 weeks

Serum cortisol AUCI2 was plotted as a function of FP AUClast to determine whether there
were any obvious relationships between the two parameters. Likewise, serum cortisol
Cmin was plotted versus FP Cmax. Also, change in urine cortisol from baseline was plotted
vs. FP AUClast. Linear regression was used to help determine if there was any relationship
between these parameters.

Pharmacokinetic Results: The median age of subjects in this population across treatment
groups ranged from 38.5 years to 54.0 years. Most subjects were female (57-71%) and most
subjects were white (82-100%). The median height across treatment groups ranged from

168.0 cm to 173.0 cm and the median weight across treatment groups ranged from 72.2 kg to
79.4 kg. In the active treatment groups, in the 88 mcg treatment group 39% of the samples were
BQL. In the FP 220 mcg treatment group, 7% samples were BQL and in 440 mcg treatment
group 4% samples were BQL.

Median semi-log plasma FP concentration versus time is provided in figure 1 betow. Plasma FP
concentrations increased with dose.
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Summary FP AUClast, Cmax and tmax are provided in table 2. Both AUClast and Cmax for the 3
treatments showed increases with increasing dose.

Table 2

[FP Parameters [FP 88mcg [Fp 220mcg IFp 440meg [Ratio® Ratio"
[HFA BID  |[HFA BID [HFA BID 220:88 440:220
N=20 IN=15 IN=17

AUClast (pg*h/mL)

Mean = SD 176.8 £ 166.9 [391.17 £ 300.45|707.2 £ 359.24

Geometric Mean 76.2 297 .5 600.9

05% CI (33.2,174.7) K191.0,463.6) [430.7, 838.2)

Geo LS Mean Ratio 156 1.01

00% CI (0.77,3.18) [K0.48,2.11)

[Cmax (pg/ml.)

ean + SD 328+244 8.7+£38.0 125.0+ 784

Geometric Mean 25.2 60.8 103.1

05% CI (17.6,36.1) [{45.8, 80.6) (73.2,145.1)

(Geo LS Mean Ratio 0.97 .85

50% CI (0.66, 1.42) §0.57,1.26)

ftmax (h)

[Mean + SD 2 07+2.53 1.63+1.75 1.11 +0.74

Median 1.03 1.00 1.00

|[Range K0.50, 10.0)  0.50, 7.6) (0.00, 2.1}

[Mean Difference -0.44 -0.51

90% CI (-1.52,0.64) [(-1.62,0.60)

*Data dose normalized and log transformed prior to statistical analysis except for tmax

Ratio of geometric mean AUClast between 440meg and 220meg treatments was 2.02 (dose
normalized ratio was 1.01). The ratio between 220mcg and 88mcg treatments was 3.9 (dose
normalized ratio was 1.56). The ratio of geometric means for Cmax between 440 meg and 220
mceg treatments was 1.7 (dose normalized ratio was (.85) and between 220meg and 88meg
treatments was 2.4 (dose normalized ratio was .97). None of the pairwise comparisons were
statistically significant {90% confidence intervals contained 1.0) likely because of the small
number of subjects that were examined.

Reviewer’s comments: There was large variability in the data and the 90% confidence interval
g Y

around the ratio of geometric means was not contained within the usual 80% - 125%.

Power model analysis for these 3 treatments showed that adjusted mean slope (and 90%
CI) of the log transformed AUClast was 1.30 (0.88, 1.72) and 0.88 (0.66, 1.11) for Cmax
A confidence interval (CI) of the slope that is within the range 0.78 - 1.22, would indicate dose

proportionality over the range tested. Ninety percent CI for slopes for both parameters were wider

compared to the acceptance range indicating that increase in AUClast and Cmax across HFA
strengths was dose-related, but could not be considered dose-proportional. Overall tmax values
were variable, but essentially unchanged with median value of th following all 3 treatments.
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Median values for Cmin were 0, 11.7 and 25.6pg/mL following the 88, 220 and 440mcg

BID doses, respectively. This parameter (Cmin) was difficult to measure due to the substantial
number of instances were this value was below the LOQ. Mean £ SD t1/2was 53+ 1.8 h, 5.66
2.4 h and 6.44 + 1.93 h for 88mcg, 220meg and 440mcg treatments, respectively.

A dose-related increase in systemic exposure was observed. Mean FP AUClast

following FP 440mcg was about twice that following FP 220mcg. Mean FP AUClast following
FP 88mcg was lower than predicted.

Reviewer’s comments: Evaluation of the mean AUC and Cmax data for dose proportionality
indicated that increases in FP concentration after administration of increasing doses was less
that proportional to the dose administered. This is consistent with the results of the power
analysis which suggested that dose proportionality was not demonstrated in these asthmatic
patients

Pharmacodynamic Results: Pharmacodynamic parameters were estimated in 65 subjects.
Thirteen of these subjects received placebo HFA BID, 20 received FP 88 meg HFA BID, 15
received FP 220 mcg HFA BID, and 17 received FP 440 mcg HFA BID. The mean linear serum
cortisol concentration -time plot is presented in figure 4.

u_u-snnwfunum-n-
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== FP 220 mcg
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Senum Cortaa! (ng/ml)
2

Fig 4
Figures 5 and 6 are scatter plots of cortisol AUCI2 and cortisol Cmin for each treatment where

each point on the plot represents an individual subject. Most cortisol values after both active
treatments were within the range observed in placebo subjects. Inter-subject variability was high.
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Percent CV for both cortisol AUC12 and Cmin increased with dose with values ranging from 33
to 58% for cortisol AUC12 and from 48 to 86% for cortisol Cmixn.

Fig. 5
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Table 3 contains geometric least square (LS) mean serum cortisol AUC12 and Cmin values.
These values were obtained by adjusting treatment as the main effect and the pre-dose
measurement as the covariate.

Table 3: Key Pharmacodynamic Results for Serum Cortisol at Week 4

[Serum Cortisol [Placebe HF A [FP 88meg HFA  IFP 220mcg  [FP 440meg

[Parameters 1D BID HFA BID HFA BID
N=13 IN=20 N=15 IN=17

AUCI2 (ng*h/mL)

Geometric Mean 903.09 955.74° 670.44° 779.93

Geometric LS Mean 934.42 R86.50 687.84 211.60

Active/Placebo 0.95 0.74 K).87

95% CI (0.74, 1.22) (0.57,096)  §0.67,1.12)

[Cmin (ng/mLj

Geometric Mean 34.76 37.25 30.50 30.01

Geometric LS Mean 36.36 33.73 31.54 31.63

[Active/Placebo 0.93 0.87 0.87

095% CI (0.56, 1.54) (0.51,1.48)  (0.52, 1.46)

a Significantly different from placebo
b Significantly different from 220mcg dose
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Cortisol AUCI2 and Cmin decreased in all treatments compared to placebo. However, these
decreases in cortisol were not dose-related. Among the comparisons with placebo treatment, only
the 220 vs. placebo AUC12 comparison was statistically significant (confidence interval for the
ratios did not contain 1.0) with ratio (and 95% CI) of 0.74 (0.57, 0.96). Among pairwise
comparisons between active treatments, the difference between the FP 220mcg and 88mcg
treatments for cortisol AUC12 was the only comparison which reached statistical significance.

Table 4 and Figure 7 show baseline and final urine cortisol amount for individual subjects in each
treatment group. Figure 7 indicates there was a trend for higher post-treatment values after
placebo treatment. However, there does not appear to be clear trend observed after active
treatment at any dose. .

/ Utng Corfiel Amaure il v Dosy

Fig. 7
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Table 4: Summary of Urine Cortisol Results

rine Cortisol Excretion Placebe  [FP 88mcg HFA _[FP 220mecg _ [FP 440mecg
FABID [BID HFA BID ___ |[HFA BID
IN=7 IN=17 N=12 IN=11

Baseline (mcg)
Mear 4.76 14.99 12.60 15.66
% CV 04 00 70 92
Median 4.00 11.69 13.75 14.52
{Final (mcg)
[Mean 9.90 17.93 13.57 11.88
e CV 50 144 95 123

edian 10.00 9.29 11.63 12.60
Change from Baseline (mcg)
[Mean 5.14 2 .94 0.97 [3.77
s CV 116 637 898 331
Median .00 0.33 19 216

There was considerable variability with baseline and final % CV ranging from 50-144%. The
sponsor stated that the variability in the baseline data across treatments may likely be due to the
fact that subjects were taking a range of doses of different steroid therapy up until one day prior
to dosing. Mean urine cortisol data at baseline and after 12 weeks of treatment for FP 88 mcg and
220 mcg treatments were similar and showed small increases over baseline. A small

decrease in cortisol was observed after the 440 mcg treatment. Results from compartsons

with placebo showed that differences in urine cortisol were greatest for FP 440 mcg HFA

BID treatment but were not significant.

Figures 7 — 9 are plots of FP AUClast and cortisol AUC12 and cortisol Cmin vs. FP Cmax and
urine cortisol vs FP AUClast. Although dose-related increases in systemic exposure were seen
following three active treatments, there was no apparent relationship observed.
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FP AUClast was plotted against severat demographic characteristics to examine the effect

of baseline characteristics on FP systemic exposure in these subjects. Linear regression of

FP AUClast as a function of the demographic parameter at each dose was used to look for
trends. Figures 10 — 12 show FP AUC vs. gender, pulmonary function (% of predicted normal
FEV1), and age. There was no apparent relationship between FP AUC and any of the parameters
except age (p value = 0.003). There was no relationship observed between cortisol AUCI2 and
age for any dose.
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Safety Conclusions: Adverse Events related to ear, nose and throat and GI systems were
somewhat higher in the three FP groups compared to the placebo group. Some of the AEs
reported in the ear, nose and throat body system (e.g., throat irritation) and the GI body system
(e.g. candidiasis mouth/throat) are predictable side effects of 1CS.

Conclusion

A dose-related increase in systemic exposure was observed; however, the increase in systemic
exposure was not proportional to dose. Mean FP AUClast following FP 440mcg was about twice
that following FP 220mcg. Mean FP AUClast following FP 88mcg was lower than predicted
probability due to bioanalytical limitations at this low dose. The rate of absorption into the
systemic circulation was similar after each dose.

Changes in serum cortisol and urine cortisol were not dose-related and generally not

significant. Oaly serum cortisol AUCI12 after the 220mcg treatment was signtficantly

different from placebo. There were no significant changes in the corresponding

cortisol Cmin or urine cortisol excretion measurements at this dose. No relationship was observed
between FP systemic exposure and gender, pulmonary function and wetght. There was a
significant relationship between FP systemic exposure and subject's age. However, no correlation
was observed between serum cortisol and age; hence, the relationship between FP and systemic
exposure is likely not to be of clinical significance.

Reviewer’s comments: The reviewer agrees with the sponsor's conclusions. It must be noted that

the variability in the data was large. The study was intended o evaluare patients [2 vears and
older, but there was not adequate representation of 12 year olds in the pharmacokinetic study.
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Title (Protocol: FLTA3022): A randomized, double blind, placebo controlled comparative trial
of fluticasone propionate 440pg BID or 880pg BID versus placebo administered via metered
dose inhaler in propellant 11/12 or GR106642X in adolescent and adult oral corticosteroid
dependent asthmatics: Pharmacokinetic Report

Objective: The primary objectives of the analysis were to: 1) To detennine trough values of
fluticasone (FP) plasma concentrations. 2) To compare systemic absorption across the treatment
groups in terms of the trough FP concentrations.

Study Design: This study was of a multicenter, randomized, double-blind, parallel-group design
to compare the dose related efficacy and safety of FP 440mcg BID and FP 880 meg BID

" administered by metered-dose inhalers propelled by CFC propellants 11/12 or HFA

propellant GR 106642X. Male and female outpatients of at least 12 years of age, with a diagnosis
of asthma (ATS definition) and a FEV1 40-85% predicted were screened for the study. Subjects
were eligible if they had been shown to be oral corticosteroid-dependent for the past 6 months
and it had been established that they were on their minimum effective dose of oral
corticosteroid.

Subjects were randomly assigned to one of five treatment groups for 16 weeks at Chnic
Visit 2 (Day 0).

« FP 440mcg BID - GR106642X

2 puffs BID of 220mcg FP - GR106642X (canister A) and 2 puffs BID of
placebo - GR106642X (canister B)

» FP 830meg BID - GR106642X

2 puffs BID of 220mcg FP - GR106642X (canister A) and 2 puffs BID of 220mcg
FP - GR106642X (canister B)

* FP 440mcg BID - P11/12

2 puffs BID of 220mcg FP - P11/12 (canister A) and 2 puffs BID of placebo - P11/12
(canister B)

= FP 880mcg BID - P11/12

2 pufts BID of 220meg FP - P11/12 (canister A) and 2 puffs BID of 220mcg

FP - P11/12 {canister B)

* Placebo (E GR106642X

2 puffs BID of placebo - GR106642X (canister A) and 2 puffs BID of

placebo - GR106642X (canister B)

Subjects were instructed to administer the assigned medication twice daily approximately 12
hours apart at §:00AM and 8:00PM. Blood samples for measurement of plasma FP were obtained
from 63 patients attending selected sites following two weeks of treatment. The assessment of FP
plasma concentrations was made after two weeks of double blind treatment. A single blood
sample was obtained 12 ours post-dose in order to determine the trough concentrations.

Analytical Method: Concentrations of FP in human plasma were determined by =~ ~—
/

s
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Table |

[Accuracy [Precision Calibration Range
Fluticasone propionate —

Data Analysis: Plasma FP concentrations were summarized by treatment group at Week 2 for
assessment of trough levels. Descriptive statistics were provided, comprising median, minimum
and maximum. Means and standard deviations were considered inappropriate for those

groups with many BQLs, and of marginal value for the rest. Transformation of concentrations to
natural logarithms was carried out before statistical analysis. ANOV A was performed on log-
transformed data with the model: dose + propellant + (dose * propellant interaction).

The log(trough concentration) values were subjected to analysis of variance to examine:
1. whether systemic exposure differed between the two propellants, and

2. whether there was an interaction between dose and propellant, and

3. whether systemic exposure was dose-proportional.

The limit of quantitation (LOQ) for FP in this study was ~ v/ml. The values —
pg/mL were substituted for the below quantitation limit (BQL) values and the data reanalyzed for
each substitution.

Results: Summary median trough concentrations are provided in table 2 below
Table 2

Sumpary of Tlutooazone Proprofave Toough Soamrmnitzal Danig, el
Trewtpnnt
Fo 440m.03 Fr 44 7o 1] a
Ghatistivs oET BILD HTA EIL
N Ghe i3 p o7
o € Lz P
¥ Mizsing £ - 1
MacdLan 17,2588 ve.
Mir. 21045 1.
Max. 5120 LR LED 223003

Results of comparative analysis following the assignment of non-zero values to BQL
samples, to permit log transformation prior to analysis, are summarized in the tables 3-5.
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Geometric L8 Means of Fluticassts Proplotste Troush Concentrab iong, (pgsmill)

29 pgfil subsritotesd 12 1 ogiml substituted
— T P [ -
Dose Geomerric Geotietric B L Gesmetric
Imogy Propellant LS Mean lowsy uppe:r LA Maar  lowes uppel L3 Mean 1o upper
440 354 2.0 44.8 36 % 13,3 3R 3 5.8 &.7 19.4
330 4% .7 A%.1 &3.0 3 34 1 /2.4 5.7 20,3 =6.5
OFC 44 .6 35.2 5&. 3% 1 23 53,0 25 8 ig.4 36.4
BFA 5.4 1.1 8530 3.7 234 ax.0 15.13 3.2 27.3
440 CPC 43.9 3z.2 5%.% 7.5 3.3 8.0 228 10 $9.42
430G HPA 24.5 20.0 42.% 19.% 12.2  Az.l 3.1 Z. 12.4
BAO {FC 45,3 318 £4 4 4L, Z6.. &4 .= 235 iz 712
480 EFA 34.5 1.5 B0 52,32 4.7 TE.B 45.7 0, 132
Table 3 (above)
Ratios of Geowmetric LS Meang of Flut:uvasone [ropilomats Trougs Qoszantoations,  Jppield
20 pyfel subatituted 1T pyfmi substiroed
Numerator Ganouinaro:
R 2%v I1 453 CI
Doge 7 .
focg; Propelliant Lower  upperz % FEalic  Lowur  uppers »
440 BEDG L5 2 .51 1.3z .24 0,23 2.38 o.an a.%la
TFC HEA L1k .81 1.58 J.x64 1.24 LRI
445 oFC H L8R Z. S .
343 Lo Eay SLRL 1. .. Gl
440 TFC H 362 1. T <
440 HTa < 5.3 1. 3 e
414G HFEA H 2.3 s Z o
3ag oFa H L.82 1 > e

Table 4 (above)

Ravios of Goometrzic LS Medans of

e Dowpronato

MNumracator DL f L T OT
S Dh TR
Disge DIy e o
Progpollant fmog) Dropellant Tt o aepez 1
443 383 (LI 5.12 .68 R
oFT HFA 1.53 R 1.3 3.21°7
444 JFC HFA 4. 38 1 z.
443 Loty [ 2 [N 2. z
445 o=y BY& J.43 1. -
4440 EFA CEC [ [y 2
443 HEFR H¥a S G
340 TFC HEA [ e S

Table 5 (above)

It was noted that the dose main effect varied substantially with choice of substitute value.

When considering the potential effect of propeliant, there was higher systemic exposure for the
CFC formulation compared with the HFA formulation at the 440mcg dose. However, this
difference was not reflected at the 880 mcg dose. For the HF A formulation, a doubling in dosc
resulted in increased systemic exposure. In the case of the CFC formulation trough concentrations
were similar at both dose levels. These conclusions can be drawn regardless of the non-zero value
assigned to BQL samples.

84



Conclusion: In this study, a difference between HFA and CFC inhalers was observed at the lower
dose but not at the higher dose. For the HFA formulation a doubling of dose resulted in increased
systemic exposure but for the CFC formulation trough concentrations were similar at both dose
levels.D ue to the high variability observed in these trough concentrations, the limited number of
samples obtained during the study and the large number of samples found to be below the limit of
quantification of the assay (22% and 50% of the samples in the 440 mcg BID HFA and CFC
groups, respectively) robust conclusions cannot be made.

Reviewer’s comments: Eight out of 13 patients in the HFA 440 mcg had values below the LOQ;
hence, comparison with this group is difficult. Determining exposures using a single trough
concentration is problematic. Their variability in the data was large. The patients in the study
were reported to generally have severe asthma which might have contributed to the high
variability observed. Despite these shortcomings about the pharmacokinetic data, the trend
observed that exposure as determined by trough concentrations after administration of FP via
HFA propellant is generally lower than that seen when FP administration is via CFC propellant.
The reviewer agrees generally with the sponsor’s conclusions from this study.

APPEARS THIS way
ON QRIGINAL
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Title (Report #: FLTB 1020): A Dose Proportionality Study of Fluticasone Propionate from 50,
125 and 256mcg HF A Inhalers and Comparability to 125 and 250 mcg CFC inhalers

Objective: 1) To examine dose proportionality of fluticasone (FP) over the range 400 — 2000
mcg using the available HFA alternate propellant strengths: 50, 125 and 250 mcg 2) The effect of
the propeliant on drug delivery at the 125 and 250 mcg strengths (HFA vs CFC)

Study Design: This was a single center, open-label, randomized, 5-way crossover study. Twenty-
three healthy volunteers were randomly assigned to receive each of the single dose treatments but
only twenty completed the study per protocol. The volunteers had to have a body mass index
within the range 19 — 29 kg/m’, with weight range of 55- 95 kg for males and 50 -— 90 kg for
females. Volunteers received one of the following single doses at each of the 5 treatment periods.

8 oral inhalations x 50 mcg FP from a HFA-containing inhaler (total dose = 400 mcg)

8 oral inhalations x 125 mcg FP from a HFA-containing inhaler (total dose = 1000 mcg)
& oral inhalations x 125 mcg FP from a CFC-containing inhaler (total dose = 1000 mcg)
8 oral inhalations x 250 mcg FP from a HF Aontaining inhaler (total dose = 2000 mcg)
8 oral inhalations x 250 mcg FP from a CFC-containing inhaler (total dose = 2000 mcg)

The total FP dose in each treatment represents the amount leaving the valve. Drug was
administered as one inhalation every 30 seconds. The elapsed time from the first to the last
inhalation was 3.5 minutes. There was at least a 5-day washout period between doses.

The FP HFA inhaler is a pressurized MDI for oral inhalation. Each inhaler consists of a white to
off-white suspension of fluticasone propionate (micronized) in a liquefied hydrofluoroalkane
propellant (Glaxo Wellcome Inhalation Grade GR 106642X) which is contained in an aluminun
can sealed with a metering valve. The canister is presented in a plastic actuator fitted with a dust
cap. The FP CFC inhaler is a pressunized MDI for oral inhalation. Each inhaler consists of a white
to off-white suspension of FP {micronized) in a liquefied P11/12 propeltant combination which is
contained in an aluminum can sealed with a metering valve. The canister is presented in a plastic
actuator fitted with a dust cap. T _

~— All study drug strengths were manufactured and packaged in the
United Kingdom.

Blood samples (5 mL) were collected at predose, 10, 20, 40, 60 and 90 minutes and at 2, 3, 4, 6,
8, 10, 12, 16, 20 and 24 hours from the beginning of dosing for the determination of FP
concentrations. Twenty-four hour urine samples were collected before and after each dose.

Analytical Method: Plasma samples were analyzed for FP using a validated

—_— The method required Lof
plasma and was validated over the range =~ — sg/mL. Urine samples wete analyzed for free
cortisol for 24 hours. Cortisol levels were determined using liquid extraction followed by
radioimmunoassay. The method required — 1L of urine and was validated over the range ~ -

Data Analysis: Pharmacokinetic parameters were determined using noncompartmental methods.
AUCes, AUClast, Cmax and t ¥ obtained after administration of the HFA inhalers were log-
transformed and tested for dose proportionality. The power model was fitied and a mean slope
was estimated together with the associated 90% confidence intervals. As a secondary analysis,
analyses of variance allowing for effects due to subjects, periods and treatments of log-
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transformed dose-nommalized AUC-, AUClast and Cmax and non dose-normalized t ¥ were also
performed. Estimates of the ratios of 50 mcg and 250 mcg to the reference dose 125 mg were
calculated, together with the associated 90% CI. Tests of significance were performed at the 5%

level. For acceptance criteria for comparability of inhaler formulations, CI outside the range of
0.75 — 1.33 were identified.

Comparability of the 125 mecg FP-HFA and 250 mecg FP-HFA to the CFC data was performed
using analysis of variance allowing for effects due to subjects, periods and treatments. Estimates

of the ratios of HFA to the corresponding CFC dose were calculated, together with the associated
90% CIL

Results: Twenty three subjects were treated (12 male and 11 female; age range 19 -49 years,
median 25 years; median weight 65 kg and median height 168 cm). All the participants were
caucasians. Mean FP plasma concentration time plots are provided in figure 1
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A biexponential curve was observed for the mean curves except may be for the FP 50 meg HFA
curve that appeared to be monoexponential. The FP 250CFC and 250 HFA curves appeared to be
superimposable. Summary of statistical analysis is presented in the table 1.
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Table 1

Treatment FP 50-HFA | FP125-HFA | FPI125CFC | FP250HFA | FP250CFC

Parameter Mean + SD (%CV){n]

AUClast 555.7+308.9 | 1608.0+1243 | 2184.5+812.2 | 3279.5£1343 | 3595.1%1341

(pg*h/mL) (55.58)[211 | (77.3)[21] (37.2)[22] (40.9)[20] (37.3)[21]

AUCo 767.8+3752 | 1894.7t1416 | 2453.64942.5 | 36491492 | 4092.7+1584

(pg*h/mL) (48.9)[19] (74.7[21] (38.49)[22] (40.9)[20] (38.8)[21]

Cmax 12334342 | 26551334 | 390411155 [ 531.74179.9 | 533.5x187.4

(pg/mL) (27.7D[21] (50.2)[21] (29.6)[22] (33.8){20] (35.D[21]

Tmax (h) 071+£039 | 0.89+67 0.65+039 |093+0.69 |0.71+£048
(55.2)[21) (74.8)[21] (59.0)[22] (74.9)[20] (68.8)[21]

T % (h) 44+20 58+25 6.4+2.1 6.5+ 1.7 7.1£2.0
43.9[19] (43.5)[21] (33.2)[22] (26.7[201. (28.7)[21]

Fig. 2
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Fig. 3 {above)

The above are the linear and log-log plots of the individual AUC and Cmax data for the HFA

strengths. Summary statistics on the dose proportionality of FP after administration from HFA
propeilant are presented in table 1.

Summary of statistical amalysis onp dofie proporticnalify of HFA
log-transformed pharmacokipetic parameters through Powsr Model methnd
and MNon-parametiric enalysisa of tmax

Adiustad Standard - .
Carame! £ maan slapé erTar of 0% C1
REZ i IR o087 a0 r J.88 , ).Ll4:
A tas L.in 0.07 25 ¢ 1.92 , 1,272
Jirax D52 0.07 20 £,T8 1o
PR .28 0.08 22 0015 L 0.4l
FarErater Trasimens Compnr ison Estimate * ane 1 p-voluo
Tma¥ 1) FP S%mcyg - HFA - FP 128ma - HPA ~¢.58 (-C.56 .edl 0.&%3
24 2‘::‘mq - KFA - F2 12Smcg - MFA q.493 i-5.33 . 0.4y a TRA

+ Madian @iffarence for tmax

Table 2 (above)

The 90% Cl of the slopes contain 1 and are contained within the 0.75 to 1.33 interval defined a

prior as the acceptance range. Therefore, dose proportional is inferred based on the power
analysis.
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ANOV A of dose normalized log-transformed and untransformed HF A data also indicated that

dose proportionality might be inferred over the dose range tested.

However, a visual evaluation of the means did not support the inference of dose proportionality
when the higher strengths are compared. The increase in FP conceniration is less than
proportional to the dose administered when the 1000 and 2000 mcg HF A doses are compared.

Table 4 provides a statistical comparison of FP concentrations after equal doses are administered

via an HF A or CFC propellants.

Table 4 (below)

Surnery of Ztatiarical Anabysis on Trestmant Diffecence far pairwlisa comparisons
15 amd 2500cg MFA/CEC Log-transformed Pharmacoklnatic Parameters
and Kon-parametrie Analysis of tmex

s
oL

.
“

Faramaner Treatment {omparison Aartio ° 338 22 pevaiue
AT n £ - . - oFT Q.47 [ 0.57 . ¢.7% <c.gal
Rt i AR T Elt S o.en i 8.75 , 1.08 PET
ATt - HFA ! FP 135mcg - CFC 4.6% 1 D.53 , 0.74: <800
) . uppm ¢ TP 280mcg - TFC 2.4 L BLTE L L.EH) 7128
B WFA ¢ FP 125hcg - OFC 361 [ 0.34 , LT en.oat
HEA 7 FP 250mgg - TFC 1.01 { %.B& , 1.181 5.91%
b f HFA ¢ FP 125mcg - CFC .88 {0.7L . 1.2 L e
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+ Median difference for tmax
Table 5
Key results for the 125meg strengths are summarized below:
o i FP125mog - HEA Ratio HF ACFC FP 125mcg - CFC |
AUC,, (pg*himL} ! i
Geo. Mean 1547 1 230G 3 i
a5% Cl {1165.8. 2053.5) {1959 1, 270C 5) i
Mean Ratio 0.67 :
50% C {057, 0.7 |
rvalug — <0001 i
G (Pg/mL} :
Geo Mean 237.69 375.46 :
95% CI (190,93, 295.88} : (331.28, 425.53) i
HMean Ratio : 0.63 i
90% C! : (0.56 0 74) i
pvaplue i <0 (N !
fmaa (1) i l
Median 0.667 : {867
Range {0187, 3.000 ; {0.167, 1.500
Maedian Difference [ i i
{HFA-CFC) : | 317
90% C f {-0.08, 0.42) i
pvalue i .268 !




Key results for the 250meg strengths are summarized below:

FP 250rmeg - HFA Rabo HFAICFC FP 250mog - CFC_ |
AUG (pg*tmL)
Geo. Mean 33854 381386
95% Ci (2767.8, 4092.0) (3197 3, 4544.8)
Maan Ratio 0.88
80% C1 {075, 1.05)
pevalue 0226 _
Co (ppiod.
o o 506.75 502.54
95% Ct {438.27, 565.82) {426.49. 502.15)
Mean Ratio ! 101
0% Ci (0.86, 1.18)
p-value e O e e
L ;
Median 0.867 6567
Range ; {0.167. 3.000) i (3167, 1 500
Median Difference f
{HRA—CFC) 9,25 f
90% Ct 1 08, 1.9) !
(pvelve 1 0.249 i _
Table 6 (above)

The 90% CI for HFA/CFC comparison for AUC and Cmax indicates that generally, FP exposure
18 less after administration 1000 mcg of FP via HF A propellant compared to CFC propellant.
However, at the 2000 meg dose, the exposures after administration via HFA or CFC formulations
were similar,

Pharmacokinetic Conclusions:

Dose proportionality was established over the dose range of 400 -- 2000 mcg using the HFA
strengths. The 125 mecg HFA inhaler was not comparable to the CFC inhaler. The 250 mcg HFA
inhaler was comparable to the CFC inhaler.

Reviewer comments: Generally, the reviewer agrees with the sponsor's conclusions from the
evaluation of the pharmacokinetic data. However, after visual evaluation of the 1000 and 2000
mcg doses, dose proportionality may be questionable after administration via both the HFA and
CFC propellants.

Pharmacedynamic Results:

Table 7 provides the summary of the statistical analysis of urine cortisol,
Table 7

Treatment Comparison Ratio %% T p-value
FEB 123mag HFA 7 FP 125meg CFC 1.04 0.82 ,1.32) 2.256
FI 253mng BFA /7 F# 250mcg CFC 1.01 (3.7% ,1.2931 o.¢3e
FF  30mog HEFA 7 FP 125mcg HFA 1.43 {112 .E.83! Ugsg
Fr 2Z0mag JiFA / FP 125meg HFA 0.73 12.57 ,C.93; c.

Post treatment cortisol excretion decreased with dose. Geometric LS means were 41 04 meg,
28.69 meg and 20.96 meg foltowing the 400, 1000 and 2000 mcg doses containing HFA
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propellant and were found to be significantly different. Propellant had no effect on cortisol
excretion.

The relationship between cortisol excretion and FP AUCe- is provided in the following figure.
Propellant had no effect on the relationship between urine cortisol excretion and FP exposure.
Fig 4 below)
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Safety: The sponsor reported that FP was proven safe and well tolerated up to 2000 meg single
dose, administered with CFC and with HFA propellants.

Conclusion: The increase in FP concentration occurred proportionally to dose after
administration from the three HF A inhalers when dose proportionality was assessed using the
power model. Decreases in urine excretion of cortisol after administration FP corresponded with
dose. In this study, comparability of HFA and CFC propellants was examined by comparing
systemic exposure of FP and urine cortisol. Comparable FP systemic exposure was observed for
the 25¢ meg HFA and CFC inhalers but not between the 125 mcg strength inhalers. FP exposure
after administering equal doses of FP using the 125 HFA inhaler was about 33% lower compared
1o that seen after using the 125 CFC inhaler. The relationship between changes in urinary cortisol
and FP systemic exposure was unaffected by propetlant.

Reviewer’s comments: The reviewer generally agrees with the sponsor's conclusions. Dose
proportionality was demonstrated by all methods used between the 400 and 1000 mcg dose afier
administration of FP via HFA propellant. However, there is a suggestion from evaluation of the
mean data dose proportionality may not exist when the 1000 mcg and 2000 meg doses are
compared. A less than proportional increase in FP concentration is observed when the dose is
doubled from 1000 to 2000 mcg.
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Office of Clinical Pharmacology and Biopharmaceutics
New Drug Application Filing and Review Form

Gengral Information About the Submission

Information Information

NDA Number 21-433 Brand Name Fiovent HFA
OCPB Division (L, 11, [ID) n Generic Name Fluticasone propionate
Medical Division DPADP Drug Class Giucocorticoid
OCPB Reviewer Kofi Kugmi Indication(s) Asthma
OCPRB Team Leader E 1 Fadiran Dosage Form Inhalation Aerosol

Dosing Regimen 88 — 880 mcpg BID
Date of Submission 2/26/02 Route of Administration Oral inhalation
Estimated Due Date of OCPB Review 8/26/02 Sponsor GlaxoSmithKline. Inc,
PDUFA Due Date 12/26/02 Priority Classification Standard

Division Due Date

Clin. Phaym. and Biopharm, Intermation
St AT BOE 01 atiun

“X” if included

at filing

Number of

studies

submitied

Number of
studies
reviewed

Critical Comments If any

STUDY TYPE

Table of Contents present and sufficient to
locate reports, tables, data, elc.

Tabular Listing of All Human Studies

HPK Semmary

Labeling

Reference Bioanalytical and Analytical
Methods

ph |

I. Clinical Pharmacology

Mass balance:

Isozyme characterization:

Blood/plasma ratio:

Plasma protein binding:

Pharmacokinetics {e.g., Phase I) -

Healthy Volunteers-

single dose;

Study report only for . Inhalers
not marketed in U.S.

multiple dose:

Patients-

singie dose:

multiple dose:

Dose proportionality -

fasting / non-fasting single dose:

Study report for 1. Inhalers not
marketed in U .S

fasting / non-fasting multiple dose:

Drug-drug interaction studies -

In-vive effects on primary drug:

In-vive effects of primary drug:

In-vitro:

Subpoepulation studies -

ethnicity:

gender:

pediatrics:

geriatrics;

renal impairment:

hepatic impairment:

PD:

Phase 2:
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Phase 3:

PK/PD:

Phase 1 and/or 2, proof of concept:

Phase 3 clinical trial:

Population Analyses -

Data rich:

Data sparse:

[I. Biopharmaceutics

Absclute bioavailzbility:

Relative bioavailability -

solution as reference:

altemnate formulation as reference:

Bicequivaience studies -

traditional design; single / multi dose:

replicate design; single / multi dose:

Food-drug interaction studies:

Dissolution:

(AVIVC):

Bio-wavier request based on BCS

BCS class

1. Other CPB Studies

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development plan

Literature References

Total Number of Studies

4 3

Filability 2

nd QBR comments

X
X" il yes Comments
Application lilable ? X Reasons 1f the application is not filable for an avtachment 1f apphicable)
For example, 16 climeal fonmulation the same a8 the 1o-be-muarkcied one?
Comments sent to firm ? X Comments have been seat so i (or attachment mcluded) FDA Jeuer date

if upplicable

QBR questions (key issues to be considered)

L. Is FP concentration after administration via MDI HFA propertional to dose?

1. 1s the Exposure of FP different after administration via MDI HFA versus
MDI CFC?
2. Is the effect of FP on serum cortisol different after administration via MDI

HFA versus MDI CFC

Other comments or information not
included above
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