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1. Executive Summary

1.1 Recommendations

From the viewpoint of the Office of Clinical Pharmacology, NDA 204275 is Acceptable.

1.2 Phase IV Commitments
None.

1.3  Summary of Clinical Pharmacology and Biopharmaceutics
Findings
Background

GSK has submitted the NDA 204275 seeking the marketing approval for Fluticasone
Furoate/Vilanterol Inhalation Powder (BREO ELLIPTA) for treatment of chronic
obstructive pulmonary disease (COPD). Fluticasone Furoate/Vilanterol Inhalation
Powder (hereafter referred to as FF/VI) is a new inhaled corticosteroid (ICS)/long-acting
beta2 agonist (LABA) combination for oral inhalation to be administered from a Novel
Dry Powder Inhaler (NDPI). Current approved pharmacological treatment options for
COPD include inhaled bronchodilators such as short/long acting beta2 agonist and
anticholinergics, and inhaled corticosteroids. If approved, FF/VI will be the first once-
daily ICS/LABA for inhalation treatment for COPD.

Sponsor supported this NDA submission with 79 clinical and clinical pharmacology

studies, including 11 clinical studies in subjects with COPD, 16 clinical studies in
subjects with asthma, and 52 clinical pharmacology studies.

The Dose selection

The clinical pharmacology program, including selection of dose, dosing frequency and
timing of the dose, was conducted in patients with COPD as well as asthma.

RATIONALE FOR DOSE AND DOSING FREQUENCY SELECTION

The proposed dose of FF/VI is 100/25 mcg once daily, preferably in the morning. Three
dosing regimens, FF/VI 50/25, 100/25 and 200/25 mcg, were tested in Phase III studies in
COPD npatients. The dose regimens, including selection of dose, dosing frequency and
timing of the dose, was established in dose ranging studies in COPD population as well
as asthma patients.
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Dose for VI

The 25 mcg dose of VI was selected on the basis of results from a Phase 2 dose-ranging
study 1n subjects with COPD (Study B2C111045), which tested a range of VI doses (3,
6.25,12.5, 25 and 50 mcg once daily). Based upon the primary endpoint trough FEV1
(Figure 1) and secondary endpoint weighted mean FEV1 as well as the safety profile, 25
mcg was the appropriate dose. The 25 mcg dose was also supported by study B2C109575
n patients with asthma (Figure 1).
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Figure 1. Effect of VI on lung function (trough FEV1) across doses ranging from 3 mcg to 50 mcg
QD
(Source — Figure 3, Study HZA111045 report and Figure 3, Study HZA109575 report)

Dose for FF

Results for the effect of different FF doses on trough FEV1 from the three Phase 2 dose
ranging studies in subjects with varying severity of asthma are summarized in Figure 2,
which show a dose response from FF 25 to FF 200. Above FF 200, there does not appear
to be a consistent additional benefit. In study FFA109685 and study FFA109684, there is
linear increase in PK for FF 200 mcg to 800 mcg; however, FEV1 response does not
increase consistently. This suggests that increase in systemic exposure is not consistently
associated with clinical response (FEV1) response seen. Based on these data, Sponsor
selected three doses of FF (50, 100 and 200 mcg) for further evaluation in combination
with VI in the COPD phase III program.
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Figure 2. Adjusted Treatment Differences From Placebo of Change from Baseline in Trough FEV1

(L) (LOCF) at Week 8 in Asthma for FF doses ranging from 25-800 mcg QD
(Source — Figure 19, 2.7.3, Clinical Summary of Efficacy)

Following selection of doses for individual components of FF and VI, sponsor compared
the efficacy of FF/VI 50/25, 100/25 and 200/25 mcg in Phase III studies in COPD
patients. Sponsor reported that FF/VI 200/25 conferred no additional benefit compared
with FF/VI 100/25 in terms of decrease in %exacerbations. FF/VI 50/25 was reported to
be less efficacious than FF/VI 100/25 (Figure 3). Thus, sponsor concluded that FF/VI
100/25 is the most appropriate strength; therefore, in this application sponsor seeks
approval for FF/VI 100/25 strength for the treatment of COPD.
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Figure 3. Kaplan-Meier Plot of Time to First On-Treatment Moderate or Severe COPD
Exacerbations Based on Phase 3 trials HZC 102970 and HZC 102871
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Dosing Frequency (QD vs BID)

Study FF112202 in subjects with asthma compared once and twice daily dosing for FF
(Table 1). HZA113310 in subjects with persistent asthma compared once and twice daily
dosing for VI. Figure 4 demonstrates that the improvement of weighted mean FEV1 (0-
24h) was similar with VI 6.25 mcg twice daily and VI 12.5 mcg once daily dosing.

Table 1. Effect of FF dosing in Asthma; Trough FEV1 (L) on Day 28; Trial FFA-112202. Also shown
is the Effect of FP dosing in Asthma.

FF 100 BD FF 200 QD FP 100 BD FP 200 QD
LS Mean difference 0.098 0.108 0.132 0.087
@)
95% CI (0.054, (0.064, (0.059, (0.014,
0.142) 0.153) 0.205) 0.161)
(Source — Table 12, Study HZA112202 report)
Change from Baseline FEV1 (L) Over Time on Day 7
X 6.25mcg QD m 6.25mcg BID A 125mcg QD ® 25mcg QD
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Figure 4. Effect of VI dosing on FEV1 in subjects with persistent asthma
(Source — Figure 6.13, Study HZA113310 report)

Morning vs. Evening Dosing

Study HZA 114624 was a three-way crossover study in subjects with asthma that
demonstrated that FF/VI 100/25, whether dosed in the morning or evening, resulted in a
similar FEV1 time curve relative to placebo (data not shown).

PHARMACOKINETICS

Absorption

e The absolute systemic bioavailability for FF and VI (administered as FF/VI) was
15.2% and 27.3%, respectively. However, the systemic bioavailability of both FF and
VI was low after oral administration, on average 1.26% and <2%, respectively.
Therefore, systemic exposures for both inhaled FF and VI are primarily due to
absorption of the inhaled portion of the dose delivered to the lung. For these reasons

NDA204275 Page 7 of 140

Reference ID: 3277491



food effect for FF/VI would be negligible.

e Systemic exposure for FF/VI increased in proportion to the dose in the dose range of
200 to 800 mcg for FF (AUCj.o, Cinax), and 25 to 100 mcg for VI (Cpax).

e T was reached by approximately 0.5-1 hours for both FF and VI following oral
inhalation administration.

e Upon once-daily dosing, steady-state was reached by the 6th day. Based on AUCq.y),
accumulation ranged from 74% to 158% for FF and 24 to 140% for VI.

Distribution

e FF and VI have high in-vitro plasma protein binding, which are independent of
concentration with average values of >99.6% and 93.9%, respectively. FF was
predominantly bound to albumin (96%) and al-acid glycoprotein (90%).

e Steady-state volume of distribution (Vdss) for FF and VI following oral inhalation
were 661 L and 165 L, respectively.

Metabolism and Transporters

e FF and VI are both substrates of CYP3A4 and P-glycoprotein (P-gp).

e Based on in vitro studies, the potential for FF and VI to inhibit and induce metabolic
enzymes is negligible at low inhalation doses.

Elimination

¢ In humans, FF is eliminated primarily by metabolism with metabolites excreting
predominantly in feces. VI is also primarily eliminated by metabolism with
metabolites excreting both in urine and feces (approximately 70% and 30% of the
recovered radioactive dose, respectively).

e The apparent terminal phase elimination half-lives of FF and VI following oral
inhalation administration of FF/VI were on average, 23.7 h and 2.47 h, respectively.

COPD vs. Healthy
e For FF systemic exposure, COPD< Asthma<healthy subjects. In subjects with COPD,
FF Cmax and AUC were 47% and 46% lower compared to healthy subjects.

e For VI systemic exposure, Asthma<healthy subjects#COPD. In subjects with COPD,
VI Cmax was 67% lower while AUC(0-24) was 24% higher compared with healthy
subjects..

POPULATION PHARMACOKINETIC ANALYSIS

Population PK models were developed to describe the FF and VI systemic exposure in
subjects with COPD.

Age

e VI clearance is decreased by 27% in elderly patients (>65 years), resulting in higher
AUC .24y in older subjects. The higher exposure of VI in older subjects was not
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associated with an increase in heart rate. There is no effect of age on the exposure of
systemic FF in subjects with COPD.

Weight
e There is no influence of weight or body mass index on the pharmacokinetics of either
FF or VI in subjects with COPD.

Gender

e There is no influence of gender on the pharmacokinetics of either FF or VI in subjects
with COPD.

Race

e Systemic exposure of FF for East Asian, Japanese and South Asian subjects were on
average 23% to 49% higher compared with white Caucasian subjects. This finding is
consistent with results seen previously in healthy subjects of East Asian origin. There
was no effect of race on the pharmacokinetics of VI in subjects with COPD.

SPECIAL POPULATIONS

Renal Impairment

e Systemic FF exposure is lower and systemic VI exposure is higher in severe renal
impairment patients. At day 7, FF median AUC .24y and Cpax are 21% and 27%
lower in subjects with severe renal impairment. At day 7, subjects with severe renal
impairment had a mean (90%CI) increase in VI AUC by 56% (27%, 92%) and had
similar VI Cy,x compared to subjects with normal renal function.

e The increased PK exposure of VI did not result in significant heart rate increase or
serum potassium decrease in severe renal impairment patients compared to healthy
subjects.

e No dose adjustments are recommended for subjects with renal impairment.

Hepatic Impairment

e Systemic FF exposure is higher and systemic VI exposure is not affected in patients
with all severities of hepatic impairment. Mean percentage change in FF AUC
(90%CI) for subjects with mild, moderate and severe hepatic impairment vs. normal
hepatic function were respectively: 34% (-18%, 120%), 83% (11%, 199%) and 75%
(5%, 191%). Mean percentage changes in FF Cy,ax (90% CI) for these cases were
respectively: 18% (-17%, 69%), 43% (0%, 104%) and 37% (-5%, 98%). There was
no evidence for reduced plasma protein binding of either FF or VI in plasma from
subjects with varying degrees of hepatic impairment.

e The weighted mean (0-24h) serum cortisol was on average 34% lower with moderate
hepatic impairment subjects compared to the healthy subjects. There is no change in
VI related systemic effects (maximum heart rate and minimum blood potassium) in
hepatic impairment subjects.

e Use with caution in patients with hepatic impairment. No dose adjustments are
recommended for subjects with hepatic impairment.
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DRUG-DRUG INTERACTIONS (DDI)

Drug-Drug and Formulation Interactions

There were no clinically relevant differences (<20% difference between the geometric
means) in the pharmacokinetics of either FF or VI when administered in combination
compared with administration alone.

Effect of coadministered drugs on FF/VI exposure

e Co-administration with strong CYP3A4 and potent P-gp inhibitor ketoconazole,
resulted in modest increases in mean FF AUC 924y and Cpax (by 36% and 33%,
respectively) and mean VI AUC o.y and Cpax (by 65% and 22%, respectively). Co-
administration did not result in an increase in beta-adrenoceptor-mediated systemic
effects (maximum heart rate and minimum blood potassium), while steroid-mediated
systemic effects were observed with a 27% reduction in weighted mean serum
cortisol (0-24 h). No dose adjustment is recommended for FF/VI when
coadministered with ketoconazole.

e Co-administration with potent P-glycoprotein and moderate CYP3A4 inhibitor
verapamil did not affect the VI Cpax or AUC. No dose adjustment is recommended
for FF/VI when coadministered with verapamil.

Effect of FF/VI on exposure of coadministered drugs
e With low systemic exposures for both FF and VI after oral inhalation administration,
potential for inhibition and induction of metabolic enzymes is negligible.

PHARMACOKINETIC/PHARMACODYNAMIC RELATIONSHIPS FOR
SAFETY

FF/VI is administered by oral inhalation and efficacy is presumed to be driven by local
effects in the lung. Systemic exposures of FF and VI are considered more relevant for
safety.

Effect of VI on QTc and HR

e Based on the FDA analysis of the through QT study, supratherapeutic doses of FF/VI
(800/100mcg) yielded a placebo corrected QTcF of 9.6 ms and the upper bound of the
90%CI (12.2) superseded the threshold of regulatory concern (10 ms). Of note, the
purported “therapeutic” dose of 200/25 mcg used in the study showed only minimal
prolongation of QTcF (Table 2).
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Table 2. Effect of VI on AAQTc from devoted through QT study

Treatment Time (hour) AAQTcF (ms) 90% CI (ms)
| FF/VI200/25 meg 30 min 4.9 (23,75)
FE/VI 800/100 meg 30 min 9.6 (7.0, 12.2)
Moxifloxacin 400 mg* 4 14.3 (11.9.16.6)

e Heart rate increases were seen at both combination doses of FF/VI with maximum
effects seen 10 minutes after dosing. The mean difference from placebo in maximum
heart rate at 0 to 4 hours postdose was 3.9 beats/min (90% CI: 2.7, 5.1) and
12.4 beats/min (90% CI: 11.2, 13.6) following the lower and higher dose
combinations, respectively.

Effect of FF on Serum Cortisol

Although HPA suppression was observed with FF, serum cortisol reduction was not
apparent at the proposed dosing. The sponsor conducted a 6-week, double blind, placebo-
and active-controlled dedicated study in asthma patients to evaluate the effect of FF on
the HPA axis at therapeutic doses (Study HZA106851). Following multiple QD oral
inhalations of FF/VI 200/25 mcg (n=56) and 100/25 mcg (n=56), weighted mean cortisol
(0-24 hr) values were similar to the placebo (<3% change from baseline). In addition, a
pharmacokinetic/pharmacodynamic meta- analyses of 9 studies was conducted to
characterize the relationship between FF AUC o.,4) and 24-hour weighted mean serum
cortisol. The average estimate of FF AUC¢.,4) required to reduce cortisol by 50%
(AUCsp) was 1,345 pgehr/mL, which is several-fold higher than average FF AUC¢.24)
values observed at the therapeutic dose of fluticasone furoate 100 mcg (184 pgehr/mL) in
subjects with COPD (Figure 5).
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Figure 5. Effect of FF on serum cortisol (nmol/L) across doses ranging from placebo to 4000 mcg QD.
Left plot is dose-response while right plot is concentration-response relationship.
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2. Question Based Review

2.1 List the in vitro and in vivo Clinical Pharmacology and Biopharmaceutics
studies and the clinical studies with PK and/or PD information submitted in

the NDA or BLA

In vitro studies using human biomaterials were conducted and are listed Table 3.

Table 3. In Vitro Studies for FF and VI Using Human Biomaterials

Drug | ADME Objective Study/Report name
FF Absorption FF as P-gp substrate WD2006/00293/00
Distribution Blood cell association WD2001/00979/00
Human plasma protein binding WD2001/00979/00
WD2003/01268/00
WD2005/01123/00
Human albumin, al-acid glycoprotein binding WD2005/01123/00
Metabolism Metabolism of FF in human liver microsomes and | WD2002/00297/00
recombinant CYPs
Identify CYP450 isoforms responsible for FF WD2005/01308/00
oxidation
Potential of FF to inhibit CYPs ‘WD2001/00374/00
IC 50 of FF to inhibit CYPs FD2003/00126/00
Potential for FF’s metabolite GW694301 to inhibit | WD2005/00543/00
CYPs
VI Absorption VI as P-gp substrate WD2004/00106/00
Distribution Blood cell association WD2006/02044/01
Human plasma protein binding
Human albumin, a1-acid glycoprotein, or gamma- | 2011N118910_00
globulin binding
Metabolism Metabolism of VI in human liver and lung 2011N21880 00
microsomes
Identify CYP450 isoforms responsible for VI WD2006/02720/00
metabolism WD2006/02574/00
SH2003/00040/00
Potential of VI to inhibit CYPs SH2003/00040/00
Potential for VI to inhibit P-gp WD2007/01087/00
FF/VI | Distribution Healthy, hepatic impairment and renal impairment | 2011N118910_00
human plasma, protein binding for FF and VI

Fifty two clinical pharmacology studies are summarized in Table 4.
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Table 4. Summary of Clinical Pharmacology studies

Drug CP Study  JObjective TPopulation Device
e r— -
1JHZA102932 |Dose proportionality 24 Healthy subjects NDPI
%HZA102934 Absolute bioavailability 16 Healthy subjects NDPI
HZA102936 |Thorough QTc 185 Healthy subjects NDPI
HZA105871 |PK-interaction of FF&VI 16 Healthy subjects NDPI
HZA102940 |PK-interaction of FF&VI 16 Healthy Japanese subjects NDPI
FF/VI _(;I_HZA105548 Ketoconazole DDI 18 Healthy subjects NDPI
HZA111789 |Hepatic impairment 9 Healthy, 9 mild, 9 moderate, 8 severe  [NDPI
%HZM 13970 |Renal impairment 9 Healthy, 9 severe NDPI
HZA114624 |AM vs PM 26 persistent asthma NDPI
10|HZA113090 |Bronchoprotective PD effect 52 mild asthma patients NDPI
W mm%ms—'m—
PK Contribution of the swallowed fraction of
12JFFA10008 [|inhaled dose to systemic absorption of FF |15 Healthy subjects Diskhaler
13{FFR10008 JHuman radiolabelled ADME/mass balance |5 Healthy subjects
|Healthy 20 Caucasian,
14]HZA113477 |Race PK 20 Chinese, 20 Japanese, 20 Korean NDPI
15|FFA10001 |FTIH 20 Healthy subjects Diskhaler
16{FFA10002 |FF multiple dose PK 36 Healthy subjects Diskhaler
1§|FFA10003 Absolute bioavailability of FF with Diskhaler |24 Healthy subjects Diskhaler
18]FFA10007 _|Bronchoprotective PD effect of FF 6 mild asthma patients Diskhaler
19|FFA10009 |Repeat FF dose safety -cortisol 24 Healthy subjects Diskus
0| 10 Healthy,
20|FFA10013 |FF-Hepatic impairment 10 Hepatic impairment Diskus
FF FF formulation finding based on
21|FFA10022 |Bronchoprotective PD effect 40 mild asthma patients Diskhaler
FFA10026 JAMP Challenge 24 mild asthma patients Diskhaler
23]FFA10027 JAMP Challenge 24 mild asthma patients Diskhaler
4| Effect of repeat dosing on exhaled
24JFFA10028 |nitric oxide (exNO) 28 mild/moderate asthma patients Diskhaler
5| Effect of repeat dosing
25{FFA103096 Jon serum cor isol 44 Healthy subjects Diskus
Bioavailability of FF administered
26{FFR10010 Jintranasally 16 Healthy subjects Intranasal
27|FFR101888 |Thorough QT 40 Healthy subjects Diskus
FF effect on serum cor isol 36 Healthy subjects Diskus
Pediatric 27 children 5-11yr NDPI
30|HZA108799 |FF effect on serum cor isol 20 mild/moderate asthma patients Diskus
[FF PKin Japanese 48 Healthy Japanese subjects
32]B2C106181 |Human radiolabelled ADME/mass balance |6 Healthy subjects
3| DDI verapamil-coadministration of
33]DB2113950 |VI/GSK573719 32 Healthy subjects NDPI
PK/PD for VI systemic effect
B2C111401 |Bronchodilation in asthma 24 persistent asthma patients NDPI
35{B2C10001 |VI earlier formulation PD-FEV1 20 Healthy subjects Diskus
36|B2C101762 VI earlier formulation PK 28 mild/moderate asthma patients Diskus
37|B2C106093 |VI earlier formulation PK 55 persistent asthma patients Diskus
38|B2C 104604 |VI formulation finding 14 persistent asthma patients Diskus
%820106996 VI formulation finding 15 persistent asthma patients Diskus
i)I_Bzm 10165 |VI formulation finding 20 COPD patients Diskus
41|B2C106180 JOral/iv systemic PK for VI, safety margin 9 Healthy subjects
VI %820108784 PK/PD for VI systemic effect 36 Healthy subjects Diskus
43|B2C112205 |DDI VI vs ketoconazole 20 Healthy subjects NDPI
HZA112776 |Pediatric 28 children 5-11yr NDPI
45|DB1111509 JCombined to another product GSK233705 |16 Healthy subjects NDPI
4§|DB1 112146 |Combined to another product GSK233705 |16 Healthy Japanese subjects NDPI
47|DB1112017 Multiple dose PK in Japanese 32 Healthy Japanese subjects NDPI
48]DB2113208 JCombined to another product GSK573719 |16 Healthy Japanese subjects NDPI
9I Dosedependent skin blanching
49|FFA10004 |study 24 Healthy subjects
Dosedependent skin blanching
study; Combined to another product
50{SIG102337 JGW870086X 24 Healthy subjects
51JODS10004 | Skin blanching study 24 Healthy subjects
GS104270 | Skin blanching study 30 Healthy subjects

Clinical studies are summarized in Table 5.
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Table 5. Overview of Clinical Development Program

VI Dose ranging 1045 (COPD)
9575 (Asthma)
Dose frequency 3310 (Asthma)
FF Dose ranging 9687 (Asthma)
9685 (Asthma)
9684 (Asthma)
Dose frequency 2202 (Asthma)
Pivotal Efficacy and Safety | 24 week lung function trials | 2206 (COPD)
2207 (COPD)
52 week exacerbation trials | 2871 (COPD)
2970 (COPD)
Active Comparator Advair comparator trials 2352 (COPD)
3109 (COPD)

2.2 General Attributes of the Drug

2.2.1 What are the highlights of the chemistry and physical-chemical properties of
the drug substance and the formulation of the drug product?

Fluticasone furoate and vilanterol are both small molecule drugs. Their structures are

shown in Figure 6. Fluticasone furoate is a white powder with a molecular weight of

538.6, and the empirical formula is C,7H»9F306S. Vilanterol trifenatate is a white powder

with a molecular weight of 774.8, and the empirical formula is C4H33C1,NOseCy0H;60;.

Both FF and VI are practically insoluble in water.

Fluticasone furoate Vilanterol

HO

/\\/\\/\/O
N
H )
Cl @]
OH @\)
Cl

OH

Figure 6: Molecular structure of fluticasone furoate and vilanterol

Drug Product

Fluticasone Furoate/Vilanterol Inhalation Powder is a pre-dispensed multi dose dry
powder for oral inhalation. The novel dry powder inhaler (NDPI) incorporates two
blister strips, one containing a blend of micronised fluticasone furoate (FF) and lactose
monohydrate and the other containing a blend of micronised vilanterol trifenatate (VI),
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lactose monohydrate and magnesium stearate (Table 6). Upon actuation, the inhaler
delivers the contents of one blister containing FF blend and one blister containing VI

blend.

Table 6. Composition of Fluticasone Furoate/Vilanterol Inhalation Powder 100/25 microgram
Component Quantity Function Reference to Standard

(per 12.5 mg blister!)

Fluticasone Furoate Blister Strip
Fluticasone furoate micronised? 100 meg Active GlaxoSmithKline*
Lactose monohydrate ve JP, Ph. Eur and USP/NF>
Vilanterol Blister Strip
Vilanterol trifenatate micronised? 40 meg* Active GlaxoSmithKline’
Magnesium stearate 125 meg ®®@ o ph. Eurand USPINF?
Lactose monohydrate (1) JP. Ph. Eur and USP/INFS

Note: mcg= microgram
; ®@

. 40 microgram of vilanterol trifznatate is equivalent to 25 microgram of vilanterl.

1
.-*. Details of the specification(s) of the active ingredient(s) are provided in S4.1. Specifcations.
4
5. Excipients comply with JP, Ph. Eur and USP/NF and addttional tests to ensure the quality for inhaled use. Details of the specification are provided in P.4.1 Specification

(Source — Table 1, 3.2.P.1. Description and Composition of the Drug Product)

2.2.2 What are the proposed mechanism of action and therapeutic indications?

Fluticasone Furoate/Vilanterol Inhalation Powder is a new inhaled corticosteroid
(ICS)/long-acting beta2 agonist (LABA) combination for oral inhalation.

The proposed indication is “the long-term once-daily maintenance treatment of airflow
obstruction in patients with chronic obstructive pulmonary disease (COPD), including
chronic bronchitis and/or emphysema. Fluticasone Furoate/Vilanterol is also indicated to
reduce exacerbations of COPD in patients with a history of exacerbations.” FF/VI is not
indicated for the treatment of asthma.

2.2.3 What are the proposed dosages and routes of administration?

Recommended dose 1s FF/VI (100/25 mcg) for the treatment of COPD.

2.2.4 What drugs (substances, products) indicated for the same indication are
approved in the US?

The drugs which are approved for treatment of COPD in the US can be classified into the
following classes:
(a) Bronchodilators
* (2 agonist:
o long acting: salmeterol, formoterol, arformoterol, indacaterol etc.
o short acting: salbutamol. albuterol, terbutaline etc.
* Anticholinergics:
o long acting: tiotropium, aclidinium
o short acting: ipratropium
* Methylxanthine: theophylline
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= Combination: albuterol+ipratropium (Combivent, Duoneb)

(b) Corticosteroids
= Oral corticosteroids
= ICS
=  Combination:
0 salmeterol+fluticasone (Advair)
o0 formoterol+budesonide (Symbicort)

(c) Other medications
= Long acting PDE-4 inhibitor: roflumilast (Daliresp)
= Antibiotics

2.3 General Clinical Pharmacology

2.3.1 What are the design features of the clinical pharmacology and
biopharmaceutics studies and the clinical studies used to support dosing or
claims?

This development program includes full characterization (dose-ranging) of the individual

components (FF and VI) to establish the appropriate dose for each component, before

proceeding to studies with the combination product in the Phase 3 studies. Three FF/VI
doses (50/25, 100/25, and 200/25 mcg) were assessed in phase III program.

FF

Three dose ranging studies evaluated more than one dose levels of FF in asthma patients.

e Study FFA109687 was a 8-week, randomized, double-blind, placebo- and active-

controlled, parallel group study

e Study FFA109685 was a 8-week, randomized, double-blind, placebo- and active-

controlled, parallel group study

e Study FFA109684 was a 8-week, randomized, double-blind, placebo- and active-

controlled, parallel group study

VI

Two dose ranging studies evaluated more than one dose levels of VI in COPD and

asthma patients.

e Study B2C111045 was a 4-week, randomized, double-blind, placebo-controlled,
parallel group study in COPD patients.

e Study B2C109575 was a 4-week, randomized, double-blind, placebo-controlled,
parallel group study in asthma patients.

The clinical pharmacology and biopharmaceutics studies supporting this NDA and their
design features are listed under section 2.1.

2.3.2 What is the basis for selecting the response endpoints and how are they
measured in clinical pharmacology studies?

Sponsor has used trough FEV1 as the primary endpoint in all phase II dose
ranging/regimen selection studies. Weighted mean FEV1 (0-4h) and trough FEV1 are the
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primary endpoints for two phase III studies claiming lung function improvement (2206
and 2207). Exacerbation was the primary endpoint for other two phase III studies (2970
and2871). These endpoints have also been used in the development program of other
drugs for COPD.

2.3.3 Are the active moieties in plasma and clinically relevant tissues appropriately
identified and measured to assess pharmacokinetic parameters and exposure
response relationships?

In all relevant studies only FF/VI concentrations were measured. No metabolites were
quantified because the metabolites of FF and VI are not active and are not associated with
efficacy or safety.

2.4 Exposure-Response

2.4.1 What are the characteristics of the exposure-response relationship for
effectiveness?

For FF and VI, the systemic exposure is not directly related to clinical response (FEV1).
There is evidence of a dose-response relationship with regard to the pertinent pulmonary
endpoints. The doses explored in both COPD and asthma patients included 25 mcg to 800
mcg for FF and 3, 6.25, 12.5, 25 and 50 mcg for VI. A clear dose-response relationship
is observed, with an increasing effect with increasing dose, for all endpoints evaluated
(see question below). Please refer to pharmacometrics review (Appendix 2.11) for
additional details.

2.4.2 Has the dosing of FF/VI been adequately explored?

The dosing regimen of FF/VI has been adequately explored in Phase 2 trials. This
application includes dose-ranging information for each of the components in asthma, as
well as dose-ranging information for VI in COPD. As a result, three dosing regimens,
FF/VI 50/25, 100/25 and 200/25 mcg, were tested in Phase III studies in COPD patients
and were agreed upon by the FDA.

For the FF component, 3 dose ranging trials were conducted in asthma patients exploring
daily doses from 25 mcg to 800 mcg (Figure 7). A dose response was observed for FF
doses ranging from FF 25 mcg to 200 mcg, with no consistent additive benefit for FF
doses above 200 mcg. The results of these three trials in asthma were the basis for the
selection of FF 50, 100, and 200 mcg for further evaluation in confirmatory trials.

Dosing frequency with FF was explored in patients with asthma. A randomized, double-
blind, placebo-controlled, cross-over trial in 190 adults and adolescents with asthma
compared FF 200 mcg QD, FF 100 mcg BID, FP (fluticasone propionate) 200 mcg QD,
and FP 100 mcg BID. Trough FEVI response for FF 200 mcg QD versus FF 100 mcg
BID was similar, whereas FP 100 mcg BID dosing resulted in a numerically higher
trough FEV1 compared to FP 200 mcg QD (Table 7 ). These results supported the
selection of the QD regimen for FF component for further evaluation.
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Figure 7 Adjusted Treatment Differences From Placebo of Change from Baseline in Trough FEV1
(L) (LOCF) at Week 8 in Asthma for FF doses ranging from 25-800 mcg QD

Table 7 Mean change from baseline in trough FEV1 for FF (QD vs. BID)

Treatment N LS mean (L) | LS mean change from | Difference from placebo P
period baseline (95% CI)

FF 200 QPM 140 2.714 0.221 0.108 <0.001
(0.064, 0.153)

FF 100 BID 142 2.703 0.210 0.098 <0.001
(0.054, 0.142)

FP 200 QD 42 2.693 0.199 0.087 0.020
(0.014, 0.161)

FP 100 BID 43 2.737 0.244 0.132 <0.001
(0.059. 0.205)

Placebo 187 2.605 0.112 - -

For VI, a range of doses were explored in both asthma and COPD. Two randomized,
double-blind, placebo-controlled, parallel group, 28-day trials evaluated five doses of VI
(3, 6.25, 12.5, 25, and 50 mcg) administered once daily in patients with persistent asthma
and COPD. Trough FEV1 results demonstrated an approximate trend of dose-response
between the lowest and highest doses; however, the point estimate for the 25 mcg dose
was slightly lower than that for 12.5 mcg dose in the asthma trial (Figure 8). The 6.25
mcg dose clearly had a lower effect on FEV1.
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Figure 8 Effect of VI on lung function (trough FEV,) across doses ranging from 3 mcg to 50 mcg QD
(COPD left, Asthma Right)

A study conducted in subjects with persistent asthma supported the comparability of once
and twice daily dosing for VI, where the improvement of mean FEV1 (0-24h) was similar
with VI 6.25 mcg twice daily and VI 12.5 mcg once daily dosing.

Overall, dose-ranging data for the FF component in asthma supported efficacy for the
range of doses (50, 100, and 200 mcg) carried forward for confirmation in the Phase 3
COPD program. In terms of VI, data for the nominal dose and dosing frequency in
asthma supported VI dose of 25 mcg QD.

2.4.3 What are the characteristics of the exposure-response relationships for
safety?

Effects on HPA-axis function are known to occur with systemic administration of
corticosteroids and this systemic side effect has also been reported with inhaled and
intranasal corticosteroid use. Cortisol suppression data following chronic once daily
administration of FF was obtained from two separate sources: 1) Dedicated HPA-axis
study (study HZA 106851 ) and 2) metaanalysis (201 1N130478 00).

1) Study 106851 was a multi-center, randomized, double-blind, parallel-group, placebo-
(double dummy) and active- (prednisolone 10 mg) controlled study. Therapeutic doses of
FF/VI (200/25 mcg and 100/25 mcg) were administered by once daily oral inhalation for
6 weeks to evaluate the effect of corticosteroids on the hypothalamic pituitary-adrenal
(HPA) axis. Reduction in weighted mean serum cortisol (0-24 hr) values was similar
between treatment and to the placebo groups (<3% change from baseline, Table §). FF/VI
does not have significant HPA axis suppression at 100/25 or 200/25 mcg doses.
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Table 8. Analysis of Serum Cortisol Weighted Mean (0-24 h) — Ratio from baseline

LS Geometric Means Treatment
Treatment Comparison Active Placebo Ratio 95% ClI
FF/VI 100/25 vs. Placebo 0.98 0.99 0.99 (0.87,1.12)
FF/VI 200/25 vs. Placebo 0.96 0.99 097 (0.86, 1.10)
Prednisolone vs. Placebo 0.33 0.99 0.34 (0.28, 0.41)

(Source — Table 11, Study HZA106851 report)

2) A total of nine studies were included in the analysis; five conducted in healthy subjects
with the remaining four studies conducted in subjects with asthma. These studies utilized
a range of formulations and inhalers investigated during the clinical development of FF,
with FF administered as single and once daily inhalations as the individual component
(FF) or as fluticasone furoate/vilanterol (FF/VI).

Although HPA suppression was observed with FF, serum cortisol reduction was not
apparent at the proposed dosing. A pharmacokinetic/pharmacodynamic meta-analyses of
9 studies was conducted to characterize the relationship between FF AUC(0-24) and 24
hour weighted mean serum cortisol. The average estimate of FF AUC(0-24) required to
reduce cortisol by 50% (AUCS50) was 1,345 pgehr/mL, which is several fold higher than
average FF AUC(0-24) values observed at the therapeutic dose of FF 100 mcg (184
pgehr/mL) in subjects with COPD (see Figure 9 below).
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Figure 9 Effect of FF on serum cortisol (nmol/L) across doses ranging from placebo to 4000 mcg QD.
Left plot: Boxplot of dose-response where the dashed line represents the lower 25% of the placebo
response. Right plot: Concentration-response relationship. Red circles represent the median
exposure and corresponding mean response for a bin of ~ 75 subjects (+/- 95% CI). A threshold
Emax model is depicted along with the 95% Prediction Interval. The range of serum FF exposures
for the proposed 100 mcg dose is demarcated with a solid line.

2.4.4 Does this drug prolong QT/QTc Interval?
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QT effect was evaluated in a randomized, blinded, crossover, multiple-dose study
(HZA102936), in which 85 healthy subjects received inhaled FF/VI 200/25 mcg once
daily on days 1-7 (the highest combination dose being evaluated in Phase III trials),
supra-therapeutic FF/VI dose of 800/100 mcg once daily on days 1-7, placebo, and a
single dose of moxifloxacin 400 mg. The washout duration between treatment periods
was 7 days. No significant QT prolongation effect was detected at the tested 200/25 mcg
dose. The largest upper bounds of the 2-sided 90% CI for the mean difference QTcF
between FF/VI 800/100 mcg and placebo was above 12.2 ms, and was higher than the
threshold for regulatory concern as described in ICH E14 guideline. For further details
refer to QT/IRT review for this NDA.

2.5  What are the PK characteristics of the drug?

2.5.1 What are the single and multiple dose PK parameters of parent drug and
relevant metabolites in healthy adults?

Single dose PK

FF

In a single dose study in healthy adults, FF PK was characterized for doses ranging from
200 mcg to 800 mcg. Median plasma concentration-time profile is shown in Figure 10.
Following oral inhalation, maximum plasma concentration of FF was reached by 0.1 to 1
hour (i.e., Tmax). The terminal half-life after single dose ranged from 4.4 to 22 hrs. FF
appears to follow poly-exponential disposition kinetics. PK parameters for different dose
levels are summarized in Table 9..

It should be noted that the observed terminal half life is 4 hrs for FF 200mcg, 8 hrs for FF
400 mcg, and 22 hrs for FF 800 mcg. Due to assay sensitivity, the later phase of
elimination can not be captured at the lower dose.

100

FF
—o~FF/VI200/100mcg
~=-FF/V1400/100mcg
—&—FF/VI800/100mcg

LLa

Median FF Concentration [pg/mL]
=
(=]

0 6 12 18 24 30 36 42 48
Time [h]
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Figure 10: Median Plasma FF Concentrations vs Times Following Administration of a Single Dose of
FF/VI Administered via NDPI in Healthy Subjects

(Source — Figure 1, Study HZA102932 report)

Table 9: Pharmacokinetic Parameters of FF Following Administration of a Single Dose of FF/VI by
NDPI in Healthy Subjects

Parameter | Treatment N n n* | Geometric mean 95% confidence
(CV%) interval

AUCqy | FF/VI 200/100 24 24 |1 164.2 (76.1) 123.4,2184
(pg.n/mL) | FF/VI400/100 24 24 |0 546.9 (68.6) 420.7,710.8

FF/VI 800/100 24 24 |0 1607.3 (36.3) 1385.3, 1864.9
AUC -+ | FF/VI200/100 24 24 |1 163.0 (75.7) 122.7,2166
(pg.h/mL) | FF/VI400/100 24 24 |0 292.8 (66.0) 2271,3774

FF/VI 800/100 24 24 |0 575.8 (73.6) 436.2,760.2
Crnax FF/VI 200/100 24 24 |0 53.6 (34.2) 466,617
(pg/mL) FF/VI 400/100 24 24 |0 64.8 (30.2) 572,734

FF/VI 800/100 24 24 |0 105.0 (31.4) 92.2,119.5
tinax (D)! FF/VI 200/100 24 24 10 0.08 (0.08-1.50) NA

FF/VI 400/100 24 24 |0 0.17 (0.08-2.00) NA

FF/VI 800/100 24 24 |0 1.00 (0.08-4.00) NA
t (h)! FF/VI 200/100 24 23 |0 8.00 (3.00-32.00) NA

FF/VI 400/100 24 24 |0 8.00 (3.00-32.00) NA

FF/VI 800/100 24 24 |0 8.00 (3.00-32.00) NA

AUC(0-t) = area under the concentration-time curve to the time of last common measurable time-point; t', within
subject. NA = not applicable,

N= number of subjects enrolled; n=number subjects providing data (including imputed;n* = number of imputed values
due to non-calculable values for AUC. FF AUC(0-t)) and AUC(0-t) were imputed as half the lowest observed values in
the dataset.

1. Median (range).

(Source — Table 5, Study HZA 102932 report)

Vi

In a single dose study in healthy adults, VI PK was characterized for 100 mcg in
combination with different doses of FF. Median plasma concentration-time profile is
shown in Figure 11. Following oral inhalation, maximum plasma concentration of VI was
reached by 6 to 9 min (i.e., Tiax). The terminal half-life after single dose ranged from 4.0-
5.4 hrs. However, this estimate may be limited by the low assay sensitivity. PK

parameters for different dose levels are summarized in Table 10.
1000

vi - EF/V1200/100meg
&~ FF/V1400/100mcg
—— FF/V1800/100mcg
E
E 100
5
£
&
[
S
s
g wa
g 10
=
1
0 2 4 6 8 10 12
Time [h]
NDA204275 Page 22 of 140

Reference ID: 3277491



Figure 11. Median Plasma VI Concentrations vs Times Following Administration of a Single Dose of
FF/VI Administered via NDPI in Healthy Subjects

(Source — Figure 1, Study HZA 102932 report)

Table 10: Pharmacokinetic Parameters of VI Following Administration of a Single Dose of FF/VI by

NDPI in Healthy Subjects

Parameter | Treatment N n Geometric mean (CV%) 95% confidence
interval
AUC (01 FF/VI 200/100 24 | 24 393.6 (29.1) 343.5,451.0
(pg.h/mL) | FF/VI400/100 24 | 24 403.7 (24.7) 357.6,455.7
FF/VI 800/100 24 | 24 410.0 (27.1) 363.6,462.3
Crnax FF/VI 200/100 24 | 24 516.6 (28.4) 450.8, 592.1
(pg/mL) FF/VI 400/100 24 | 24 564.9 (21.8) 512.8,622.2
FF/VI 800/100 24 | 24 997.7 (23.4) 501.0, 620.8
trax (D)1 FF/VI 200/100 24 | 24 0.115 (0.08-0.23) NA
FF/VI 400/100 24 | 24 0.100 (0.08-0.18) NA
FF/VI 800/100 24 | 24 0.150 (0.08-0.17) NA
t' (h)! FF/VI 200/100 24 | 24 10.00 (3.00-12.00) NA
FF/VI 400/100 24 | 24 10.00 (3.00-12.00) NA
FF/VI 800/100 24 | 24 10.00 (3.00-12.00) NA

AUC(0-t) = area under the concentration-time curve from zero (pre-dose) to the time of last common measurable time-
point; t', within subject; Cmax = maximum observed plasma concentration; tmax = time of occurrence of Cmax; t' =
time of last common measurable time-point within subject; FF = fluticasone furoate; VI = vilanterol; NA = not applicable,
1. Median (range).

(Source — Table 7, Study HZA 102932 report)

Multiple dose PK

Multiple dose PK of FF/VI in NDPI was characterized in QT study in healthy volunteers.
Mean plasma PK profiles are shown in Figure 12 and summary PK parameters are listed
in Table 11. Cyax was reached within 1-2 hr for FF, which takes longer compared to
single dose. VI PK after multiple doses (Table 12, Figure 12 )was consistent with the
single dose PK. Ty, was reached within 6 min. From other studies, accumulation after
multiple doses was 1.74 to 2.58 fold for FF and 1.24 to 2.4 fold for VI. The effective half
life ranged from 20 to 34 hrs for FF and 10 to 31 hrs for VI. Measurement of trough
concentrations indicated that steady-state for both FF and VI was achieved by the 6"
dose.

It should be noted that the effective half life was calculated by this reviewer based on
accumulation (AUC) at steady state. The terminal half life of VI after IV dose is 2.4h.
The terminal half life of VI after a single inhaled dose is 2.5 to 5.4 h. VI appears to
follow bi-exponential disposition kinetics after repeat inhaled doses. The later phase of
elimination could not be assessed with single inhaled dose of VI due to low assay
sensitivity. The effective half life of 10 to 31hrs is consistent with the time to reach
steady state for VI.
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Figure 12. Mean Plasma Concentrations Versus Time on Day 7 Following Multiple Dosing with
FF/VI

(Source — Figure 11.3 and Figure 11.6, Study HZA102936 report)

Table 11: FF Pharmacokinetic Parameters on Days 7 Following Repeated Inhaled Administration of
FF/VI in Healthy Volunteers

Parameter Treatment N n n*| Geometric mean 95%
(CV%) confidence
intervals
AUCg-24 FFVI20025 | 81 71 1 507 (37.9) 465, 553
(pg.h/mL) FF/VI800/100 | 80 80 O 1921 (43.4) 1751, 2107
AUC(oy (pg.h/mL) | FFAV1 200/25 81 80 1 398 (90.1) 335, 472
FF/V1800/100 | 80 80 0 1927 (43.8) 1755, 2115
Crnax (pg/mL) FF/VI 200/25 81 80 0 39.7 (35.7) 36.8,42.9
FF/VI800/100 | 80 80 O 130(32.3) 122, 140
tmax(h)! FFVI200/25 | 81 80 0O | 1.07(0.08,8.08) NA
FF/VI800/100 | 80 80 0 | 2.05(0.08,8.08) NA

' median (range).

NA = Not applicable;

n = Number of subjects with non-missing observations (including imputed non-calculable values);
*=Number of subjects for whom parameter cannot be derived because of non-calculable concentrations.

5. AUC non-calculable values imputed by 0.5 x lowest observed AUC (i.e., AUC(o-24: 0.5 x 200.1; AUC(o-4:

0.5x27.5).

(Source — Table 16, Study HZA102936 report)

L -
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Table 12: VI Pharmacokinetic Parameters on Days 7 Following Repeated Inhaled Administration of
FF/VI in Healthy Volunteers

Parameter Treatment N n n*| Geometric mean 95%
(CV%) confidence
intervals
AUC 0-29) FF/VI 200/25 81 57 2 85.0 (76.6) 71.0,102
(pg.h/mL) FF/V1800/100 80 74 0 775 (36.6) 714, 842
AUCoy (pg-h/mL) | FF/V/1200/25 81 74 2 59.8(77.7) 51.0,70.2
FF/V1800/100 80 74 0 755 (40.1) 691, 826
Crmex (pg/mL) FF/VI 200/25 81 74 1 115 (56.9) 102, 130
FF/V1800/100 80 74 0 527 (37.2) 485, 573
tmax(h)’ FF/VI 200/25 81 73 1| 0.083(0.083, 0.550) NA
FF/VI 800/100 80 74 0 | 0.100(0.083,0.267) NA

median (range)

NA = Not applicable;

n = Number of subjects with non-missing observations (including imputed non-calculable values);
n*=Number of subjects for whom parameter cannot be derived because of non-calculable concentrations.
AUC non-calculable values imputed by 0.5 x lowest observed AUC (i.e., AUC(p-24): 0.5 x 32.4; AUC(04: 0.5
8.3);

6. Cmax non-calculable values imputed by 0.5 x LLQ (i.e., 0.5 x 10).

(Source — Table 17, Study HZA 102936 report)

el

2.5.2 How does the PK of the drug and its relevant metabolites in healthy adults
compare to that in patients with the target disease?

e The order of relative systemic exposure of FF in COPD and Asthma patients and
healthy subjects is, COPD< Asthma<healthy subjects (Table 13). In subjects with
COPD, FF Cmax and AUC were 47% and 46% lower compared to healthy subjects.

e For VI, the order of relative systemic exposure in Asthma and COPD patients and in
healthy subjects is, Asthma<healthy subjects#COPD. In subjects with COPD, VI
Cmax was 67% lower while AUC(0-24) was 24% higher compared with healthy
subjects(Table 14).

Table 13. Comparison of FF Systemic Exposure in Healthy Subjects vs. Subjects with COPD and
Asthma following Repeat Dosing with FF

Population FF dose N Crmax (pg/mL) AUCo-24) (pg.h/mL)
(mcg)

COPD 100/25 391 11.96 [10.94,12.99] 182.15[169.61, 194.69]
Asthma 100/25 434 16.01[15.55, 16.48] 244 25 [235.98, 252 .51]
Asthma 100 186 15.50[14.81,16.19] 238.24 [228.01, 248.47]
Healthy Subjects 200/25 | 116 38.1[36.5, 39.8] 534 4 [501.7, 567 1]
COPD 200/25 234 20.3[18.41, 22.18] 288.02 [260.78, 315.27]
Asthma 200/25 432 31.35[30.33, 32.37] 495.33 [480.06, 510.60]
Asthma 200 161 30.63 [29.20, 32.06] AT77.77 [455.93, 499.61]

(source: Table 112, summary of clinical pharmacology)

Table 14. Comparison of VI Systemic Exposure in Healthy Subjects vs. Subjects with COPD and
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Asthma following Repeat Dosing with VI

Treatment N Cmax (pg/mL) AUC .24 (pg.h/mL)
Healthy Subjects 110 | 1305 [118.6, 143 5] 2139 [197.0, 2322]
COPD 1091 43.2 [41.8, 44.6] 265.7[259.5, 271.9]
Asthma 896 49.5[46.6, 52.5] 168.7 [163.9, 173.5]

(source: Table 113, summary of clinical pharmacology)

2.5.3 What are the characteristics of drug absorption?

FF absolute bioavailability following oral inhalation was ~15.2%. VI absolute
bioavailability following oral inhalation was ~27.3%. The oral bioavailability of FF and
VI was low, on average 1.26% and <2%, because of the extensive first pass metabolism.
The systemic exposure of FF and VI are primarily due to absorption of the drugs in lung.
In vitro studies show that FF and VI are not metabolized by human lung.

Absorption is rate limiting for FF but not VI. Mean absorption time for FF and VI
following inhaled administration of FF/VI via NDPI was 10.53 h and 0.659 h
respectively (Table 15). In single- and multiple-dose studies, maximum plasma
concentrations were reached within 0.1-2 hr for FF and within 6-9 min for VI after oral
inhalation administration. In-vitro studies using transfected MDCK cells, demonstrated
that both FF and VI are substrates of P-gp. However, because of low oral bioavailability,
inhibition of P-gp is unlikely to have an impact on the overall bioavailability of FF or VI.

Table 15. Summary of FF/VI absorption pharmacokinetic parameters following inhaled
administration via NDPI in healthy subjects

Parameter FF (N =16) VI (N =16)

(units) n Geometric mean (95% ClI) n Geometric mean (95% Cl)
MAT (h) 16 10.53 (8.52, 13.01) 16 0.659 (0.286, 1.517)
T90 (h) 16 35.2(32.0,38.7) 16 3.83(2.64,5.57)

t'2, absorp (h) 16 8.76 (7.82,9.81) 16 1.074 (0.775, 1.489)

Source Data: Table 10.2 and Table 10.4
FF = fluticasone furoate; VI = vilanterol; Cl - confidence interval

(source, Table 9, study 102934 report)

2.5.4 What are the characteristics of drug distribution?

Following intravenous dosing, the average steady-state volume of distribution (V) of FF
was estimated to be 661 L, suggesting distribution into tissues. In vitro studies
determined low blood cell association for FF with an in vitro blood-to-plasma ratio of
0.6. Plasma protein binding was very high (> 99%) regardless of concentration and

FF was predominantly bound to albumin (96%) and ai-acid glycoprotein (90%).

Following intravenous dosing, the average steady-state volume of distribution (V) of VI
was estimated to be 165 L, suggesting distribution into tissues. In vitro studies
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determined low blood cell association for VI with an in vitro blood-to-plasma ratio of 0.8.
Plasma protein binding was moderate (93.9%) regardless of concentration.

2.5.5 Does the mass balance study suggest renal or hepatic as the major route of
elimination?

Hepatic elimination is the major route of elimination for FF. Mass balance study show

that most (oral 101%, iv 90%) of the orally and intravenously administered FF was

recovered in feces; Excretion of total radioactivity via urine accounted for less than 2% of

total administered FF.

Following oral administration of [14C]VI, 70% of the recovered radioactivity was
excreted in urine and 30% of the recovered radioactivity was in feces. However, most
radioactivity recovered in the urine was in form of metabolites. Therefore, hepatic
metabolism is the major route of elimination for VI.

2.5.6 What is the percentage of total radioactivity in plasma identified as parent
drug and metabolites?

Following a single intravenous administration of [14C]-GW685698, the principle radio-
labeled component in plasma was parent compound. Following oral administration of
[14C]-GW685698, a small percentage of the total circulating radioactivity was accounted
for by unchanged FF (P in the table), with the rest circulating in form of metabolites
(Table 16).

Table 16: Percentage of Circulating Metabolites of FF in Male Subjects Following Oral
Administration of [14C]|GW685698
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Peak ID Metabolite Structure Oral Intravenous
(assigned by retention time only) Administration Administration
Plasma Plasma Plasma | Plasma
(05 h) @h | ©75h) | (15h)
% sample radicactivity
(pg equivalents ['4C]-GW685698/mL)
M26 "°\/\11 1(<> 20(122) [<1(<65)| ND | <1(<4)
7 /\l/‘\/ cu
o P F H
OH
GSK728920A
M10 ON
}1 28.0(175) | 5.9(52.1) | 3.6(44.9) | 4.7(332)
-/ cn‘
&L/\' ‘ H
GW694301X
M32 e i
"°\‘/“\!, 0~ W 40(249) | 29(251) | <1(94) | <1(59)
- CH,
Hydroxylated GW694301X
M21 ol 09(59) |16(140) |2.1(263) | <1(<4)
PO
C LT
\7I
GSK728921A
/‘
] N 171 (107) | 67 (59.4) | 64.3 51.8
“\[}m’[ 7 (793) (366)
GW685698X
Total radicactive material assigned 51.9(324) | 17.8(157) | 7038 58.3
(874) 412)
Non-extracted radioactve material 26.1(163) | 559 (493) | 184 282
(227) (199)
Total in sample (pg equivalents 624 882 1234 706
[“CJ-GW685698)

ND: Not detected, M8 was also run and not detected in any of the samples
% samole radioactivity values have been corrected for the extraction efficiency
(Source — Table 2, Report WD2005/01496/00)

In plasma, a very small percentage (<0.5%) of the total circulating radioactivity was
accounted for by unchanged VI (not shown in Table 17), with the rest circulating in form
of metabolites (Table 17).
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Table 17: Percentage of Circulating Metabolites of VI in Male Subjects Following Oral

Administration of [14C]|GW642444(M salt)

% Pooled Plasma Radioactivity
Peak ID 0.5h 3.5h 24h
A 8.7 J ND
B (M1) 12.8 J J
D (M3) ND J J
E (M30, M4) 73 J J
F (M6, M7, M19, M29, M39) J J
325
G (M33) J ND
| (M20 <1 ND ND
J (M26) 177 J J
K (M16) 6.0 ND ND
M <1 ND ND
ND Not Detected.
vV Peak present but not quantified due to technical issues relating to inconsistencies in carbon content as a

result of non-volatile buffer salt formation.

Radioactive extraction efficiency in the 0.5 hour plasma sample was estimated as 64%.

(Source — Table 2, 201 1N115614 report)

2.5.7 What are the characteristics of drug metabolism?

The proposed metabolic pathway for FF is shown in Figure 13. Both in vitro and in vivo
studies indicate that FF is extensively metabolized. The principal route of metabolism
was via hydrolysis of the S-fluoromethyl carbothioate group to form GW694301X
(M10). Two other minor drug-related components were identified in the human faecal
extracts which were formed as a result of either defluorination and hydroxylation (M26)
or by hydroxylation of GW694301X (M32). There was no in vivo evidence for cleavage

of the furoate moiety resulting in the formation of fluticasone.

The proposed metabolic pathway for VI is shown in Figure 14. Both in vitro and in vivo
studies indicate that VI is extensively metabolized. The principal route of metabolism
was by O-dealkylation to a range of metabolites with significantly reduced Bi- and PB2-

agonist activity that included GW630200 and GSK932009. N-dealkylation

(to M20) and C-dealkylation (to M26) were minor pathways in human representing a

combined 5% of the recovered dose.
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Glutathione
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Glucuronide
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HP: Human Plasma; HF: Human Faeces

DP: Dog Plasma; DB: Dog Bile ; DF: Dog Faeces

RP: Rat Plasma; RB: Rat Bile; RF: Rat Faeces

Hollow arrow represents a component observed in plasma assigned by retention time alone, which represents less than
5% of sample radioactivity.

Boxed arrows represent metabolic route identified in humans

Figure 13. Putative Metabolic scheme for FF in Animals and Human
(Source — adapted from Figure 2, Section 2.7.2, Summary of Clinical Pharmacology)
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Figure 14. Putative Metabolic scheme for VI in Animals and Human
(Source — adapted from Figure 2, Section 2.7.2, Summary of Clinical Pharmacology)

2.5.8 Is there evidence for excretion of parent drug and/or metabolites into bile?

Following intravenous administration of ['*C]FF to healthy male subjects (study
FFR10008), 90% of the total radioactivity was excreted in feces, indicating biliary
excretion.

The excretion of VI in bile was investigated in healthy male subjects (study B2C106181).
Following oral administration of ['*C]VI, duodenal bile collected using the exploratory
EnteroTest device technique contained low levels of radioactivity, suggesting low level
of biliary excretion.

2.5.9 Is there evidence for enterohepatic recirculation for parent and/or
metabolites?

The available plasma concentration-time profile information does not suggest
enterohepatic recirculation for FF or VL.

2.5.10 What are the characteristics of drug excretion in urine?

Mass balance study suggested that renal clearance constitutes only 1-2% of FF
elimination, and approximately 70% of the total clearance of VI metabolites.

2.5.11 Based on PK parameters, what is the degree of the proportionality of the
dose-concentration relationship?

FF AUC increased in a dose proportional manner and FF Cmax increased in a less than
proportional manner with increase in dose from 200 to 800 mcg based on data from
single dose PK study (Table 18). The lack of dose proportionality for FF Cmax might
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reflect rate-limited absorption from the lung, as the Tmax also increased from 5 min (200

mcg) to 1 hour (800 mcg).
Table 18. FF Dose Proportionality Following Single Doses of FF/VI Administered via NDPI in

Healthy Subjects
Parameter Effect Point estimate 90% confidence interval
AUC(0-t) (pg.h/mL) Log (dose) 0.910 (0.843, 0.978)
Cmax (pg/mL) Log (dose) 0.484 (0.400, 0.569)

Analysed using mixed models with a fixed effect for period, and subject fitted as a random effect
(Source, Table 6, Study HZA102932)

Dose proportionality is assessed for single dose of VI administered via DISKUS (Table
19). Cmax and AUC0-1) increased in an approximately proportional manner within 25 to
100 mcg dose of VI (GW642444M).

Table 19. ANOVA analysis of VI (GW642444M) Dose Proportionality Following Single Doses
Administered via DISKUS in COPD Subjects [B2C110165]
Parameter | Treatment Comparison Ratio (90% CI)
Cmax (pg/mL) | GW642444M 25 mcg vs. GW642444M 50 mcg ! 1.04 (0.84, 1.28)
GW642444M 100 meg vs. GW642444M 50 meg ! | 0.91(0.68, 1.22)
GW642444M 100 meg vs. GW642444H 100 meg! | 404 (3.05, 5.36)
AUC1) GW642444M 25 mcg vs. GW642444M 50 mog 1.09 (0.90, 1.31)
( )
(

(pgh/ml) | GW642444M 100 mcg vs. GW642444M 50 meg | 0.98 (0.79, 1.22
GW642444M 100 meg vs. GW642444H 100 meg | 4-05 (.98, 5.50)

G\W642444M dose comparisons analysed using mixed models with dose as a fixed effect and subject fitted as
a random effect. GW642444M vs G\W642444H comparison analysed using fixed effect analysis of variance
adjusting for period and treatment

(source, Table 23, Clin Pharm Summary)

After multiple-dose, FF AUC increased in a dose proportional manner and FF Cmax
increased in a less than proportional manner in dose from 200 to 800 mcg.

Systemic VI exposure (as measured by Cmax and AUC ;) increased in a dose
proportional manner over the range 25 mcg to 100 mcg, while the AUC 24h increased in
a greater than dose proportional manner.

2.5.12 How do the PK parameters change with time following chronic dosing?

AUC;,¢for FF and VI after single dose inhalation via NDPI is compared with AUCy, (o-
24n) at steady state. AUC;,¢for FF after a single dose is similar to AUCg.4p) at steady state
(2096 vs 1921 pg.h/mL, Table 20), supporting a time-independent PK following once-
daily inhaled administration. AUCi,¢for VI after a single dose is lower compared to

AUC o-24n at steady state (231 vs 775 pg.h/mL,Table 21), indicating that the VI PK
parameters derived after a single dose can not fully describe the PK of VI. One possible
explanation is analytical assay limitation. The later phase of VI elimination is not
properly described after a single dose due to assay sensitivity.
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Table 20. FF Pharmacokinetic Parameters after single dose vs steady state in Healthy Volunteers

Study Parameters | Treatment N (n) Geometric 95% CI

(Units) (via NDPI) mean
(CV%)

102934 AUCinf FF/VI 800/100 | 16 (2) 2096 (2.1) 1734, 2533
(pg.h/mL) mcg SD

102936 AUC 9-24n FF/VI 800/100 | 80 (80) 1921 (43.4) | 1751,2107
(pg.h/mL) mcg day 7
AUC 9.24n FF/VI 200/25 81 (71) 507 (37.9) 465, 553
(pg.h/mL) mcg day 7

N: Total subjects; n: subjects with no missing data for the parameter.

Table 21: VI Pharmacokinetic Parameters after single dose vs steady state in Healthy Volunteers

Study Parameters | Treatment N (n) Geometric 95% CI

(Units) (via NDPI) mean
(CV%)

102934 AUCinf FF/VI 800/100 | 16 (8) 231 (27.9) 184, 291
(pg.h/mL) mcg SD

102936 AUC 9-24n FF/VI 800/100 | 80 (74) 775 (36.6) 714, 842
(pg.h/mL) mcg day 7
AUC 9-24n FF/VI 200/25 81 (57) 85 (76.6) 71,102
(pg.h/mL) mcg day 7

N: Total subjects; n: subjects with no missing data for the parameter.

PK information was collected in phase II and Phase III studies in COPD patients. While
limited by assay sensitivity, the available time-concentration profiles of FF and VI are
similar between day 14 and day 28; and day 84 and day 168, indicating no time
dependency in PK of FF and VI after the concentration reached steady state.

2.5.13 Is there evidence for a circadian rhythm of the PK?

The circadian rhythm of the PK was not assessed. There is one dedicated study to
compare efficacy of FF/VI morning dosing vs evening dosing, but PK information was
not collected in the study.

2.6 Intrinsic Factors

2.6.1 What are the major intrinsic factors responsible for the inter-subject
variability in exposure (AUC, Cmax, Cmin) in patients with the target
disease and how much of the variability is explained by the identified
covariates?

Population PK models were developed to describe the FF and VI systemic exposure in
patients with COPD. Please see Pharmacometrics review in Appendix 2.11 for additional
details.

Age
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VI clearance is decreased by 27% in elderly patients (>65 years), resulting in higher
AUC 024y In older subjects. The higher exposure of VI in older subjects was not
associated with an increase in heart rate. There is no effect of age on the exposure of
systemic FF in subjects with COPD and VI exposure is higher in elderly (>65 years)
patients.

Weight

There is no influence of weight or body mass index on the pharmacokinetics of either FF
or VI in subjects with COPD.

Gender

There is no influence of gender on the pharmacokinetics of either FF or VI in subjects
with COPD.

Race

Systemic exposure of FF for East Asian, Japanese and South Asian subjects were on
average 23% to 49% higher compared with white Caucasian subjects. This finding is
consistent with results seen previously in healthy subjects of East Asian origin. There was
no effect of race on the pharmacokinetics of VI in subjects with COPD.

2.6.2 Based upon what is known about E-R relationships in the target population
and their variability, what dosage regimen adjustments are recommended
for each group?

No dose adjustments are needed for any of the aforementioned covariates.

2.6.2.1 Severity of Disease State

Not assessed.

2.6.2.2 Body Weight
As stated in section 2.6.1.

2.6.2.3 Elderly
As stated in section 2.6.1.

2.6.2.4 Pediatric Patients

Since COPD is a disease of adults and has no pediatric correlate, sponsor has requested a
full waiver from the requirement to conduct pediatric research with FF/VI for COPD.
Two studies were conducted and one study is ongoing in pediatric asthma patients (5-
11yrs old). In the sponsor proposed label, it states “The safety and efficacy in pediatric
patients have not been established.”

2.6.2.5 Race/Ethnicity
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As stated 1n section 2.6.1.

In addition, FF PK between Western and Asian subjects was compared in a dedicated
study HZA113477. The exposure of FF as measured by AUC(0-24) and Cmax 1s higher
in east Asian population (Table 22and Figure 15) with inhaled doses, but is similar with
1v administration (Figure 15).

After a single IV dose of 250 mcg, CL is similar among ethnic groups after adjusting for
weight. After 7 inhaled doses, FF AUC(0-24) in east Asian i1s 27% to 49% higher and FF
Cmax in east Asian 1s 37% to 78% higher compared to Caucasian. The higher
bioavailability in Asian is possibly due to increased absorption at lung, since the activity
of the major elimination pathway (CYP3A4) is similar among ethnic groups. The
increased FF exposure is not related to HPA axis suppression in the Asian population,
and the PK difference 1s not clinically significant.

Inhaled 200 mcg day 7 IV 250 mcg
100 10000
\".\
g g
R AN, g 1o
g R — &
8 -— o
1) N SR 2 100 \
= . - e - .
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o o A B =g o-.
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© ° 10 e e
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©—<%—% Caucasian +-+-+ Chinese 8-8-% Japanese #- =X Korean

Figure 15. Mean plasma concentration of FF following inhaled or iv dose administration in healthy
Asian and Caucasian subjects
(Source — Figure 10.4 and Figure 10.6, Study HZA113477 report)

Table 22 Mean PK parameters of inhaled FF 200 mcg (7 days) in healthy Asian and Caucasian

subjects

Parameter Ethnic group comparison Ratio of adjusted 90% Cl of ratio

(units) geometric mean

Cmax Chinese:Caucasian 1.637 (1.361, 1.969)

(pg/mL) Japanese:Caucasian 1.373 (1.141, 1.653)
Korean:Caucasian 1.776 (1.477,2.137)

AUC(0-24) Chinese:Caucasian 1.487 (1.190, 1.858)

(pg.h/mL) Japanese:Caucasian 1.274 (1.015, 1.598)
Korean:Caucasian 1.439 (1.153, 1.797)

(Source — Table 7, HZA113477 report)

2.6.2.6 Renal Impairment
Renal function affected FF/VI exposure based on a 7 day PK study, such that exposure
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increased for VI and decreased for FF in severe renal impairment patients as shown in
Figure 16. Subjects with severe renal impairment had 56% (27%, 92%) increase in VI
AUC compared to healthy subjects (Table 23).There was no evidence for reduced plasma
protein binding of either FF or VI in plasma from subjects with severe renal impairment,
compared with plasma from healthy subjects (>99.8% vs. >99.7% for FF and 90.1% vs.
95.4% for VI).
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== Healthy Day 1
—&- Healthy Day 7
——Severe Renal Day 1
——Severs Renal Day 7

= &= Healthy Day 1
—=—Healthy Day 7

Maedian Concentration {pg/mL)

Median Concentration (pg/mL)
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Figure 16. Median FF/VI Plasma Concentration-Time Profiles in Subjects with Severe Renal

Impairment and Healthy Subjects After Single and Repeat Dose (7 Days) FF/VI (200/25 mcg)
(Source — Figure 1 and Figure 2, Study HZA 113970 report)

The median AUC g4y and Cmax for FF is lower in severe renal impairment subjects.
Median AUC .24y 1s 21% lower (546 vs 694pg.h/mL) and median Cpay is 27% lower
(33.3 vs 45.7 pg/mL) compared to healthy subjects. Because of low assay sensitivity for
FF, PK parameters (AUC) and concentrations were imputed as a fixed value of 2 LLQ
for several subjects. Therefore, the geometric mean ratio was close to 1 (Table 23), despite
the lower median concentrations for FF in severe renal impairment patients.

FF/VI is an oral inhalation drug intended for local action, and the systemic exposure is
more related to safety rather than efficacy. Therefore, a lower systemic exposure of FF in
the renal impairment population is not of concern.

Maximum heart rate increased by 0.3 bpm in severe renal impairment patients compared
to healthy subjects. Minimum serum potassium(0-4h) were on average 0.4 mmol/L
higher. The increased PK exposure of VI did not result in significant heart rate increase
or serum potassium decrease in severe renal impairment patients, thus does not warrant
dose adjustment.
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Table 23: Summary of FF/VI Pharmacokinetic Parameters in Subjects with Severe Renal
Impairment and Healthy Subjects After Single and Repeat Dose (7 Days) FF/VI (200/25 mcg)

Drug | Parameter | Day | Group comparison Adjusted Ratio of 90% ClI of
geometric means adjusted the ratio
geometric
means

AUCo_g) 1 | Severe renal 126.11/131.82 0.96 (0.54,1.70)
[pg.h/mL] impairment / healthy

AUCp-24 7 | Severe renal 554.12 1 609.06 0.91 (0.60, 1.38)
[pg.h/mL] impairment / healthy

Cunax 1 | Severe renal 17.99/19.54 0.92 (0.55, 1.54)
[pg/mL] impairment / healthy

FF 7 | Severerenal 36.91/38.44 096 (057, 161)
impairment / healthy

AUC(o-g) 1 | Severe renal 181.12/103.38 1.75 (1.00, 3.07)
[pg.h/mL] impairment / healthy

AUC0-24) 7 | Severe renal 604.26 / 386.35 1.56 (1.27,192)
VI [pg.h/ml] impairment / healthy

Crnax 1 | Severe renal 126.70 /107 .80 1.18 (0.54, 2.56)
[pa/mL] impairment / healthy

7 | Severe renal 164.73 /152 88 1.08 (0.49, 2.35)
impairment / healthy

(Source — Table 6 and Table 9, Study HZA113970 report)

2.6.2.7 Hepatic Impairment

The impact of hepatic impairment was assessed in a dedicated study with multiple doses
of FF/VI via NDPI in mild, moderate and severe hepatic impairment patients.

Higher systemic FF exposure in all hepatic impairment patients: Mean plasma FF
concentrations tended to be higher in subjects with all severities of hepatic impairment
compared with healthy subjects after repeat dose FF/VI. On Day 7, upper 90% CI limits
of AUC 24y ratio (hepatic/healthy) for each hepatic impairment group were all greater
than 2 (Table 24). On day 7, the weighted mean (0-24h) serum cortisol, was on average
34% lower with moderate hepatic impairment subjects compare to the healthy subjects.

No change of VI exposure in hepatic impairment patients: Subjects with various
degrees of hepatic impairment had no significant change in AUC and Cy,y of VI
compared to normal hepatic function (Table 25). There is no VI related PD changes
observed in hepatic impairment patients.

There was no evidence for reduced plasma protein binding of either FF or VI in plasma
from subjects with varying degrees of hepatic impairment, compared with plasma from
healthy subjects.

No dose adjustments are recommended for mild hepatic impairment

An earlier hepatic impairment study FFA10013 was submitted to support VERAMYST
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approval in NDA 022051. Following a single inhaled dose of 400 mcg of FF
administered via DISKUS, there was a 3 fold increase in FF exposure and 20% reduction
in serum cortisol level in patients with moderate hepatic impairment patients compared
with healthy subjects

Based on study FFA10013, VERAMYST label suggests “Use VERAMYST Nasal Spray
with caution in patients with severe hepatic impairment”. For FF/VI, the increased
exposure for FF in hepatic impairment population is consistent with the earlier
observations, and the PD change is also of similar amplitude. Therefore, this reviewer
recommends making FF/VI available for patients with moderate hepatic impairment with
a cautionary labeling language.

Table 24: FF PK Parameters (day 7): Hepatic impairment groups vs. normal hepatic function group

Parameter  Day Group Comparison Adjusted Ratio of 90% Cl of
Geometric Adjusted  the Ratio
Means Geometric
Means
AUC(0-8) 1 Hepatic Mild /Healthy 99.71/148.73 0.67 (0.33, 1.35)
Hepatic Moderate ~ 146.44/148.73 0.98 (0.49,1.98)
[Healthy
Hepatic Severe /Healthy 27.38/148.73 0.18 (0.09, 0.38)
AUC(0-24) 7 Hepatic Mild /Healthy 634.50/472.74 1.34 (0.82, 2.20)
Hepatic Moderate ~ 863.50/472.74 1.83 (1.11,2.99)
[Healthy
Hepatic Severe /Healthy 825.75/472.74 1.75 (1.05,2.91)
Cmax 1 Hepatic Mild /Healthy 29.10/36.05 0.81 (0.57,1.15)
Hepatic Moderate ~ 29.36/36.05 0.81 (0.57,1.16)
[Healthy
Hepatic Severe /Healthy 21.61/36.06 0.60 (0.42,0.86)
7 Hepatic Mild /Healthy 51.36 /4348 1.18 (0.83, 1.69)
Hepatic Moderate ~ 62.33/4348 1.43 (1.00, 2.04)
[Healthy
Hepatic Severe /Healthy 59.58 /4348 1.37 (0.95, 1.98)

(Source — Table 5, Study HZA 111789 report)
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Table 25: VI PK Parameters (day 7): Hepatic impairment groups vs. normal hepatic function group

Parameter Day Group Comparison Adjusted Ratio of 90% Cl of
Geometric Adjusted The Ratio

Means Geometric

Means

AUC(0-8) 1 Hepatic Mild /Healthy 81.76 / 204.61 0.40 (0.26, 0.62)
Hepatic Moderate /Healthy ~ 189.74 / 204.61 0.93 (0.58, 1.48)
Hepatic Severe /Healthy 118.17 / 204.61 0.58 (0.37,0.91)
AUC(0-24) 7 Hepatic Mild /Healthy 335.74 /51110 0.66 (0.40, 1.08)
Hepatic Moderate /Healthy  678.27 /511.10 1.33 (0.78, 2.26)
Hepatic Severe /Healthy 367.69/511.10 0.72 (0.43,1.20)
Cmax 1 Hepatic Mild /Healthy 107.08 / 225.69 047 (0.33,0.69)
Hepatic Moderate /Healthy ~ 167.93/ 225.69 0.74 (0.50, 1.11)
Hepatic Severe /Healthy 167.02/225.69 0.74 (0.50, 1.09)
7 Hepatic Mild /Healthy 154.51/246.82 0.63 (0.43,0.91)
Hepatic Moderate /Healthy ~ 193.31/246.82 0.78 (0.52,1.17)
Hepatic Severe /Healthy 206.04 / 246.82 0.83 (0.57,1.23)

(Source — Table 8, Study HZA 111789 report)

2.6.3  Does genetic variation impact exposure and/or response?

The in-vitro assay suggested that both FF and VI are metabolized by CYP3A4.
The DNA samples were collected in some studies; however, the pharmacogenetic impact
was not assessed.

2.7 Extrinsic Factors

2.7.1 Is there an in vitro basis to suspect in vivo drug-drug interactions?

The potential for drug-drug interaction because of induction or inhibition of CYP
enzymes by FF/V1 is less likely at the low concentrations with clinical doses. Please see
sections 2.7.2 and 2.7.4 for further details.

2.7.2 1Is the drug a substrate of CYP enzymes?

Yes, FF and VI are both substrates of cytochrome P450 3A4 (CYP3A4) and P-
glycoprotein (P-gp). In vitro studies and in vivo study with ketoconazole indicated that
FF and VI were CYP3A4 substrates. In vitro studies also suggest that FF and VI are not
metabolized in the human lung, indicating that inhibition of lung metabolism is unlikely
to influence the pharmacokinetics of FF/VI.

2.7.3 Is the drug an inhibitor and/or an inducer of enzymes/transporters?

In vitro studies demonstrated that FF is an inhibitor of the cytochrome P450 enzymes
CYP2C8 and CYP3A4 (IC50 values between 0.5 and 1.5 microM). FF and its major
metabolite GW694301X were in vitro inhibitors of the human transporter protein
OATPIBI (IC50 values of 0.2 and 2.6 microM, respectively). Vilanterol is an in vitro
inhibitor of CYP3A4 and CYP2D6 (IC50 values between 3.5 and 12 microM). At clinical
doses, FF and VI concentrations are at least 1000-fold lower than the lowest IC50 values.
FF and VI are not inducers of CYP enzymes.
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.2.7.4 Is the drug a substrate, an inhibitor and/or an inducer of transporter
processes?

In vitro permeability assessments indicated that FF and VI are both substrates for P-gp.
FF and its major metabolite GW694301X were found to inhibit the human transporter
protein OATP1BI1 (IC50 values of 0.2 and 2.6 microM, respectively). The inhibition
potential of FF at low inhaled clinical doses is considered to be negligible.

2.7.5 Are there other metabolic/transporter pathways that may be important?

No other metabolic enzyme or transporters are known to be important for disposition of
FF/VI in addition to those already discussed in sections 2.7.2 and 2.7.4

2.7.6 'What extrinsic factors influence exposure and/or response, and what is the
impact of any differences in exposure on effectiveness or safety responses?

Among extrinsic factors only the effect of coadministration with other drugs on FF/VI
exposure has been evaluated, which is discussed under section 2.7.7. The differences in
measured systemic exposures are not relevant for efficacy; however, it may have
implications with respect to safety. Increased FF exposure may lead to increased
glucorticoid side effect such as HPA axis suppression. Increased VI exposure may lead to
increased beta-adrenoceptor mediated systemic effects such as hypokalemia.

2.7.7 Is there any drug-drug and/or formulation interaction between the FF and VI
when delivered via the NDPI device?

There were no clinically relevant differences (<20% difference between the geometric
means) in the pharmacokinetics of either FF or VI when administered in combination
compared with single component administration. The potential for drug-drug or
formulation interaction between FF and VI were studied in two single dose healthy
subjects studies. Study HZA 105871 enrolled mostly Caucasians and Study HZA 102940
enrolled Japanese subjects.

As shown in Table 26, FF systemic exposure as measured by AUC and Cmax is 14.5%
and 17% lower for the combination in study 105781, and 2% and 19% lower for the
combination in study 102940.

NDA204275 Page 40 of 140

Reference ID: 3277491



Table 26. Summary of the Statistical Analysis of FF PK Parameters Comparing FF/VI to FF/Placebo

in Healthy Subjects
Ratio of Adjusted Geometric
Means comparing FF/VI to
Parameter Treatment Estimate FF/placebo
Estimate 90% Cl of the
(SE logs) Ratio
Study HZA105871
AUCx)
(pg.h/mL) FF/VI 8007100 428.0 0.855 (0.765, 0.955)
FF 100/placebo 500.8
Crax (pg/mL) FF/VI 800/100 395
: 0.830 (0.716, 0.961)
FF 100/placebo 476
Study HZA102940
AUCo.)
(pg.h/mL) FR/VI 800150 9363 0.982 (0.825, 1.169)
FF 800/placebo 9533
Crnax (Pg/mL)
FRIVI 800150 74 0.809 (0.688, 0.951)
FF 800/placebo 88.3

Analysis used mixed models with fixed effects for treatment and period, and subject fitted as a random effect
(Source — Table 21, Study HZA105871 report and Table 11, Study HZA102940 report)

As shown in Table 27, VI systemic exposure as measured by AUC is comparable for the
combination product vs the monotherapy. The 90% CI for the geometric mean ratio is
within the range of 0.80 to 1.25. Compared to monotherapy, VI Cmax for the
combination product is 11% lower in study 105781, and 11% higher for the combination
in study 102940.

Table 27. Summary of the Statistical Analysis of VI PK Parameters Comparing FF/VI to VI/placebo

in Healthy Subjects
Ratio of Adjusted Geometric
Means comparing FF/VI to
Parameter Treatment Estimate Vliplacebo
Estimate | 90% Cl of the Ratio
Study HZA105871 (V1 100 mcg)
AUCo) FFNI 419
(pg.h/mL) Viiplacebo 433 0.967 (0.818,1.142)
Civax (pgﬂ'l‘l’lL) FFNVI 445
0.888 (0.715, 1.103)
Vliplacebo 501
Study HZA102940 (V1 50 mcg)
AUCoq) FFVI 195
(PghimL) i aceno s 1123 (1.002, 1.259)
Crax (pg/mL) | FF/VI 424
Vilplacebo 28 1.108 (0.974,1.261)

Analysis used mixed models with fixed effects for treatment and period

(Source — Table 23, Study HZA105871 report and Table 13, Study HZA 102940 report)

NDA204275

Reference ID: 3277491

Page 41 of 140



2.7.8 What are the drug-drug interactions?

Effects of coadministered drugs on FF/VI PK are summarized in Table 28.

Table 28: Effect of coadministered drugs on FF/VI

Coadministered FF/VI GMR* (90% CI)
drug
FF VI

AUC Cunax AUC Cunax
Ketoconazole FF/V1(200/25 mcg) 1.36 1.33 1.65 1.22
(potent P-gp and inhaled once daily (1.16- (1.12- (1.38- (1.08-
CYP3 A4 inhibitor) on days 5-11. 1.59) 1.58) 1.97) 1.38)
400 mg QD
(monotherapy: days 1
-4, with FF/VI on
days 5-11)
Verapamil (potent GSK573719/V1 NA NA 1.14 1.05
P-gp inhibitor and | (500/25 mcg) (0.94- (0.90-
moderate CYP3A4 | inhaled once daily 1.37) 1.22)
inhibitor) 240 mg | o0 days 1-13.
QD (with
GSK573719/VI on
days 9-13)

*GMR: Ratio of Geometric Means

Effect of coadministered drugs on FF/VI PD is also assessed. There was an average 27%
reduction in weighted mean serum cortisol (0—24 h) following repeat dosing of FF/VI
with ketoconazole compared with FF/VI with placebo, with the 90% confidence intervals
between 14% and 38% (Table 29). Maximum QTcF (0—4 h) was, on average 7.55 msec
higher in the ketoconazole coadministration group (Table 30).

Table 29. Summary of statistical analysis of serum cortisol weighted mean (0—24 h) (mmol/L) on Day

11
Treatment comparison Adjusted geometric means  Ratio of adjusted  90% Cl of
test/reference geometric means  the ratio
Ketoconazole + FF/VI 104.62 / 142.49 0.73 (0.62, 0.86)

200/25 meg : placebo + FF/VI

200/25 meg
(Source — Table 7, Study HZA 105548 report)
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Table 30. Summary of statistical analysis of minimum diastolic blood pressure, maximum systolic
blood pressure and maximum QTcF (0—4 h) on Day 11

Treatment Parameter Adjusted Difference ~ 90% Cl of
comparison means of adjusted  difference
test/ reference means
Ketoconazole + Minimum diastolic blood 57.8/398 -2.0 (-44,03)
FF/VI 200/25 mcg —  pressure (0-4 h) (mmHg)
placebo + FF/VI Maximum systolic blood 114.9/115.0 -0.1 (-2.7,2.5)
200/25 meg pressure (0—4 h) (mmHg)
Maximum QTcF (04 h) 425.96 /1 418.41 7.95 (4.51,10.60)
(msec)

(Source — Table 8, Study HZA 105548 report)

FF/VI is an oral inhalation drug intended for local action, and the systemic exposure is
related to safety rather than efficacy. The serum cortisol change with ketoconazole
coadministration is similar to the serum cortisol reduction observed in hepatic
impairment patients. Therefore, this reviewer recommends no dose adjustment, and
monitoring for corticosteroid related side effect.

The increased PK exposure of VI did not result in significant heart rate increase or serum
potassium decrease when FF/VI is coadministered with ketoconazole. However,
prolongation of QT interval was observed with ketoconazole coadministration. While
ketoconazole alone may be associated with QTc increases, the increased VI exposure
may also have contributed to the QT prolongation. This study did not have a
ketoconazole only arm to determine the QT effect of ketoconazole alone. This reviewer
does not concur with the sponsor’s interpretation of these results as stated in the proposed
product label (line 713-715) “The increase in vilanterol exposure was not associated with
an increase in beta-agonist—related systemic effects on heart rate, blood potassium®®

2

In DDI study with verapamil, VI was administered in combination with another
investigational drug GSK573719. The PK information from this study can be
extrapolated to the to-be-marketed product (FF/VI 100/25mcg), because the VI
component is used in the same dose, the plasma VI exposure in this study is comparable
to the VI exposure with FF/VI and also that GSK573719 was unlikely to interact with VI
or verapamil.

2.7.9 Does the label specify coadministration of another drug?
The FF/VI label does not mention specific coadministration with other drugs.

2.7.10 What other co-medications are likely to be administered to the target
population?
All COPD patients are likely to take antibiotics and sometimes oral glucocorticoids.

COPD is more likely to occur in old age patients; therefore, there is a potential for other
drugs such as anti-hypertensives, anti-diabetic, anti-hyperlipidemic etc. to be
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administered with FF/VI.

2.7.11 Is there a known mechanistic basis for pharmacodynamic drug-drug
interactions?

Vlis a long acting beta agonist. Coadministration of beta-blockers may block the
bronchodilatory effect and produce severe bronchospasm. Monoamine oxidase inhibitors
and tricyclic antidepressants may potentiate effect of vilanterol on vascular system.
Coadministration of LABA and Diuretics may worsen the hypokalemia and
electrocardiographic changes.

2.8 General Biopharmaceutics

2.8.1 Based on the biopharmaceutic classification system principles, in what class
is this drug and formulation? What solubility, permeability and dissolution
data support this classification?

This is an inhalation drug and the sponsor did not provide BCS classification information
in this submission.

2.8.2 How is the proposed to-be-marketed formulation linked to the clinical
service formulation?

The composition of the FF/VI blister content used in the bioavailability study, dose
proportionality study, all Phase IIb and Phase III studies is identical to the composition of
the blister content proposed for marketing. Some improvements have been made to the
inhaler and secondary pack after the start of the Phase III clinical studies. APSD data for
products as used in the bioavailability and dose proportionality studies and commercial
products are comparable.

As there were no formulation changes and no relevant device changes after phase II1
studies, no relative BA or BE studies were conducted.

2.8.3 What is the effect of food on the bioavailability of the drug when
administered as solution or as drug product?

The effect of food on the PK of FF/VI is not assessed. Since the oral bioavailability of FF
and VI is minimal, it is not likely that inhaled FF/VI PK is changed by food.

2.8.4 Was the bioequivalence of the different strengths of the to be marketed
formulation tested? If so were they bioequivalent or not?

Three product strengths have been tested during development: 200/25 mcg, 100/25 mcg
and 50/25 mcg of FF and VI. In addition, a 400/50 mcg strength has been used for
Clinical Pharmacology studies requiring a supra-therapeutic dose. No BA/BE studies
were conducted as composition of the FF/VI (100/25) blister content used in the phase III
trials and the final commercial formulation is the same. Please refer to review by Office
of New Drug Quality Assessment (ONDQA) for further details regarding formulation
changes.
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2.9 Analytical Section

2.9.1 How are parent drug and relevant metabolites identified and what are the
analytical methods used to measure them in plasma and other matrices?

The methods for analysis of FF and VI in plasma samples involved solid phase extraction
and high pressure liquid chromatography with tandem mass spectrometric detection
(SPE- HPLC-MS/MS).

Different analytical methods were developed and validated throughout the development,
and there are 12 analytical reports (6 for FF and 6 for VI) submitted in this NDA.
Analytical methods used in different studies are listed in Table 31. The best lower limit of
quantification (LLOQ) for both drugs are 10 pg/mL. At a single clinical dose of FF/VI
(<200/25 mcg), plasma concentrations of FF are at or below the LLOQ for most of the
timepoints and plasma concentrations of VI are only above the LLOQ for a transient time
postdose (approximately 1 h). Due to the analytical sensitivity limitation, some clinical
pharmacology studies were conducted with supra-therapeutic doses of FF/VI, such as the
single dose proportional study in healthy volunteers (HZA102932).

FF and VI were analyzed in three sites: Worldwide Bioanalysis (WWB), DMPK,

GlaxoSmithKline (GSK), Hertfordshire, UK; N
There was no cross validation between the sites.

In this review, we summarized the most common method for each parent drug, which

were used to analyze samples in most of the pop-PK studies and DDI studies.

Analvtical method for FF: report # WD2008/01148/00 and WD2010/00145/00

The bioanalytical methods to measure FF in human plasma PK samples were developed
and validated at WWB, DMPK, GSK (Hertfordshire, UK). FF is extracted from 150 pL
human plasma by solid phase extraction using [°C,Hs]- GW685698 as an internal standard.
Extracts are analyzed by HPLC-MS/MS using a ACE 50 *2.1mm, C18 3um column with a
mobile phase of 5 mM ammonium formate (native pH)and Methanol, with a Turbo
TonSpray interface and multiple reaction monitoring. The lower limit of quantitation (LLOQ)
for FF in human plasma was 10 pg/mL, with linearity demonstrable to 1000 pg/mL.

Analvtical method for VI: report # WD2008/01238/00 and 2010N10797700

The bioanalytical methods to measure VI in human plasma PK samples were developed
and validated at WWB, DMPK, GSK (Hertfordshire, UK). GW642444X is extracted
from 200 uL human plasma by solid phase extraction using [*Hi,]- GW642444 as an
internal standard. Extracts are analyzed by HPLC-MS/MS using a Thermo 50 x 2.1 mm
i.d. Hypersil Gold, 3 pm column with a mobile phase of 10mM ammonium formate
containing 0.1% formic acid and Acetonitrile containing 0.1% formic acid Turbo
IonSpray interface and multiple reaction monitoring. The lower limit of quantitation
(LLOQ) for FF in human plasma was 10 pg/mL, with linearity demonstrable to 1000
pg/mL.
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Table 31: Summary of analytical methods for analysis of FF/VI in clinical

Validation Report | Clinical Studies | Method Description and Performance
Supported
Fluticasone Furoate (GW685698X)
WD2002/00273/00 FFA10001 GWEB5698X, GWE24301X and GR31608X are extracted from 500 pL human plasma by solid phase extraction
FFA10002 using [Ca]- CCI18781 as an internal standard. Exfracts are analyzed by HPLC-MS/MS using a Turbo lonSpray
FFA10008 interface and multiple reaction monitoring.
FFR10008 LLQ 10.0 pg/mL for GW685698X and GR51608X
20.0 pg/mL for GW694301X
Validated Range 10.0 to 2000 pg/mL for GWEB5698X
10.0 to 2000 pg/mL for GR531608X
20.0 to 2000 pg/mL for GWES4301X
Within-run Precision (%CV) =8.5% GWEBSE98X
= 7.9% GWB24301X
< 9.0% GR51608X
Between-run Precision (%CV) < 3.5% GW885698X
£8.1% GR51608X
= 8.0% GWB24301X
Accuracy (%oBias) <& 7.1 GW6EB5698X
<x 4.5 GR51608X
<+ 4.0 GWE24301X
Stability in Human Plasma 3 freeze-thaw cycles at approximately -20°C
at lzast 24 hours at ambient temperature
Processed Extract Stability at least 24 hours at ambient temperature
WD2002/01057/00 FFA10003 GWE85688X is extracted from 500 uL human plasma by solid phase extraction using [*Ca]- CI18781 as an
FFA10009 internal standard. Extracts are analyzed by HPLC-MS/MS using a Turbo lonSpray interface and multiple reaction
FFA10013 monitoring.
FFA10022 LLQ 10.0 pg/mL
FFA10026 -
FFA10027 Validated Range 10.0 to 1000 pg/mL
FFA10028 Within-run Precision (%CV) =13.7%
FFA20001 P
FFA103098 Between-run Precision (%CV) <7.9%
Accuracy (%Bias) -9.3%
Stability in Human Plasma 3 freeze-thaw cycles at -20°C
at least 24 hours at ambient temperature
Processed Extract Stability Net determined
FD2005/00013/00 FFA106783 GW685898X is extracted from 150 uL human plasma by solid phase extraction using [C2Hs]- GW685698 as an
FFA109684 internal standard. Extracts are analyzed by HPLC-MS/MS using a Turbo lenSpray interface and multiple reaction
FFA109685 monitoring.
FFA109687 LLGQ 10.0 pg/mL
FFR101888 n
HZA102940 Validated Range 10.0 to 1000pg/mL
HZA105871 Within-run Precision (%CV) =14.3%
:ﬁ} gg;gg Between-run Precision (%CV) =B.2%
Accuracy (%Bias) -12.5% = bias =11.6%
Stability in Human Plasma 3 freeze-thaw cycles at -20°C
at least 24 hours at ambient temperature
Processed Extract Stability at least 24 hours at ambient temperature
FD2008/00136/00 FFA10003 GW685698X is extracted from 150 uL human plasma by solid phase extraction using [*C?Hi]- GWE85698 as an
internal standard. Extracts are analyzed by HPLC-MS/MS using a Turbo lonSpray interface and multiple reaction
monitoring.
LLQ 10.0 pgimL
Validated Range 10.0 to 1000pg/mL
Within-run Precision (%CV) =14.3%
Between-run Precision (%CV) =B.2%
Accuracy (%Bias) -12.5% < bias =11.6%
Stability in Human Plasma 3 freeze-thaw cycles at -20°C
at least 24 hours at ambient temperature
Processed Extract Stability at least 24 hours at ambient temperature
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Validation Report

Clinical Studies

Method Description and Performance

Supported
WD2008/01148/00 HZA106851 GWEB5698X is extracted from 150 uL human plasma by solid phase extraction using ['¥C?Hz]- GWGB5698 as an
HZA113477 internal standard. Extracts are analyzed by HPLC-MS/MS using a Turbo lonSpray interface and multiple reaction
HZC111348 monitoring.
HZA106839 LLQ 10.0 py/mL
Validated Range 10.0 to 1000pg/mL
Within-run Precision (%CV) <12.6%
Between-run Precision (%CV) 25.1%
Accuracy (%Bias) -2.8% < bias £14.3%
Stability in Human Plasma See WD2010/00145/00
Processed Extract Stability See WD2010/00145/00
WD2010/00145/00 HZA102932 GWAB5898X is extracted from 150 L human plasma by solid phase extraction using ['%C2Hg]- GWBB5698 as an
HZA102934 internal standard. Extracts are analyzed by HPLC-MS/MS using a Turbo lonSpray interface and multiple reaction
HZA102936 monitoring.
HZA102942 LLO 10.0 pg/mL
HZA105548 Validated Range 10.0 to 1000pg/mL
HZA106827 Within-run Precision (%CV) =13.1%
HZA106829 -
HZA106838 Between-run Precision (%CV) =7.5%
HZC112206 Accuracy (%Bias) -11.0% < bias =3.5%
HZC112207 o = o
Stability in Human Plasma 3 freeze-thaw cycles at -20°C or - 80°C
at least 24 hours at ambient temperature
at least 290 days at -20°C
Pracessed Extract Stability at least 72 hours at ambient temperature
201IN118918 00 | HZA111789 GWE85898X is extracted from 150 uL human plasma by solid phase extraction using ['*C2Ha)- GWE85698 as an
HZA113970 internal standard. Extracts are analyzed by HPLC-MS/MS using a Turbo lanSpray interface and multiple reaction
manitoring.
LLQ 10.0 pg/mL
Validated Range 10.0 to 1000pg/mL
Within-run Precision (%CV) <11.6%
Between-run Precision (%CV) =11%
Accuracy (%Bias) -=11.7%
Stability in Human Plasma 3 freeze-thaw cycles at -20°C
at least 24 hours at ambient temperature
412 days at nominally -20°C
Processed Extract Stability at least 4 days at ambient temperature

Vilanterol (GW642444X)

WD2003/01624/00 B2C10001 GW6E42444X is extracted from 500 uL human plasma by solid phase extraction using [2Hi2]- GW642444 as an
internal standard. Extracts are analyzed by HPLC-MS/MS using a Turbo lonSpray interface and multiple reaction
monitoring.

LLQ 30.0 pg/mL
Validated Range 30.0 to 10000 pg/mL
Within-run Precision (%CV) =13.4%
Between-run Precision (%CV) =6.2%
Accuracy (%Bias) -5% < bias £12.7%
Stability in Human Plasma 3 freeze-thaw cycles at approximately -20°C
at least 24 hours at ambient temperature
at least 33 days at -20°C
Processed Extract Stability at least 96 hours at ambient temperature
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Validation Report | Clinical Studies | Method Description and Performance
Supported )
WD2004/01473/00 B2C101762 GWE42444X is extracted from 100 uL human plasma by protein precipitation with acetonitrile using [*Hiz}-
B2C106093 GWBE42444 as an internal standard. Extracts are analyzed by HPLC-MS/MS using a Turbo lonSpray interface
and multiple reaction monitoring.
LLa 30.0 pgimL
Validated Range 30.0 to 10000 pg/mL
Within-run Precision (%CV) =14.1%
Between-run Precision (%CV) =1.0%
Accuracy (%Bias) -7.1% < bias £14.8%
Stability in Human Plasma 3 freeze-thaw cycles at approximately -20°C
at least 24 hours at ambient temperature
Processed Extract Stability at least 96 hours at ambient temperature
WO2006/02197/00 HZA102940 GWE42444X, GWE30200 and GSKI32009 are extracted from 150 uL human plasma by protein precipitation with
HZA105871 0.1% formic acid in 95/5 acetonitrile/methancl (v/v) using [PHiz)- GWE42444 as an internal standard. Extracts are
B2C104604 analyzed by HPLC-MS/MS using a Turbo lonSpray interface and multiple reaction monitoring.
B2C108362 LLQ 30.0 po/mL for GWE42444
B2C1068996 90.0 pg/mL for GWE30200
B2C108784 180 po/mL for GSK932009
B2C110165 Validated Range 30.0 to 15000 pg/mL for GWi42444
90.0 to 45000 pg/mL for GWE30200
180 to 90000 pg/mL for GSK932009
Within-run Precision (%CV) GWE4244412.4%
GWE30200=13.9%
GSKE32009=12.4%
Between-run Precision (%CV) GWE42444=1%
GWB30200=5.4%
GSK832009=4.4%
Accuracy (%Bias) GWE42444 -6.4% = bias =4.8%
GW6E30200 -9.1% < bias <8.2%
GSK932009 -8.0% < bias =8.3%
Stability in Human Plasma 3 freeze-thaw cycles at approximately -80°C
at least 24 hours at ambient temperature
at least 16 days at-20°C or -80°C for all 3 analytes
Processed Extract Stability atleast 72 hours at ambient temperature
WD2008/01238/00 HZA102932 GW642444X is extracted from 200 pL human plasma by solid phase extraxtion using [?H2]- GW842444 as an
HZA102834 internal standard. Extracts are analyzed by HPLC-MS/MS using a Turbo lonSpray interface and multiple reaction
HZA102936 monitering.
HZA105548 LLQ 10.0 pg/mL
HZA106851 -
B2C106180 Validated Range 10.0 to 10000 pg/mL
B2C106181 Within-run Precision (%CV) <14.4%
B2C111401 —
H7C111348 Between-run Precision (%CV) =4.3%
B2C112205 Accuracy (%Bias) -13.8% < bias <0.1%
HZC110946 e p
HZA108830 Stability in Human Plasma Not determined
HZC112206 Processed Extract Stability at least 24 hours at ambient temperature
HZC112207
2010N107977_00 HZA106827 GWE42444X is extracted from 200 pL human plasma by solid phase extraxtion using [2Hz]- GWB42444 as an
HZA106829 internal standard. Extracts are analyzed by HPLC-MS/MS using a Turbo lonSpray interface and multiple reaction
manitoring.
LLQ 10.0 pg/mL
Validated Range 10.0 to 1000 pg/mL
Within-run Precision (%CV) <6.7%
Between-run Precision (%CV) ND
Accuracy (%Bias) -8.6% < bias =3.8%
Stability in Human Plasma 4 freeze-thaw cycles at approximately -80°C
at least 24 hours at ambient temp Ire
Processed Extract Stability at least 96 hours at 4°C
2011N118917_00 HZA111789 GWE42444X is extracted from 200 pL human plasma by solid phase extraxtion using [2Hz]- GWB42444 as an
HZA113970 internal standard. Extracts are analyzed by HPLC-MS/MS using a Turbo lonSpray interface and multiple reaction
manitoring.
LLQ 10.0 pg/mL
Validated Range 10.0 to 1000 pg/mL
Within-run Precision (%CV) =6.4% at the LLOQ; =9 4% at all other levels
Between-run Precision (%CV) =7.7% at the LLOQ; =7.2% at all other levels
Accuracy (%Bias) =10%
Stability in Human Plasma 4 freeze-thaw cycles at approximately -80°C
at least 24 hours at ambient temperature
12.5 months (379 days) at apprximately -80°C)
Processed Extract Stability at least 7 days at4°C

Source — Appendix Table 3, Section 2.7.1, Summary of Biopharmaceutic Studies and Associated Analytical Methods)
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2.9.2 Which metabolites have been selected for analysis and why?

No metabolites were measured in PK samples. As stated in section 2.5.7, the metabolites
are not active metabolites.

2.9.3 For all moieties measured, is free, bound, or total measured?
Total (bound + unbound) concentrations were measured in plasma PK samples.

2.9.4 What bioanalytical methods are used to assess concentrations of the
measured moieties?

Table 31 presents a summary of analytical methods used for quantification of FF/VI and
lists out the respective validation report numbers. Details of the main bioanalytical
methods are discussed in section 2.9.1.

2.9.5 What is the range of the standard curve? How does it relate to the
requirements for clinical studies? What curve fitting techniques were used?

The standard curve for FF’s analysis in plasma ranged from 10 to 1000 pg/mL. A linear
regression model, with weighting factor of 1/concentration” was used for the curve fitting
for FF.

The standard curve for VI’s analysis in plasma ranged from 10 to 1000 pg/mL and 30 to
15000 pg/mL. A linear regression model, with weighting factor of 1/concentration” was
used for the curve fitting for VI.

2.9.5.1 What are the lower and upper limits of quantitation?
LLOQ and ULOQ for FF were 10 pg/mL and 1000 pg/mL, respectively. Ten fold dilution
factor was also validated for 2000 pg/mL concentration.

LLOQ and ULOQ for VI were 10 pg/mL and 15000 pg/mL, respectively. Ten fold
dilution factor was also validated for 30000 pg/mL concentration.

2.9.5.2 What are the accuracy, precision, and selectivity at these limits?

The accuracy and precision of analytical methods for FF and VI are listed in Table 31.
For both analytical methods bias and imprecision for 10 fold dilution factor was less than

8%.

The selectivity of both the methods was evaluated by extracting and analyzing blank
human plasma from six individual sources both with and without addition of internal
standard. All lots were free from significant interfering peaks in the drug and internal
standard regions.

2.9.5.3 What is the sample stability under conditions used in the study?
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For the bioanalytical methods for both analytes, stability was demonstrated under
different conditions as discussed below:

FF

Stability of FF was established under various conditions: stability of FF in human whole
blood at 37°C for at least 4 hours. stability of FF in human plasma for at least 24 hours at
room temperature and for at least 412 days at -20°C; stability for five freeze thaw cycles
at -20°C; stability of processed samples (auto sampler reinjection and reproducibility)
under ambient conditions (bench-top) for 72 hours. For each of these stability
assessments %CV was less than 15%. Stock solution stability was also assessed for 44
days at 4°C.

\Y |

Stability of VI was established under various conditions: stability of VI in human whole
blood at 37°C for at least 4 hours. stability of VI in human plasma for at least 24 hours at
ambient temperature and for at least 375 days at -80°C; stability for five freeze thaw
cycles at -80°C; stability of processed samples (auto sampler reinjection and
reproducibility) at 4°C for 7 days. For each of these stability assessments %CV was less
than 15%. Stock solution stability was also assessed for 27 days at 4°C.

3. Detailed Labeling Recommendations

The labeling language proposed by the sponsor needs substantial revisions because of
redundant information in the clinical pharmacology section. The revised labeling
language based on the preliminary review is as below:.

WARNINGS AND PRECAUTIONS
e Risk of impaired adrenal function when transferring from systemic corticosteroids. Taper patients slowly from systemic
corticosteroids if transferring to BREO ELLIPTA. (5.7)
e Hypercorticism and adrenal suppression may occur with very high dosages or at the regular dosage in susceptible individuals. If
| such changes occur, discontinue BREO ELLIPTA slowly. (5.8)

DRUG INTERACTIONS --------mmmmmmmmmmme e

e Strong cytochrome P450 3A4 inhibitors (e.g., ketoconazole): Use with caution. May cause systemic corticosteroid and
cardiovascular effects. (7.1)

e Monoamine oxidase inhibitors and tricyclic antidepressants: Use with extreme caution. May potentiate effect of vilanterol on
vascular system. (7.3)

e Beta-blockers: Use with caution. May block bronchodilatory effects of beta-agonists and produce severe bronchospasm. (7.4)

o Diuretics: Use with caution. Electrocardiographic changes and/or hypokalemia associated with non—potassium-sparing diuretics
may worsen with concomitant beta-agonists. (7.5)

—eeeeeeeeeeeeeeen=-USE IN SPECIFIC POPULATIONS —-mmmmemeee

Hepatic impairment: Fluticasone furoate exposure may increase (b) (4

patients with moderate or severe impairment. Monitor for systemic corticosteroid effects. (8.6, 12.3)

5.8  Hypercorticism and Adrenal Suppression

Inhaled fluticasone furoate is absorbed into the circulation and can be systemically active.
Effects of fluticasone furoate on the HPA axis are not observed with the therapeutic dose
of BREO ELLIPTA. However, exceeding the recommended dosage or coadministration
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4. Appendix

4.1 Appendix -PM Review

OFFICE OF CLINICAL PHARMACOLOGY:

PHARMACOMETRIC REVIEW
NDA Number 204275
Brand Name BREO ELLIPTA
Drug Components Fluticasone furoate (FF) and vilanterol (VI)
Proposed dosing FF / VI (100 mcg / 25 mcg) once daily
Pharmacometrics Reviewer Satjit Brar, Pharm.D., Ph.D.
Pharmacometrics Team Leader Atul Bhattaram, Ph.D.
Sponsor GlaxoSmithKline
SUMMARY OF FINDINGS

Key Review Questions
The purpose of this review is to address the following key questions.

Has the dosing of FF/VI been adequately explored?

The dosing regimen of FF/VI has been thoroughly explored in Phase 2 trials. This
application includes dose-ranging information for each of the components in asthma, as
well as dose-ranging information for VI in COPD. As a result, three dosing regimens,
FF/VI 50/25, 100/25 and 200/25 mcg, were tested in Phase III studies in COPD patients
and were agreed upon by the FDA.

For the FF component, 3 dose ranging trials were conducted in asthma patients exploring
daily doses from 25 mcg to 800 mcg (Figure 7). A dose response was observed for FF
doses ranging from FF 25 mcg to 200 mcg, with no consistent additive benefit for FF
doses above 200 mcg. The results of these three trials in asthma were the basis for the
selection of FF 50, 100, and 200 mcg for further evaluation in confirmatory trials.

Dosing frequency with FF was explored in patients with asthma. A randomized, double-
blind, placebo-controlled, cross-over trial in 190 adults and adolescents with asthma to
compared FF 200 mcg QD, FF 100 mcg BID, FP (fluticasone propionate) 200 mcg QD,
and FP 100 mcg BID. Based on trough FEV1, FF 200 mcg QD versus FF 100 mcg BID
appeared similar, whereas FP 100 mcg BID dosing resulted in a numerically higher
trough FEV1 compared to FP 200 mcg QD (Table 7 ). These results supported the
selection of the QD regimen for further evaluation.
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Figure 17. Adjusted Treatment Differences From Placebo of Change from Baseline
in Trough FEV1 (L) (LOCF) at Week 8 in Asthma for FF doses ranging from
25-800 mcg QD and comparison to fluticasone propionate (FP) given BID.
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Table 32. Mean change from baseline in trough FEV1 for FF (QD vs. BID)
Treatment N LS mean (L) | LS mean change from | Difference from placebo P
period baseline (95% CI)
FF 200 QPM 140 2.714 0.221 0.108 <0.001
(0.064, 0.153)
FF 100 BID 142 2.703 0.210 0.098 <0.001
(0.054, 0.142)
FP 200 QD 42 2.693 0.199 0.087 0.020
(0.014, 0.161)
FP 100 BID 43 2.737 0.244 0.132 <0.001
(0.059. 0.205)
Placebo 187 2.605 0.112 - -

For VI, a range of doses was explored in both asthma and COPD. Two randomized,
double-blind, placebo-controlled, parallel group, 28-day trials evaluated five doses of VI
(3, 6.25, 12.5, 25, and 50 mcg) administered once daily in patients with persistent asthma
and COPD. Trough FEV1 results demonstrated an approximate dose-response between
the lowest and highest doses, although the point estimate for the 25 mcg dose was slighter
lower than for the 12.5 mcg dose for the asthma trial (Figure 18). The 6.25 mcg dose
clearly had a lower effect on FEV1.
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Figure 18. Effect of VI on lung function (trough FEV;) across doses ranging from
3 mcg to 50 mcg QD (COPD left, Asthma Right)

50 p— | t + i
25 —_— I i !
12.5 |
6.25 ey P
3 —
-0.05 0'.0 0.;)5 0:1 0:15 0:2 025|-02 -01 00 01 02 03 04

A study conducted in subjects with persistent asthma supported the comparability of once
and twice daily dosing for VI, where the improvement of mean FEV1 (0-24h) was similar
with VI 6.25 mcg twice daily and VI 12.5 mcg once daily dosing.

In conclusion, dose-ranging data for the FF component in asthma supported efficacy for
the range of doses (50, 100, and 200 mcg) carried forward for confirmation in the Phase 3
COPD program. In terms of VI, data for the nominal dose and dosing frequency in
asthma appeared reasonable in support of VI 25 mcg QD.

Are there any covariates that influence the systemic exposure of FF and VI?

With regard to FF, the only covariate found to be significant was race on clearance
(CL/F). Based on the final model, the population mean estimate for CL/F was 230 L/h for
a white Caucasian subject with COPD. Estimates of FF AUC(0-24) for East Asian,
Japanese and South Asian subjects were on average 23% to 30% higher compared with
white Caucasian subjects. Although there is evidence for higher systemic exposure in
these ethnic groups, values are still below those associated with systemic effects on the
HPA-axis (cortisol suppression).

For VI, the covariate analysis showed that there was a decrease (27%) in CL/F over the
observed age range for subjects with COPD (41 to 84 years), a reduction (47%) in

inhaled clearance is also predicted over the bodyweight range of 35 to 160 kg in subjects
with COPD. These changes in PK are considered unlikely to be of clinical relevance.
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Despite the higher systemic VI exposure in HZC111348, the FF/VI dose was well
tolerated and was not associated with an increase in heart rate or QT¢ prolongation.

For these exposure differences, no dosing adjustments are recommended.

Is there an influence of FF systemic exposure on HPA axis (serum cortisol)
suppression?

Although HPA suppression was observed with FF, serum cortisol reduction was not
apparent at the proposed dosing. A pharmacokinetic/pharmacodynamic meta-analyses of
9 studies was conducted to characterize the relationship between FF AUC(0-24) and 24
hour weighted mean serum cortisol. The 24-hour serum cortisol weighted mean was
derived by dividing the area under the curve (calculated AUC) by the sample collection
time interval. The average estimate of FF AUC(0-24) required to reduce cortisol by 50%
(AUCS50) was 1,345 pgehr/mL, which is several fold higher than average FF AUC(0-24)
values observed at the therapeutic dose of fluticasone furoate 100 mcg (184 pgehr/mL) in
subjects with COPD (see Figure 19 below).

Figure 19. Effect of FF on serum cortisol (nmol/L) across doses ranging from placebo to
4000 mcg QD. Left plot: Boxplot of dose-response where the dashed line represents the
lower 25% of the placebo response. Right plot: Concentration-response relationship. Red
circles represent the median exposure and corresponding mean response for a bin of ~ 75
subjects (+/- 95% CI). A threshold Emax model is depicted along with the 95% Prediction
Interval. The range of serum FF exposures for the proposed 100 mcg dose is demarcated
with a solid line.

n= 5 per bin

400
I

24-hr weighted mean serum cortisol [nmol/L]
200
I
L _1
1

300
I

150 200 250 300
L I L

100 ug

100
)
|
|

100
L
1
]
24-hr weighted mean serum cortisol [nmoliL]

| ] 1T
| L o T
L4 T LI
3 [j } T
ESpuE

T T T T
0 50 75 100 150 200 250 400 500 800 1000 1600 2000 4000 0 1000 2000 3000 4000

FF Dose (mcg) FF AUC(D-24) [pg.himL]

Recommendations
The Pharmacometrics reviewer finds the application acceptable.
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Label Statements

Labeling statements to be removed are shown in red-strikethroughfont and suggested
labeling to be included is shown in underline blue font.

PERTINENT REGULATORY BACKGROUND

GlaxoSmithKline (GSK) submitted a new drug application for use of Breo Ellipta
(fluticasone furoate 100 mcg and vilanterol 25 mcg inhalation powder) for the long-term
treatment of airflow obstruction and reducing exacerbations in patients with chronic
obstructive pulmonary disease (COPD). Breo Ellipta is a new combination inhalation
product comprised of an inhaled corticosteroid (ICS) and a long-acting beta-agonist
(LABA). Neither component is currently marketed as a single-ingredient inhalation
product in the United States. Fluticasone furoate, the ICS component, is marketed as an
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intranasal formulation for the treatment of allergic rhinitis. Vilanterol, the LABA
component, is a new molecular entity and not marketed for any indication.

The proposed dose is one inhalation (fluticasone furoate 100 mcg and vilanterol 25 mcg)
once daily.

GSK studied several different doses and formulations for FF/VI in its COPD
development program. The program for FF/VI was conducted concurrently with the
development of the individual components in both COPD and asthma, so many of the
regulatory interactions encompassed one or more components and the combination as
well as both disease indications. An IND application was submitted to the US FDA for
VI/FF on January 31, 2007. A number of interactions have occurred between the Division
of Pulmonary and Allergy Drug Products and the Sponsor regarding clinical, non-clinical
and CMC aspects of the development of VI/FF.

For the COPD indication, the End-of-Phase 2 meeting was held on June 17, 2009 and
June 30, 2010 to discuss the design of the Phase 3 clinical trials, the adequacy of the
proposed clinical pharmacology and non-clinical data packages, as well as the clinical
safety exposure planned to be available at time of NDA submission. The FDA agreed
with the Sponsor’s proposal to evaluate doses of 50, 100, and 200 mcg FF QD. Also, the
Division confirmed that the proposed VI 25 mg QD dose appeared reasonable for further
evaluation in Phase 3 trials. The FDA recommended an evaluation of different dosing
frequencies for FF/VI to support the proposed dosing regimen.

The clinical program for FF/VI comprised a total of 79 clinical and clinical
pharmacology studies, including 11 clinical studies in subjects with COPD. Table 33
depicts the attributes of the primary and supportive efficacy and safety studies. The
Phase 2 studies that were conducted to support dose selection and dosing frequency for
FF and VI components (conducted in both COPD and asthma) are outlined in Table 34.
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Table 33. Efficacy and Safety Studies for FF/VI in COPD

Study Key Inclusion Criteria FENI Comparators
(Total NY) Strength(s) and Doses
(mcg) (mcg)

Primary Studies

Efficacy and safety of FF/VI; Efficacy and safety of FF and VI; Contribution of FF and Vl to

FENVI

HZC112206 | Post bronchodilator FEV4/FVC ratio <0.70 50/25 QD Placebo

24 weeks Post bronchodilator FEV1 £70% predicted 100/25 QD FF 100 QD

{N=1030) mMRC dyspnoea score 22 VI256QD

HZC112207 | Post bronchodilator FEV+/FVC ratio =0.70 100/25 QD Placebo

24 weeks Post bronchodilator FEV1 £70% predicted 200/25 QD FF 100 QD

(N=1224) mMRC dyspnoea score 22 FF 200 QD
V126 QD

Efficacy and safety of FF/VI; Contribution of FF to FF/VI

HZC102970 | Post bronchodilator FEV+/FVC ratio <0.70 90/25 QD VI25QD

52 weeks Post bronchodilator FEVs £70% predicted 100/25 QD

(N=1633) =1 moderate/severe exacerbation in last 200/25 QD

12 months

HZC102871 | Post bronchodilator FEV/FVG ratio <0.70 50/25 QD VI256QD

52 weeks Post bronchodilator FEV1 <70% predicted 100/25 QD

(N=1622) =1 moderate/severe exacerbation in last 200/25 QD

12 months

Supportive Studies

Efficacy and safety of FF/VI

HZC110946 | Post bronchodilator FEV4/FVC ratio <0.70 50/25 QD Placebo QD

4 weeks Post bronchodilator FEV1 £70% predicted 100/25 QD

each period | mMRC dyspnoea score 22 200/25 QD

{N=54)

Comparison of efficacy and safety of FF/VI with marketed combination

(FP/salmeterol)

HZC113107 | Post bronchodilator FEV+/FVC ratio =0.70 100/25 QD FP/salmeterol
12 weeks Post bronchodilator FEV1 =70% predicted 500/50 BID
{N=528) Hospitalized or treated with oral corticosteroids
or antibiotics for COPD in last 3 years

HZC113109 | Post bronchodilator FEV4/FVC ratio <0.70 100/25 QD FP/salmeterol
12 weeks Post bronchodilator FEV1 £70% predicted 250/50 BID
(N=519)
HZC112352 | Post bronchodilator FEV4/FVC ratio =0.70 100/25 QD FP/salmeterol
12 weeks Post bronchodilator FEV1 =70% predicted 250/50 BID
(N=511)
Supportive safety data for FF/VI
HZC111348 | Post bronchodilator FEV4/FVC ratio <0.70 400/25 QD Placebo QD
4 weeks Post bronchodilator FEV1 240-<80% predicted
{N=60)

Source: Clinical Overview, Table 4, page 34
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Table 34. Studies to Support Doses and Dose Regimen for FF/VI in COPD Phase 3

trials
Study Baseline Lung Function FF or VI Dose(s) Other
Duration Baseline Treatment (asthma studies only) (mecg) Treatments
(Total NY) and Doses
(meg)

FF efficacy and safety; FF dose ranging (asthmatic population)
FFA10968T | FEV: % predicted 40-85% [AM) or 40-90% (PM) FF 25 QD PM Placebo
8 weeks Mon-corticosteroid controller or SABA with no ICSin | FF 50 QD PM FP 100 BID
{N=558) 6 weeks prior to scresning FF 100 Q0 PM

FF 200 QD PM
FFA109685 |FEV: % predicted £40-85% [AM) or 40-90% (PM) FF 100 QD PM Flacebo
8 weeks FP <125 mcg BID or equivalent ICS FF 200 QD PM FP 250 BID
{N=615) FF 300 QD PM

FF 400 2D PM
FFA109684 | FEV, 40-85% (AM) or 40-80% (PM) predicted FF 200 QD PM Placebo
8 weeks FP 100 to 250 meg BID or equivalent ICS FF 400 Q0 PM FP 500 BID
{N=622) FF 800 QD PM

FF 800 QDPM
Vi efficacy and safety; VI dose ranging (asthmatic population)
B2C109575 | FEV: 40-90% predicted V13 QD PM2 Placebo?
28 days FP =500 mcy BID or equivalent ICS V1 6.25 0D PM?
{N=80T) VI12.5 QD PMm2

VI 25 QD PM?

VI 50 QD PM2
V| efficacy and safety: VI dose ranging (COPD population)
B2C111045% | Post-bronchodilator FEV; 235-70% predicted VI3 QD AM Placebo
28 days Post-bronchodilator FEV,/FVC ratio =0.70 VIE25 QD AM
(N=502) V12500 AM

VI 25 QD AM

VIS0 Qb AM
Once versus twice-daily dosing with FF (asthmatic population)
FFA112202 | FEV; 40-85% predicted FF 200 QD PM Placebo
28 days Mon-corticosteroid controller or SASA with no ICSin | FF 100 BID FP 200 QD PM
[N=1590) 8 weeks prior 0 screening FP 100 BID
Once versus twice-daily dosing with VI (asthmatic population)
HZA113310 | FEV; 40-85% predicted VI 6.25 QD PME Placebo?
T days FP <500 mcy BID or equivalent ICS VI 6.25 BID?
(N=T5) VI 12.5 QD PME

VI 25 QD PM2
Moming versus evening dosing with FF/VI (asthmatic population)
HZA114624 | FEV) 260% predicted FFM 100025 QD AM | Placebo
14 days FP 100 to 250 meg BID or equivalent ICS FEM 100025 QD PM
[N=26])

Source: Clinical Overview, Table 4, page 26
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RESULTS OF SPONSOR’S ANALYSIS
Overall Efficacy Results

Lung function trials (2206 and 2207)

Two trials were conducted in support of lung function claims (trials 2206 and 2207). The
trials were similar in design, with the exception of the dose levels that were assessed.
Trial 2206 evaluated FF/VI 50/25, FF/VI 100/25, FF 100, VI 25, and placebo
administered once daily in the AM. Trial 2207 assessed FF/VI 100/25, FF/VI 200/25, FF
200, FF 100, VI 25, and placebo administered once daily in the AM. They were both 24-
week, multinational, randomized, double-blind, placebo-controlled, parallel group trials
in patients with moderate to severe COPD.

The primary efficacy endpoints were the weighted mean FEV1 0-4 hours post-dose on
Treatment Day 168 (intended to assess the effect of VI) and the change from baseline in
trough FEV1 on Treatment Day 169 (intended mainly to assess the effect of FF in the
combination). Secondary endpoints included peak FEV1 and time to onset on Day 1.
COPD exacerbations were not assessed as a formal efficacy endpoint but were evaluated
as a safety outcome.

The change from baseline in weighted mean FEV1 0-4 hours (post-dose) at Day 167 was
assessed as a primary endpoint in Trials 2206 and 2207. In Trial 2206, a statistically
significant result for VI 25 versus placebo was observed (p<0.001), as well as for FF/VI
100/25 over FF 100 (p<0.006). There was no difference between FF/VI 100/25 and
FF/VI 50/25 in terms of the weighted mean FEV1 0-4 hours. In Trial 2207, similar results
were observed for comparisons between VI 25 and placebo (p<0.001), FF/VI 100/25 vs.
FF 100 (p<0.001), and FF/VI 200/25 vs. FF 200 (p<0.001).

With respect to Trough FEV1, all FF/VI treatment arms showed statistical significance
compared to placebo. A numerical benefit was seen over VI alone, ranging from 32 to 62
ml, but none reached statistical significance. No apparent dose response was observed.

Exacerbation trials (2871 and 2970)

Trials 2871 and 2970 were similar in design. They were intended to evaluate the effect
of FF/VI 50/25, FF/VI 100/25, FF/VI 200/25, and VI 25 on the annual rate of moderate
and severe COPD exacerbations over a 52-week treatment period. The primary efficacy
endpoint was the annual rate of moderate and severe COPD exacerbations. Secondary
endpoints included the time to first moderate or severe exacerbation, annual rate of
exacerbations requiring systemic/oral corticosteroids, and change from baseline in trough
FEVI at Visit 11.

In both trials, the pre-specified statistical analysis plan required statistical significance at
the 0.05 level for the comparison of FF/VI 200/25 to VI 25 prior to the testing of lower
doses. As a result, a statistically significant result for FF/VI 100/25 is observed in Trial
2970, while the p-value reported for the same comparison in Trial 2870 in Table 35 is a
nominal p-value. The exacerbation results are a reversal of the lung function results in the
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two l-year trials, with a fairly modest treatment difference in terms of trough FEV1
observed in Trial 2970 compared to the larger effect observed in 2871.

Table 35. Exacerbation Results of Trial 2871 and 2970 of FF/VI in COPD
Treatment | N | LS mean annual rate | Ratio vs VI | 95% CI | P
2871
FE/VI 200/25 402 0.90 0.85 (0.70. 1.04) 0.109
FF/VI 100/25 403 0.70 0.66 (0.54. 0.81) <0.001*
FE/VI 50/25 408 0.92 0.87 (0.72. 1.06) 0.181*
VI 25 409 1.05 - - -
2970
FE/VI 200/25 409 0.79 0.69 (0.56. 0.85) <0.001
FE/VI 100/25 403 0.90 0.79 (0.64, 0.97) 0.024
FE/VI 50/25 412 0.92 0.81 (0.66. 0.99) 0.040
VI 25 409 1.14 - - -

Overall Safety Results

The safety database for FF/VI includes safety information for the individual components,
FF and VI, as well as for the combination from both COPD and asthma populations. The
nature of the adverse events identified for FF/VI appears consistent with the safety profile
of similar combination products. In particular, a dose-related risk of respiratory infections
and a lesser risk of fractures were identified. This information provides some context for
the relative safety of FF/VI 100/25 compared to VI 25 alone. Safety information from the
parallel asthma development program provides secondary support, including support for
the selection of an appropriate VI dose.

Reviewer’s comments: The Pharmacometrics Reviewer defers efficacy and safety
evaluation of FF/VI to the reviews of DPARP Medical Officer (Sofia Chaudhry, MD) and
Biometrics Reviewer (Kiya Hamilton, Ph.D.).
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Dose selection

In order to support the dosing selection for Phase 3 investigation, a total of eight Phase 2
trials were conducted in both COPD and asthma patients (Table 34). Three dosing
regimens, FF/VI 50/25, 100/25 and 200/25 mcg, were tested in Phase III studies in COPD
patients. The dose regimens, including selection of dose, dosing frequency and timing of
the dose, was established in dose ranging studies in COPD population as well as asthma
patients.

Dose for VI

The 25 mcg dose of VI was selected on the basis of results from a Phase 2 dose-ranging
study in subjects with COPD (Study B2C111045), which tested a range of VI doses (3,
6.25, 12.5, 25 and 50 mcg once daily). Based upon the primary endpoint trough FEV1
(Figure 18) and secondary endpoint weighted mean FEV1 as well as the safety profile, 25
mcg was the appropriate dose. The 25 mcg dose was also supported by study B2C109575
in patients with asthma.

Dose for FF

Results for different FF doses on trough FEV1 from the three Phase 2 dose ranging
studies (FFA109687, FFA109685, FFA109684) in subjects with varying severity of
asthma are summarized in Figure 7 , which show substantial efficacy with FF 100 and
near maximal efficacy with FF 300. In study FFA109685 and FFA109684, linear PK was
observed from FF doses 200 mcg to 800 mcg. The systemic exposure is not correlated
with clinical response (FEV1). Sponsor selected three doses of FF (50, 100 and 200 mcg)
for further evaluation in combination with VI in the COPD phase III program.

Following selection of doses for individual components of FF and VI, sponsor compared
the efficacy of FF/VI 50/25, 100/25 and 200/25 mcg in Phase III studies in COPD
patients.

Dosing Frequency (QD vs. BID)

Study FF112202 was conducted in subjects with asthma supported the comparability of
once and twice daily dosing for FF (Table 7 ). Study HZA113310, in subjects with
persistent asthma, supported the comparability of once and twice daily dosing for VI.
Figure 20 demonstrates that the improvement of mean FEV1 (0-24h) was similar with VI
6.25 mcg twice daily and VI 12.5 mcg once daily dosing.
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Figure 20. Effect of QD or BID dosing of VI on FEV1 in subjects with persistent
asthma (studyHZA113310)
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Morning vs. Evening Dosing

Study HZA 114624 was a three-way crossover study in subjects with asthma that
demonstrated that FF/VI 100/25, whether dosed in the morning or evening, resulted in a
similar FEV1 time curve relative to placebo (Figure 21).

Figure 21. Mean FEV1 across 0-24 hours (studyHZA114624)
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Summary

In conclusion, the dose-ranging data for the FF component in asthma supported efficacy
for the range of doses (50, 100, and 200 mcg) carried forward for confirmation in the
Phase 3 COPD program. In terms of VI, data for the nominal dose and dosing frequency
in asthma appeared reasonable in support of VI 25 mcg QD. While assessment of VI’s
effect on trough FEV1 in asthma suggested that a lower dose of VI 12.5 mcg QD or 6.25
mcg BID might also be efficacious, a comparison of the serial FEV1 time curves showed
a numerically greater effect for the 25 mcg QD dose. These findings were further
supported by VI dose exploration in COPD, which indicated that a dose as high as 50
mcg QD dose could also be considered. Therefore, the selection of VI 25 mcg QD for
further study in the confirmatory trials in COPD appeared reasonable.

Reviewer’s comments: The Pharmacometrics Reviewer concurs with the dosing regimens
selected for the Phase 3 trials. Dose regimen selection was discussed during two
separate EOP2 meetings with the sponsor and was agreed upon.

Population PK Meta-Analysis for FF/VI in Subjects with COPD

Methods

The population PK of FF and VI was assessed via a meta-analysis of three Phase 3
(HZC110946, HZC112206 and HZC112207) and one Phase 2 (HZC111348) multicenter,
randomized, double-blind, placebo-controlled studies in subjects with COPD. A further
Phase I randomized, placebo-controlled investigation in healthy subjects (HZA102936),
with intense PK sampling, was included to support population PK modeling. Population
PK models were developed to describe the FF and VI systemic exposure in subjects with
COPD. Healthy subjects and subjects with COPD contributed to the meta-analysis for FF
(n=1307; 11798 observations) and VI (n=1167; 10807 observations). Four of the five
studies included in the meta-analysis were conducted in subjects with COPD and
provided the vast majority of the observations (85%). The attributes of each trial are
described in Table 36 below.

Table 36. Study Designs used for the Population PK of FF and VI

Study Number and Design Doses (N) PK Sampling Schedule

HZC112206: Randomized, Placebo On Days 84 and 168,
double-blind, placebo- FE/VI: 50/25, 100/25 mcg serial PK blood samples
controlled, parallel group study were taken pre-dose &

in COPD patients. VI: 25 meg post-dose 5-20 minutes,
FF: 100 mcg 0.5-1.5 hours & 2-4
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24 weeks All doses given once daily hours.

(N=1030)
HZC112207: Randomized, Placebo On Days 84 and 168,
double-blind, placebo- FF/VI: 100/25, 200/25 mcg serial PK blood samples
controlled, parallel group study were taken pre-dose &
in COPD patients. VI: 25 meg post-dose 5-20 minutes,
24 weeks FF: 100’ 200 mcg 0.5-1.5 hours & 2-4

) ) hours.

All doses given once daily

(N=1224)
HZC110946: Randomized, Placebo On Day 28, serial PK
double-blind, plac§bo- FF/VI: 50/25, 100/25, blood samples were
controlled, 3-way incomplete 200/25 meg taken pre-dose & post-

cross-over in COPD patients. dose 5, 10, 15, 30, 60 &

All doses given once daily 90 minutes, 2, 3, 4, 6, 8,

4 weeks
(N=54) 12, 16 & 24 hours.
HZC111348: Randomized, Placebo On Days 1, 14 & 28,
double-blind, placebo- serial PK blood samples
’ FF/VI: 400/2
controlled, parallel group study v 00/. > meg . were taken pre-dose &
in COPD patients. All doses given once daily post-dose 5, 10, 15, 20,
N=60 45, 60 & 90 minutes, 2,
4 weeks (N=60) 3 & 4 hours.
HZC102936: placebo- Placebo On Days 1 and 7, serial

controlled, 4-way cross-over in FE/VI: 200/25, 800/100 mcg PK blood samples were
healthy volunteers. taken pre-dose & post-
All doses given once daily dose 5, 10, & 30
(N=85) minutes, 1,2,4,8 12 &
24 hours.

1 week

The Sponsor reported high proportion of records reporting both FF and VI concentrations
below the lower limit of quantification (LLQ; 10 or 20 pg/mL) particularly at the lower
doses of FF in the Phase IlII studies and beyond 4 hours postdose following VI, modeling
the concentration-time data from the Phase II/III data alone to appropriately characterize
the PK profile of each molecule proved to be difficult. Addition of more extensively
sampled concentration-time data from a FF/VI study in healthy subjects (HZA102936) at
a higher dose (800/100) and also the highest Phase III dose (200/25) was required to
achieve an appropriate structural model to describe the data. As a consequence of the
large extent of non-quantifiable data in each dataset it was necessary to use methodology
that maximized the likelihood for all the data, treating those data below the LLQ as
censored (referred to as M3; Ahn, 2008).

Population PK modeling was performed via NONMEM v7.1.2 (ICON Development
Solutions) running in a UNIX server based environment for NONMEM analysis.
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Supporting application interfaces for data handling, exploratory diagnostics and
simulation included Xpose V4 [Jonsson, 1999], R (The R Foundation for Statistical
Computing Version 2.10.1 or above) and WinNonLin 5.2 (Pharsight Corporation).

The covariates considered for evaluation of the effect on FF and VI pharmacokinetics
included population (healthy subjects or subjects with COPD), age, weight, height, sex,
ethnicity, race, BMI, tobacco use (number of pack years), smoking status at screening
(former or current), PFEV (FEV1 % predicted) and study. Due to limited numbers of
subjects in some of the race categories subjects were categorized as RACEI as follows:
RACEI1=1 - White Caucasian, RACE1=2 — East Asian, Japanese and South Asian;
RACEI1=3 — African American; RACE1=4 — Asian Central, White Arabic, American
Indian/Native Alaskan and Other. Concomitant cytochrome P450 3A4 inhibitor
medication was to be evaluated but since only 6 subjects were on strong inhibitors this
was not assessed as a covariate.

Model evaluation to assess the adequacy of the final models, including the effects of
statistically significant covariates was performed using a Visual Predictive Check (VPC)
procedure. This procedure was conducted as follows: at least 200 replicates of the
original dataset were simulated, based on the parameter estimates of the final model, and
a 95% prediction interval computed based on the simulated datasets. The observed
plasma concentration-time data was plotted on the prediction interval to visually assess
the concordance between the simulated and observed data.

Individual AUC(0-24) was derived as the ratio of nominal dose divided by individual
post-hoc estimate of CL/F from the final population PK model. VI Cmax for each subject
was derived from the simulated VI concentration-time profile using the parameter
estimates from the final model.

Results

A total of 1307 and 1167 subjects were included in the FF and VI PK dataset,
respectively.

FF

The FF population PK analysis dataset comprised of 11798 observations from 1307
subjects (healthy subjects or subjects with COPD). The vast majority of the observations
(94%) came from subjects with COPD. Healthy subjects represented 6% of the FF
population PK population. The majority of observations (39%) were reported as NQ
(<LLQ 10 pg/mL). Concentration vs. time profiles for FF can be viewed in the figure
below.
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Figure 22. FF Concentration vs. Time Profile
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A two compartment linear model, with first order absorption and first order elimination
was found to describe the FF concentration-time data. Due to the very high proportion of
non-quantifiable data for 50/25 mcg treatment, this treatment was excluded from the
model building process after initial runs were unsuccessful. Once the final model was
obtained, this model and the base model were re-run including all treatments.

The final population PK model for FF incorporated the effect of race on CL/F. Goodness
of fit plot for the final model including FF 50 mcg dose is presented in Figure 23 and the
VPC in Figure 24. The population parameters from the final model are shown below in
Table 37.

Model evaluation to assess the adequacy of the final models, including the effects of
statistically significant covariates was performed using a Visual Predictive Check (VPC)
procedure. This procedure was conducted as follows: at least 200 replicates of the
original dataset were simulated, based on the parameter estimates of the final model, and
a 95% prediction interval computed based on the simulated datasets. The observed
plasma concentration-time data was plotted on the prediction interval to visually assess
the concordance between the simulated and observed data.
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Figure 23. Goodness of Fit plots for the Final FF Population PK Model
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Of note, the prediction bands In addition the observed proportion of the BLQ data was
plotted with the model prediction interval for proportion of the BLQ data to visually
assess the concordance between the simulated and observed BLQ data.
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Figure 24. VPC for the Final FF Population PK Model (by Race). Points represent
observed values while the black lines represent the model predicted median and
corresponding 5™ and 95" percentiles (black dashed lines). Observed median (solid
red line) and 5™ and 95™ percentiles are in red dashed lines. The prediction intervals
of the median, 5™ and 95 percentiles are depicted in green shading.
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Reviewer comment: As the number observations are small for specific sub-populations,
wide bands for the prediction intervals for RACE=3 (African-American) and RACE=4
(Arabic, American Indian, Other) were observed. In addition the observed proportion of
the BLQ data was plotted with the model prediction interval for proportion of the BLQ
data to visually assess the concordance between the simulated and observed BLQ data.
From the VPC, the predictions for the data BLQ were adequately characterized by the
model.

Table 37. Parameter estimates for the Final FF Population PK Model

Parameter Ln Estimate [95% CI] Estimate [95% CI]
CL/F [L/h] 5.4415.39, 5.49] 230 [219, 242]
V2/F [L] 0.31 FIXED 1.36 FIXED

QlF [Un] 5.595.40, 5.78] 268 [221, 324]
V3IF[U] 4.71[4.51,491] 111[90.9, 136]

KA [h] -2.95 [-3.01, -2.89] 0.0523 [0.0493, 0.0556]
RACE1=2 on CUF -0.211[-0.329, -0.0930] 0.810[0.720, 0.911]
RACE1=3 on CUF 0.0602 [-0.175, 0.295] 1.062 [0.839, 1.343]
RACE1=4 on CUF -0.265 [-0.528, -0.002] 0.767 [0.590, 0.998]

CL/F=inhaled clearance; V2/F = volume of central compartment; (/F= intercompartmental clearances;

V3/F= volumes of peripheral compartment, KA=absorption rate, Cl=Confidence Interval

RACE1=1 - White Caucasian; RACE1=2 - East Asian, Japanese and South Asian;

RACE1=3 - African American; RACE1=4 - Asian Central, White Arabic, American Indian/Native Alaskan and Other
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VI

The VI population PK analysis dataset comprised of 10807 observations from 1167
subjects (healthy subjects or subjects with COPD). The vast majority of the observations
(85%) came from subjects with COPD. Healthy subjects represented 6% of the VI
population PK population. The majority of observations (30%) were reported as NQ
(<LLQ 10 to 20 pg/mL). Concentration vs. time profiles for VI can be viewed in Figure
25 below.

Figure 25. VI Concentration vs. Time Profile
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A three-compartment linear model, with zero-order absorption and 1st order elimination
was found to adequately describe the VI concentration-time data. The final population
PK model incorporated the effect of age, weight and study (HZC111348) on CL/F and
age, smoking, sex and study (HZC111348 and HZC110946) on V1/F for subjects with
COPD. Goodness of fit plot for the final model is presented in Figure 26 and the VPC in
Figure 27. The population parameters from the final model are shown below in Table 37.
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Figure 26. Goodness of Fit plots for the Final VI Population PK Model
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Figure 27. VPC for the Final VI Population PK Model. Points represent observed
values while the black lines represent the model predicted median and
corresponding 5™ and 95™ percentiles (black dashed lines). Observed median (solid
red line) and 5™ and 95™ percentiles are in red dashed lines. The prediction intervals
of the median, 5™ and 95 percentiles are depicted in green shading.
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Table 38. Parameter estimates for the Final VI Population PK Model

Parameter

Ln Estimate [95% CI]

Estimate [95% CI]

CL/F (HVT) (L/h)

4.91[4.81, 5.01]

135.6 [122.7, 149.9]

CL /F(COPD) (L) 4.55[451, 4.59] 94.6[90.9, 98.5]
Study4 on CLIF (COPD) 10465 [-0.633, -0.297] 0.628[0.531, 0.743]
Age on CLF (COPD) 10.433-0.660, -0.206] 0.649[0.517, 0.814]
Wt on CLIF (COPD) 0.421[0.286, 0.556] 152 [1.33, 1.74]

VIIE (HVT) (L)

5.07 [4.97, 517

159.2 [144.0, 175.9]

V1/F (COPD) (L)

6.46 [6.37, 6.55]

639.0 [584.1, 699.2]

Study4 on V1/F (COPD)

-1.24 [-1.51, -0.968]

0.289[0.221,0.380]

Age on V1/F (COPD)

-0.499 [-0.911, -0.087]

0.607 [0.402, 0.917]

Smoking on V1/F (COPD)

0.295[0.179, 0.411]

1.34[1.20, 1.57]

Sex on V1/F (COPD)

-0.128 [-0.25, -0.006]

0.880 [0.779, 0.994]

Study3 on V1/F (COPD)

-0.358 [-0.601, -0.115]

0.699 [0.548, 0.891]

Q2/F (L)

5.49[5.39, 5.59]

242.3(219.2, 261.1]

V2 IF(HVT) (L)

6.23 [6.03, 6.43]

507.8 [415.7, 620.2]

V2IF (COPD) (L)

5.18[5.03, 5.33]

177.7 [152.9, 206.4]

Q3/F (Uh) 4.95 [4.83, 5.07] 1412 [125.2,159.2]
V3IF (Uh) 7.65[1.58, 7.77] 2100.6 [1958.6, 2253.0]
D1 (h) 232 [-2.39, -2.25] 0.098 [0.092, 0.105]

CL/F=inhaled clearance; V1/F = volume of central compartment; Q2/F & Q3/F= intercompartmental clearances;
V2IF & V3/F= volumes of peripheral compartment, D1=input duration , Cl=confidence interval
Study3=HZC110946, Study4=HZC111348, Wi=weight

Sponsor’s Conclusions

The pharmacokinetics (PK) of FF was well described by a two-compartment model with

Ist order absorption and st order elimination. The only covariate found to be significant
was race on inhaled clearance (CL/F). Based on the final model, the population mean
estimate for CL/F was 230 L/h for a white Caucasian subject with COPD. Estimates of
FF AUC(0-24) for East Asian, Japanese and South Asian subjects were on average 23%
to 30% higher compared with white Caucasian subjects. For subjects categorized as
Asian Central, White Arabic, American Indian/Native Alaskan and Other estimates of FF
AUC(0-24) were on average 10% to 26% higher compared with white Caucasian subjects
although, it should be noted that the numbers of subjects in this race category were low at
each dose Although there is evidence for higher systemic exposure in these ethnic groups
values are still below those associated with unwanted systemic effects on the HPA-axis.

The pharmacokinetics (PK) of VI was well described by a three-compartment model with
zero-order absorption. The analysis showed that there was a decrease (27%) in inhaled
clearance (CL/F) over the observed age range for subjects with COPD (41 to 84 years),
an increase (47%) in CL/F is also predicted over the bodyweight range of 35 to 160 kg in
subjects with COPD. The central volume (V1/F) was found to decrease (30%) with
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increasing age (41-84 years), to be lower (12%) in females and to be increased with
smoking. These changes in PK are considered unlikely to be of clinical relevance.
Additionally, the Phase II study, HZC111348, was a significant covariate on CL/F and
V1/F. As a result of lower CL/F and a smaller central volume (V1/F), the VI exposure
was predicted to be higher (approximately 1.5-fold higher AUC(0-24) and 2.7-fold higher
Cmax) in the small number of subjects with COPD (n=40) recruited in the Phase II study
(HZC111348) compared to the larger Phase III population (n= 1052 subjects with
COPD). The reason for this marked study difference is unclear. Despite the higher
systemic VI exposure in HZC111348, the FF/VI dose was well tolerated and was not
associated with an increase in heart rate (weighted mean 0-4 hours difference from
placebo was 0.6 bpm (95% CI: -3.9 to 5.1)).

Reviewer’s comments: A rigorous analysis assessing the of the covariate effects on VI
and FF exposure was performed using population PK methodology. Residual diagnostics
based on the sponsor’s analyses showed that the model fitted the data reasonably well.
With regard to the covariates chosen, the reviewer’s independent analysis of FF and VI
resulted in similar results with similar parameter estimates. Therefore, the reviewer
concludes the analysis, and the corresponding conclusions and interpretations, presented
by the sponsor is reasonable.

REVIEWER’S ANALYSIS

Objectives
Analysis objectives are:

1. To characterize the relationship between fluticasone furoate (FF) AUC(0-24) and 0-
24 hour serum cortisol.
2. To graphically explore the significant exposure-covariate relationships.

Methods

Effects on HPA-axis function are known to occur with systemic administration of
corticosteroids and this systemic side effect has also been reported with inhaled and
intranasal corticosteroid use. A total of nine studies were included in the analysis; five
conducted in healthy subjects with the remaining four studies conducted in subjects with
asthma. These studies utilized the range of formulations and inhalers investigated during
the clinical development of FF, with FF administered as single and once daily inhalations
as the individual component (FF) or as fluticasone furoate/vilanterol (FF/VI). Data from
372 subjects providing 752 observations were included in the final analysis for serum
cortisol meta-analysis. Graphical analysis of FF dose- and concentration-response curves
were evaluated using 24-hour weighted mean serum cortisol. FF AUC(0-24) was used as
an exposure metric for the concentration-response analysis.
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The datasets and final sponsor model used for the FF and VI population analysis were
used to graphically explore the exposure-covariate relationships.

Data Sets
Data sets used are summarized in Table 39.

Table 39. Analysis Data Sets

Study Number(s) Name Link to EDR

FFA10001 scffpkpd.xpt \\Cdsnas\pharmacometrics\Reviews\Ongoing PM

FFA10002 Reviews\Fluticasone Vilanterol NDA204275 SSB\Sponsor
FFA10003 Data and Reports\pop-pk-pd\analysis\legacy\datasets
FFA10009
FFA103096
FFA100022
FFA10028
HZA106851

Software

TIBCO Spotfire S-PLUS 8.0 was used for data organization, as well as graphical and
statistical analysis.

Results

For the meta-analysis, a range of once-daily doses from 50 to 4000 mcg FF was
investigated. Figure 28 depicts the dose response relationship with increasing dose
yielding a decrease in serum cortisol. Deviations from normal values are observed at
doses > 500 mcg. Of note, the proposed dose for FF is 100 mcg.

Figure 28. Boxplot of FF Dose-Response of 24 hr weighted mean serum cortisol.
Dashed line represents the 25" percentile of the placebo response.
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An Emax threshold exposure-response relationship was observed between FF AUC(0-24
hours) and the 24-hour weighted mean serum cortisol, where a threshold FF exposure of
~380 pg*h/mL was required to observe a decrease in serum cortisol At concentrations
above the threshold, the relationship was best described by an inhibitory E,x model:

If AUC < AUCqhreshold, then E = Eg, and
AUCS > AUCthreshold’ E = EO - (Emax * AUCSH)/(AUCSOH)+(AUCSH))
where:

AUC; is the serum exposure of FF, AUCqresholq 18 the derived threshold exposure of FF, E
is the effect on 24-hr serum cortisol, E is the baseline effect, AUC50 is the exposure in
which 50% of maximal inhibition is observed and n is the Hill coefficient.

Figure 29. FF Exposure-Response of 24 hr weighted mean serum cortisol. Red
circles represent the median exposure and corresponding mean response for a bin of
~ 75 subjects (+/- 95% CI). A threshold Emax model is depicted along with the 95%

Prediction Interval. The range of serum FF exposures for the proposed 100 mcg
dose is demarcated with a solid line.
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AUCreshois = 380.1 pg*h/mL; Eo = 225 nmol/L, AUC50 = 1345 pg*h/mL and n = 3.2

The average estimate of FF AUC .24 required to reduce cortisol by 50% (AUCsy) was
1,345 pgehr/mL, which is several-fold higher than average FF AUC .24, values observed
at the therapeutic dose of FF 100 mcg (184 pgehr/mL) in subjects with COPD.
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Exposure-covariate relationships for FF and VI can be seen in the figures below.

Figure 30. FF AUC (at steady state) vs. Upper Left plot - Sex, Upper Right plot -
Race, Lower Left Plot — Smoking Status, Lower Right Plot — Age*
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*no relationship observed with AGE, therefore, no regression is plotted. Note: For
categorical covariates (boxplots), the solid symbol represents the median exposure and
the shaded area represents the 95% CI about the median. For continuous covariates,
solid symbols and bars represent summary level data for the mean and 95% confidence
interval of AUC for each x-axis quantile.
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Figure 31. VI AUC (at steady state) vs. Upper Left plot — AUC vs Sex, Upper Right
plot — AUC vs Smoking Status (1= smoker), Lower Left Plot — Clearance vs Age,
Lower Right Plot — Clearance vs Body Weight
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Note: For categorical covariates (boxplots), the solid symbol represents the median
exposure and the shaded area represents the 95% CI about the median. For continuous
covariates, solid symbols and bars represent summary level data for the mean and 95%
confidence interval of AUC for each x-axis quantile. The solid line represents the mean
prediction from the linear relationship and its corresponding 95% confidence interval

(shaded region).
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4.2. Appendix — Individual Study Review
INDIVIDUAL STUDY REVIEW

NDA
Submission Date
Brand Name
Generic Name

Clinical Pharmacology Reviewer

Pharmacometrics Reviewer
Pharmacogenomics Reviewer
Pharmacometrics Team Leader
Pharmacogenomics Team Leader

Clinical Pharmacology Team
Leader

OCP Division
OND Division

Sponsor/Authorized Applicant
Submission Type; Code
Formulation; Strength(s)
Indication

Dosage Regimen

Note —

204275
7/12/2012
BREO ELLIPTA

Fluticasone Furoate/Vilanterol Inhalation Powder
Jianmeng Chen, M.D., Ph.D. and Lokesh Jain,

Ph.D.
Satjit Brar, Pharm.D. Ph.D.

Atul Bhattaram, Ph.D.

Suresh Doddapaneni, Ph.D.

Clinical Pharmacology II

Division of Pulmonary, Allergy, and
Rheumatology Products

GSK
505(b)(1); standard review

COPD
100/25 mcg

In this review, early development names GW642444 is used to refer
to vilanterol (VI), and GW68598X is used to refer to fluticasone
furoate (FF). GW642444H is an earlier VI formulation via DISKUS,
and GW642444M is used in the later VI studies and is the to be
marketed formulation included in the FF/VI NDPI.
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ADME In-Vitro STUDIES

Absorption and Transporters

FF

Report # WD2006/00293/00

Title: An in vitro investigation of both the transport via heterologously expressed human
P-glycoprotein and the passive membrane permeability of GW685698X in MDCKII-
MDRI cells.

Objective: To determine whether GW685698 is a substrate for human P-glycoprotein (P-
&p)

Method: The potential for human P-glycoprotein (P-gp) to transport GW685698 was
mvestigated using stable transfected MDCKIIMDRI1 cells cultured as monolayers on
membrane inserts. Bi-directional transport was determined using 0.5 meM GW685698 in
the absence and presence of 2 mcM GF120918, a potent inhibitor of human P-gp.

Results: The apical efflux ratio of GW685698 at 0.5 M was determined as 3.0 and 0.5
in the absence and presence of P-gp inhibitor GF120918, respectively. Under the assay

conditions used, GW685698 was a substrate of human P-gp and was determined to have
moderate passive membrane permeability (average P7.4 of 80 + 45 nm/s (mean + SD)).
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Table 40. Results of P-glycoprotein-mediated Transport Studies for GW685698 in MDCKII-MDR1

Cell Monolayers.
Compound Rate A->B Rate B—>A Apical Pgp | A>BMass | B-oAMass | Prs Passive
(nmoles/h/cm?) (nmoles/h/cm?) Effux | Substrate | Balance (%) | Balance (%) | (nm/s) | Permeability

Ratio Class

0.5 M GW685698 | 0.0040+0.00039 | 0.012 £0.0035 30 Y 56+1.2 61+082 - -

0.5 nM GW685698 + | 0.0060 + 0.00090 | 0.0032 + 0.00065 052 - 43+49 58+33 80 +45 Moderate

2 uM GF120918A | |

3 uM [*H]-amprenavir | 0.016+ 0.0015 0.54 £ 0.0012 34 Y 85+1.1 89+ 080 - -

3 uM PH]-amprenavir | 0.26+ 0.0037 0.30+0.0043 11 - 91146 92+11 | 306424 High

+2 uM GF120918A

Data are the mean = standard dewviation from three monolayers, except for Pz 4 (where n=§).
All donor compartments contained Lucifer yellow CH to determine menolayer integrity (pass criterion Pr+ <50 nm/s) and wells designated for P-glycoproten (P-gp) inhibiton contained
2 UM GF120918 in both donor and receiver compartments.
[*H]-amprenavir was used as positive control (criterion for assay acceptabiity: apical efflux ratio for amprenavir =15 collapsing to approximately 1 in the presence of inhibitor).
A compound is classified as a P-gp substrate if the apical efflux ratio in the absence of inhibitor GF120918 is = 2 and this efflux collapses to ~1 in the presznce of inhibitor, GF120918.
Passive membrane permeability was classified as low (< 50 nmys), moderate (S0 - 250 nm/s) or high (= 250 nm/s)

(Source — Table 1, Report WD2006/00293/00 )

Conclusions: GW685698 1s a substrate of human P-glycoprotein.

VI

Report # WD2004/00106/00

Title: An In Vitro Investigation of Both the Transport Via Heterologously Expressed
Human P-glycoprotein and the Passive Membrane Permeability of GW642444 in
MDCKIIMDRI1 Cells (Study No. 03DMW122)

Objective: To determine whether GW642444 is a substrate of human P-glycoprotein.

Method: The permeation of GW642444 through MDCKII-MDR 1 monolayers in the
absence and presence the Pgp-inhibitor GF120918 (2 mcM) was assessed by determining
the apical to basolateral (A—B]) and basolateral to apical ([B—A]) transport of
GW642444 by polarized Madin-Darby canine kidney MDCKII-MDR1 cells transfected
with the human MDR1 gene, which produces Pgp. Concentrations of GW642444 in each
well were determined using HPLC-MS/MS.

Results: The apical efflux ratio of GW642444 at 0.5 pM was determined as >25.7 and
0.5 in the absence and presence of P-gp inhibitor GF120918A, respectively. Under the

assay conditions used, GW642444 is a substrate of human P-glycoprotein and was
determined to have low passive membrane permeability (average P74 of 34 £13 nm/s).
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Table 41. Results of Human P-glycoprotein-mediated Transport Studies for GW642444 in MDCKII-
MDR1 Cell Monolayers

Compound Rate A—B Rate B—A Apical Efflux Retio P-gp A—BMass | B—A Mass Prs Passive Permeabilty

Balance (%) | Balance (%) Class
{nmoles/h/cm?) (nmoles/h'em?) Substrate (nm/s)

0.5 uM GW642444 0.0011£0.00002 | 0.0295 £ 0.0033 2257 Y -8 57149

0.5 uM GW642444 +2uM | 00080 £ 0.0010 | 0.0031 £ 0.0011 0.5 - 74430 70£20 34413 Low

GF120918A

3 uM [Hl-amprenavir 0.019 + 0.006 0.495 +0.187 25 Y 95+1.7 89+21

3 M [°H]~amprenavir +2 0.277+ 0.024 0.348 +0.010 13 - 95+47 96+ 36 330 +45 High

uM GF120918A

2. The A—>Btransport rates were calculated using the LLQ (0.2 ng/mL) for all three receiver well concentrations. Hence the mass balance fer these wells cannotbe calculsted.
Data are the mean + standard deviation from three monolayers, except for Pra (where n=6)

All denor compartments contained lucifer yellow CH to datermine monolayer integrity (pass criterion Pr.+ <50 nm's) and wells designated for P-gp inhibition contained 2 uM
BF120918A in both donor and receiver compartments.

i3H]-amprenavir was used as positive control [pass criterion apical efflux ratio 215).

A compound is classified as a P-gp subsirate f the apical efflux rafio in the absence of the P-gp inhibitor GF120918A is = 2 and this efflux collapses to ~1 in the presence of the
nhibor.

Passive membrane permeability was classed as low (< 50 nm/s), moderate (30 - 250 nv's) or high (> 250 nm/s)

(Source — Table 1, Report WD2004/00106/00)

Conclusions: GW642444 is a substrate of human P-glycoprotein.

Distribution
FF:

Report # WD2003/01268/00

Title: Investigation of the plasma protein binding of 3H-GW685698 in Human, Beagle
Dog, New Zealand White Rabbit, Wistar Han Rat and CD-1 Mouse In Vitro Using an
Ultra-Filtration Method

Objective: To determine the plasma protein binding in vitro of 3H-GW685698 in human,
dog, rabbit, rat and mouse using an ultra-filtration method.

Method: Incubation of 3H-GW685698 with plasma from mouse, rat, rabbit, dog and
human at 37°C for 30 minutes followed by ultrafiltration with radioactivity levels

determined by liquid scintillation counting.

Results and Conclusion: GW685698 shows high plasma protein binding for mouse, rat,
rabbit, dog and human(Table 42).
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Table 42. In vitro Binding of 3H-GW685698 to Plasma Protein in Man, Dog, Rabbit, Rat and Mouse

Nominal % Bound to Plasma Protein
Concentration Rat Dog ! Rabbit Mouse Human 2
(ng/l.) (male) (male) (female) (male) (male)
5.0 99.8 99.4 99.8 99.9 99.6
1.0 95.9 99.6 99.8 99.9 99.0
05 98.5 99.7 99.8 99.6 99.2
0.2 96.4 99.6 99.6 >99.5 >99.6

1. n=2males
2. n=3males

3. The blood was supplied from one female rabbit and was pooled from rats and mice.

(Source — Summary, Report WD2003/01268/00)

Conclusion: Plasma protein binding of FF is above 99% and is not concentration

dependent.

VI:

Report # WD2006/02044/01

Title: Investigation of the plasma protein binding of GW642444 and blood cell
association of [14C]-GW642444 in mouse, rat, guinea pig, rabbit, dog and human in vitro

Objective: To determine the plasma protein binding in vitro of GW642444 in mouse, rat,
guinea pig, female rabbit, dog and human, and the blood cell association in vitro of [14C]-
GW642444 in mouse, rat, guinea pig, female rabbit, dog and human.

Method: Plasma protein binding: Incubation of GW642444 with plasma at 37°C for 10
minutes followed by equilibrium dialysis for 8 hours with concentrations determined by
HPLC-MS/MS.

Blood cell association: Incubation of [ 14C]-GW 642444 with whole blood at 37°C for 2
hours. Levels determined by radio-HPLC.

Results and Conclusion:

Protein binding: The extent of plasma protein binding was high and appeared to be
consistent across the concentration range within all species investigated. The mean
plasma protein binding of GW642444 was 94.3, 92.3, 98.9, 93 .4, 98.7% and 97.2% 1in the
mouse, rat, guinea pig, female rabbit, dog and human, respectively.

Table 43. The Extent of Binding In Vitro of GW642444, at Various Concentrations, to Plasma
Proteins in Mouse, Guinea Pig, Rat, Female Rabbit, Dog and Human.

C o % Bound to plasma protein
oncentration Female
tested (ng/mL) Mouse Guinea pig Rat rabbit Dog Human
5 92.8 NR 91.4 92.0 NR 96.4
25 94.6 98.8 92.2 93.2 98.7 97.3
125 95.1 98.8 929 93.6 98.8 974
625 94.6 99.0 92.8 94.9 98.6 97.5

NR = Protein binding value could not be determined due to concentrations being below LLOQ (<0.1 ng/mL)
(Source — summarized by this reviewer based on Table 1, Report WD2006/02044/01)
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Red cell distribution: The extent of blood cell association was low to moderate and there
was no evidence of any concentration dependence on association. The mean blood to
plasma ratios of [14C]-GW642444 were 1.0, 1.1, 0.73, 1.0, 0.50 and 0.76 in mouse, rat,
guinea pig, female rabbit, dog and human, respectively. The corresponding mean blood
cell association values were 41.3, 55.9, 15.6, 41.4, 10.7 and 36.1%, respectively.

Table 44. The Extent of Association In Vitro of [14C]-GW642444, at Various Concentrations, with
Blood Cells in Mouse, Guinea pig, Rat, Female Rabbit, Dog and Human

e Blood to plasma ratio of 14C-GW642444
Concentration Guinea Female
tested (ng/mL) | Mouse pig Rat cabbit Dog Human
50 1.06 0.737 1.23 1.03 0.497 | 0.808 £0.02
200 0.972 0.739 1.08 1.01 0.496 0.739 £0.01
500 0.963 0.712 1.04 1.05 0.502 | 0.726 +£0.03

1.  Mean (= S.D.) data from 3 individuals
(Source — summarized by this reviewer based on Table 2, Report WD2006/02044/01)

Conclusion: Plasma protein binding of VI is around 97% and is not concentration
dependent. Blood cell association of VI is low and is not concentration dependent.

FF/VI
Study # 2011N118910_00
Title: Determination of the protein binding of GW642444 and GW685698 in human
plasma from healthy, hepatically impaired and renally impaired volunteers

Objective:

e To determine the in vifro plasma protein binding of GW642444 and GW685698
in human plasma from healthy, hepatically impaired and renally impaired
volunteers

e To determine the degree of protein binding of GW642444 in phosphate buffered
saline(PBS) solutions containing either albumin (40 mg/mL), alpha-acid
glycoprotein (0.8 mg/mL) or gamma-globulin (7 mg/mL).

Method: Plasma protein binding was determined using ultrafiltration following
incubation for 15 minutes at 37°C. The concentration of GW685698 and GW642444 in
respective ultrafiltrates and original incubations were determined by HPLC-MS/MS.

Results: Protein binding of GW642444 was higher (corresponding to lower free drug
concentrations) in plasma obtained from renal and hepatic impaired subjects (93.3 —
95.8%) compared to healthy subjects (P=<0.001) (Table 45). Protein binding of
GW685698 was similar in plasma obtained from healthy males, healthy females, renally
and hepatically impaired human subjects (mean values of >99.7% 1in all cases, Table 45).

GW642444 was moderately bound to human serum albumin (mean value = 60.3%) and
a-acid glycoprotein (mean value = 60.8%) (Table 45) whereas the extent of binding to y-
globlins was low (mean value = 7.9%).
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Table 45. Protein binding for FF and VI in healthy and disease state plasma

FF VI
Healthy male 99.7-99.8 89.1-91.7
Healthy female 99.7 88.7-90.9
Mild hepatic >99.8 93.9-94.1
Moderate hepatic 99.7->99.8 93.3-95.3
Severe hepatic >99.8 93.3-95.2
Severe renal 99.7->99.8 94.9-95.8

(Source — — summarized by this reviewer based on Table 1 and 2, Report 2011N118910_00)

Conclusion: Plasma protein binding of FF and VT is not reduced in hepatic and renal
impairment subjects.

In vitro Metabolism

FF
Report # WD2002/00297/00
Title: In vitro metabolism of GW685698X by Cytochrome P450 enzymes in human liver

microsomal preparations and individually expressed cytochrome P450 enzyme
preparations (Study No. B30739)

Objective: To mvestigate in vitro which cytochrome P450 enzymes (CYPs) are involved
in the metabolism of GW685698X using human liver microsomal preparations and
individually expressed cytochrome P450 enzymes.

Method: [14C]|GW685698 was incubated with human liver microsomal preparations,
individual recombinant CYP enzymes, and known cytochrome P450 inhibitors (37°C, pH
7.4). Qualification and quantitation of metabolites was carried out by HPLC and UV
detection.

Results: GW694301X is the major metabolic product of GW685698X generated in vitro
by the cytochrome P450 3A4 enzyme. Metabolism of GW685698X and generation of
GW694301X in human liver microsomes was almost completely inhibited in the
presence of ketoconazole (1uM), but not the other CYP enzyme inhibitors (Table 46).
Metabolism of GW685698X and generation of GW694301X in human expressed
cytochrome P450 enzymes was shown to occur in the presence of cytochrome P450 3A4
enzyme but not in the presence of 1A2, 2A6, 2C9, 2C19 or 2D6 enzyme, as shown in
Table 47.
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Table 46. Metabolism of GW685698X in the Presence of Human Liver Microsomes in the Presence
and Absence of a Specific P450 Inhibitor or NADPH

P450 Amount of metabolite produced Inhibitor used
eSrZ]gg}e (nmol GW894301X/mg protein/min)
investigation | In absence of In presence of In absence of
Inhibitor Inhibitor NADPH
1A2 2.03 1.86 <0.01 Furafyline (10pM)
2A6 1.53 2.01 0.01 2A6 antibody (1)
3A4 225 0.11 NQ Ketoconazole (1uM)
2C9 248 1.62 <0.01 Sulphaphenazole (25uM)
2C19 232 1.41 NQ Ticlopidine (25uM)
206 1.99 2.31 NQ Quinidine (10uM)

NQ: No quantifiabie peak
(1) S0ug antibody protein/100p1g of micresomal protein

(Source — Table 1, Report WD2002/00297 /00)

Table 47. Metabolism of GW685698X in the Presence of Individually Expressed Human Cytochrome

P450 Enzymes
P450 Amount of metabolite produced Inhibitor used
eﬂf\é’g}e (pmol GWB94301X produced/pmol P450/min)
investigation | NADPH Present | NADPH Absent | Inhibitor Present
1A2 NQ NQ NQ Furafylline (10uM)
2A6 NQ NQ NQ 2A6 antibody (1)
3A4 0.95 NQ 0.08 Ketoconazole (1uM)
2C9 NQ NQ NQ Sulphaphenazole (25uM)
2C19 NQ NQ NQ Ticlopidine (25uM)
2D6 NQ NQ NQ Quinidine (10uM)

NQ: No quantifiable peak
(Source — Table 2, Report WD2002/00297 /00)

Conclusion: FF is primarily metabolized by CYP3A4.

Study # WD2005/01308/00
Title: An in vitro investigation into the human oxidative enzymology of GW685698.

Objective: To identify the human enzymes responsible for the oxidative metabolism of
GW685698 using appropriate in vitro systems.

Method: [14C]|GW685698 was incubated with human liver microsomes, SupersomesTM,
human pulmonary microsomes, human small intestine microsomes, and known
cytochrome P450 inhibitors. Qualification and quantitation of metabolites was carried out
by radio-HPLC.

Results: The in vitro oxidative metabolism of GW685698 in human liver microsomes is
almost exclusively mediated by CYP3A4 to the carboxylic acid GW694301 (M10). In
incubations with SupersomesTM, only CYP3A4 produced notable amounts of M10

NDA204275 Page 96 of 140

Reference ID: 3277491



metabolite. Selective CYP3A4 inhibitor azamulin caused complete inhibition of the
production of M10. Incubations with SupersomesTM also revealed greater than 5%
metabolism of GW685698 to M 18 with the extrahepatic enzymes CYP1A1 and CYP1B1
(Table 48). With small intestine microsomes, [14C]|GW685698 was only metabolised to
M10. M10 was not observed in human lung microsomal incubations.

Table 48. GW685698 related metabolites following incubation at 200 pM with Supersomes™

expressing individual CYP enzymes

| Supersome M6 M8 M10 M32 | M18
CYP1A1 v * v (NQ) x v (11%)
CYP1A2 v * v (1%) * v (5.3%)
CYP1B1 v * v (0.52%) * v (5.1%)
CYP2A8 v x v (0.6%) * x
CYP2B6 v x v (0.67%) x x
CYP2C8 v x v (1.1%) x v (3.9%)
CYP2C9 v x v (0.71%) * v (2.4%)
CYP2C19 v * x * *
CYP2D6 v * * x x
CYP2E1 * x v (1.2%) x *
CYP2J2 * * * * *
CYP3A4 v v (2.5%) v (40%) v (2.1%) v (28%)
CYP3A5 * * v (1.2%) * v (4.0%)
CYP4A11 v * * x *

NCC v x v (NQ) x x

v - peak detected by MS,

X - peak not detected by MS | NQ: Not quantifiable by radio-HPLC

Values shown in parentheses for each metabolite represent % of total radioactivity as determined from evaluation of radiochromatogram
(Source — Table 2, Report WD2005/01308 /00)

Conclusion: FF is primarily metabolized by CYP3A4. FF is not metabolized in vitro by
the human lung microsomes.

VI

Report # 2011N121880_00
Title: An in vitro Investigation into the intrinsic clearance of GW642444 by human liver,

intestinal and lung microsomes.

Objective: To investigate the intrinsic clearance of GW642444 by human liver,
intestinal, and lung microsomes in vitro.

Method: Incubation of GW642444 with human liver, gastrointestinal and lung
microsomes, with LC-MS/MS detection.
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Results: The intrinsic clearance rates (CL1) for GW642444 when incubated with human
liver, intestinal or lung microsomes are shown in Table 49. Clearance of GW642444 was
rapid with human liver microsomes incubation, and slower with human intestinal
microsomes. GW642444 was metabolically stable in human lung microsomes.

Table 49. Metabolic Stability of GW642444 in Human Liver, Intestinal, and Lung Microsomes

Substrate Microsomal Mean Intrinsic Clearance (n=3)
System

mL/min/mg protein mL/min/g liver

Pooled Liver 2.1 111
Microsomes

Pooled Intestinal 0.45
GW642444 | Microsomes

Pocled Lung <0.01
Microsomes

(Source — Table 1, Report WD2011N121880_00)

Conclusion: VI is not metabolised in vitro by the human lung microsomes.

VI

Report # WD2006/02720/00

Title: A preliminary in vitro investigation into the human oxidative enzymology of
GW642444. Study Number: 03DMW085

Objective: to provide preliminary information on the human cytochrome P450
enzymology of GW642444 metabolism 1n vitro.

Method: Incubation of GW642444 (5 mcM) with human liver microsomal preparations
(0.1 mg/mL) or bactosomes expressing individual CYPs (300 pM/mL) (37°C, pH 7.4, 10
minutes), with radioHPLC and HPLC/MSn detection.

Results: Metabolite M29 was the major metabolite accounting for a mean of 22% of total
radioactivity (Table 50). All other metabolites were present at levels of <4% total
radioactivity. Production of all metabolites was NADPH dependant, indicating the
involvement of cytochrome P450 enzymes. CYP inhibition experiment suggested that
CYP3A4, with minor contributions from CYP2D6, is the major enzyme responsible for
the production of M29, M31, M20 and M40.
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Table 50 . Metabolites of GW642444

Metabolites Detected® % of CYP Inhibited®© CYP (% of Radiochromatogram)
Radiochromatogram (% Inhibition of Mctabclite Production) [Bactosomes)
[Microsomes)
(GW642444 52 - 1A1(84); 1A2 (92); 2C8 (95); 2C9 (100); 2C19 (96);

2D6 (75); 2E1 (97); 3A4 (41); 2A13 (NQ); 345 (65)

M16 NQ - 2D6 (9.8); 3A4 (1.5)
M20 33 2C8 (12%); 2C19 (0%); 2C9 (1%); 2D6 (35%); 3A4 1A1(5.2); 1A2 (NQ); 2C8 (1); 2C9 (NQ); 2C19 (NQ);
(100%); 1A2 (0%) 206 (2.9); 2E1 (1.4); 3A4 (20); 2A13 (NQ); 3A5 (21)
M26 NQ - 3A4 (NQ); 3A5 (NQ)
M29 22 208 (34%): 2C19 (29%): 2C9 (54%,); 206 (50%); 3A4 1A1 (NQ); 3A4 (27); 3A5 (4 4)
(100%); 1A2 (16%)
M31 27 208 (49%), 2C19 (35%), 2C9 (35%), 206 (45%), 3A4 1A1(1.2), 3A4(7.3), 3A5 (3.9)
(100%); 1A2 (20%)
M32 NQ - 1A1 (NQ); 2C8 (NQ); 2C9 (NQ); 2C19(NQ); 2D6
(8.3); 3A4 (35); 3A5 (NQ)
M40 29 2C8 (100%); 2C19 (0%); 2C8 (7%); 206 (3%); 3A4 .
(100%); 1A2 (0%)
M47 NQ -

Key:

a = Structures of metabolites are depicted in Table C8b.

b = Individual CYPs were inhibitad using: 2C8 - Montelukast (1 meM); 2C19 - Benzylnirvanol (5 meM); 2C9 - Sulphaphenazole (10 meM); 206 - Quinidine (1 meM);
3A4 - Azamuln (5 meM); 1A2 - Furafyiline (10 meM)

¢ = Test system: GW642444 (as the a-phenyicinnamate salt, GW642444H).

CYP = Cytochrome P450 isoenzymes.

HPLC/MS" = High performance liquid chromatography with multiple mass spectrometry.

NQ = Not quantifiable by radio-HPLC.

(Source — Table 1, Report WD2006/027200/00)

Conclusion: The major routes of metabolism of GW642444 in human are mediated
primarily by CYP3A4.

In vitro Enzyme Inhibition

FF

Study # WD2001/00374/00

Title: The Potential of GW685698X to Inhibit Cytochrome P450 Activity in Human Hepatic
Microsomes In Vitro

Objective: to investigate whether GW685698X has the potential to inhibit human hepatic
Cytochromes P450 isoenzymes in vitro.

Method: Incubation (pH 7.4, 37°C) of GW685698 with human microsomes and specific
probe substrates of specific CYP isozymes. The samples were analysed by LC-MS/MS.
The concentrations of GW685698 studied are 1x, 10x, and 100x of therapeutic Cmax
(200pg/mL).

Results: Percent turnover of probe substrate relative to positive control is shown in Table
12: VI Pharmacokinetic Parameters on Days 7 Following Repeated Inhaled
Administration of FF/VI in Healthy Volunteers Table 12. These data show that no
mhibition of human hepatic CYPs 1A2, 2A6, 2C9, 2C19, 2D6, 2E1 and 3A4 occurred in
the presence of GW685698X at concentrations of 0.37nM (200pg/mL), 3.71nM
(2000pg/mL) and 37.1nM (20000pg/mL).
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Table 51. Summary of the Effects of GW685698X on the Turnover of Probe Substrates for

CYP450s
GW685698X % turnover of probe substrate relative to positive control (1)
conc. (nM) 1A2 2A6 2C9 2C19 206 2E1 3A4
0.37 101 100 104 100 100 102 108
371 101 102 112 103 112 101 108
371 101 105 110 100 109 99 107
Specific
Inhibitors (2) 4 7 6 15 7 47 11
1 Positive control — establishes maximal turnover (termed 100% turnover) of probe substrate under conditions
used
2 Inhibitors were: 1A2 = furafylline (10uM)

2A6 — Anti-2A6 inhibitory antibody (50ug: 100ug microsomal protein)
2C9 - sulphaphenazole (25uM)

2C19 - ticlopidine (25uM)

206 — quinidine (10uM)

2E1-DEDTC (50uM)

3A4 - ketoconazole (1uM)

(Source — Table 5, Report WD2001/00374/00)

Conclusion: FF is unlikely to inhibit CYP450 metabolism at the clinically relevant dose.

Study # FD2003/00126/00
Title: The Inhibition of Human Cytochrome P450 Enzymes by GW685698X In Vitro

Objective and Method: to investigate the in vitro inhibitory potential of GW685698X
on cytochrome P450 enzymes in pooled human liver microsomes using established
incubation methods and LC/MS/MS assays.

Results: GW685698X inhibits (IC50 < 10 uM) the human cytochrome P450 enzymes
CYP2B6, 2C8, 2C9, 2C19, 2D6 and 3A4 in vitro.IC50 values for GW685698X inhibition

of individual cytochrome P450 enzymes are given in Table 52 together with IC50 values
for the known positive control inhibitors.
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Table 52. Direct Inhibition of Cytochrome P450 Enzymes

P450 Substrate Positive Control |C50 Values (uM)
Inhibitor GW685698X | Positive Control
1A2 Phenacetin Fluvoxamine >100 0.031
2A6 Coumarin Tranylcypromine >100 0.017
2B6 Bupropion Orphenadrine 40 130
2C8 Paclitaxel Quercetin 0.58 2.7
2C9 Diclofenac Sulphaphenazole 2.4 11
2C19 S-Mephenytoin Ticlopidine 55 0.88
2D6 Bufuralol Quinidine 3.2 0.31
2E1 Chlorzoxazone | 4-methylpyrazole >100 11
3A4 Atorvastatin Ketoconazole 1.3 0.031
3A4 Midazolam Ketoconazole 0.74 0.025
3A4 Nifedipine Ketoconazole 1.5 0.016

(Source — Table 1, Report FD2003/00126/00)

Conclusion: FF is unlikely to inhibit CYP450 metabolism at the clinically relevant dose.

Study # WD2005/00543/00
Title: An in vitro Investigation into The Inhibition of Human Cytochrome P450 enzymes
by GW694301.

Objective and Method: to investigate the inhibition of human cytochrome P450
enzymes by GW694301 in human liver microsomes using established incubation
methods and LC/MS based assays.

Results: ICso values for GW694301 inhibition of individual cytochrome P450 enzymes
are given in Table 53 together with ICso values for the known positive control inhibitors.

No direct inhibition or metabolism-based inhibition of any cytochrome P450 enzyme was
observed with GW694301 (ICs0 values >80uM).
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Table 53. Direct Inhibition of Cytochrome P450 Enzymes

P450 Substrate GW694301 Positive Control Positive Control
[Cs0 (uM) Inhibitor ICs0 (uM)
1A2 Phenacetin >100 Fluvoxamine 0.036
2A6 Coumarin >100 Tranylcypromine 0.060
2B6 Bupropion >100 Ticlopidine 04
2C8 Paclitaxel 80 Quercetin 1.9
2C9 Diclofenac >100 Sulphaphenazole 0.75
2C19 | S-mephenytoin >100 Ticlopidine 0.76
2D6 Bufuralol >100 Quinidine 0.032
3A4 Atorvastatin >100 Ketoconazole 0.034
3A4 Midazolam 98 Ketoconazole 0.018
3A4 Nifedipine >100 Ketoconazole 0.021

(Source — Table 1, Report WD2005/00543/00)

Conclusion: The major metabolite of FF does not inhibit P450 enzymes.

VI
Study # SH2003/00040/00
Title: GW642444: The Preliminary Pharmacokinetics of GW642444

Objective And Method: GW642444 was submitted to the screen for assessment of the
potential for inhibition of various cytochrome P450 isoforms. The details of methodology
were not reported.

Results: GW642444 is an in vitro inhibitor of CYP3A4 (lowest mean ICso of 4 pM
following duplicate determinations using two different probes) and a weak in vitro
mhibitor of CYP2D6 (ICs0 of 12 uM). (Table 54)

Table 54. The In Vitro Inhibition of CYP 450 Isoforms by GW642444 (n=2 Occasions)

CYP 450 Isoform ICso Value (uM)
CYP1A2 >100 1
>100 1
CYP2C9 232
>100
CYP2C19 703
>100
CYP2D6 11
12
CYP3A4 (substrate = DEF) 492
35
CYP3A4 (substrate = 78Q) 14
8

1. Interference with assay
2. Concerns about quality of ICso curve
3. Significant concerns about quality of ICs) curve

(Source — Table 13, Report SH2003/00040/00)
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Conclusion: VI is unlikely to inhibit CYP 450 enzymes at clinically relevant dose.

Study # WD2007/01087/00
Title: An in vitro investigation of the inhibition by GW642444 of xenobiotic transport
via human P-glycoprotein, heterologously expressed in MDCKII cells.

Objective: To determine the in vitro inhibition of human P-glycoprotein (Pgp) mediated
transport by GW642444, in MDCKII cells heterologously expressing human Pgp.

Method: The effect of GW642444 on the Pgp-mediated transport of digoxin (30 nM)
was assessed by determining the basolateral to apical ([B—A]) transport of 3H-digoxin
by polarized MDCKII-MDR1, which produces Pgp. Levels of 3H-digoxin in receiver
wells were determined using liquid scintillation counting.

Results: GW642444 mhibited digoxin transport at the highest tested concentration of 100

pM.
Table 55. The Effect of GW642444 on Human Pgp Mediated Transport of 30 nM [3H]-Digoxin, using
MDCKII-MDRI1 Cells

Compound Conc. | Digoxin transport rate | Digoxin transport

(uM) (pmole/cm?/h) rate (% control)

+SD +SD

GWe42444 010 |26 %017 100 + 65

0.30 26 + 0.045 100 + 17

1.0 26 £ 027 98 + 10

30 25 +024 9% + 93

10 26 + 0.045 100 + 17

30 25 + 040 98 + 15

100 19 £ 0.15 74 £ 58
Digoxin Only | _ 26 + 0.081 100 + 31
GH2W15 2 0.50 +0.045 19 £1.7

SDis standard deviation.

Data are the mzan and standard deviation from sets of three wells.

Quality control parameters were within acceptadle limits (acceptable values: Lucifer yellow P74 = 50 nm/sec; digoxin
mass balance 80 - 120 %; digoxin transport rate = 1.5 pmoles transported/cm?h; digoxin transport rate in the
presence of 2 uM GF120918 < 30% of uninhibited rate).

(Source — Table 1, Report WD2007/01087/00)
Conclusion: VI is unlikely to inhibit P-gp metabolism at clinically relevant dose.
PHARMACOKINETICS

Mass Balance Study

FF
Study # FFR10008
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Title: A non-randomised, open label, two period cross-over study to determine the
excretion balance and pharmacokinetics of [*C]-GW685698, administered as single
doses of an oral solution and an intravenous infusion to healthy adult male subjects.

Objective: The primary objective of this study was to estimate the total recovery and
relative excretion of radiocarbon in urine and faeces after a single oral dose and i.v.
administration of [14C]-GW685698 to healthy men.

Study design: non-randomized, open-label, two period cross-over study. Each subject
(n=16) participated in two treatment periods. The two treatment periods were separated
by a washout period of 28 days.

Table 56. Study design of FFR10008

Treatment Drug Dose/Form/Route | Frequency/Duration | Batch Number’
Oral [4C]-GW685698 | 2 mg/ Sindle dose 041045413
solution and GW685698X | 8 mL solution/oral g 041040845
[~
Ve acrowessees | 20Med Single dose 041045413
infusion 1 mL infusion/i.v.

1. The batch numbers listed are for the drug provided by the sponsor. The oral solution and i.v infusion prepared by
Inveresk were given batch numbers 179182-002 and 179182-004, respectively.

Samples: During each treatment period, PK blood, urine and faecal samples were to be
collected for a minimum of 168 hours, or until 90% of the total radioactive dose
administered was recovered from all matrices and less than 1% was excreted in the
previous 24 hour period.

Results: Most of the radioactivity was recovered in feces; accounting approximately
101% after oral and 90% after IV administration. The high percentage of radioactivity in
feces after [V administration suggests that the drug and/or its metabolites are excreted via
the bile and then to the feces. The total recoavery in urine following either oral or IV
administration was <2%. The Cmax in plasma occurred within 30 min to 2 hours
following oral administration. The half life of the radioactivity (not the parent drug, FF)
was approximately 20 hours following either oral or IV administration.

Absorption:
Oral bioavailability was low, on average 1.26%. Comparison of radioactivity AUC(0-t)

values following oral and i.v. dosing indicate that at least 30% of the dose was absorbed
following oral administration, this is indicative of extensive first pass metabolism of
absorbed drug following oral dosing.

Metabolism:

Following a single intravenous administration of [14C]-GW685698, the principle radio-
labelled component in plasma was parent compound. Following oral administration of

[14C]-GW685698, about 17% of the total circulating radioactivity was accounted for by
unchanged FF, with the rest circulating in form of metabolites.

Elimination:
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Most (oral 101%, iv 90%) of the orally and intravenous administered FF was recovered
in faeces; Excretion of total radioactivity via urine accounted for less than 2% of total
administered FF.

V1

Study # B2C106181

Title: An open-label, single-arm study to determine the excretion balance and metabolic
disposition of ['*C]GW642444 administered as a single dose of an oral solution to
healthy male volunteers.

Objective: The objective of this study was to compare total radioactivity (drug related
material) in plasma relative to parent plasma vilanterol concentrations and to determine
the rate and extent of excretion of total radioactivity in urine and faeces and the total
recovery of radioactivity.

Study design: non-randomized, open-label, single-arm study.
Test drug and sample size: 200 mcg (2 uCi) oral solution dose of ['*C] vilanterol. N=6.

Samples: Vilanterol and its metabolites pharmacokinetics was evaluated from
all/selected blood, urine and feces samples. Blood was collected at 0 (just before dosing),
0.25,0.5,0.75,1,1.25,1.5,2,2.5,3,3.5,4,5, 6,12, 24,48, 72, 96, 120, 144, and 168
hours postdose. Urine and faeces were collected at pre-dose, then over 24 h collection
periods as follows: 0—24 h, 2448 h, 48-72 h, 72-96 h, 96—120 h, 120—144 h, 144168 h.

Results

The overall recovery of the administered dose was approximately 71.6%. The majority
of the urinary-excreted radioactivity was eliminated within 24h. The majority of feces-
excreted radioactivity was eliminated within 72h. Cumulative total, urine, and fecal
recovery of vilanterol following oral administration is shown in Figure 32. Vilanterol
plasma concentration was too low to be assessed in cold assay, so only PK for the total
radioactivity was reported in this study.

Absorption:

On average, the maximum plasma concentrations of '*C-radioactivity were achieved 3 h
Postdose. Mean Cmax value for total radioactivity was 2058 pg-eqiv/mL. Mean AUC
values for total radioactivity was 66015 pg-eqiv*h/mL.

Metabolism:

Comparison of the radiolabel Cmax and potential maximum plasma vilanterol
concentrations indicated that vilanterol only represented <0.5% of the circulating drug-
related material. These results are indicative of extensive first-pass metabolism of the
orally absorbed vilanterol.

Percentage of total dose recovered as parent drug on metabolites in urine and feces are
shown in Table 57.
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Table 57. Summary of [14C]GW642444 metabolites in human urine and faeces obtained following
oral administration of [14C]|GW642444 (M salt) to healthy male subjects.

% Radioactivity in Urine and Faecal extracts
Peak ID (% recovered dose)
Pooled Urine Pooled Faeces
A ND oo
B(M1) (g ;) ND
D (M3) ‘193‘55) ND
E (M30, M4) (gg’ (ff)
F (M6, M7, M19, M29, M39) ;:3' (26‘45t
5 s
A (? 2; ND
1(M20) ND ((')j)
GWN;&M P) ND (1456?)
J2 (M28) «:Z» ND

ND Not Detected.
Peak J was assigned as unchanged GW642444 in faeces (1) and M26 in unine (J2)
Radioactive exiraction efficiency from pooled human faeces was estimated as 73%

(Source — Table 7, Study B2C106181 report)

Elimination:

Urinary excretion of 14C-radioactivity accounted for on average 50.4% of the
radioactive dose, and faecal excretion accounted for 21.2%.

T 80 -

3

3 60 - —g— Urine
é 40 - —B—Feces
§ 20 A g Total

=4

& 0 I T T T T T 1

0 24 48 72 96 120 144 168

Hours post dose

Figure 32. Cumulative Mean Recovery of Administered Radioactivity in Urine and Feces from Male
Subjects over 168 Hours Following Oral Administration of a Single 200 mcg Dose of [14C]Vilanterol

Reviewer’s comment:

The total recovery of vilanterol radioactivity in faeces and urine was relatively low
(71.6%). The sponsor suggested several possible explanations including excretion of
radioactivity by exhalation and the non-conventional application of accelerator mass

spectrometry (AMS) in a mass balance study. Since VI is an inhalation drug, we find this
1s acceptable.
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Single dose rising

Trial # HZA102932

Title: An open-label, randomised, 3-way crossover single dose study to demonstrate dose
proportionality of fluticasone furoate (FF) and equivalence of vilanterol (VI) when
administered as FF/VI inhalation powder from the novel dry powder inhaler in healthy
subjects.

Objective: To demonstrate dose proportionality of fluticasone furoate (FF) and
equivalence of vilanterol (VI) following single dose administration of three strengths of
FF/VI (50/25 mcg, 100/25 mcg and 200/25 mcg) via the novel dry powder inhaler.

Study design and treatment schedule:

A randomised, open-label, three-way crossover single dose study in 24 healthy male and
female subjects. All subjects received the following three treatments with 7 day washout
in accordance with the randomization schedule:

* FF/VI 200/100 mcg (four inhalations of FF/VI 50/25 mcg)

* FF/VI 400/100 mcg (four inhalations of FF/VI 100/25 mcg)

* FF/VI 800/100 mcg (four inhalations of FF/VI 200/25 mcg)

PK Sampling Schedule
¢ Blood - For each dosing session, at pre-dose, 5, 10, 20, 30, 45 min, 1, 1.5, 2, 3, 4,
6, 8, 10, 12, 24, 32 and 48 hour after dosing.

Results

= Mean serum FF concentration vs. time profiles are shown in Figure 33. On
average, the maximum plasma concentrations of FF were achieved at later times
(Tmax) as the FF dose increased: FF/VI 200/100 mcg at 5 minutes, FF/VI
400/100 mcg at 10 minutes and FF/VI 800/100 mcg at 60 minutes. The maximum
plasma concentrations of VI were achieved rapidly at 6-9 minutes post-dose for
all treatments. FF appears to follow poly-exponential disposition kinetics for all
tested dose levels. PK parameters for different dose levels are listed in Table 58.
Terminal half-life of FF was approximately 4.4 to 22 hours.

= Mean serum VI concentration vs. time profiles are shown in Figure 33. On
average, the maximum plasma concentrations of VI were achieved rapidly at 6-9
minutes post-dose for all treatments. VI appears to follow bi-exponential
disposition kinetics after a single dose, though the description of later time points
was compromised due to limited assay sensitivity. PK parameters for different
dose levels are listed in Table 59. Terminal half-life of VI was approximately 4 to
5.4 hours.

= Systemic exposure of FF as measured by AUC(0-t”), was dose proportional,
while peak exposure (Cmax) increased in a less than proportional manner over the
200 mcg to 800 mcg dose range., indicating linear pharmacokinetics. The
systemic exposure of VI, based on AUC(0—t’) AND Cmax, was similar for all
treatments.
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Figure 33. Median Plasma FF and VI Concentrations vs Times Following Administration of a Single
Dose of FF/VI Administered via NDPI in Healthy Subjects
(Source — Figure 1, Study HZA102932 report)
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Table 58. Summary of Selected Fluticasone Furoate Pharmacokinetic Parameters following a Single
Inhaled Administration of Fluticasone Furoate/Vilanterol

Parameter Treatment N n n* Geometric mean 95% confidence
(CV%) interval
AUC(0-t)  FFNI1200/100 24 24 1 163.0 (75.7) 1227, 2166
(pg.h/mL)  FFANVI400/100 24 24 0 2928 (66.0) 22711,3774
FFNVI 800/100 24 24 0 575.8 (73.6) 436.2, 760.2
Cmax FFNVI 200/100 24 24 0 536 (34.2) 466,617
(pg/mL) FFNI 400/100 24 24 0 64 8 (30.2) 572,734
FF/NVI 800/100 24 24 0 105.0 (314) 922, 1195
tmax (h)'  FF/VI200/100 24 24 0 0.08 (0.08-1.50) NA
FFAI 400/100 24 24 0 0.17 (0.08-2.00) NA
FF/NVI 800/100 24 24 0 1.00 (0.08-4.00) NA

(Source — Table 5, Study HZA 102932 report)

Table 59. Summary of Selected Vilanterol Pharmacokinetic Parameters following a Single Inhaled
Administration of Fluticasone Furoate/Vilanterol

Parameter Treatment N n Geometric mean (CV%) 95% confidence
interval
AUC(0-t)  FF/AVI1200/100 24 24 3936 (29.1) 3435, 451.0
(pg.h/mL)  FFAI 400/100 24 24 403.7 (24.7) 3576, 4557
FEA1 800/100 24 24 410.0 (27.1) 3636, 462.3
Cmax FEAI 2000100 24 24 516.6 (28.4) 4508, 5921
(pg/mL) FEAI 400/100 24 24 564 .9 (21.8) 5128, 622.2
FEAI 800/100 24 24 5677 (23 4) 501.0, 6208
tmax (h) FENI 200/100 24 24 0115 (0.08-0.23) NA
FENI 400/100 24 24 0.100(0.08-0.18) NA
FF/AI 800/100 24 24 0.150 (0.08-0.17) NA

(Source — Table 7, Study HZA 102932 report)

Conclusion: Overall FF exposure was dose proportional. The systemic exposure of VI,
based on AUC0-+) and Cmax, was similar for all treatments.

Multiple Rising Dose (7 days)
Trial # HZA102936
Title: A randomised, placebo-controlled, four-way crossover repeat dose study to
evaluate the effect of the inhaled fluticasone furoate/GW642444M (vilanterol)
combination on electrocardiographic parameters, with moxifloxacin as a positive
control, in healthy subjects

Objective:
Primary:

= To investigate the effect of FF/VI on the QTCcF interval.
Secondary:
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= To characterize the PK profiles of VI and F when administered via NDPI.

Only results related to multiple dose PK are reviewed here. For QT results, please refer to
QT-IRT review.

Study design and treatment schedule:

A randomised, placebo-controlled, double-dummy, four-way crossover repeat dose study
in 85 healthy male and female subjects. All subjects received the following four
treatments with 7 day washout in accordance with the randomization schedule:

* FF/VI 200/25 mcg QD X 7days

* FF/VI 800/100 mcg QD X 7days

* Moxifloxacin 400 mg

* placebo

PK Sampling Schedule

¢ Blood — On day 7, at pre-dose, 5, 10, 30, 1, 2, 4, 8, 12, 16, and 24 hour after
dosing.

Results

Mean plasma PK profiles are shown in Figure 34 and summary PK parameters for FF and
VI are listed in Table 60 and Table 61 respectively.

1000 1000
=) 85—+8—% FF/VI 200/25 =) #—&—5 FF/VI| 200/25
E >-< FEN| 800/100 £ ool < —<-< FF/VI 800/100
8o &0 1
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Time (h)
Figure 34. Mean Plasma Concentrations Versus Time on Day 7 Following Multiple Dosing with

FF/VI
(Source — Figure 11.3 and Figure 11.6, Study HZA102936 report)

Systemic exposure for FF, as measured by AUC(0-24), was dose proportional, while
peak exposure (Cmax) increased in a less than proportional manner over the 200 mcg to
800 mcg dose range. On average, the maximum plasma concentrations of FF were
achieved at later times (Tmax) with multiple dose compared to single dose, and as the FF
dose increased: FF/VI 200/25 mcg at 1 hour, FF/VI 800/100 at 2 hours.
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Table 60. Summary of Selected Fluticasone Furoate Pharmacokinetic Parameters following Repeated
(Day 7) Inhaled Administration of FF/VI

Parameter Treatment N n nt Geometric mean 95%
(CV%) confidence
intervals
AUC(0-24) (pg.h/mL) FF/NVI200/25 81 71 1 507 (37.9) 465, 553
FF/VI 800100 80 80 O 1921 (43.4) 1751, 2107
AUC(0-t) (pg.h/mL) FF/VI200/25 81 80 1 398 (90.1) 335,472
FF/VI 800100 80 80 O 1927 (43.8) 1755, 2115
Cmax (pg/mL) FF/VI200/25 81 80 0 39.7 (35.7) 36.8,42.9
FF/VI800/100 80 80 O 130 (32.3) 122, 140
Tmax(h) FF/VI200/25 81 80 0 1.07 (0.08, 8.08) NA
FF/VI800/100 80 80 O 2.05(0.08, 8.08) NA

n*=Number of subjects for whom parameter cannot be derived because of non-calculable concentrations.
(Source — Table 16, Study HZA 102936 report)

On average, the maximum plasma concentrations of VI were achieved by 6 minutes post-
dose for all treatments. The systemic exposure of VI as measured by AUC(0-24)
increase in a greater than dose-proportional manner (geometric means of 85.0 and 775
pg.h/mL, respectively), and Cmax increased in a dose-proportional manner (geometric
means of 115 and 527 pg/mL, respectively).

Table 61. Summary of Selected Vilanterol Pharmacokinetic Parameters following a Single Inhaled
Administration of Fluticasone Furoate/Vilanterol

Parameter Treatment N n n* Geometric mean 95%
(CV%) confidence
intervals
AUC(0-24) (pg.h/mL) FF/VI 200/25 81 57 2 85.0 (76.6) 71.0,102
FF/V1 800/100 80 74 0 775 (36.6) 714,842
AUC(0-t) (pg.h/mL) FF/VI 200/25 81 74 2 59.8 (77.7) 51.0,70.2
FF/V1 800/100 80 74 0 755 (40.1) 691, 826
Cmax (pg/mL) FF/VI 200/25 81 74 1 115 (56.9) 102, 130
FF/V1 800/100 80 74 0 527 (37.2) 485, 573
Tmax(h)' FF/VI200/25 81 73 1  0.083(0.083,0.550) NA
FF/V1 800/100 80 74 0 0.100(0.083,0.267) NA

n*=Number of subjects for whom parameter cannot be derived because of non-calculable concentrations.
(Source — Table 17, Study HZA102936 report)

Conclusion: Overall FF exposure was dose proportional after multiple dose. The
systemic exposure of VI, based on Cmax was dose proportional, and the AUC increased in
more than dose proportional manner.

SPECIFIC POPULATION
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Renal impairment

Trial # HZA113970

Title: An open-label, non-randomized pharmacokinetic and safety study of repeat doses
of fluticasone furoate and GW642444M combination in healthy subjects and in subjects
with severe renal impairment

Objective:

Primary:

» To investigate the effect of severe renal impairment on the pharmacokinetics
of fluticasone furoate (FF) and vilanterol (VI; GW642444) following repeat
administration of FF/VI (200/25 mcg) via novel dry powder inhaler (NDPI)

Secondary:

» To investigate the effect of severe renal impairment on cortisol suppression,
heart rate, and potassium following repeat administration of FF/VI (200/25
mcg) via NDPI

» To evaluate the safety and tolerability of FF/VI (200/25 mcg) via NDPI in
subjects with severe renal impairment.

Study design: Open-label, non-randomised study. Healthy control subjects were matched
to subjects with severe renal impairment by gender, ethnicity, age (£5 years) and body
mass index (+15%).

Treatment groups and sample size: Nine healthy subjects and nine subjects with severe
renal impairment (CrCL<30mL/min calculated by Cockcrofty-Gault equation).

Duration of Treatment: FF/VI 200/25 mcg once-daily every morning for 7 days.

PK Sampling Schedule

Blood — Day 1 at pre-dose, 5, 15, 30,45 min, 1, 1.5, 2, 3, 4, 6 and 8 hour after dosing;
Day 7 at pre-dose, 5, 15, 30, 45 min, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 16, 24, 36 and 48 hour
after dosing.

Results:

Pharmacokinetic results

Lower systemic FF exposure in severe renal impairment patients: Median plasma FF
concentrations tended to be lower in subjects with severe renal impairment compared
with healthy subjects after both single and repeat dose FF/VI (Figure 35). The summary
of FF pharmacokinetic comparisons in renal impairment subjects and healthy subjects is
presented in Table 62. At day 7, the median AUC .24y and Cmax for FF is lower in severe
renal impairment subjects. Median AUC .24 is 21% lower (546 vs 694pg.h/mL) and
median Cp,y 15 27% lower (33.3 vs 45.7 pg/mL) compared to healthy subjects. However,
based on geometric mean ratio for FF AUC and Cpax is close to one in subjects with
severe renal impairment compared to healthy subjects (Table 62).

Higher systemic VI exposure in severe renal impairment patients: Median plasma VI
concentrations tended to be higher in subjects with severe renal impairment compared
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with healthy subjects after both single and repeat dose FF/VI (Figure 35). The summary
of FF pharmacokinetic comparisons in renal impairment subjects and healthy subjects is
presented in Table 62. At day 7, subjects with severe renal impairment had 56% increase
in VI AUC and similar VI Cx .

There was no evidence for reduced plasma protein binding of either FF or VI in plasma

from subjects with severe renal impairment, compared with plasma from healthy subjects
(>99.8% vs. >99.7% for FF and 90.1% vs. 95.4% for VI)

Because of low assay sensitivity for FF, PK parameters (AUC) and concentrations were
imputed as a fixed value of %> LLQ for several subjects. Therefore, the geometric mean
ratio was close to 1, despite the lower median concentrations for FF in severe renal
impairment patients. FF/VI 1s an oral mhalation drug intended for local action, and the
systemic exposure is more related to safety rather than efficacy. Therefore, a lower
systemic exposure of FF in the renal impairment population is not of concern.

Table 62. FF/VI Pharmacokinetic Parameters in Subjects with Severe Renal Impairment and
Healthy Subjects After Single and Repeat Dose (7 Days) FF/VI (200/25 mcg) [HZA113970]

Drug | Parameter | Day | Group comparison Adjusted Ratio of 90% ClI of
geometric means adjusted the ratio
geometric
means

AUC(qg) 1 | Severe renal 126.11/131.82 0.96 (0.54,1.70)
[pg.h/mL] impairment / healthy

AUC(p-24) 7 | Severe renal 554.12 1609.06 0.91 (0.60, 1.38)
[pg.h/mL] impairment / healthy

Cunax 1 | Severe renal 17.99/19.54 092 (0.55, 1.54)
[pg/mL] impairment / healthy

FF 7 | Severerenal 36.91/38.44 096 (057, 161)
impairment / healthy

AUCp-g) 1 | Severe renal 181.12/103.38 1.75 (1.00, 3.07)
[pg.h/mL] impairment / healthy

AUC0-24) 7 | Severe renal 604.26 / 386.35 1.56 (1.27,192)
VI [pg.h/ml] impairment / healthy

Crnax 1 | Severe renal 126.70 /107 .80 1.18 (0.54, 2.56)
[pa/mL] impairment / healthy

7 | Severe renal 164.73 /152 88 1.08 (0.49, 2.35)
impairment / healthy

(Source — Table 6 and Table 9, Study HZA113970 report)
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Figure 35. Median FF/VI Plasma Concentration-Time Profiles in Subjects with Severe Renal

Impairment and Healthy Subjects After Single and Repeat Dose (7 Days) FF/VI (200/25 mcg)
[HZA113970]
(Source — Figure 1 and Figure 2, Study HZA113970 report)

Pharmacodynamic Results:

PD effect was assessed on day 7.

FF related: The point estimates for weighted mean (0-24h) serum cortisol was higher in
severe renal impairment patients compared to healthy subjects, and there is no evidence
of HPA suppression in renal impairment patients.

NDA204275 Page 114 of 140

Reference ID: 3277491



VI related: Maximum heart rate increased for 0.3 bpm in severe renal impairment
patients compared to healthy subjects. Minimum serum potassium(0-4h) were on average
0.4 mmol/L higher. The increased PK exposure of VI did not result in significant heart
rate increase or serum potassium decrease in severe renal impairment patients compared
to healthy subjects.

e Conclusions:
No dose adjustment recommended for subjects with severe renal impairment.

Hepatic Impairment

Trial # HZA111789
Title: An open-label, non-randomized, pharmacokinetic and safety study of repeat doses
of fluticasone furoate and GW642444M combination in healthy subjects and in subjects
with mild, moderate or severe hepatic impairment
Objective:
Primary:
= To investigate the effect of varying degrees of hepatic impairment on the
pharmacokinetics of fluticasone furoate (FF) and vilanterol (VI; GW642444)
following repeat administration of FF/VI (200/25 mcg) via novel dry powder
inhaler (NDPI)
Secondary:
* To investigate the effect of varying degrees of hepatic impairment on cortisol
suppression, heart rate, and potassium following repeat administration of
FF/VI (200/25 mcg) via NDPI
= To evaluate the safety and tolerability of FF/VI (200/25 mcg) via NDPI in
subjects with varying degrees of hepatic impairment.

Study design: Open-label, non-randomised study.

Treatment groups and sample size:
= healthy normal liver function (N=9)
* mild hepatic impairment (N=9)
= moderate hepatic impairment (N=9)
= severe hepatic impairment (N=8)

Duration of Treatment: FF/VI 200/25 mcg once-daily every morning for 7 days in
healthy subjects and subjects with mild or moderate hepatic impairment. FF/VI 100/12.5

mcg once daily every morning for 7 days in severe hepatic impairment subjects.

PK Sampling Schedule
¢ Blood — Day 1 at pre-dose, 5, 15, 30, 45 min, 1, 1.5, 2, 3, 4, 6 and 8 hour after
dosing; Day 7 at pre-dose, 5, 15, 30,45 min, 1, 1.5, 2, 3,4, 6, 8, 10, 12, 16, 24, 36
and 48 hour after dosing

Pharmacogenomic evaluation
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A whole blood sample was collected on a single occasion for future pharmacogenomic

evaluation.

Results:

PharmacoKkinetic results

Higher systemic FF exposure in all hepatic impairment patients: Mean plasma FF

concentrations tended to be higher in subjects with all severities of hepatic impairment
compared with healthy subjects after repeat dose FF/VI (Figure 36). On Day 7, upper
90% CI limits of AUC o 24) ratio (hepatic/healthy) for each hepatic impairment group
were all greater than 2. A higher extent of accumulation was seen for subjects in all
hepatic impairment groups (Table 64). After normalization for dose, the FF plasma
concentration-time profiles were similar in subjects with moderate and severe hepatic
impairment, and mild hepatic impairment patients had lower exposure compared to more
severe hepatic impairment patients (Figure 36). The summary of FF pharmacokinetic
comparisons in hepatic impairment subjects and healthy subjects is presented in Table 63.

Table 63. Summary of Results of Dose-Normalised FF Pharmacokinetic Parameters in Subjects with
Hepatic Impairment Compared with Healthy Subjects [HZA111789]

Parameter  Day Group Comparison Adjusted Ratio of 90% Cl of
Geometric Adjusted  the Ratio
Means Geometric
Means
AUC(0-8) 1 Hepatic Mild /Healthy 99.71/148.73 0.67 (0.33, 1.35)
Hepatic Moderate ~ 146.44/148.73 0.98 (0.49,1.98)
[Healthy
Hepatic Severe /Healthy 27.38/148.73 0.18 (0.09, 0.38)
AUC(0-24) 7 Hepatic Mild /Healthy 634.50/472.74 1.34 (0.82, 2.20)
Hepatic Moderate ~ 863.50/472.74 1.83 (1.11,2.99)
[Healthy
Hepatic Severe /Healthy 825.75/472.74 1.75 (1.05,2.91)
Cmax 1 Hepatic Mild /Healthy 29.10/36.05 0.81 (0.57,1.15)
Hepatic Moderate ~ 29.36/36.05 0.81 (0.57,1.16)
[Healthy
Hepatic Severe /Healthy 21.61/36.06 0.60 (0.42,0.86)
7 Hepatic Mild /Healthy 51.36 /4348 1.18 (0.83, 1.69)
Hepatic Moderate ~ 62.33/4348 1.43 (1.00, 2.04)
[Healthy
Hepatic Severe /Healthy 59.58 /4348 1.37 (0.95, 1.98)

(Source — Table 5, Study HZA111789 report)

Table 64. Summary of results from statistical analysis of dose-normalised FF
pharmacokinetic parameters to assess accumulation

NDA204275

Reference ID: 3277491

Page 116 of 140



Parameter Group Adjusted Geometric Ratio of  90% CI of the
Means Adjusted Ratio
Day 7/ Day 1 Geometric
Means

AUC(0-8) Healthy 2376214873 1.60 (1.05, 2.44)
Hepatic Mild 287.69/99.71 2.89 (1.89, 4.40)
Hepatic Moderate 379.771146.44 2.59 (1.70, 3.96)
Hepatic Severe 376.11/27.38 13.7 (8.77,21.5)

Cmax Healthy 43.48/36.05 1.21 (0.90, 1.61)
Hepatic Mild 51.36 /29.10 1.77 (1.32, 2.36)
Hepatic Moderate 62.33 /29.36 2.12 (1.59, 2.84)
Hepatic Severe 59.58 / 21.61 2.76 (2.03, 3.75)

(Source — Table 6, Study HZA 111789 report)
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Figure 36. Mean FF Plasma Concentration-Time Profiles Following Single and Repeat Dose (Once-

Daily for 7 Days) FF/VI 200/25 mcg (Healthy, Mild and Moderate Hepatic) or FF/VI 100/12.5 mcg
(Severe Hepatic)

(Source — Figure 1, Study HZA111789 report)

No change of VI exposure in hepatic impairment patients: Subjects with various
degrees of hepatic impairment had no significant change in AUC and C,,x of VI
compared to normal hepatic function (Figure 37, Table 65). A higher extent of
accumulation was seen for AUC(0-8) for subjects in all hepatic impairment groups
(Table 66).

There was no evidence for reduced plasma protein binding of either FF or VI in plasma
from subjects with varying degrees of hepatic impairment, compared with plasma from
healthy subjects.
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Table 65. Summary of Results of Dose-Normalised VI Pharmacokinetic Parameters in Subjects with

Hepatic Impairment Compared with Healthy Subjects [HZA111789]

Parameter Day Group Comparison Adjusted Ratio of 90% CI of
Geometric Adjusted The Ratio

Means Geometric

Means

AUC(0-8) 1 Hepatic Mild /Healthy 81.76 /204 61 0.40 (0.26, 0.62)
Hepatic Moderate /Healthy  189.74 / 204.61 0.93 (0.58, 1.48)
Hepatic Severe /Healthy 118.17 /1 204.61 0.58 (0.37,0.91)
AUC(0-24) 7 Hepatic Mild /Healthy 335.74/511.10 0.66 (0.40, 1.08)
Hepatic Moderate /Healthy  678.27 /511.10 1.33 (0.78, 2.26)
Hepatic Severe /Healthy 367.69/511.10 0.72 (0.43,1.20)
Cmax 1 Hepatic Mild /Healthy 107.08 / 225.69 047 (0.33,0.69)
Hepatic Moderate /Healthy ~ 167.93/ 225.69 0.74 (0.50, 1.11)
Hepatic Severe /Healthy 167.02 / 225.69 0.74 (0.50, 1.09)
7 Hepatic Mild /Healthy 194.51/246.82 0.63 (0.43,0.917)
Hepatic Moderate /Healthy ~ 193.31/ 246.82 0.78 (0.52,1.17)
Hepatic Severe /Healthy 206.04 / 246.82 0.83 (0.57,1.23)

(Source — Table 8, Study HZA 111789 report)

Table 66. Summary of results from statistical analysis of dose-normalised VI pharmacokinetic

parameters to assess accumulation

Parameter Group Adjusted Geometric Ratio of ~ 90% CI of the
Means Adjusted Ratio
Day 7 / Day 1 Geometric
Means

AUC(0-8) Healthy 306.17 / 204.61 1.50 (1.21, 1.85)
Hepatic Mild 210.09/81.76 2.57 (2.07,3.18)
Hepatic Moderate 342.79/189.74 1.81 (1.42,2.30)
Hepatic Severe 257.12/118.17 218 (1.73,2.73)

Cmax Healthy 246.82/225.69 1.09 (0.89,1.39)
Hepatic Mild 154.51/107.08 1.44 (1.17,1.78)
Hepatic Moderate 193.31/167.93 1.15 (0.91, 1.46)
Hepatic Severe 206.04/167.02 1.23 (0.99, 1.54)

(Source — Table 9, Study HZA 111789 report)
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Figure 37. Mean VI Plasma Concentration-Time Profiles Following Single and Repeat Dose (Once-
Daily for 7 Days) FF/VI 200/25 mcg (Healthy, Mild and Moderate Hepatic) or FF/VI 100/12.5 mcg
(Severe Hepatic)

(Source — Figure 2, Study HZA 111789 report)

Pharmacodynamic Results:
Note that for severe hepatic impairment group, the dose 1s FF/VI (100/12.5 mcg). PD

effect was assessed on day 7.

FF related: On day 7, the weighted mean (0-24h) serum cortisol, was on average 34%
lower with moderate hepatic impairment subjects compare to the healthy subjects. For the
mild hepatic and severe hepatic impairment groups, serum cortisol weighted mean (0-24
h) was slightly higher compared to healthy subjects (Table 67)

Table 67. Summary of results from statistical analysis of serum cortisol weighted mean (0-24 h)
(nmol/L) on Day 7

Group comparison Adjusted Ratio of adjusted  90% Cl of the ratio
geometric means  geometric means
Test/reference

Hepatic mild / 176.18 / 156.24 113 (0.85, 1.50)
healthy

Hepatic moderate / 103.27/156.24 0.66 (0.49, 0.89)
healthy

Hepatic severe / 178.38 1 156.24 1.14 (0.84, 1.55)
healthy

(Source — Table 12, Study HZA111789 report)
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An earlier hepatic impairment study FFA10013 was submitted to support VERAMYST
approval in NDA 022051. Following a single inhaled dose of 400 mcg of FF
administered via DISKUS, there was a 3 fold increase in FF exposure and 20% reduction
in serum cortisol level in patients with moderate hepatic impairment patients compared
with healthy subjects

Based on study FFA10013, VERAMYST label suggests “Use VERAMYST Nasal Spray
with caution in patients with severe hepatic impairment”. For FF/VI, the increased
exposure for FF in hepatic impairment population is consistent with the earlier
observations, and the PD change is of similar amplitude. Therefore, this reviewer
recommends making FF/VI available for patients with moderate hepatic impairment with
a cautionary labeling language.

VI related: For maximum heart rate, the difference versus healthy subjects was

less than 4 bpm across all hepatic impairment groups (Table 68). Serum potassium

was not consistently lower in the hepatic impairment subjects (Table 69). The lack of PD
changes in heart rate increase or serum potassium decrease was consistent with the
similar PK exposure of VI in hepatic impairment patients compared to healthy subjects.

Table 68. Summary of results from statistical analysis of maximum heart rate (0—4 h) (bpm) on Day 7

Group comparison Adjusted means Difference of 90% Cl of the
test/reference adjusted means difference

Hepatic mild / 76.9/73.1 38 (-12,8.8)

healthy

Hepatic moderate / 76.3/73.1 3.2 (-1.7,8.1)

healthy

Hepatic severe / 70.7/73.1 24 (-7.7,3.0)

healthy

(Source — Table 10, Study HZA 111789 report)

Table 69. Summary of results from statistical analysis of minimum serum potassium (0—4 h)

(mmol/L) on Day 7

Group comparison Adjusted means Difference of 90% CI of the
test/reference adjusted means difference

Hepatic mild / 3.88/3.84 0.04 (-0.19,0.27)
healthy
Hepatic moderate / 3.73/3.84 0.1 (-0.34,0.12)
healthy
Hepatic severe / 3.99/3.84 0.15 (-0.10, 0.40)
healthy

(Source — Table 11, Study HZA 111789 report)

Conclusions:
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No dose adjustment recommended for subjects with hepatic impairment. Monitor for
corticosteroid related side effect in hepatic impairment patients.

DRUG-DRUG INTERACTIONS

DDI with Ketoconazole

Trial # HZA105548

Title: A double-blind, randomised, placebo-controlled, repeat dose, two-way crossover
drug interaction study to investigate the pharmacokinetic and pharmacodynamic effects
following administration of fluticasone furoate/GW642444M inhalation powder with
ketoconazole.

Objective:

e Primary: To determine whether repeat dose co-administration of ketoconazole
with fluticasone furoate (FF)/vilanterol (VI, GW642444) inhalation powder had
an effect on heart rate, blood potassium levels and serum cortisol.

e Secondary:

* To determine whether repeat dose co-administration of ketoconazole with FF/VI
inhalation powder had an effect on blood pressure and QTcF (Fridericia’s)
duration.

* To determine whether repeat dose co-administration of ketoconazole with FF/VI
inhalation powder had an effect on the pharmacokinetics of FF and VI.

* To investigate the safety and tolerability of co-administration of FF/VI
inhalation powder and ketoconazole.

Study design and treatment schedule: single centre, randomised, double-blind (with
respect to ketoconazole), two way crossover study (N=18) (Table 70). Eighteen healthy
subjects received once daily oral ketoconazole 400 mg or placebo (Days 1-11) with co-
administration of fluticasone furoate (FF)/vilanterol (VI, GW642444) inhalation powder
(200/25 mcg) for the final 7 days (Days 5-11).

Table 70. Study design for HZA105548

T Regimen Period 1 Regimen Period 2
reatment
Sequence Code Days Code Days

Period 1 14 Days 5-11 Period2 1_4 Days 5-11
AB A Keto Keto + FF/VI B Placebo Placebo + FF/VI
or or
BA B Placebo Placebo + FF/VI A Keto Keto + FF/VI

Keto = ketoconazole.
(Source — Table 1, Study HZA 105548 report)

Reviewer’s comment:
The given schedule of ketoconazole 400 mg QD is sufficient in achieving the inhibition
of CYP3A4 enzymes in liver and intestine at steady state. FF half-life is ~24 hrs. VI half-
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life is ~3 hrs. The inhibition of CYP3A4 would cover the majority of the elimination
phase of FF and VI.

The product tested in this study (FF/VI 200/25mcg in NDPI) is used in phase III trials,
therefore the information learned in this study could be extrapolated to the to-be-
marketed product.

PK Sampling Schedule
Blood -0, 5, 15, 30,45 min, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 24, 36 and 48 hrs in Periods 1
(Days 5 and 6) and 2 (Days 11, 12 and 13)

Results:

Coadministration with ketoconazole increased C,,.x and AUC of FF and VI.
Ketoconazole coadministration increased mean FF AUC(0-24) and Cmax by 36% and 33%,
respectively and mean VI AUCo-t) and Cmax by 65% and 22%, respectively (Table 71).
Pharmacokinetic results

Higher systemic FF exposure with coadministration of ketoconazole: Repeat dose co-
administration of FF/VI (200/25 mcg) with ketoconazole in comparison with FF/VI
(200/25 mcg) with placebo resulted in greater FF exposure (Figure 38). Mean FF AUC(0-
24) and Cmax were increased by 36% (90% CI: 16% to 59%) and 33% (90% CI:12% to
58%), respectively.

Higher systemic VI exposure with coadministration of ketoconazole: Repeat dose co-
administration of FF/VI (200/25 mcg) with ketoconazole in comparison with FF/VI
(200/25 mcg) with placebo resulted in greater VI exposure (Figure 38). Mean VI AUC(0-
t’) and Cmax were increased by 65% (90% CI: 38% to 97%) and 22% (90% CI: 8% to
38%), respectively.

Table 71: PK parameters and statistical summary for comparison of plasma FF/VI with and without

ketoconazole
Parameter \ Comparison \ Ratio of Geometric Means \ 90% ClI of the Ratio
Fluticasone furoate

AUCp-23) Ketoconazole + FF/V/I 200725 : 1.36 (1.16,1.59)
Placebo + FF/VI 200/25

Crnax Ketoconazole + FF/V/I 200/25 : 1.33 (1.12,1.58)
Placebo + FF/VI 200/25

Vilanterol

AUC ) Ketoconazole + FF/VI 200/25 : 1.65 (1.38,1.97)
Placebo + FF/VI 200/25

Crnax Ketoconazole + FF/VI 200725 : 122 (1.08,1.38)
Placebo + FF/VI 200/25

(Source — Table 11 and 12, Study HZA 105548 report)
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Figure 38. Median FF/VI Semi-log Concentration-time Profiles Following a Single (Day 5) and
Repeated (Day 11) Inhaled Administration of FF/VI (200/25 mcg) with Placebo or Ketoconazole
(Source — Figure 4, Study HZA 105548 report)

Pharmacodynamic Results:
PD effect was assessed on day 11(coadministration of ketoconazole and FF/VI for 7
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days).

FF related: There was an average 27% reduction in weighted mean serum cortisol (024
h) following repeat dosing of FF/VI with ketoconazole compared with FF/VI with
placebo, with the 90% confidence intervals between 14% and 38% (Table 72).

Table 72. Summary of statistical analysis of serum cortisol weighted mean (0—24 h) (mmol/L) on Day
11

Treatment comparison Adjusted geometric means Ratio of adjusted  90% Cl of
test/reference geometric means  the ratio

Ketoconazole + FF/VI 104.62 /14249 0.73 (0.62, 0.86)

200725 mcg : placebo + FF/VI

200/25 mcg

(Source — Table 7, Study HZA 105548 report)

Reviewer’s comment:

FF/VI is an oral inhalation drug intended for local action, and the systemic exposure is
related to safety rather than efficacy. The serum cortisol change with ketoconazole
coadministration is similar to the serum cortisol reduction observed in hepatic
impairment patients. Therefore, this reviewer recommends no dose adjustment, and
monitor for corticosteroid related side effect.

VI related:_Co-administration of repeat dose ketoconazole and FF/VI (200/25 mcg) had
no significant effect on maximum heart rate, blood pressure, or minimum serum
potassium (0-4h). Maximum QTcF (0—4 h) was, on average 7.55 msec higher in the

ketoconazole coadministration group (Table 73).
Table 73. Summary of statistical analysis of minimum diastolic blood pressure, maximum systolic
blood pressure and maximum QTcF (0—4 h) on Day 11

Treatment Parameter Adjusted Difference  90% Cl of
comparison means of adjusted  difference
test/ reference means
Ketoconazole + Minimum diastolic blood 5781598 -2.0 (-44,03)
FF/1200/25 meg - pressure (0-4 h) (mmHg)
placebo + FF/VI Maximum systolic blood 114.9/115.0 -0.1 (-2.7,2.9)
200/25 mcg pressure (0-4 h) (mmHg)
Maximum QTcF (04 h) 425.96/1418.41 7.95 (4.51,10.60)
(msec)

(Source — Table 8, Study HZA 105548 report)

Reviewer’s comment:
The increased PK exposure of VI did not result in significant heart rate increase or serum
potassium decrease when FF/VI is coadministered with ketoconazole.

Prolonged QT interval was observed with ketoconazole coadministration. While
ketoconazole alone may be associated with QTc increases, the increased VI exposure
may also contributed to the QT prolongation. The sponsor label misinterpreted this result
and stated (line 713-715) “The increase in vilanterol exposure was not associated with an
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increase in beta-agonist-related systemic effects on heart rate, blood potassium ek

. b) (4 .
” This statement ®@ needs to be revised.

Conclusions:

When coadministered with ketoconazole, exposure for both FF and VI increased. The
changes in PK lead to a 27% reduction in serum cortisol and 7.6msec increase in QTcF;
therefore, we recommend use with caution with no dose adjustment.

7. DDI Verapamil
Trial # DB2113950
Title: A single-centre, randomised, open-label study to evaluate the effects of steady-
state verapamil, a moderate P-glycoprotein and CYP3 A4 inhibitor, on the
pharmacokinetics of GSK573719 and GSK573719 in combination with GW642444.

Objective:

To assess the effects of verapamil 240 mg once daily on the steady-state
pharmacokinetics of inhaled GW642444 in combination with inhaled GSK573719 in
healthy subjects.

Study design and treatment schedule: Single centre, randomized, open label design.
For this NDA, only data from cohort 2 was relevant and reviewed. Sixteen subjects were
randomized to cohort 2.

Cohort 2, Period 1: GSK573719 (500 mcg) QD and GW642444 (25 mcg) QD for 8 days,
immediately followed by Period 2: 5 days of GSK573719 (500 mcg) QD, GW642444 (25
mcg) QD and verapamil 240 mg QD.

Reviewer’s comment:

Verapamil is a combined P-gp inhibitor/ CYP3A4 inhibitor. The given schedule of
verapamil 240 mg QD is sufficient in achieving the inhibition of P-gp and CYP3A4 at
steady state. VI half-life is ~3 hrs. The inhibition of CYP3A4 would cover the majority of
the elimination phase of FF and VI.

Notably throughout the study report, the dose of GSK573719 and GW642444 are 500
mg, and 25 mg respectively, instead of meg. We assume it’s a typing error.

PK Sampling Schedule
Blood -0, 5, 15, 30,45 min, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 24, 36 and 48 hrs in Periods 1
(Days 5 and 6) and 2 (Days 11, 12 and 13)

Results:

Pharmacokinetic results

Plasma GW 642444 pharmacokinetic parameter estimates are summarized by treatment in
Table 25. GSK573719/VI co-administration with verapamil (240 mg once daily for five
days) did not affect the VI Cmax or AUC. (Table 74).
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Table 74. Summary of Analysis of Derived VI Pharmacokinetic Parameters Following Repeated
Inhaled Administration of GSK573719/VI With and Without Verapamil in Healthy Subjects

Ratio of Adjusted Geometric Means
Parameter Treatment Ratio 90% CI of the Ratio
AUC0-0.25) 719V + V vs 719/VI 1.08 (0.93,1.27)
AUC(-0.5) 719V + V vs 719/VI 1.02 (0.90, 1.15)
AUC.2) 719V + V vs 719/VI 1.14 (0.94,1.37)
Cunax 719V + V vs 719/VI 1.05 (0.90, 1.22)

Cl = confidence interval; V = verapamil; Cmax = maximum observed plasma concentration; AUC(« = area under the
plasma concentration-time curve from time zero to a fixed time x (h).
(Source — Table 14, Study DB2113950 report)

Table 75. Summary Statistics of Day 8 GW642444 Pharmacokinetic Parameters when used in
combination of GSK 573719

Parameter Treatment N | n | Geometric 95% ClI CVb(%)
Mean

AUC(0-0.25) | 719500mg/444 25mg | 16 | 15 | 3905 (29.448, 51372 .

(h*pg/mL) ' ST :

AUC(0-0.5) | 719 500mg/444 25ng | 14 | 15 53.0p1 (36.311, 80.073) 815

(h‘pg!ml_) . . r . .

MJC(O'Z) 719 500mg/444 25mg | 16 | 45 | 78328 (52.168, 117.608) 84.5

(h°pg/mL)

AUC(0-t) | 719 500mg/444 25mg | 16| 15 | 63934 | (40.156,101.792) | 101.2

(h°pg/mL)

E;rgfnfu 719 500mgM4425mg | 46 | 15 | 229048 | (174.813,302471) | 52.7

tmax (h)° 719 500mg/444 25mq | 16 | 15 | 0.0833 (0.0833, 0.1000) NA

tlast (h)* 719 500mg/444 25mg | 16 | 15 | 0.5333 (0.2500, 2.0000) NA

(Source — Table 12, Study DB2113950 report)

Reviewer’s comment:

VI was in combination with another investigational drug GSK573719 in this study. The
product tested (GSK573719/VI in NDPI) was not used in phase III trials for this NDA.
The PK information learned in this study could still be extrapolated to the to-be-marketed
product (FF/VI 100/25mcg), because the VI dose is the same, the plasma VI exposure in
this study is comparable to the VI exposure with FF/VI (Table 75), and also that
GSK573719 was unlikely to interact with VI or verapamil.

Pharmacodynamic results

Maximum heart rate increased by 0.4 bpm with co-administration of repeat dose
verapamil (Table 76). Weighted mean (0-4h) heart rate was 0.61 bpm higher. Maximum
QTcF was 7.67 msec longer (Table 77). Minimum potassium (0-4h) was 0.13mmol/L
lower (Table 78). The clinical implication of these changes is not clear, and the
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interpretation of the PD change is complicated by the presence of another drug
GSK573719.

= Heartrate T
= QT?

= Plasma potassium|
Table 76. Summary of Analysis of Maximum Heart Rate (0—4 h) (bpm)

Treatment Comparison Adjusted Means Difference 90% CI of
Test (+V) Reference Difference

719 v 719+V 69.07 63.33 5.74 (-3.25,14.73)

119/444 v 719/444+V 70.87 70.47 0.40 (-3.04, 3.84)

(Source — Table 18, Study DB2113950 report)

Table 77. Summary of Analysis of Maximum QTcF (0—4 h) (msec)

Treatment Comparison Adjusted Means Difference 90% Cl of
Test (+V) Reference Difference

719v 719+V 410.9 402.0 8.96 (4.75,13.16)

719/444 v 719/444+V 407.0 399.3 1.67 (3.74,11.59)

(Source — Table 24, Study DB2113950 report)

Table 78. Summary of Analysis of Minimum Potassium (0—4 h) (mmol/L)

Treatment Comparison Adjusted Means Difference 90% Cl of
Test (+V) Reference Difference

719 v 719+V 3.93 4.03 -0.10 (-0.19, -0.01)

719/444 v 719/444+V 3.92 4.05 -0.13 (-0.23,-0.04)

(Source — Table 28, Study DB2113950 report)

e Conclusions:
VI pharmacokinetics was not affected by P-gp inhibition. Drug interaction trials with a
specific P-gp inhibitor and fluticasone furoate have not been conducted.

Reviewer’s comment:

VI exposure is similar with the addition of verapamil.

The PD changes might be related to the effect of GSK573719 and verapamil. The PD
changes may not be statistically significant for some endpoints, but the long term impact
on safety is uncertain.

8. DDI between FF and VI
Trial # HZA105871
Title: A randomised, double-blind, placebo-controlled, four-way crossover study to
compare the pharmacodynamics and pharmacokinetics of GW685698X and
GW642444M when administered separately and in combination as a single dose from
a novel dry powder device in healthy subjects.

Objective:
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To evaluate both pharmacokinetic drug interaction (coadministration vs. single ingredient
in the same device) as well as formulation interaction (coadministration vs. combination)
between FF and VL.

Study design and treatment schedule: single centre, double-blind, placebo-controlled,
four-way cross over, randomised, single dose study in healthy subjects. Each subject
received each treatment once only: placebo, GW685698X (800 ng), GW642444M (100
ng) and the GW685698X (800 pg)/GW642444M (100 pg) combination (Table 79). There
was a washout period of 7 to 10 days between doses.

Table 79. Investigational Products used in the study

Drug Dose/Form/Route Frequency Batch Number
GW642444M 100 ng/powder/inhaled Once 071142118
GW685698X 800 pg/powder/inhaled Once 071142412

Placebo Powder/inhaled Once 071141625
GW642444M + 100 ng+800 pg/powder/inhaled Once 071141599
GWE85698X

(Source — section 6.2, Study HZA105871 report)

Reviewer’s comment:

GW642444M/GW685698X 800/100 is not the final dose of the product.
GW642444M/GW685698X 200/25 was tested in phase III programs. This study is
informative in the DDI of the combination drugs, and also provides some information on
the formulation interaction.

PK Sampling Schedule
e Blood -0, 5,15,30min, 1, 1.5,2,3,4,5,6,8, 10, 12, 16, 24, 32 and 48 hr

Results and Conclusions:

FF

Based on both AUC(0-t’) and Cmax, the ratio of the adjusted geometric means and
corresponding 90% confidence intervals indicated lower FF systemic exposure when
used in combination with VI compared to monotherapy. (Table 80)
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Table 80. Summary of Results from Statistical Analysis of GW685698X Pharmacokinetic Parameters
comparing GW685698X/GW642444M to GW685698X

Ratio of Adjusted Geometric
Means comparing
GW685698X/GW642444M to
GW685698X
Parameter Treatment Estimate Estimate 90% ClI of the
(SE Logs) (SE Logs) Ratio
AUC(0-t) GW685698X/GW642444M |  428.0 (0.19)
(pg.h/mL) GW685698X 500.8 (0.19) 0.855(0.0619) | (0.765, 0.955)
AUC(0-1) GW685698X/GW642444M |  441.9(0.19)
(pg.h/mL) GW685698X 560.8 (0.19) 0.788 (0.114) (0.643, 0.966)
Cmax GW685698X/GW642444M 39.5(0.11)
(pg/mL) GW685698X 476 (0.11) 0.830 (0.082) (0.716, 0.961)

Source Data: Table 12.10
SE=standard error; Cl=confidence interval.
(Source — Table 21, Study HZA 105871 report)

VI

Based on both AUC(0-t’) and Cmayx, the ratio of the adjusted geometric means and
corresponding 90% confidence intervals showed no clear evidence of a difference
whether used alone or in combination with FF. (Table 81)

Table 81. Summary of Results from Statistical Analysis of GW642444 Pharmacokinetic Parameters
comparing GW685698X/GW642444M to GW642444M

Ratio of Adjusted Geometric
Means comparing
GW685698X/GW642444M to
GW642444M
Parameter Treatment Estimate Estimate 90% ClI of the
(SE Logs) (SE Logs) Ratio
AUC(0-t) | GW685698X/GW642444M 419 (0.09)
(pg.h/imL) | GW642444M 433 (0.08) 0.967 (0.088) (0.818, 1.142)
AUC(0-t) | GW685698X/GW642444M 460 (0.10)
(pg.h/mL) | GW642444M 471 (0.09) 0.976 (0.128) (0.775, 1.228)
Cmax GW685698X/GW642444M 445 (0.10)
(pg/mL) GW642444M 501 (0.09) 0.888 (0.122) (0.715,1.103)

Source Data: Table 12.9
SE=standard error; Cl=confidence interval.
(Source — Table 23, Study HZA 105871 report)

Nominal total emitted doses (TED) were similar within each compound whether given
alone or in combination (Table 28).
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Table 82. Nominal Total Emitted Dose (Micro g)

Treatment Arithmetic Mean Minimum Maximum
(Standard Deviation)

GW685698X 800 ug alone 655 (24.9) 631 728
GW685698X 800 ug (in combination 660 (16.1) 621 680
with GW642444M 100 ug)

GW642444M 100 pg alone 78 (1.8) 73 80
GW642444M 100 pg (in combination 77 (4.2) 67 82
with GW685698X 800 Lig)

Source Data: Table 13.3
(Source — Table 24, Study HZA 105871 report)

e Conclusions:

The systemic exposure for FF or VI did not increase when the two drugs were used in
combination. Nominal TED was similar with single drug or in combination. The data
supported the combination rule requirement.

Trial # HZA102940

Title: A randomised, double-blind, placebo-controlled, four-way crossover study to
compare the pharmacodynamics and pharmacokinetics of GW685698X and
GW642444M when administered separately and in combination as a single dose from
a novel dry powder device in healthy Japanese subjects.

Objective:

To evaluate both pharmacokinetic drug intraction (coadministration vs. single ingredient
in the same device) as well as formulation interaction (coadministration vs. combination)
between FF and VI in healthy Japanese subjects.

Study design and treatment schedule: single centre, double-blind, placebo-controlled,
four-way cross over, randomised, single dose study in healthy male Japanese subjects.
Each subject received each treatment once only: placebo, GW685698X (800 ng),
GW642444M (50 pg) and the GW685698X (800 ng)/GW642444M (50 pg) combination.
There was a washout period of 7 to 10 days between doses.

Reviewer’s comment:

GW642444M/GW685698X 800/50 is not the final formulation of the product.
GW642444M/GW685698X 200/25 was tested in phase III programs. While this study is
informative about the DDI of the combination drugs, it can only provide limited
information on the formulation interaction.

The study was conducted in Japanese subjects, who had higher systemic exposure
compared to US subjects.

PK Sampling Schedule
Blood -0, 5, 15,30 min, 1, 1.5, 2, 3,4, 5, 6, 8, 10, 12, 16, 24, 32 and 48 hr

Results and Conclusions:
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FF

Based on both AUC(0-t), the ratio of the adjusted geometric means and

corresponding 90% confidence intervals showed no clear evidence of a difference
whether used alone or in combination with VI. Compared to monotherapy, FF Cmax for
the combination product is 19% lower (Table 83).

Table 83: Summary of Results from Statistical Analysis of GW685698X Pharmacokinetic Parameters
comparing GW685698X/GW642444M to GW685698X

Ratio of Adjusted Geometric
Means comparing
GW685698X/GW642444M to
GW685698X
Parameter Treatment Estimate Estimate 90% Cl of the
(SE Logs) (SE Logs) Ratio
AUC(0-t) GW685698X/GW642444M | 936.3 (0.21)
(pg.h/mL) GW685698X 953.3 (0.21) 0.982 (0.0983) | (0.825, 1.169)
Cmax GW685698X/GW642444M 71.4 (0.10)
(pg/mL) GW685698X 88.3 (0.10) 0.809 (0.091) (0.688, 0.951)

Source Data: Table 11.10
SE=standard error; Cl=confidence interval.
(Source — Table 11, Study HZA 102940 report)

VI

Based on both AUC(0-t’) and Cmax, the ratio of the adjusted geometric means and
corresponding 90% confidence intervals showed no clear evidence of a difference
whether used alone or in combination with FF (Table 84).

Table 84: Summary of Results from Statistical Analysis of GW642444 Pharmacokinetic Parameters
comparing GW685698X/GW642444M to GW642444M

Ratio of Adjusted Geometric
Means comparing
GW685698X/GW642444M to

GW642444M
Parameter Treatment Estimate Estimate 90% ClI of the
(SE Logs) (SE Logs) Ratio
AUC(0-t) | GW685698X/GW642444M 195 (0.10)
(pg.h/mL) | GW642444M 174 (0.10) 1.123 (0.064) (1.002, 1.259)
Cmax GW685698X/GW642444M 424 (0.08)
(pg/mL) GW642444M 382 (0.08) 1.108 (0.072) (0.974, 1.261)

Source Data: Table 11.9

SE=standard error; Cl=confidence interval.
(Source — Table 13, Study HZA 102940 report)

Nominal TEDs were similar within each compound whether given alone or in
combination (Table 85).
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Table 85. Nominal Total Emitted Dose (Micro g)

Treatment n Arithmetic Mean Minimum Maximum
(Standard Deviation)

GW685698X 800 ug alone 16 653 (8.8) 638 666
GW685698X 800 g (in combination | 16 682 (1.3) 681 685
with GW642444M 50 pg)

GW642444M 50 g alone 16 37.8 (0.06) 377 379
GW642444M 350 g (in combination 16 41.3(0.98) 39.2 423
with GW685698X 800 Lig)

Source Data: Table 13.3
(Source — Table 26, Study HZA 102940 report)

e Conclusions:

The systemic exposure for FF and VI was similar when the two drugs were used in
combination versus used alone. Nominal TED was similar with single drug or in
combination. The data supported that combination of two drugs does not increase their
systemic concentrations (and perhaps concentrations at local site) of either component.

BIOPHARMACEUTICS

9. Absolute Bioavailability

Trial # HZA102934

Title: An open-label, non-randomised, three-way crossover, single dose study to
determine the absolute bioavailability of fluticasone furoate (FF)/GW642444 inhalation
powder, in healthy subjects.

Objective:

To determine the absolute bioavailability of FF (800 mcg) and GW642444 (vilanterol,
VI) (100 mcg) when administered as the FF/VI inhalation powder from novel dry powder
inhaler in healthy subjects.

Study design and treatment schedule:

open-label, non-randomised, single dose, three way crossover study. Each subject (n=16)
participated in three treatment periods. The three treatment periods were separated by a
washout period of at least 7 days and no more than 14 days.

e Treatment Period 1: subjects received a single inhaled dose of FF (800 mcg)/VI
(100 mcg) inhalation powder via a novel dry powder inhaler (NDPI), in the
morning.

e Treatment Period 2: subjects received a single IV dose of FF (250 mcg).

e Treatment Period 3: subjects received a single IV dose of VI (55 mcg).

PK Sampling Schedule
Blood — Period 1 at pre-dose, 5, 10, 15, 30, 45 min, 1, 1.5, 2, 3,4, 6, 8, 10, 12, 16, 24, 32
and 48 hour after dosing; Period 2 at pre-dose, 10, 20, 25, 30,45 min, 1, 1.5, 2, 3, 4, 6,
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8,10, 12, 16, 24, 32 and 48 hour after dosing; Period 3 at pre-dose, 30, 45 min, 1, 1.25,
1.5,1.75,2,3,4,6,8,10, 12, 16, and 24 hour after dosing;

Results and Conclusions
The absolute bioavailability of FF/VI following oral inhalation administration was 15.2%

for FF and 27.3% for VI (Table 86).

Table 86. Statistical Analysis to Estimate Absolute Bioavailability of FF and VI in Healthy Subjects

Drug Comparison Dose-normalised Ratio of | 90% Cl of the
AUC(0-t) Geometric | geometric ratio
means means
FF Inhaled FF/VIto IV FF 2.10/13.8 0.152 (0.126, 0.184)
VI Inhaled FF/VI to IV VI 2.2718.31 0.273 (0.216, 0.346)

1. Inhaled FF/VI=800/100 mcg, IV FF =250 meg, IV VI = 55 mcg

2. Cl = confidence interval; IV = intravenous

3. Analysed using mixed models with a fixed effect for treatment, and subject fitted as a random effect
(Source — Table 8, Study HZA 102934 report)

PK IN DIFFERENT ETHNIC GROUPS

10.FF PK in Asian and Caucasian Subjects
Trial # HZA 113477
Title: An open-label, randomised, two-way crossover study, to evaluate and compare the
pharmacokinetics of fluticasone furoate, administered from a novel dry powder device
(repeat dose) and intravenously (single dose), in healthy Caucasian, Japanese, Korean and
Chinese subjects.

Objectives
Primary:

e To evaluate the pharmacokinetics of inhaled fluticasone furoate (FF) (200 mcg
and 800 mcg) when administered from the novel dry powder device and when
given intravenously (IV; FF 250 mcg) in healthy Japanese, Korean and Chinese
subjects and compare with pharmacokinetics in healthy Caucasian subjects.

Secondary

e To evaluate the systemic steroid pharmacodynamic effects (serum cortisol) of
repeat dose inhaled FF (200 mcg) in healthy Caucasian, Japanese, Korean and
Chinese subjects.

e To evaluate the cytochrome P450 (CYP) 3A4 activity in healthy Caucasian,
Japanese, Korean and Chinese subjects, and to compare this across each of the
ethnic populations.

e To investigate the safety and tolerability of repeat dose inhaled FF (200 mcg and
800 mcg) administered in healthy Caucasian, Japanese, Korean and Chinese
subjects.

e An exploratory evaluation using an in-vitro simulation method to estimate the ex-
throat dose of FF (200 mcg and 800 mcg) administered by a novel dry powder
inhaler in healthy Caucasian, Japanese, Korean and Chinese subjects to help
understand the relationship between dose (in terms of mass and particle size
distribution) and pharmacokinetic parameters.

NDA204275 Page 133 of 140

Reference ID: 3277491



Study design and treatment schedule:
open-label, randomised, single and repeat dose, two-way crossover study . Eighty healthy
subjects (20 Caucasian, 20 Chinese, 20 Japanese, 20 Korean) to participate in two
treatment periods:

e Inhaled FF 200 mcg once daily (Part A; Days 1-7); followed by inhaled FF 800

mcg once daily (Part B; Day 1 and Days 3-8, i.e. no dose on Day 2).

e A single IV dose of FF 250 mcg given over 20 minutes.
The washout period between Part A and B was 1-7 days. The inhaled and IV treatment
periods were separated by a washout period of at least 7 days and no more than 14 days.

) Inhaled Treatment
Inhaled Treatment Period (Part A&B)

Period (Part A&B)
Randomused t
n;ﬂii:: o Or > Follow-up
Screening N
IV Treatment Period

IV Treatment Period Visit

Figure 39. Study design schematic
(Source — Figure 1, Study HZA113477 report)

PK Sampling Schedule
¢ Blood — Inhaled Period, part A dose 200 mcg day 7 at pre-dose, 15, 30, 45 min,
1,1.5,2,3,4,6,8, 10, 12, 16, 24 hour after dosing; part B dose 800 mcg day 1
at pre-dose, 15, 30,45 min, 1, 1.5,2,3,4,6, 8, 10, 12, 16, 24, 32 and 48 hour
after dosing; day 8 at pre-dose, 15, 30, 45 min, 1, 1.5,2,3,4,6, 8, 10, 12, 16, 24,
32, 48 and 72 hour after dosing; IV Period at pre-dose, 10, 20, 25, 30, 45 min, 1,
1.5,2,3,4,6,8, 10, 12, 16, 24, 32, and 48 hour after dosing.

Results

The exposure of FF as measured by AUC(0-24) and Cmax is higher in east Asian
population (Table 88 and Figure 40) with inhaled doses, but is similar with iv
administration (Table 87 and Figure 40).

After a single I'V dose of 250 mcg, CL is similar among ethnic groups after adjusting for
weight. After 7 inhaled doses, FF AUC(0-24) in east Asian is 27% to 49% higher and FF
Cmax in east Asian is 37% to 78% higher compared to Caucasian. The higher
bioavailability in Asian is supposedly due to increased absorption at lung, since the major
elimination pathway CYP3A4 activity is similar among ethnic groups. The increased FF
exposure is not related to HPA axis suppression in the Asian population, and the PK
difference is not clinically significant.
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Figure 40. Mean plasma concentration of FF following inhaled or iv dose administration in healthy

Asian and Caucasian subjects
(Source — Figure 10.4 and Figure 10.6, Study HZA113477 report)

Table 87. Mean PK parameters of FF 250 mcg following IV administration in healthy Asian and
Caucasian subjects

Parameter Ethnic group comparison Ratio of adjusted 90% CI of ratio
(units) geometric mean
Cmax Chinese:Caucasian 1.296 (1.085, 1.548)
(pg/mL) Japanese:Caucasian 1.270 (1.059, 1.522)
Korean:Caucasian 1435 (1.201, 1.714)
AUC(0-=) Chinese:Caucasian 1.243 (1.099, 1.407)
(pg.h/mL) Japanese:Caucasian 1.019 (0.897, 1.157)
Korean:Caucasian 1.204 (1.063, 1.364)
the Chinese:Caucasian 1.341 (1.108, 1.625)
(h) Japanese:Caucasian 1.107 (0.908, 1.349)
Korean:Caucasian 1.209 (0.996, 1.467)
CL Chinese:Caucasian 0.804 (0.711,0.910)
(L/h) Japanese:Caucasian 0.982 (0.865, 1.115)
Korean:Caucasian 0.830 (0.733, 0.940)
Vss Chinese:Caucasian 1.074 (0.830, 1.389)
(L) Japanese:Caucasian 1.123 (0.861, 1.464)
Korean:Caucasian 0.925 (0.713, 1.199)

(Source — Table 5, Study HZA113477 report)

Table 88. Mean PK parameters of inhaled FF 200 mcg (7 days) in healthy Asian and Caucasian
subjects
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Parameter Ethnic group comparison Ratio of adjusted 90% ClI of ratio

{units) geometric mean

Cmax Chinese:Caucasian 1.637 (1.361, 1.969)

(pg/mL) Japanese:Caucasian 1.373 (1.141, 1.653)
Korean:Caucasian 1.776 (1.477,2.137)

AUC(0-24) Chinese:Caucasian 1.487 (1.190, 1.858)

(pg.n/mL) Japanese:Caucasian 1.274 (1.015, 1.598)
Korean:Caucasian 1.439 (1.153,1.797)

(Source — Table 7, Study HZA 113477 report)

Table 89. Mean PK parameters of inhaled FF 800 mcg single and repeat dose in healthy Asian and
Caucasian subjects

Parameter Day Ethnic group comparison | Ratio of adjusted 90% Cl of ratio
(units) geometric mean
Cmax 1 Chinese:Caucasian 1.345 (1.119, 1.618)
(pg/mL) Japanese:Caucasian 1.413 (1.174,1.700)
Korean:Caucasian 1.585 (1.318, 1.906)
Cmax 8 Chinese:Caucasian 1.542 (1.282, 1.854)
(pg/mL) Japanese:Caucasian 1.404 (1.167, 1.689)
Korean:Caucasian 1.755 (1.459, 2.111)
AUC(0-) 1 Chinese:Caucasian 1.624 (1.207, 2.185)
(pg.h/mL) Japanese:Caucasian 1.774 (1.318, 2.387)
Korean:Caucasian 1.667 (1.243, 2.236)
AUC(0-24) 1 Chinese:Caucasian 1.463 (1.203, 1.781)
(pg.h/mL) Japanese:Caucasian 1.637 (1.344,1.993)
Korean:Caucasian 1.691 (1.390, 2.059)
AUC(0-24) 8 Chinese:Caucasian 1.658 (1.365, 2.013)
(pg.h/mL) Japanese:Caucasian 1.520 (1.250, 1.848)
Korean:Caucasian 1.747 (1.438,2.123)
the 8 Chinese:Caucasian 1.283 (1.040, 1.583)
(h) Japanese:Caucasian 1.255 (1.017, 1.549)
Korean:Caucasian 1.120 (0.909, 1.379)

(Source — Table 9, Study HZA 113477 report)

e Conclusions
The exposure of FF is higher in East Asian population.

SAFETY

11. FF/VI HPA axis suppression

Trial # HZA106851

Title: A Study of the Effects of Inhaled Fluticasone Furoate/GW642444 versus Placebo
on the HPA Axis of Adolescent and Adult Asthmatics

Objectives: To assess the effect of 6 weeks treatment with two once-daily strengths of
inhaled FF/VI on the HPA axis system compared with placebo.

Study design and treatment schedule:
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Multi-center, randomized, double-blind, parallel-group, placebo- (double dummy) and
active- (prednisolone 10 mg) controlled study in subjects 12 to 65 years of age with
persistent asthma.

Eligible subjects were randomized to receive one of the following four treatments
(4:4:4:1 ratio):

* FF/VI 200/25 mcg inhaler for 6 weeks + placebo capsule on the last 7 days of
Treatment (n=56)

* FF/VI 100/25 mcg inhaler for 6 weeks + placebo capsule on the last 7 days of
Treatment (n=56)

* Placebo inhaler for 6 weeks + placebo capsule on the last 7 days of treatment (n=58)
* Placebo inhaler for 6 weeks + prednisolone 10 mg capsule on the last 7 days of
Treatment (n=15)

e Results

PK results

Though many samples are below limits of quantitation for FF, Cmax is quantifiable in
most subjects who received FF/VI. The mean Cmax of FF is 19.4 pg/mL with 100/25
dose and 33.0 pg/mL with 200/25 dose. The PK profile of FF in this study is comparable
to the PK findings in other asthma studies (Table 90).

Table 90. Summary of Selected FF Plasma Pharmacokinetic Parameters

Geometric Mean (35% CI)

Parameter FF/V1 100/25 FFIVI 200/25

n n" n n"
Crmax (pg/mL) 94 5 194 (16.8, 22 4) 56 1 33.0 (28.6, 38.1)
tra (D)’ 94 5 0.50 (0.03, 8.97) 56 1 0.50 (0.07,4.00)
AUCpy o4 5 58.8(37.7,91.8) 56 1 221.7 (152.7, 321.9)
(pg.h/mL)
AUC g2 94 29 NA 56 13 3240 (267.2, 392.9)
(pg.h/mL)

(Source — Table 19, Study HZA 106851 report)

PD results

The 24-hour diurnal fluctuation in serum cortisol was similar across the treatment groups
with trough concentrations occurring at 4 hours and peak concentrations occurring at 12
or 14 hours on both Day 1 and Day 42 (Figure 41). Non-inferiority was demonstrated for
the primary endpoint (0-24 h serum cortisol weighted mean at the end of the 6-week
treatment period) as the lower limit of the two sided 95% CI for the geometric mean ratio
of each dose of FF/VI vs. placebo was greater than 0.8 (0.87 for FF/VI 100/25 and 0.86
for FF/VI 200/25, Table 91). Analysis of serum cortisol AUC(0-24 h) showed similar results
in all treatment groups. Analysis of serum cortisol trough showed numerically lower
ratios for the FF/VI groups (11% decrease for 100/25 mcg and 24% decrease 200/25
mcg, Table 92).
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Figure 41. Geometric Mean Serum Cortisol Concentration-Time Profile (nmoL/L) by Treatment and

Visit (Study HZA106851, SC Population)
(Source — Figure 1, Study HZA106851 report)

Table 91. Analysis of Derived Serum Cortisol Weighted Mean (0-24 h) — Ratio from Baseline

LS Geometric Means Treatment
Treatment Comparison Active Placebo Ratio 95% CI
FF/VI 100/25 vs. Placebo 098 099 0.99 (0.87,1.12)
FF/V1 200/25 vs. Placebo 096 099 097 (0.86, 1.10)
Prednisolone vs. Placebo 033 099 0.34 (0.28,0.41)

Source: Table 6.6
Note: Analysis performed using ANCOVA with covariates of region, sex, age, freatment, and the log of the baseline
values.

(Source — Table 11, Study HZA106851 report)

Table 92. Analysis of Serum Cortisol AUC(0-24 h) and Trough— Ratio from Baseline (Study
HZA106851, SC Population)

LS Geometric Means Treatment
Treatment Comparison Active l Placebo Ratio 95% CI
Serum Cortisol AUC
FF/VI 100/25 vs. Placebo 0.98 0.99 0.99 (0.87,1.12)
FF/VI 200/25 vs. Placebo 0.97 0.99 0.98 (0.86, 1.10)
Prednisolone vs. Placebo 0.34 0.99 0.34 (0.28,0.41)
Serum Cortisol Trough
FF/VI 100/25 vs. Placebo 0.87 0.98 0.89 (0.69, 1.15)
FF/VI1200/25 vs. Placebo 0.74 0.98 0.76 (0.59, 0.97)
Prednisolone vs. Placebo 0.30 098 0.31 (0.21, 0.46)

(Source — Table 13, Study HZA106851 report)

e Conclusions

FF/VI does not have significant HPA axis suppression at 100/25 mcg dose.

Reviewer’s comment:

FF systemic exposure was lower in subjects with COPD compared to in subjects with
asthma. Therefore, the safety conclusion from this study can be extrapolated to the
COPD population.
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4.3.

Appendix — New Drug Application Filing and Review Form

Office of Clinical Pharmacology

New Drug Application Filing and Review Form

General Information about the Submission

Information Information

NDA/BLA Number 204275 Brand Name BREO ELLIPTA

OCP Division (I, I1, ITI, IV, V) 1 Generic Name Fluticasone
Furoate/Vilanterol
Inhalation Powder

Medical Division Pulmonary, Allergy, and Drug Class Inhaled ICS/ LABA

Rheumatology Products
OCP Reviewer Lokesh Jain, Ph.D. Indication(s) COPD
Jianmeng Chen MD, Ph. D
OCP Team Leader Suresh Doddapaneni, Ph.D. Dosage Form Inhalation powder

administered from NDPI

Pharmacometrics Reviewer Satjit Brar, Pharm. D, Ph.D. & Dosing Regimen FF/VI (100/25 mcg)
Atul Bhattaram, Ph.D.
Date of Submission 7/12/2012 Route of Administration Oral Inhalation
Estimated Due Date of OCP Review Sponsor GSK
Medical Division Due Date Priority Classification Standard
PDUFA Due Date 5/12/2013
Clin. Pharm. and Biopharm. Information
“X” if included | Number of Number of Critical Comments If any
at filing studies studies
submitted reviewed
STUDY TYPE
Table of Contents present and sufficient to X
locate reports, tables, data, etc.
Tabular Listing of All Human Studies X
HPK Summary X
Labeling X
Reference Bioanalytical and Analytical X 12 12 SPE- HPLC-MS/MS
Methods
1. Clinical Pharmacology
Mass balance: X 2 2 FFR10008 —FF
B2C106181 -VI
Isozyme characterization: X 4 4 WD2005/01308/00
WD2006/02720/00
WD2006/02574/00
SH2003/00040/00
Blood/plasma ratio: X 1 1 WD2001/00979/00
Plasma protein binding: X 5 5 WD2001/00979/00
WD2003/01268/00
WD2005/01123/00
WD2006/02044/01
2011N118910 00
Transporter specificity: X 3 3 ‘WD2007/01087/00,
WD2006/00293/00,
WD2004/00106/00
Pharmacokinetics (e.g., Phase I) -
Healthy Volunteers- 2011N130718 00
single dose: X 5 5 HZA102932, HZA 102940,
HZA105871, FFA10001, FFA10008
multiple dose: X 3 3 HZA102934, FFA10002, B2C108784
2011N122282_00
Patients- -
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single dose: X 1 1 B2C110165
multiple dose: X 5 5 HZC11348, B2C111045, HZC
110946, HZC112206, HZC112207
Dose proportionality -
fasting / non-fasting single dose: X 1 1 HZA102932
fasting / non-fasting multiple dose:
Drug-drug interaction studies -
In-vivo effects on primary drug: X 3 3 HZA105548 —Ketoconazole
B2C112205- Ketoconazole
DB2113950-Verapamil
In-vivo effects of primary drug: X 2 2 HZA105871, HZA 102940
In-vitro: X 5 5 ‘WD2001/00374/00,
FD2003/00126/00,
WD2005/00543/00,
FD2002/00013/00,
WD2005/01402/00
Subpopulation studies -
ethnicity: X 1 1 HZA113477
gender: X No dedicated study, but gender effect
was assessed in several phase II and
111 studies in pop PK analysis
pediatrics: X 1 0 HZA102942
geriatrics: X No dedicated study, but age effect was
assessed in several phase II and III
studies in pop PK analysis
renal impairment: X 1 1 HZA113970
hepatic impairment: X 1 1 HZA111789
PD -
Phase 2: X 1 1 B2C111045,
Phase 3: X 5 5 HZC 110946, HZC112206,
HZC112207, HZC102970,
HZC102871
PK/PD -
Phase 1 and/or 2, proof of concept: X 2 2 HZC11348, B2C111045
Phase 3 clinical trial: X 3 3 HZC 110946, HZC112206,
HZC112207
Population Analyses -
Data rich: X
Data sparse: X
I1. Biopharmaceutics
Absolute bioavailability X 1 1 HZA102934
Relative bioavailability -
solution as reference:
alternate formulation as reference:
Bioequivalence studies -
traditional design; single / multi dose:
replicate design; single / multi dose:
Food-drug interaction studies
Bio-waiver request based on BCS
BCS class
Dissolution study to evaluate alcohol induced
dose-dumping
1I1. Other CPB Studies X
Genotype/phenotype studies
Chronopharmacokinetics Chronopharmacodynamics was
assessed in HZA 114624
Pediatric development plan Full waiver request
Literature References X
Total Number of Studies 79 57
NDA204275 Page 140 of 140
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BIOPHARMACEUTICS REVIEW
Office of New Drugs Quality Assessment

Application No.: NDA 204-275 (000) Reviewer: Sandra Suarez Sharp, Ph.D
Division: DPARP
Biopharmaceutics Team Leader:

Applicant: GlaxoSmithKline Angelica Dorantes, Ph.D
Trade Name: _ Acting Supervisor: Richard Lostritto, Ph.D

. Fluticasone Furoate/Vilalterol
Generic Name: Inhalation Powder Date Assigned: Sep 2012
Indication:

Date of Review: March 11, 2013

Formulation/strengths Inhalation Powder
Route of Administration Oral Inhalation
SUBMISSIONS REVIEWED IN THIS DOCUMENT
Submission date CDER Stamp Date of informal/Formal Primary review due date
Date Consult

July 12, 2012 July 12, 2012 Sep 2012 March 17, 2012

Dec 15,2012 Dec 15,2012
Type of Submission: Original NDA
Review focus: -Clinical relevance of O® solubility O

REVIEW SUMMARY:

Fluticasone Furoate (FF)/Vilanterol (VI) Inhalation Powder 100/25 mcg is a pre-dispensed multi dose dry
powder for oral inhalation being proposed for the once a day maintenance treatment of Chronic Obstructive
Pulmonary Disease (COPD). FF/VI Inhalation Powder is delivered via a novel, single-step activation dry
powder inhaler (NDPI). When actuated, the inhaler delivers the contents of a single blister simultaneously from
each of the two blister strips. According to the Applicant, the drug product used in the Phase III studies was
fully representative of the to-be-marketed product in terms of formulation and inhaler (NDPI). However, some
improvements were made to the inhaler and secondary pack after the start of the Phase III clinical studies.
These changes were supported through comparative APSD data which will be reviewed by the CMC team.

Currently, dissolution testing has not been implemented as part of the quality control tests of orally inhaled
products (OIPs). Nevertheless, the Applicant used a developmental method to test the dissolution of some
batches representative of clinical trials batches. In order to gain a better understanding of the value of
dissolution testing as a QC tool for OIDPs, the Applicant was requested during the review cycle to provide, if
available, dissolution data for batches tested in phase 3 pivotal trials and commercial batches using the
investigational or other dissolution method. In addition, the Applicant was requested to provide information on
any solubility ®® of FF and VI and to explain how these

®® could impact the drug product mean residence time in the lungs and the rate and extend of
absorption.

The biopharmaceutics review focuses on assessment of the data submitted by the Applicant on Dec 14, 2012, in
response to the biopharmaceutics inquired described above.

®) (@)
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In regards to dissolution testing, GSK stated that although this was implemented for some batches of the
proposed product, there is currently no established methodology for the in vitro dissolution testing of inhaled
products. This Reviewer acknowledges that dissolution testing is not currently being implemented as part of the
quality control testing of orally inhaled products (OIPs) and therefore, it is not a required parameter for QC
purposes.

RECOMMENDATION:
ONDQA-Biopharmaceutics has reviewed NDA 204-275 (000) and its amendment submitted on July
12 and December 16, 2012, and finds this NDA acceptable from the biopharmaceutics perspective.

Comments to the CMC Review Team

e We recommend that the CMC review team evaluates
for both FF and VI in the drug product to be controlled and monitored at release and
throughout stability to assure consistent drug product quality. Alternatively, the Applicant may
implement a control strategy that ensures consistent proportion % throughout
the product’s shelf life that is similar to the one observed in the clinical batches. These

recommendations are based on the following:
o The observed O9 solubility
(see table below) which may have an impact on the mean residence time in the

lungs or the rate and extent of absorption.
o FF and VI are potent drugs and the in vivo impact
has not been determined.

(LIO]

® @

® @

Solubility in Simulated Lung Fluid (mcg/mL)
® @
Fluticasone furoate
Vilanterol trifenatate
w) @)
Sandra Suarez Sharp, Ph. D. Angelica Dorates, Ph. D.
Biopharmaceutics Reviewer Biopharmaceutics Team Leader
Office of New Drugs Quality Assessment Office of New Drugs Quality Assessment
c.c. ASchroeder, CBertha, RLostritto
2
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BIOPARMACEUTICS ASSESSMENT

Background

Fluticasone Furoate (FF)/Vilanterol (VI) Inhalation Powder 100/25 mcg is a pre-
dispensed multi dose dry powder for oral inhalation being proposed for the once a day
maintenance treatment of Chronic Obstructive Pulmonary Disease (COPD). FF/VI
Inhalation Powder is a fixed-dose combination of fluticasone furoate, an inhaled
corticosteroid (ICS) with greater glucocorticoid receptor affinity compared with other
currently available ICS, and vilanterol, a long-acting beta2-agonist (LABA) with
sustained duration of effect in the lung.

FF/VI Inhalation Powder is delivered via a novel, single-step activation dry powder
inhaler (NDPI). Two, double-foil, laminate, blister strips are contained within the inhaler
that provides a total of 30 doses (60 blisters). One strip contains a blend of micronized FF
and lactose. The second strip contains a blend of micronized VI, magnesium stearate and
lactose. When actuated, the inhaler delivers the contents of a single blister simultaneously
from each of the two blister strips. According to the Applicant, the drug product used in
the Phase III studies was fully representative of the to-be-marketed product in terms of
formulation and inhaler (NDPI). However, some improvements were made to the inhaler
and secondary pack after the start of the Phase III clinical studies. These changes were
supported through comparative APSD data which will be reviewed by the CMC team.

Drug Product

The commercial product (30 blister) and sample pack (14 blister) are available for the
treatment of COPD in the following strength combination: 100 microgram fluticasone
furoate and 25 microgram of vilanterol (as trifenatate) per inhalation. The complete
description of the components and quantitative composition of Fluticasone
Furoate/Vilanterol Inhalation Powder is given in Table 1.

Table 1. Composition of Fluticasone Furoate/Vilanterol Inhalation Powder 100/25 microgram

Component Quantity Function
(per | ®® plisterl)

Fluticasone Furoate Blister

Strip 100 meg Active

. b) (4 b) (4
Fluticasone furoate ®@ ®) @)
micronised?
Vilanterol Blister Strip A
Vilanterol trifenatate 40 mcg Active
micronised? (b) (4)
Magnesium stearate 125 meg ) @)

(OIC)

Lactose monohydrate
(b) (4

3. Details of the specification(s) of the active ingredient(s) are provided in S.4.1. Specifications.

4. 40 microgram of vilanterol trifenatate is equivalent to 25 microgram of vilanterol.

5. Excipients comply with JP, Ph. Eur and USP/NF and additional tests to ensure the quality for inhaled use. Details of the
specification are provided in P.4.1 Specification.
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Development Program

Three product strengths were evaluated during development: 200/25 mcg, 100/25 mcg
and 50/25 mcg of FF and VI. In addition, a 400/50 mcg strength has been used for
Clinical Pharmacology studies requiring a supra-therapeutic dose. According to the
Applicant, the composition of the FF/VI blister content used in the bioavailability study,
dose proportionality study, all Phase IIb and Phase III studies is identical to the
composition of the blister content proposed for marketing. The Applicant states that some
improvements have been made to the inhaler and secondary pack after the start of the
Phase III clinical studies. Comparative APSD data for products as used in the
bioavailability and dose proportionality studies and proposed as the commercial products
have been generated. These data provide assurance that the commercial products have
comparable performance to those used in the clinical, dose proportionality and
bioavailability studies and hence bioavailability to the product characterized in in-vivo
studies (refer to CMC review for qualification of this statement).

In-Vitro Dissolution Data

In-vitro dissolution data were generated on the respirable dose for Fluticasone
Furoate/Vilanterol Inhalation Powder 200/25 mcg and 50/25 mcg using simulated lung
fluid as the dissolving agent using a developmentat dissolution method.

The dissolution method can be summarized as follows (see section P.2.2. Pharmaceutical
Development, Section 3.2. for more details):

e Medium: Simulated lung fluid. The simulated lung fluid is prepared

The pH is adjusted to 6.9

Figure 1 and Figure 2 summarized the dissolution profiles obtained for FF and VI,
respectively.

Reference ID: 3275335



Furoate Di:

of Fluti

Time (hours)

- -5025 —8—20025

Figure 1. Dissolution Profile of Fluticasone Furoate in Fluticasone Furoate/Vilanterol Inhalation
Powder.
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Figure 2. Dissolution Profile of Vilanterol Trifenatate in Fluticasone Furoate/Vilanterol
Inhalation Powder.

According to the Applicant, the in-vitro dissolution data are in agreement with the in-vivo
data from the absolute bioavailability study with FF
es 3 and 4, respectivel
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Figure 3. Median FF Semi-log Concentration-Time Profiles Following Single Doses of FF/VI
Administered via NDPI in Healthy Subjects

1000

Vi

-+ FF/VI1 200/100mcg
- &= FF/VI 400/100mcg
—— FF/VI1 800/100mcg

100

10

Median Vi Concnetration [pg/ml]

1

0 k3 4 6 8 10 12
Time [h] ]
Figure 4. Median VI Semi-log Concentration-Time Profiles Following Single Doses of FF/VI
Administered via NDPI in Healthy Subjects.

In order to gain a better understanding of the value of dissolution testing as a QC tool for
OIDPs, the Applicant was requested the following information as part of the mid-cycle
IR dated Dec 10, 2012:

e |f available, provide dissolution profile comparisons for batches tested in phase 3
pivotal trials vs. commercial batches using the investigational or other dissolution
method.
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The following response was received on Dec 16, 2012:

According to the Applicant, no batches of product have yet been manufactured for
commercial supply and dissolution testing of products used in Phase III clinical studies
was not performed. The Applicant added that the dissolution data include as part of the
original submission were for batches of products that are fully representative of those
used in Phase III clinical studies.

The Applicant stated that it is recognized that there is currently no established
methodology for the in vitro dissolution testing of inhaled products.

Reviewer’s Comments

The reviewer acknowledges that dissolution testing is not currently being implemented as
part of the quality control testing of orally inhaled products (OIPs) and therefore, it is
not a required parameter for QC purposes.

e Provide information on the solubility
of fluticasone furoate and vilanterol. Explain how these differences, if any,
could impact the drug product mean residence time in the lungs and the rate and
extend of absorption.

Samples of FF and VI were
The solubility
(to account for method reproducibility) were
determined at room temperature in simulated lung fluid and are summarized in Table 2.

produced experimentall

Table 2. Solubility of Fluticasone Furoate and Vilanterol Trifenatate

Solubility in Simulated Lung Fluid
(mcg/mL)

Fluticasone furoate

Vilanterol trifenatate

on the overall solubili

The Applicant added that the impact
of the drug substances was calculated (Table 3).
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Table 2. Maximum Estimated Overall Solubility of Fluticasone Furoate and
Vilanterol Trifenatate used in drug product manufacture

Estimated Solubility in Simulated
Lung Fluid (mcg/mL)

Fluticasone furoate

Vilanterol trifenatate

Reviewer’s Comments
Since both FF and VI are ve

otent drugs and the in vivo impact
has not been determined, this reviewer is of the opinion
that for both FF and VI in the drug product should be
controlled and monitored at release and throughout stability to assure consistent drug
product quality. Alternatively, the Applicant could implement a control strategy that
ensures consistent proportion throughout the product’s shelf life
that is similar to the one observed in the clinical batches.

RECOMMENDATION:

ONDQA-Biopharmaceutics had reviewed the biopharmaceutics information/data
included in NDA 204-275 (000) and its amendment submitted on Jul 12, 2012 and Dec
16, 2012, respectively, and finds it acceptable.

From the Biopharmaceutics perspective, NDA 204-275 for Fluticasone Furoate/Vilalterol
Inhalation Powder is recommended for approval.
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Office of Clinical Pharmacology

New Drug Application Filing and Review Form

General Information about the Submission

Infor mation Infor mation
NDA/BLA Number 204275 Brand Name BREO ELLIPTA
OCP Division (I, I, 11,1V, V) 1 Generic Name Fluticasone

Furoate/Vilanterol
Inhalation Powder

Medical Division Pulmonary, Allergy, and Drug Class Inhaled ICS/ LABA
Rheumatology Products
OCP Reviewer L okesh Jain, Ph.D. Indication(s) COPD
Jianmeng Chen MD, Ph.D
OCP Team L eader Suresh Doddapaneni, Ph.D. | Dosage Form Inhalation powder
administered from NDPI
Phar macometrics Reviewer Lokesh Jain, Ph.D. & Dosing Regimen FF/V1 (100/25 mcg)

Atul Bhattaram, Ph.D.

Date of Submission 7/12/2012 Route of Administration Oral Inhalation

Estimated Due Date of OCP Review Sponsor GSK

Medical Division Due Date Priority Classification Standard
5/12/2013

PDUFA Due Date

Clin. Pharm. and Biopharm. Information

“X" ifincluded | Number of Number of Critical Comments|f any
at filing studies studies
submitted reviewed
STUDY TYPE
Table of Contents present and sufficient to X
locate reports, tables, data, etc.
Tabular Listing of All Human Studies X
HPK Summary X
L abeling X
Reference Bioanalytical and Analytical X I SPE- HPLC-MS/MS
Methods
|. Clinical Phar macology
Mass balance: X 2 FFR10008 —FF
B2C106181 -VI
| sozyme char acterization: X
Blood/plasmacratio: X 1 WD2001/00979/00
Plasma protein binding: X 2 WD2003/01268/00,2011n118910 00
Transporter specificity: X 1 Study DB2113950
Phar macokinetics (e.g., Phasel) -
2011N130718_00
Healthy Volunteers- -
single dose: X 6 HZA102932, HZA102934,
HZA102940, HZA 105871,
FFA10001, FFA10008
multiple dose: X 3 HZA102936, FFA10002, B2C108784
. 2011N122282_00
Patients- -
single dose: X 1 B2C110165
multiple dose: X 5 HZC11348, B2C111045, HZC
110946, HZC112206, HZC112207
Dose proportionality -
fasting / non-fasting single dose: X 1 HZA102932
fasting / non-fasting multiple dose:
Drug-drug interaction studies -
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In-vivo effects on primary drug: 3 HZA105548 —Ketoconazole
B2C112205- Ketoconazole
DB2113950-Verapamil
In-vivo effects of primary drug: 2 HZA105871, HZA 102940
In-vitro: ‘WD2001/00374/00,
FD2003/00126/00,
WD2005/00543/00,
FD2002/00013/00,
WD2005/01402/00
Subpopulation studies -
ethnicity: 1 HZA113477
gender: No dedicated study, but gender effect
was assessed in several phase II and
111 studies in pop PK analysis
pediatrics: 1 HZA102942
geriatrics: No dedicated study, but age effect was
assessed in several phase II and III
studies in pop PK analysis
renal impairment: 1 HZA113970
hepatic impairment: 1 HZA111789
PD -
Phase 2: 1 B2C111045,
Phase 3: 5 HZC 110946, HZC112206,
HZC112207, HZC102970,
HZC102871
PK/PD -
Phase 1 and/or 2, proof of concept: 2 HZC11348, B2C111045
Phase 3 clinical trial: 3 HZC 110946, HZC112206,
HZC112207
Population Analyses -
Data rich:
Data sparse:
II. Biopharmaceutics
Absolute bioavailability HZA102934
Relative bioavailability -
solution as reference:
alternate formulation as reference:
Bioeguivalence studies -
traditional design; single / multi dose:
replicate design; single / multi dose:
Food-drug interaction studies
Bio-waiver request based on BCS
BCSclass
Dissolution study to evaluate alcohol induced
dose-dumping
[I1. Other CPB Studies
Genotype/phenotype studies
Chronophar macokinetics Chronopharmacodynamics was
assessed in HZA 114624
Pediatric development plan Full waiver request
Literature References
Total Number of Studies 79

On initial review of the NDA/BLA application for filing:

\ Content Parameter | Yes|No|N/A|  Comment
Criteriafor Refusal to File (RTF)
1 | Has the applicant submitted bioequivalence data comparing X
to-be-marketed product(s) and those used in the pivotal
clinical trials?
2 | Has the applicant provided metabolism and drug-drug
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interaction information?

3 | Has the sponsor submitted bioavailability data satisfying the | X
CFR requirements?
4 | Did the sponsor submit data to allow the evaluation of the X
validity of the analytical assay?
5 | Has a rationale for dose selection been submitted? X VIdose- Study B2C111045
FF/VI Dose- HZC 110946
Time of dosing based on
HZA114624
6 | Is the clinical pharmacology and biopharmaceutics section of | X
the NDA organized, indexed and paginated in a manner to
allow substantive review to begin?
7 | Is the clinical pharmacology and biopharmaceutics section of | X
the NDA legible so that a substantive review can begin?
8 | Is the electronic submission searchable, does it have X

appropriate hyperlinks and do the hyperlinks work?

Criteriafor Assessing Quality of an NDA (Preliminary Assessment of Quality)

Data

9

Are the data sets, as requested during pre-submission
discussions, submitted in the appropriate format (e.g.,
CDISC)?

X

10

If applicable, are the pharmacogenomic data sets submitted in
the appropriate format?

Studies and Analyses

11

Is the appropriate pharmacokinetic information submitted?

12

Has the applicant made an appropriate attempt to determine
reasonable dose individualization strategies for this product
(i.e., appropriately designed and analyzed dose-ranging or
pivotal studies)?

<

13

Are the appropriate exposure-response (for desired and
undesired effects) analyses conducted and submitted as
described in the Exposure-Response guidance?

2011N130478_00,
2011N124806_00,
HZC112206 and
HZC112207

14

Is there an adequate attempt by the applicant to use exposure-
response relationships in order to assess the need for dose
adjustments for intrinsic/extrinsic factors that might affect the
pharmacokinetic or pharmacodynamics?

2011N130478_00,
2011N124806_00,
HZC112206 and
HZC112207

15

Are the pediatric exclusivity studies adequately designed to
demonstrate effectiveness, if the drug is indeed effective?

full waiver request

16

Did the applicant submit all the pediatric exclusivity data, as
described in the WR?

full waiver request

17

Is there adequate information on the pharmacokinetics and

exposure-response in the clinical pharmacology section of the
label?

General

18

Are the clinical pharmacology and biopharmaceutics studies
of appropriate design and breadth of investigation to meet
basic requirements for approvability of this product?

19

Was the translation (of study reports or other study
information) from another language needed and provided in
this submission?
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ISTHE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE?
Yes

If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the reasons and provide
comments to be sent to the Applicant.

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-day letter.
- None

Information request to sponsor:
1. Please revise label to include intrinsic and extrinsic factor information in a forest plot as shown in
the following reference:
Essential Pharmacokinetic |nformation for Drug Dosage Decisions: A Concise Visual
Presentation in the Drug Label. Clinical Pharmacology & Therapeutics. Sep 2011; 90(3): 471-
474

Jianmeng Chen and Lokesh Jain

Reviewing Clinical Pharmacologist Date
Suresh Doddapaneni
Team Leader/Supervisor Date

Submission in brief:

I ndication and mechanism of action

GSK has submitted the NDA 204275 seeking the marketing approval for Fluticasone
Furoate/Vilanterol Inhalation Powder (BREO ELLIPTA), to be used as “the long-term once-
daily maintenance treatment of airflow obstruction in patients with chronic obstructive
pulmonary disease (COPD), including chronic bronchitis and/or emphysema. BREO ELLIPTAis
also indicated to reduce exacerbations of COPD in patients with a history of exacerbations.”
FF/VI is not indicated for the treatment of asthma.

Fluticasone Furoate/Vilanterol Inhalation Powder (hereafter referred to as FF/VI) is a novel
inhaled corticosteroid (ICS)/long-acting beta2 agonist (LABA) combination for oral inhalation to
be administered from a Novel Dry Powder Inhaler (NDPI). Recommended dose is FF/VI (100/25
mcg) for the treatment of COPD. FF is currently available in US as nasal spray (VERAMYST™,
AVAMYS™) 110 mcg once daily for the indication of allergic rhinitis.

There have been several interactions between Agency and Sponsor to discuss dosing for the
proposed product as listed in Table 1.

Table 1. Summary of Regulatory history relevant to dose regimen

EOP2- e FDA agreed that QD vs BID FF dosing regimens produced similar efficacy)
COPD results in Asthma

(Jun 2009) e FDA agreed that 50, 100 AND 200 mcg doses of FF were reasonable for
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phase III COPD trials
TypeC ¢ FDA stated dose selection in COPD should be informed by bronchodilator
(Dec 2009) efficacy data in a bronchodilator-sensitive population (asthmatics)
TypeC e FDA agreed that 25 mcg VI is reasonable for Phase 3 trials for COPD, but
(Mar 2010) not asthma
e FDA agreed that once daily dosing of VI appeared reasonable
TypeC e FDA re-stated dose selection in COPD should be informed by
(Jun 2010) bronchodilator efficacy data in a bronchodilator-sensitive population
(asthmatics);
¢ Preliminary review suggests VI dose may differ between asthma and
COPD
PNDA- ¢ FDA stated that allergen challenge studies cannot be relied on to support
COPD FF dose selection for COPD
(Oct 2011)
PNDA e Sponsor noted @9 once daily dosing to
(Apr 2012) improve efficacy for asthma

Summary of information submitted

NDA 204275 consists of 79 clinical and clinical pharmacology studies, including 11 clinical
studies in subjects with COPD, 16 clinical studies in subjects with asthma, and 52 clinical
pharmacology studies.

All
Studies

(N=79)
|
Clinical COPD Program Asthma Program
Pharmacology 11 Studies 16 Studies
52 Studies
+11 with FF/VI Dose Regimen Dose Regimen
~24 with FF (1 study) (8 studies)

<14 with VI

<3 with GW64244H1

+1 VI dose

Efficacy and Safety
(6 studies)

6 with FF/VI

Comparator:
FP/Salmeterol
(3 studies)

3 with FF/VI
Safety (1 study)
1 with GW64244H!

+3 FF dose
+1Vldose

+2 QD vs BID dosing
«2 FF (not final
formulation or
inhaler)?

Efficacy and Safety
(5 studies)

*3 with FF/VI
1 with FF
1 with VI

Safety (2 studies)
+2 with FF/VI

Comparator:
FP/Salmeterol
(1 study)

+1 with FF/VI

The clinical pharmacology information for FF/VI is mainly derived from Phase 1 studies as well
as in vitro studies evaluating permeability, plasma protein binding, role of transporters, and
potential for CYP 450 metabolic enzymes inhibition and induction. Population based modeling
analyses including population pharmacokinetics analysis were performed to assess the effect of
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covariates on pharmacokinetics (PK) and to understand the time course of toxicities and their
association with dose or exposure.

Contribution of FF and VI to combination

-PK
The comparison of systemic PK for FF or VI following administration in combination from the
NDPI vs. administration as mono product is shown in Table 2. All point estimates for geometric
mean ratios were within 0.8 to 1.25; however, lower/upper bounds for few comparisons were
outside the bounds of 0.8 to 1.25. Sponsor stated that these differences are not clinically relevant.

Table 2. Geometric mean ratios and 90% CI for comparison of systemic PK from
combination product vs. mono products

Ratio of geometric mean comparing
Drug Parameter FF/VI to individual drug
Estimate | 90% CI
Study HZA105871 (FF/VI 800/100
FF AUC 0.855 (0.765,0.955)
CMAX 0.830 (0.716,0.961)
VI AUC 0967 (0818 1142)
CMAX 0.888 (0.715,1.103)
Study HZA 102940 (FF/VI 800/50)
FF AUC 0.982 (0.825,1.169)
CMAX 0.809 (0.688,0.951)
VI AUC 1.123 (1.002,1.259)
CMAX 1.108 (0.974,1.261)
-PD

The benefit of FF in the combination was evaluated in four phase III studies in COPD patients -
HZC112206, HZC112207, HZC102871 and HZC102970. The efficacy in improvement of lung
function and decreasing exacerbations in COPD patients was assessed in three strengths of FF/VI
Inhalation Powder (50/25, 100/25 and 200/25 mcg once daily) versus VI alone.

The contribution of VI was assessed in study HZC112206 and HZC112207. In these studies, the
contribution of VI 25 was evaluated by comparing the relevant combination doses with FF 100
and FF 200.

Rational for 100/25 qd dose regimen selection

-Dosefor VI

The 25 mcg dose of VI was selected on the basis of results from a Phase 2 dose-ranging study in
subjects with COPD (Study B2C111045), which tested a range of VI doses (3, 6.25, 12.5, 25 and
50 mcg once daily). Based upon the primary endpoint trough FEV1 (Figure 1) and secondary
endpoint weighted mean FEV 1 as well as the safety profile, 25 mcg was the appropriate dose.
The 25 mcg dose was also supported by study B2C109575 in patients with asthma.
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Fig 1. Effect of VI on lung function (trough FEV)) across doses ranging from 3 mcg to 50

mcg QD
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-Dose for FF

Results for different FF doses on trough FEV1 from the three Phase 2 dose ranging studies in
subjects with varying severity of asthma are summarized in Figure 2, which show substantial
efficacy with FF 100 and near maximal efficacy with FF 300. Sponsor selected three doses of FF
(50, 100 and 200 mcg) for further evaluation in combination with VI in the COPD phase III

program.

Fig 2. Adjusted Treatment Differences From Placebo of Change from Baseline in Trough FEV1 (L)
(LOCF) at Week 8 in Asthma for FF doses ranging from 25-800 mcg QD
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Following selection of doses for individual components of FF and VI, sponsor compared the
efficacy of FF/VI 50/25, 100/25 and 200/25 mcg in Phase III studies in COPD patients. Sponsor
reported that FF/VI 200/25 conferred no additional benefit compared with FF/VI 100/25 in terms
of decrease in %exacerbations. FF/VI 50/25 was reported to be less efficacious than FF/VI
100/25 (Figure 3). Thus, sponsor concluded that FF/VI 100/25 is the most appropriate strength;
therefore, in this application sponsor seeks approval for FF/VI 100/25 strength for the treatment
of COPD.

Fig 3. Kaplan-Meier Plot of Timeto First On-Treatment M oderate or Severe COPD Exacerbations
Based on Phase 3trialsHZC 102970 and HZC 102871
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Dosing Frequency:

Qd vs Bid: Study FF112202 in subjects with asthma supported the comparability of once and
twice daily dosing for FF (Table 3). HZA113310 in subjects with persistent asthma
demonstrated that the improvement of weighted mean FEV1 (0-24h) was similar with VI 6.25
mcg twice daily and VI 12.5 mcg once daily dosing (Figure 4).

Table 3. Asthma; Trough FEV1 (L) on Day 28; Trial FFA112202;

FE 100 BD

EE 200 QD

FP 100 BD

FP 200 QD

LS Mean difference (L)

0.098

0.108

0.132

0.087

95% ClI

(0.064, 0.153)

(0.054, 0.142)

(0.059, 0.205)

(0.014, 0.161)
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Fig 4. Effect of VI dosing on FEV1 in subjects with persistent asthma (study

HZA113310)
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Morning vs evening dosing
Study HZA 114624 in subjects with asthma demonstrated that FF/VI 100/25, whether dosed in
the morning or evening, resulted in a similar efficacy compared with placebo.

Efficacy in Phase 3 trials

All doses of FF/VI combination (and FF or VI individually) evaluated in the primary efficacy
studies for COPD were administered by a NDPI in the morning. The eight Phase 3 studies
supporting the efficacy of FF/VI in COPD patients included:

e Lung function studies: HZC112206 and HZC112207 were double-blind, placebo
controlled, parallel-group, phase ITla studies with a duration of treatment of 24 weeks.
HZC112206 compared following treatment arms: VI 25, FF/VI 50/25 and 100/25.
HZC112207 compared following treatment arms: VI 25, FF/VI 100/25 and 200/25.

e Exacerbation studies: Two double-blind, placebo controlled trial of 1 year duration
testing FF/VI vs. VI in COPD patients (study HZC102970 and HZC102871).

e Lung function with different strength crossover: HZC110946 was a double-blind,
placebo-controlled, three-way incomplete block crossover study, with three 28-day
treatment periods separated by a 14-day washout period. (FF/VI 50/25, FF/VI 100/25,
and FF/VI 200/25).

e Lung function with active control: Three double-blind, double-dummy, 12-week parallel
group studies evaluating FF/VI vs. fluticasone propionate (FP)/salmeterol Inhalation
Powder twice-daily on spirometric profiles in COPD subjects. (study HZC113107,
HZC113109 and HZC112352).
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Effect of intrinsic/extrinsic factors on dose

Food effect study was not conducted because the oral bioavailability for FF/VI is low. No dose
adjustments have been proposed based on studied intrinsic and extrinsic factors such as weight,
age, gender, and race, although systemic exposure for FF was higher in east Asian population. In
patients with moderate or severe hepatic impairment, sponsor recommended use with caution. In
subjects with moderate hepatic impairment, repeat administration of FF/VI resulted in greater FF
systemic exposure and a reduction in serum cortisol compared with healthy subjects. There was
no effect of hepatic impairment on VI systemic exposure. For renal impairment, no dose
adjustments are recommended. There is no evidence for reduced plasma protein binding for FF
or VI in hepatic or renal impairment patients. Co-administration with ketoconazole (CYP3A4
mhibitor) showed modest increases in FF and VI systemic exposure. This was associated with a
reduction in serum cortisol, but did not result in an increased effect on heart rate or blood
potassium. P-gp inhibitor verapamil did not significantly affect the PK of vilanterol.

Effect on QT interval

As per sponsor’s report, a thorough QT study (HZA102936) demonstrated the lack of effect of
FF/VI 200/25 mcg (the highest combination dose being evaluated in Phase III trials) on the
QTcF interval as compared with placebo after 7 days dosing. At a supradose of FF/VI 800/100
mcg for 7 days, there was an effect on QTcF during the first hour after dosing. The largest mean
time-matched difference from placebo was 9.6 msec (90% CI: 7.2, 12.0) at 30 minutes after
dosing.

Pediatrics development plan
Since COPD is a disease of adults and has no pediatric correlate, sponsor has requested a full
waiver from the requirement to conduct pediatric research with FF/VI for COPD. Rl

In the
sponsor proposed label, it states “The safety and efficacy in pediatric patients have not been
established.”

Summary of PK

The PK characteristics of FF/VI are summarized in Figure 5. At doses of FF/VI <200/25 mcg,
plasma concentrations of FF were at or below the LLQ (10 pg/mL) and plasma concentrations of
VI were only above the LLQ (10 pg/mL) for a transient time post-dose (approximately 1 hour).
The PK characteristics were therefore determined at doses higher than the proposed marketed
dose using multiple inhalations.

Oral bioavailability of both FF and VI was low, on average 1.26% and <2%, respectively.
Consequently, systemic exposure for both inhaled FF and VI is primarily due to absorption of the
inhaled portion of the dose delivered to the lung. The absolute bioavailability for FF and VI
(administered as FF/VI) was 15.2% and 27.3%, respectively. The apparent terminal phase
elimination half-lives of FF and VI following inhaled FF/VI were on average, 23.7 h and 2.47 h,
respectively.

FF and VT are extensively distributed, with average volumes of distribution at steady-state of 661
L and 165 L, respectively. FF and VI have high in vitro plasma protein binding, which are
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independent of concentration with average values of >99.6% and 93.9%, respectively. FF was
predominantly bound to albumin (96%) and o:-acid glycoprotein (90%).

FF and VI are both eliminated mainly by CYP3A4 metabolism. In humans, FF is eliminated
primarily by metabolism with metabolites excreting predominantly in feaces. VI is also primarily
eliminated by metabolism with metabolites excreting both in urine and feaces (approximately
70% and 30% of the recovered radioactive dose, respectively).

Steady-state for FF and VI was achieved by the 6th day of once-daily dosing. Based on AUCq.)
accumulation ranged from 74% to 158% for FF and 24 to 140% for VI. Population PK analysis
of Phase III data showed plasma FF concentration time profiles following administration of
FF/VI or FF was described by a two-compartment model with first order absorption and first
order elimination. Plasma VI concentration time profile was described by a three-compartment
population PK model with zero-order absorption and 1% order elimination.

Fig 5. Schematic presentation of FF/VI PK properties
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Summary of population based modeling analysis

FF/VI is administered by oral inhalation and efficacy is presumed to be driven by topical effects
in the lung. Systemic exposures of FF and VI are considered more relevant for safety. Sponsor
conducted population PK analysis to evaluate covariates, and several other population based
modeling analysis to evaluate the association of exposure/dose with safety endpoints (such as
steroid mediated effects on cortisol and f2-mediated effects on heart rate).

Summary of drug-interaction studies

Effect of other drugs on FF/VI

Effect of co-administration of ketoconazole and verapamil on FF/VI exposure (AUC) and Cax
was evaluated. Co-administration of repeat dose inhaled FF/VI (200/25 mcg once daily) and the
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strong CYP3A4 and potent P-gp inhibitor ketoconazole (400 mg once daily), resulted in modest
increases in mean FF AUC(0-24) and Cmax (by 36% and 33%, respectively) and mean VI AUCo-)
and Cmax (by 65% and 22%, respectively). Co-administration did not result in an increase in
beta-adrenoceptor-mediated systemic effects (maximum heart rate and minimum blood
potassium), while steroid-mediated systemic effects were observed with a 27% reduction in
weighted mean serum cortisol (0-24 h). Co-administration with verapamil did not affect the VI
Cmax or AUC.

Effect of FF/VI on other drugs

With low systemic exposures for both FF and VI after oral inhalation administration, potential
for inhibition and induction of metabolic enzymes is negligible.

Mid-Cycle Deliverables
Following are the Mid-Cycle Deliverables;

= Any approvability issues

= Dose Selection

= Exposure-Response Evaluation for Efficacy and Safety
e Drug-drug Interaction and Extrinsic/Intrinsic Factors

= Labeling
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