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1. Executive Summary

1.1 Recommendations

From the viewpoint of the Office of Clinical Pharmacology, NDA 203975 is acceptable.

1.2 Phase IV Commitments
None.

1.3 Summary of Clinical Pharmacology and Biopharmaceutics
Findings

Background

GSK has submitted NDA 203975 seeking the marketing approval for Umeclidinium
bromide/Vilanterol Inhalation Powder (UMEC/VI) (ANORO ELLIPTA) for the
treatment of chronic obstructive pulmonary disease (COPD). UMEC/VI is a long-acting
anticholinergic/long-acting beta2 agonist combination for oral inhalation to be
administered from a Novel Dry Powder Inhaler (NDPI).

This submission includes 7 Phase 3 studies to evaluate the efficacy and safety of
UMEC/VI combination, 3 Phase 2b studies to support dose selection of UMEC, 3 Phase
2b studies to support dose selection of VI and 37 Phase 1 and Phase 2a studies for the
UMEC/VI combination and/or the monotherapy components including several studies of
fluticasone furoate/VI (FF/VI) combination. One additional Phase 3 study to support the
efficacy and safety of UMEC monotherapy (AC4115408) is also included.

Dose selection

Rationale for Dose and Dosing Frequency Selection

The proposed dose of UMEC/VI is 62.5/25 mcg once daily. Two dosing regimens, once
daily doses of UMEC/VI 62.5/25 and 125/25 (mcg/mcg), were tested in Phase 3 studies
in COPD patients. The dosing regimen, including the selection of dose, dosing frequency
and timing of the dose, was established in dose-ranging studies in the COPD population
as well as in asthma patients.

Dose Selection

VI

The 25 mcg daily 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 of
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trough FEV1 (Figure 1) and secondary endpoint of weighted mean FEV1 as well as the
safety profile, 25 mcg was selected as the appropriate dose to study in Phase 3. The
selection of the 25 mcg dose was also supported by study B2C109575 in patients with

asthma.
Figure 1: Effect of VI on Lung Function (trough FEV)) across Doses Ranging from
3 mcg to 50 mcg QD.
COPD (study 111045, Day29, 30% on ICS) Asthma (study109575, Day 28, on ICS)
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UMEC

Results for different UMEC doses on trough FEV; from four Phase 2 dose-ranging
studies in subjects with COPD are summarized in Table 1. Efficacy was observed with
UMEC 62.5 mcg and near maximal efficacy with UMEC 125 mcg. Thus, the sponsor
selected two doses of UMEC (62.5 and 125 mcg) for further evaluation in combination
with VI in the COPD Phase 3 program.

Table 1: Difference from Placebo for LS Mean Change from Baseline in Trough FEV1 (L)

(95% CI).
Difference from Placebo for LS Mean Change from Baseline in Trough FEV1 (L) (95% CI)
by once daily UMEC dose (mcg) ¢
Study 15.6 31.26 825 125 250 500 1000
0.113 0.101 0.124 0.183
ACeT1osaT (0.058, (0.045, (0.068, (0127,
y 0.168) 0.158) 0.179) 0.239)
0.128 0.147 0.095 0.140 0.186
AoeT1or (0.060, 0.077, 0,027, (0.074, 0.113,
y 0.196) 0.216) 0.162) 0.205) 0.259)
0.159 0.168 0.150
Ath ! 132289 (0,088, (0.099, (0.080,
atbay 0.229) 0.238) 0.220)
0.127 0.152
ReeTIos (0,052, (0.076,
y 0.202) 0.229)
— _—
Limited efficacy toxicity
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Following selection of doses for the individual components of UMEC and VI, the
sponsor evaluated the efficacy of UMEC/VI 62.5/25 and 125/25 mcg in Phase 3 studies
in COPD patients.

Dosing Frequency

Study AC4115321 evaluated once and twice daily dosing for UMEC in subjects with
COPD. The improvement of weighted mean FEV, (0-24h) was similar with UMEC 31.25
mcg twice daily and UMEC 62.5 mcg once daily dosing (Figure 2). For VI, Study
HZA113310 investigated once-daily vs. twice daily administration in subjects with
persistent asthma. The improvement of weighted mean FEV; (0-24h) was similar with VI
6.25 mcg twice daily and VI 12.5 mcg once daily dosing (Figure 3).

Figure 2: COPD; Change from Baseline FEV1 (L) on Day 7; Study AC4115321
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Fig 3: Effect of VI Dosing on FEV1 in Subjects with Persistent Asthma (Study
HZA113310)
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Morning vs. evening dosing
All Phase 2 and 3 studies used morning dosing. The timing of dosing is not specified in

the proposed label.

Dose selection based on Phase 3 trials

The efficacy and safety data collected from 6 Phase 3 clinical trials demonstrated that
UMEC/VI 62.5 mecg/25 meg QD is appropriate for COPD patients. However, UMEC/VI
125 meg/25 meg QD did not demonstrate additional benefit to UMEC/VI 62.5 meg/25
meg QD.

Trough FEV; change from baseline data on Day 169 of the four Phase 3 clinical trials
(DB2113360, DB2113361, DB2113373 and DB2113374) demonstrated that UMEC/VI
62.5/25 and 125/25 mmproved lung function. The following conclusions can be deduced
from the acquired Phase 3 information:

e The combination of UMEC/VI 62.5 mcg/25 mcg QD demonstrated added benefit to
individual treatment of VI 25 mcg or UMEC 62.5 mcg, and both VI 25 mcg and
UMEC 62.5 demonstrated higher efficacy than the placebo while safety profiles were
comparable amongst the 4 treatments.

e The combination of UMEC/VI 125 mcg/25 mcg QD demonstrated added benefit to
individual treatment of VI 25 mcg or UMEC 125 mcg, and both VI 25 mecg and
UMEC 125 demonstrated higher efficacy than the placebo while safety profiles were
comparable amongst the 4 treatments.

e The efficacy and safety profiles were comparable between the two combinations
UMEC/VI 62.5 mcg/25 meg and 125 mcg/25 mcg while they are numerically better
than tiotropium 18 meg QD. Similar FEV1 results were obtained in other two Phase 3
studies (DB2114417 and DB2114418).

The safety profiles were comparable between different treatments of the 6 Phase 3
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studies. Out of all 4647 patients of the 6 studies, 1502 patients reported AEs. Moderate or
severe AEs totaled 1155 cases, including the following most frequent ones: 155 cases of
headache, 81 cases of common cold, 78 exacerbations of COPD, 50 cases of upper
respiratory infection, 49 cases of cough, 46 cases of toothache, 43 cases of back pains and
32 cases of pneumonia.

In summary, the efficacy and safety data collected from 6 Phase 3 clinical trials
demonstrated that UMEC/VI 62.5 mcg/25 mcg QD is appropriate for COPD patients.
However, UMEC/VI 125 mcg/25 mcg QD did not demonstrate additional benefit to
UMEC/VI 62.5 mcg/25 mcg QD.

PHARMACOKINETICS

Absorption

e The absolute systemic bioavailability for UMEC and VI was about 12.8% (based on
earlier clinical formulation) and 26%, respectively. However, the systemic
bioavailability of both UMEC and VI was low after oral administration, on average
<1% and <2%, respectively. Therefore, systemic exposures for both inhaled UMEC
and VI are primarily due to absorption of the inhaled portion of the dose delivered to
the lung.

e T was reached by approximately 0.08-1 hours for both UMEC and VI following
oral inhalation administration.

e The accumulation of Cmax after once-daily dosing of UMEC/VI 125/25 pg was 1.3
for UMEC and up to 2.4 fold for VI at Day 7. The assessment of accumulation of
AUC is limited by low assay sensitivity.

e Systemic exposure for UMEC/VI increased in proportion to the dose in the dose
range of 125 to 500 pg for UMEC (AUCuy, Cmax), and 25 to 100 mcg for VI (Cpax).

Distribution
e The in vitro plasma protein binding of UMEC and VI is independent of concentration
with average values of 89% and 97%, respectively.

Metabolism and Transporters

e In vitro metabolism of UMEC is mediated primarily by CYP2D6. However, no
clinically meaningful difference in systemic exposure to UMEC was observed
following repeat daily inhaled dosing of 500 mcg to normal and CYP2D6 poor
metabolizer subjects (Study AC4110106). No dose adjustment is needed in patients
using concomitant CYP2D6 inhibitors or subjects with genetic polymorphisms of
CYP2D6.

e Vlis a substrate of CYP3A4.

e Both VI and UMEC are substrates of P-glycoprotein (P-gp).

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

Elimination
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e In humans, UMEC is eliminated by a combination of biliary and renal elimination of
unchanged UMEC and metabolism. VI is primarily eliminated by metabolism with
metabolites excreting both in urine and feces.

o The effective half-lives of UMEC and VI following oral inhalation administration of
UMEC/VI were about 11 h.

COPD vs. Healthy

e UMEC Cmax in COPD patients was <50% lower as compared to Cmax in healthy
subjects.

¢ VI Cmax in COPD patients was 62% lower while AUC(0-24) was 43% higher
compared to that in healthy subjects.

POPULATION PHARMACOKINETIC ANALYSIS

Population PK models were developed to describe the UMEC and VI systemic exposure
in subjects with COPD in Phase 3 studies DB2113361 and DB2113373. There were no
covariates found in the population PK of UMEC and VI that warrant any dose adjustment
of either component.

SPECIAL POPULATIONS

Renal Impairment
The effect of renal function on the PK of UMEC was evaluated in Studies DB2114636
(UMEC and UMEC/VI) and HZA113970 (VI).

e Following administration of UMEC 125 pg IH, UMEC plasma exposure for subjects
with severe renal impairment was comparable with healthy controls. There was no
difference in the in vitro plasma protein binding of UMEC in healthy vs. severe renal
impaired subjects.

e Systemic VI exposure is higher in severe renal impairment patients. 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 Cp.x compared to subjects with normal renal
function. 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 adjustment is needed for subjects with renal impairment.

Hepatic Impairment
The effect of hepatic function on the PK of UMEC was evaluated in Study DB2114637
(UMEC and UMEC/VI) and Study HZA111789 (VI).

e Systemic UMEC and VI exposure in moderate hepatic impairment patients is
comparable to that in healthy subjects. There was no evidence for reduced plasma
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protein binding of either UMEC or VI in plasma from subjects with varying degrees
of hepatic impairment.
e No dose adjustment is needed for subjects with hepatic impairment.

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 UMEC or VI when administered in combination
compared with administration alone.

During review, we noted that the exposure of VI is 2-3 fold higher after administration of
UMEC/VI compared to FF/VI in both healthy subjects and COPD patients as
summarized in the following table (Table 2). The exposure difference in the two
submissions was communicated to the clinical team, as UMEC/VI is administered by oral
inhalation and the systemic exposure is associated with safety rather than efficacy. An
information request (IR) was also sent to the Sponsor for clarification. Although the
Sponsor agreed with our observation, they did not provide plausible explanation.
Therefore, the VI PK characteristics (ADME) derived from FF/VI studies are not used for
labeling. For VI PK in special population and drug-drug interaction, we consider all
studies done with VI, UMEC/VI, and FF/VI, and use the worst case scenario (largest
observed change in AUC or Cmax) in the labeling.

Table 2: Exposure Comparison between UMEC/VI and FF/VI Programs.
Geometric mean

Study Subjects Treatment Days of AUC(p24)y  Cax
dosing (pg*h/ml)  (pg/ml)
DB2114635 Healthy UMEC/VI125/25 10 429 340
meg
DB2113361, COPD UMEC/VI 125/25  Phase 3, 614.7 127.9
DB2113373 mcg, steady
VI 25 meg state
HZA102936, Healthy FF/VI200/25 mcg 7 213.9 130.5
HZA105548, VI 25mcg
HZA113970,
HZA111789
HZC111348, COPD FF/VI 50/25, Phase 3, 265.7 43.2
HCZ110946, 100/25, 200/25, steady
HZC112206, 400/25 mcg state
HZC112207

Source: Table 11, Table 26, Table 78 and Table 79, 2.7.2, Summary of Clinical Pharmacology

Effect of co-administered drugs on UMEC/VI exposure
e (Co-administration with strong CYP3A4 and potent P-gp inhibitor ketoconazole,
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resulted in higher VI AUC ., (increase by 90%). Caution should be exercised when
co-administer UMEC/VI 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 needed for
UMEC/VI when co-administered with verapamil.

e There was no clinically significant difference in the systemic exposure to UMEC
following 7 days of repeat dosing with IH doses up to 1000 mcg between normal
metabolizer and CYP2D6 poor metabolizer. No dose adjustment is needed in patients
using concomitant CYP2D6 inhibitors or subjects with genetic polymorphisms of
CYP2D6.

Effect of UMEC/VI on exposure of co-administered drugs

e With low systemic exposures for both UMEC and VI after oral inhalation
administration, potential for inhibition and induction of metabolic enzymes is
negligible.

PHARMACOKINETIC/PHARMACODYNAMIC RELATIONSHIPS FOR
SAFETY

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

Effect of UMEC/VI on QTc

QT effect for UMEC/VI was evaluated in a randomized, placebo-controlled, incomplete
block, four-period crossover, repeat dose study (DB2114635). In this study, subjects
were given dry powder inhaler once daily for 10 days as placebo, UMEC 500 mcg,
UMEC/VI 125/25 mcg, UMEC/VI 500/100 mcg. The active control was single oral dose
of moxifloxacin 400 mg on Day 10. No significant QTc prolongation effects of a
therapeutic dose of UMEC/VI 125/25 mcg and supratherapeutic dose of UMEC 500 mcg
were detected in this TQT study. The largest upper bounds of the 2-sided 90% CI for the
mean differences between UMEC/VI 125/25 mcg and placebo, and between UMEC 500
mcg and placebo were below 10 ms, the threshold for regulatory concern as described in
ICH E14 guidelines. However, the largest upper bounds of the 2-sided 90% CI for the
mean difference between UMEC/VI 500/100 mcg and placebo was 10.7 which is higher
than the threshold for regulatory concern as described in ICH E14 guidelines.

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.

In vitro studies using human biomaterials were conducted and are listed Table 2.1a.
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Table 2.1a: In Vitro Studies for UMEC and VI Using Human Biomaterials.
Drug ADME Objective Study/Report name
Absorption In vitro substrate of P-gp WD2006/02657
Umeclidinium Distribution In vitro inhibition of P-gp WD2006/02596
bromide In vitro substrate of OCT1,2,3, OCTNI1,2 WD2010/00669
(GSK573719) In vitro protein binding WD2008/00503
Protein binding in renal and hepatic 2012N144582
impairment patients
Metabolism In vitro inhibition of CYP450 enzymes CH200500950
In vitro metabolism profiling in human 05DMWO039
In vitro investigation of human Oxidative | 06DMWO086
enzymology
In vitro metabolism in human hepatocytes | 06DMW 136
Vilanterol Absorption VI as P-gp substrate WD2004/00106/00
(GW642444) Distribution Blood cell association WD2006/02044/01
Human plasma protein binding
Human albumin, al-acid glycoprotein, or | 2011N118910_00
gamma-globulin binding
Metabolism Metabolism of VI in human liver and lung | 2011N21880_00
microsomes
Identify CYP450 isoforms responsible for | WD2006/02720/00
VI 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
UMEC/VI Distribution Healthy, hepatic impairment and renal 2011N118910_00
impairment human plasma, protein
binding for UMEC and VI

The clinical pharmacology studies in healthy subjects are summarized in Table 2.1b
(UMEC) and Table 2.1c (VI). The PK profile of UMEC in healthy subjects was evaluated
in 9 Phase 1 studies (Studies AC4105209, AC4106889, AC4113377, DB2113208,
DB2114636, DB2114637, DB2114635, AC4110106, DB2113950), and in COPD in one
Phase 1 study (Study AC4108123), one Phase Ila study (Study AC4105211), three Phase
2b studies (Studies AC4115321, AC4113073, AC4113589), and three Phase 3 studies
(Studies AC4115408, DB2113361, DB2113373).

The PK profile of VI in healthy subjects was evaluated in 11 Phase 1 studies (Studies
HZA102934, B2C108784, DBI1111509, DBI1112146, DB2113208, DB1112017,
HZA111789, HZA113970, B2C112205, HZA105548, and HZA102936) and in COPD
patients in one Phase 1 study (Study B2C110165), one Phase 2a study (Study
HZC111348), one Phase 3 study (Study HZC110946), and two Phase 3 studies (Study
DB2113361 and Study DB2113373).

The PK of UMEC/VI after the administration following routes other than inhalation was
evaluated in Studies HZA102934, B2C106181, B2C106180, AC4112008, AC4112014.
The PD of UMEC/VI was evaluated in Studies DB2113120, AC4115487, P2C1001,
DB1111509, HZA102940, B2C104604. All clinical studies by treatment are summarized
briefly in Table 2.1d.
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Table 2.1b: Summary of Clinical Studies with UMEC PK Assessments.
No. of Subjects Formulation and
Protocol Design Treated Treatments Device

DB2114635 Phase 1, R, Healthy subjects | UMEC 500 mcg QD (N=76) Lactose/MgSt via
DB?, PC, aged 19-63 years | UMEC/VI 125/25 meg QD (N=78) Novel DPI
4-way X0, N=103 UMEC/VI 500/100 mcg QD (N=76)

RD, TQT Moxifloxacin 400 mg QD (N=74)
Study Placebo (N=77)

DB2113208 Phase 1, R, Healthy UMEC 500 meg QD (N=15) Lactose/MgSt via
DB, PC, Japanese V150 meg QD (N=16) Novel DPI
4-way XO, subjects UMEC/VI 500/50 meg QD (N=15)

SD aged 21-58 years | Placebo (N=14)
N=16

DB2113950 Phase 1, R, Healthy subjects | UMEC 500 meg QD (N=16) Lactose/MgSt via

PG,OL,RD | aged 20-65 years | UMEC 500 mcg QD+V 240 mg QD (N=15) Novel DPI
N=32 UMEC/VI 500/25 mcg QD (N=16)
UMEC/VI 500/25 mcg+ V 240 mg QD (N=15)

DB2114636° | Phase 1,SB, | Healthy subjects | UMEC 125 mcg QD (N=9) Lactose/MgSt via
NR, SD, and subjects with | UMEC/VI 125/25 meg QD (N=9) Novel DPI
2-Period renal impairment

aged 36-63 years
N=9 (healthy
subjects only)

DB2114637¢ | Phase 1,0L, | Healthy subjects | UMEC 125 mcg QD (SD and RD) (N=9) Lactose/MgSt via
NR, SD,RD, | and subjects with | UMEC/VI 125/25 mcg (SD only) (N=9) Novel DPI
2-Period hepatic

impairment

aged 31-70 years
N=9 (healthy
subjects only)

AC4105203 | Phase 1R, Healthy subjects | UMEC 10 mcg QD (N=10) Lactose! (®)(4)
DB, PC, aged 21-50 years | UMEC 20 mcg QD (N=10) (0) ()5
5-way XO, N=20 UMEC 60 mcg QD (N=10) DISKUS
SD, Dose- UMEC 100 mecg QD (N=9)
ascending UMEC 250 meg QD (N=10)

UMEC 350 mecg QD (N=9)
TIO (N=19)
Placebo (N=19)

AC410688%¢ | Phase 1R, Healthy subjects | UMEC 250 mcg QD (N=9) Lactose/| @ @)
DB, PC, PG, | aged 20-53 years | UMEC 750 meg QD (N=9) (b) (@)yia
SD, RD, N=36 UMEC 1000 mcg QD (N=9) DISKUS
Dose- Placebo QD (N=9)
ascending

Reference ID: 3358407
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ACA110106 Phase 1, R, Healthy subjects | Part 1/Single-dose Lactose/MgSt via
DE,PC, 5D, | andina UMEC 100 meg QD (N=16) MNovel DPI
RD, 2-Part, healthy UMEC 500 meg (N=16)

Dose- population of UMEC 1000 mcg (N=16)
ascending cytochrome P450 | Placebo (N=4)
1soenzyme 206
poor Part 1/Repeat-dose
metabolizers UMEC 500 mecg (N=8)
aged 18-64 years | UMEC 1000 mecg (N=8)
N=20 (Part 1) Placeho (N=4)
N=16 (Part 2)
Part 2/Single-dose
UMEC 100 meg QD (N=6)
UMEC 500 meg (N=12)
UMEC 1000 mcg (N=6)
Placebo [N=4)
Part 2/[Repeat-dose
UMEC 500 meg (N=6)
UMEC 1000 meg (N=11)
Placebo (N=4)

AC411337T Phase 1R, Healthy UMECG 250 meg (N=12) Lactose/Mg5t via
DB, PC, 5D, | Japanese UMECG 500 meg (N=12) MNovel DPI
RD, Dose- subjects UMEC 1000 meg (N=12)
ascending aged 21-38 years | Placebo (N=12)

N=48

Reference ID: 3358407
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Protocol Design Diagnosis/No. of Treatments Formulation and
Subjects Treated Device

AC4105211 | Phase 2a,R, | Subjects with UMEC 250 mcg QD (Cohort 1; N=10) | Lactose/MgSt via
DB, PC,PG, | COPD aged 48-75 | UMEC 250 mcg QD (Cohort 2; N=10) | Novel DPI
7-Day, Dose- | years N=38 UMEC 1000 mcg QD (Cohort 3; N=9)
ascending, Placebo (N=9)

RD

DB2113361 | Phase 3a,R, | Subjects with UMEC 125 meg QD (N=407) Lactose/MgSt via
DB, PG,PC, | COPD aged 40-86 | VI 25 mcg QD (N=404) Novel DPI
24-week; RD | years UMEC/NI 125/25 meg QD (N=403)

N=1489 Placebo (N=275)

DB2113373 | Phase 3a, R, | Subjects with UMEC 62.5 mcg QD (N=418) Lactose/MgSt via
DB, PG, PC, | COPD aged 40-93 | V125 mcg QD (N=421) Novel DPI
24-week; RD | years UMEC/VI 62.5/25 mecg QD (N=413)

N=1532 Placebo (N=280)

AC4108123 | Phase 1,R, | Subjects with UMEC 250 meg QD (N=22) Lactose/ ® @)
DB, PC, COPD aged 48-67 | UMEC 500 mecg QD (N=21) via
4-way XO, years N=24 UMEC 1000 mcg QD (N=13) DISKUS/ACCUHALER
Dose- TIO 18 meg QD (N=8)
ascending; Placebo (N=21)

SD

AC4113589 | Phase 2b,R, | Subjects with UMEC 125 meg QD (N=71) Lactose/MgSt via
DB, PC,PG, | COPD aged 40-79 | UMEC 250 mcg QD (N=72) Novel DPI
28-Day, years UMEC 500 meg QD (N=71)

Dose-ranging, | N=285 placebo (N=71)
RD

AC4115321 | Phase 2b,R, | Subjects with UMEC 15.6 mcg QD (N=60) Lactose/MgSt via
DB, PC, COPD aged 41- UMEC 31.25 meg QD (N=57) Novel DPI
3-way XO, 80 years UMEC 62.5 mecg QD (N=59)
7-day, N=163 UMEC 125 mecg QD (N=60)

Dose-ranging, UMEC 15.6 mecg BD (N=56)

RD UMEC 31.25 meg BD (N=58)
TIO 18 meg QD (N=56)
Placebo (N=60)

AC4113073 | Phase 2b, R, | Subjects with UMEC 62.5 mcg QD (N=35) Lactose/MgSt via
DB, PC, COPD aged 42-79 | UMEC 125 mcg QD (N=34) Novel DPI
3-way XO, years UMEC 250 meg QD (N=36)

14- day, N=176 UMEC 500 meg QD (N=38)

Dose-ranging, UMEC 1000 mcg QD (N=32)

RD UMEC 62.5 mcg BD (N=34)
UMEC 125 mcg BD (N=37)
UMEC 250 mcg BD (N=33)
TIO 18 meg QD (N=35)
Placebo (N=158)

AC4115408 | Phase 3a,R, | Subjects with UMEC 62.5 mcg QD (N=69) Lactose/MgSt via
DB, PG,PC, | COPD aged 41-86 | UMEC 125 mcg QD (N=69) Novel DPI
12-week; RD | years Placebo (N=68)

N=206

Source: Table 3, Summary of Clinical Pharmacology

| Table 2.1c: Summary of Clinical Studies with VI PK Assessments.
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No. of Subjects Formulation and
Protocol Design Treated Treatments Device

HZA102936 | Phase 1, R, | Healthy subjects | FF/VI 200725 mcg (N=81) Lactose/MgSt via
DBa, PC, aged 18-65 years | FF/VI 800/100 mcg (N=80) MNovel DPI
4-way X0, N=85 Moxifloxacin (N=79)

RD, TQT Placebo (84)
Study

HZA102934 | Phase 1, Healthy subjects | FF/\I 800/100 meg IH (N=16) Lactose/MgSt via
NR, OL, 3- aged 21-40 years | FF 250 mcg IV (N=16) MNovel DPI
period X0, N=16 VI 55 meg IV (N=16)
sD

HZA105548 | Phase 1, R, | Healthy subjects | FFVI200/25 mog + KETO 200 mg Lactose/MgSt via
DB, PC, aged 22-39 years | (N=18) MNovel DPI
2-way X0, N=18 FF/VI 200/25 mcg + Placebo (N=18)

RD KETO 200 mg (N=18)
Placebo (N=18)
HZA11178% | Phase 1, Healthy subjects | FF/VI 200/25 mog (N=9) Lactose/MgSt via
NR, OL, RD, | and subjects with Movel DPI
hepatic
impairment
aged 33-61 years
N=9 (healthy
subjects only)

HZA113970° | Phase 1, Healthy subjects | FF/VI 200/25 mcg (N=9) Lactose/MgSt via
NR, OL, RD | and subjects with Movel DPI

severe renal
impairment

aged 33-66 years
N=9 (healthy
subjects only)

B2C108784 | Phase 1, R, | Healthy subjects | VI 25 mog (N=9) Lactose/MgSt powder
DB, PC, PG, | aged 19-53 years | V150 mcg (N=9) via DISKUS
RD N=38 V1100 meg (N=9)

Placebo (N=9)

B2C112205 | Phase 1, R, | Healthy subjects | VI 25 mcg + KETO 400 mg (N=19) Mgt via Novel DPI
DB, PC, aged 18-52 years | VI 25 mcg + Placebo (N=18)
2-way XO, N=20 KETO 400 mg (N=20)

Sp Placebo (N=19)

DB1111509¢ | Phase 1, R, | Healthy subjects | GSK233705 200 mcg (N=16) Lactose/MgSt via
DB, PC, aged 23-65 years | VI 50 mcg (N=16) MNovel DPI
4-way X0, N=16 GSK233705/V1 200/50 mecg (N=16)

SD Placebo (N=16)

DB1112017 | Phase 1, R, | Healthy Japanese | VI 12.5mcg (N=12) Lactose/MgSt via
DB, PC, PG, | subjects V125 meg (N=12) MNovel DPI
RD aged 20-28 years | Placebo (N=8)

N=32

DB1112146= | Phase 1, R, | Healthy Japanese | GSK233705 200 mcg (N=16) Lactose/MgSt via
DB, PC, subjects V150 mcg (N=18) MNovel DPI
4-way X0, aged 22-48 years | GSK233705/VI 200/50 mcg (N=16)
sD N=16 Placebo (N=16)

DB2113208 | Phase 1,R, | Healthy Japanese | UMEC 500 mcg QD (N=15) Lactose/Mg5St via
DB, PC, subjects V150 meg QD (N=16) Navel DPI
4-way X0, aged 21-58 years | UMEC/VI 500/50 mcg QD (N=15)
sSD N=16 Placebo (N=14)

Reference ID: 3358407
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Protocel Design Diagnosis/No. of Treatments Formulation and
Subjects Treated Device

DB2113361 | Phase 3a,R, | Subjects with UMEC 125 meg QD (N=407) Lactose/Mg5t via
DB, PG, PC, | COPD aged 40-86 | VI 25 mcg QD (N=404) Movel DPI
24-week, RD | years UMECNI 125/25 mcg QD (N=403)

N=1489 Placebo (N=275)

DB2113373 Phase 3a, R, | Subjects with UMEC 62.5 mcg QD (N=418) Lactose/Mg5t via
OB, PG, PC, | COPD aged 40-93 | VI 25 mcg QD (N=421) Movel DPI
24-week. RD | years UMECNI1 62.5/25 mcg QD (N=413)

N=1532 placebo (N=280)

HZC111348 | Phase 2a,R, | Subjects with FFVI 400725 meg QD (N=40) Lactose/Mg5St via
DB, PC, PG, COPD aged 42-77 | placebo (N=20) Novel DPI
28-day. RD years

N=60

B2C110165 | Phase 1, R, Subjects with V125 meg QD (N=20) Lactose/Mg5St via
DB, PC, COPD aged 48-75 | V150 meg QD (N=13) DISKUS/ACCUHALER
4-way X0, years V1 100 meg QD (N=8)

Dose- N=20 GW642444H 100meg QD (N=12)
ascending, placebo (N=19)
S0

HZC110946 | Phase 3, R, Subjects with FFVI 50125 meg QD (N=34) Lactose/MgSt via
DB, PC, COPD aged 44-82 | FF/VI 100/25 mcg QD (N=33) Novel DPI
J-way X0, years FFV1 20025 meg QD (N=31)
28-day, RD N=54 placebo (N=51)

Source: Table 5, Summary of Clinical Pharmacology

Table 2.1d: All Clinical Studies by Treatment.

Type of Study | Number of Studies | Studies

All Clinical Pharmacelegy Studies (40 studies total)

UMEC/VI 2

8

DB2113208, DB2113950, DB2114635, DB2114636,
DB2114637, DB2113120, DB2113361, DE2113373

UMEC

13

AC4105209, AG4105211, AC4110106, AC4106883,
AC4108123, AG4112008, AC41133T7, AC4115487,
ACA112014, ACA113589, ACA115321, AC4113073,
AC4115408

VI {including

GWed2444H) &

19

B2C10001, B2C106180, B2C106181, B2C108784,
B2C110165, B2C112205, DB1112148,
DE111150%AC2111509, DE1112017, HZA102934,

HZA102936, HZA102940, HZA105548, HZA105871,
HZA111789, HZA113970, HZC111348, HCZ110948,

B2C104604

Source: Table 1, Summary of Clinical Pharmacology

The UMEC formulation and VI formulation were developed separately and subsequently
combined as a single inhaler. The proposed to-be-marketed product contains 2 double-
foil blister strips. Each blister on one strip contains a white powder mix of micronized
umeclidinium bromide (74.2 mcg equivalent to 62.5 mcg of umeclidinium), magnesium
stearate (75 mcg), and lactose monohydrate (to 12.5 mg), and each blister on the other
strip contains a white powder mix of micronized vilanterol trifenatate (40 mcg equivalent
to 25 mcg of vilanterol), magnesium stearate (125 mcg), and lactose monohydrate (to
12.5 mg). For UMEC, the formulations used in early clinical studies and the to-be-
marketed formulation were different. However, as Phase 3 formulation was same as
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commercial formulation, no relative bioavailability study was conducted. Because the
earlier clinical formulation and Phase 3 formulation was not bridged, the PK results from
earlier clinical formulation will not be included the labeling, although the results will be
presented briefly in this review.

A summary of formulations for UMEC or UMEC/VI used in the clinical studies is shown
in the table 2.1e.

Table 2.1e: Formulations Used in the Clinical Trials.
Study Design Formulation Formulation source | Comments
safety tolerability and Earlier clinical PK results will not
AC4105211 PK formulation P22 table 16 be in the labeling
Earlier clinical PK results will not
AC4113589 dose-ranging formulation P22 Table 16 be in the labeling
dose-ranging and dose Earlier clinical PK results will not
AC4113073 interval formulation P22 Table 16 be in the labeling
FTIM, safety, Earlier clinical PK results will not
AC4105209 tolerability, PK, PD formulation P22 Table 16 be in the labeling
safety, tolerability, PK, | Earlier clinical PK results will not
AC4108123 PD formulation P22 Table 16 be in the labeling
safety, tolerability, PK, | Earlier clinical PK results will not
AC4106889 PD formulation P22 Table 16 be in the labeling
safety, tolerability, PK, | Earlier clinical PK results will not
AC4110106 PD formulation P22 Table 16 be in the labeling
Earlier clinical PK results will not
AC4112008 safety and tolerability formulation P22 Tables 16, 18, 18 | be in the labeling
safety, tolerability, PK, | Earlier clinical PK results will not
DB2113950 PD formulation P22 Tables 16, 23 be in the labeling
Earlier clinical PK results will not
AC4115321 dose-ranging formulation P22 Table 17 be in the labeling
safety, tolerability, PK, | Earlier clinical PK results will not
AC4113377 PD formulation P22 Table 17 be in the labeling
PK results will be
safety, tolerability, in the labeling
AC4112014 mass balance solution P22 Table 18
safety, tolerability, PK, | Earlier clinical PK results will not
B2113208 PD formulation P22 Tables 21, 22 be in the labeling
Earlier clinical PK results will be
DB2114635 QT formulation P22 Tables 21, 24, 23 | in the labeling
safety tolerability 28 Earlier clinical PK results will not
DB2113120 days formulation P22 Table 23 be in the labeling
Commercial and
phase 3 PK results will be
DB2114636 renal impairment study | formulation p22 Tables 24, 25 in the labeling
Commercial and
hepatic impairment Phase 3 PK results will be
DB2114637 study formulation P22 Tables 24, 25 in the labeling
Commercial and PK results will be
efficacy and safety over | Phase 3 in the labeling
DB2113361 24 weeks formulation P22 Tables 24, 25, 26
Commercial and PK results will be
efficacy and safety over | Phase 3 in the labeling
DB2113373 24 weeks formulation P22 Tables 24, 25, 26
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Commercial and

PK results will be

safety and efficacy and | phase 3 in the labeling
AC4115408 dose selection formulation P22 Tables 25
Commercial and PK results will be
phase 3 in the labeling
AC4115487 PD formulation P22 Tables 25, 27

The formulation for VI or FF/VI used in clinical trials in this submission was the to-be-
marketed formulation. Therefore, the PK data from these studies (B2C10001,
B2C110165, DBI1111509/AC2111509, HZA102936, HZA111789, B2C104604,
B2C106180, B2C112205, DBI1112017, HZA102940, HZA113970, B2C106181,
DBI1112146, HZA102934, HZA105548, HZC111348, B2C108784, HZA105871,
HCZ110946) are reviewed for UMEC/VI labeling.

During review, we noted that the exposure of VI is 2-3-fold higher after administration of
UMEC/VI compared to FF/VI in both healthy subjects and COPD patients, as
summarized in the following table (Table 2.1.f). The exposure difference in the two
submissions was communicated to the clinical team, as UMEC/VI is administered by oral
inhalation and the systemic exposure is associated with safety rather than efficacy. An
information request (IR) was also sent to the Sponsor for clarification. Although the
Sponsor agreed with our observation, they did not provide plausible explanation.
Therefore, the VI PK characteristics (ADME) derived from FF/VI studies are not used for
labeling. For VI PK in special population and drug-drug interaction, we consider all
studies done with VI, UMEC/VI, and FF/VI, and use the worst case scenario (largest
observed change in AUC or Cmax) in the labeling.

Table 2.1f: Comparison of VI exposure in FF/VVI and UMEC/VI.
Geometric mean
Study Subjects Treatment Days of AUCp24) Crmax
dosing (pg*h/ml) (pg/ml)

DB2114635 Healthy UMEC/VI 125/25 10 429 340

mcg
DB2113361, COPD UMEC/VI 125/25  Phase 3, 614.7 127.9
DB2113373 mcg, steady

VI 25 mcg state
HZA102936, Healthy FF/VI200/25 mcg 7 213.9 130.5
HZA105548, VI 25mcg
HZA113970,
HZA111789
HZCI111348, COPD FF/VI 50/25, Phase 3, 265.7 43.2
HCZ110946, 100/25, 200/25, steady
HZC112206, 400/25 mcg state
HZC112207
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Source: Table 11, Table 26, Table 78 and Table 79, 2.7.2, Summary of Clinical Pharmacology
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?
Umeclidinium bromide and vilanterol are both small molecule drugs. Umeclidinium

bromide 1s a white powder with a molecular weight of 508.49, and the empirical formula
1s CpH34BINO, or CyH34NO,.Br. Vilanterol trifenatate is a white powder with a

molecular weight of 774.8, and the empirical formula is C,4H33C1,NOs0CooH;60,. UMEC
1s slightly soluble in water. VI is practically insoluble in water.

Drug Product

Umeclidinium/Vilanterol Inhalation Powder 62.5/25 microgram is available as 30 and 7
dose packs. Each dose contains 62.5 micrograms of umeclidinium (as bromide) and 25
micrograms of vilanterol (as trifenatate) per inhalation.

Table 2.2.1: Composition of Umeclidinium/Vilanterol Inhalation Powder 62.5/25 pg. |

Component Quantity per 12.5 mg Function Reference to
Blister’ Standard

Umeclidinium Blister Strip

Umeclidinium bromide 742 meg* Active GlaxoSmithKline?
micronised

Magnesium Stearate 75 meg JP, Ph. Eur and USP/NF®&
Lactose Monohydrate to 125mg JP, Ph. Eur and USP/NF®
Vilanterol Blister Strip

Vilanterol trifenatate 40 mcg® Active GlaxoSmithKline?
micronised

Magnesium Stearate 125 meg JP, Ph. Eur and USP/NF®
Lactose Monohydrate to 125mg JP, Ph_Eur and USP/NF®
Note:

mcg: microgram

1. Details of the specification of the active ingredient are provided in m3.2.8 4 1. Specification_Umeclidinium Bromide

2. Details of the specification of the acfive ingredient are provided in m3.2.5.4.1. Specification_Vilanterol Trifenatate

3. Amanufacturing overage « ® @ may be included.
4 . . .

74.2 micrograms of umeclidinium bromide is equivalent to 62.5 micrograms of umeclidinium |, (b)_(f)
(b) (4)
5. 40 micrograms of vilanterol trifenatate is equivalent to(b 2)5“r)r|crograns of vilanterol. () (4)

6.  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 Section 4.
Source : Table 1, P.2., Description and Composition of the Drug Product
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2.2.2 What are the proposed mechanism of action and therapeutic indications?

Umeclidinium bromide (UMEC)/vilanterol (VI) Inhalation Powder is an orally inhaled
long-acting muscarinic antagonist [LAMA, UMEC] and an orally inhaled, selective long-
acting beta2 agonist [LABA, VI] combination for oral inhalation.

The proposed indication is “indicated for the long-term, once-daily, maintenance
bronchodilator treatment of airflow obstruction in patients with chronic obstructive
pulmonary disease (COPD), including chronic bronchitis and emphysema.” UMEC/VI is
not indicated for the relief of acute bronchospasm or for the treatment of asthma.

2.2.3 What are the proposed dosages and routes of administration?

The recommended dose is 1 inhalation of ANORO ELLIPTA 62.5/25 mcg/mcg once
daily.

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:
0 long acting: salmeterol, formoterol, arformoterol, indacaterol etc.
0 short acting: salbutamol, albuterol, terbutaline etc.
= Anticholinergics:
0 long acting: tiotropium, aclidinium
O short acting: ipratropium
*  Methylxanthine: theophylline
= Combination: albuterol+ipratropium (Combivent, Duoneb)

(b) Corticosteroids
=  Oral corticosteroids
= ICS
= Combination:
0 salmeterol+fluticasone (Advair)
0 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
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components (UMEC and VI) to establish the appropriate dose for each component,
before proceeding to studies with the combination product in the Phase 3 studies. The key
studies supporting choice of dose and dosing interval are shown in Table 2.3.1.

Table 2.3.1: Studies to Support Doses and Dosing Interval of UMEC and VI Used in
the UMEC/VI Phase 3 COPD Studies.

Study
Number

Study
Objective(s)

Study Design

Duration

Relevant Treatment
Arms (mcag)
(once-daily unless
otherwise specified)

Population

UMEC Dose Selection

AC4113589,
m 5.3.5.1

Dose-ranging

R.DB, PG, PC

28 days

UMEC 125
UMEC 250
UMEC 500
PLA

COPD

AC4113073,
m5.3.5.1

Dose-ranging,

dosing-
interval, and
PK

R.DB, X0, PC
Incomplete
block

3 periods per
subject, 14 days
per period

Once-daily:

UMEC 62.5
UMEC 125

UMEC 250

UMEC 500

UMEC 1000
TIO18 0L

PLA

Twice-daily:

UMEC 62.5
UMEC 125
UMEC 250
PLA

COPD

AC4115321,
m5.3.5.1

Dose-ranging
and dosing-
interval

R.DB, X0, PC
Incomplete
block

3 periods per
subject, 7 days per
period

Once-daily:

UMEC 15.6
UMEC 31.25
UMEC 62.5
UMEC 125
TIO18 OL
PLA

Twice-daily:

UMEC 15.6
UMEC 31.25
PLA

COPD

AC4115408,
m5.3.5.1

Efficacy and
safety

R.DB, PG, PC

12 weeks

UMEC 125
UMEC 62.5
PLA

COPD

VI Dose Selection

B2C111045,
m5.3.5.1

Dose-ranging

R,DB, PG, PC
Stratified a

28 days

VI3

VI 6.25
VI125
V125
V150
PLA

COPD
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Relevant Treatment
Arms (mcg)
(once-daily unless
otherwise specified)

Once-daily:

V1625

Dose-ranging 5 periods per 3: ;EE

and dosing- R, DB, X0, PC | subject, 7 days per Asthma
interval period Twice-daily:

V1625
PLA

V13
V1625

R. DB, PG, PC VI125
Stratified b 28 days VI 25 Asthma

V150
PLA

Study Study

Number Objective(s) Study Design | Duration

Population

HZA113310,
m5.3.51

B2C108575,

m5.35.1 Dose-ranging

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 FEV as the primary endpoint in all Phase 2 dose-
ranging/regimen selection studies. Trough FEV1 is the primary endpoints for the primary
Phase 3 studies (DB2113361, DB2113373, DB2113360 and DB2113374).

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 UMEC/VI concentrations were measured. No metabolites
were quantified because the metabolites of UMEC and VI are not active and are not
associated with efficacy or safety.

2.4 EXposure-Response

2.4.1 Are the two dose regimens selected for the Phase 3 clinical trials appropriate
regarding dosing amounts and dosing frequency?

UMEC/VI 62.5 mcg/25 mcg QD and 125 mcg/25 mcg QD were selected for Phase 3
trials based on sufficient efficacy and safety data from Phase 2 clinical trials. Dose
ranging studies for each individual component was explored in Phase 2 trials. No dose-
ranging studies of UMEC/VI combinations had been executed prior to the Phase 3
clinical trials.
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e For UMEC, the drug development program includes dose-ranging information of four
Phase 2 studies in COPD patients.

e For VI, the drug development program includes dose-ranging information of one
Phase 2 study in asthma patients and one Phase 2 study in COPD patients.

e As a result, two dosing regimens, UMEC/VI 62.5 mcg/25 mcg and 125 mcg/25 mceg,
were agreed upon by the FDA for Phase 3 trials in COPD patients.

For the UMEC component, four dose-ranging trials were conducted in COPD patients
exploring daily doses from 15.6 mcg to 1000 mcg. An overall dose response relationship
was observed for UMEC QD doses ranging from UMEC 15.6 mcg to 125 mcg, with no
consistent additive benefit for UMEC doses above 125 mcg. The results of these four
trials in COPD were the basis for the selection of UMEC 62.5 and 125 mcg for further
evaluation in confirmatory trials. Of all 1204 patients, 118 patients reported AEs. Total
107 moderate or severe AEs were reported. The most frequently reported moderate or
severe AEs are 24 headaches, 8 cases of common cold, 8 coughs, 5 cases of COPD
exacerbation, 4 cases of hoarseness, 4 cases of sore throat, and 4 cases of sinusitis.
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Figure 2.4.1a: Change from Baseline in trough FEV; in COPD Patients for Umeclidinium Daily
Doses Ranging from 15.6 to 1000 mcg QD or BID and the Comparison to Tiotropium and Placebo.
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Table 2.4.1a: Mean Change from Baseline in trough FEV; (L) for Umeclidinium Once or Twice Daily Doses.
AC4115321 on Day 8 AC4113073 on Day 15 AC4113589 on Day 29 AC4115408 on Day 85
) A e N P R
Placebo -0.057 (-0.114, 0.000) | 41 -0.071 (-0.109, -0.033) 150 0.016 (-0.029, 0.061) 67 0.000 (-0.068, 0.068) 50
Tio 0.034 (-0.057, 0.125) 34
15.6 QD 0.046 (0.004, 0.088) 51
31.2QD 0.069 (0.009, 0.147) 46
15.6 BID 0.076 (0.024, 0.127) 45
62.5 QD 0.027 (-0.018, 0.072) 48 0.073 (-0.024, 0.171) 34 0.119 (0.064, 0.174) 61
31.2BID | 0.039 (-0.021, 0.100) 48
125 QD 0.109 (0.054, 0.164) 48 0.135 (0.052, 0.217) 33 0.163 (0.104, 0.223) 64 0.156 (0.115, 0.197) 55
62.5 BID 0.024 (-0.085, 0.134) 31
250 QD 0.087 (0.012, 0.163) 35 0.167 (0.115, 0.219) 69
125 BID 0.126 (0.020, 0.233) 33
500 QD 0.054 (-0.043, 0.151) 37 0.180 (0.128, 0.231) 63
250 BID 0.152 (0.059, 0.244) 32
1000 QD 0.157 (0.068, 0.246) 29
FEVI1TRC: change from baseline in trough FEV1 at the end of Day 28; Clys ;,: the lower boundary of 95% confidence interval; Clos ,: the upper boundary of
95% confidence interval; N: number of patients in the group; COPD: chronic obstructive pulmonary disease; FEV1: forced expiratory volume in 1 second;
Tio: tiotropium 18 mcg once daily dose; 15.6 QD: umeclidinium 15.6 mcg once daily dosing, other numbers followed by QD have the similar explanation;
15.6 BID: umeclidinium 15.6 mcg twice daily dosing, other numbers followed by BID have the similar explanation

Reference ID: 3358407
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Dosing frequency with UMEC, QD versus BID (twice daily), was explored in patients
with COPD. In the randomized, double-blind, placebo-controlled, cross-over trial
(AC4115321) in patients with COPD, the efficacy and safety was compared between
UMEC 31.2 mcg BID, UMEC 62.5 mcg QD, and UMEC 125 mcg QD. Based on trough
FEV1, 62.5 mcg QD and 31.2 mcg BID appeared similar, whereas 125 mcg QD resulted
in the highest trough FEV1, numerically. These results supported the selection of the QD
regimen of 62.5 and 125 mcg of UMEC for further evaluation. Another study in COPD
patients (AC4113073) demonstrated the efficacy profile of 125 mcg QD was numerically
better than 62.5 mcg BID, and the safety profile of 125 mcg QD was comparable to 62.5
mcg BID.

For VI, a range of doses were explored in both COPD patients (Study B2C111045) and
persistent asthma patients (B2C109575). In each patient population, a 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. Trough FEV1 results
demonstrated a shallow dose-response relationship between the lowest and highest doses
for both studies. The 25 mcg dose was identified as optimal dose in asthma study. In the
COPD study, 25 mcg also demonstrated comparable efficacy/safety profile to 50 mcg
QD, the best regimen based on efficacy and safety data.

Out of all 537 COPD patients of Study B2C111045, 67 patients reported AEs. Moderate
or severe AEs totaled 71 cases, including the following most frequently reported cases: 6
cases of headache, 5 cases of intensified back pain, 3 cases of common cold, and 3 cases

of sinusitis.

Figure 2.4.1b: Effect of Vilanterol on Lung Function (trough FEV;) across Doses

Ranging from 3 mcg to 50 mcg QD (COPD Left, Asthma Right).
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Table 2.4.1b: Mean Change from Baseline in Trough FEV1 in L for Vilanterol
Once Daily Doses.

Dose (ug) | Study B2C111045 in COPD Patients | Study B2C109575 in Asthma Patients

FEVITRC (Clos 16,Clos yp) N FEVITRC (Clos 10,Clos p) N

0 0.039 (-0.008, 0.085) 84 0.186 (0.099, 0.272) 87

3 0.124 (0.087, 0.162) 88 0.254 (0.175, 0.334) 84
6.25 0.130 (0.097, 0.164) 90 0.243 (0.171, 0.316) 91
12.5 0.132 (0.090, 0.174) 92 0.269 (0.196, 0.342) 88
25 0.175 (0.136, 0.214) 92 0.318 (0.258, 0.378) 93

50 0.193 (0.150, 0.237) 91 0.302 (0.239, 0.365) 97

FEVITRC: change from baseline in trough FEV1 at the end of Day 28; Clos j,: the lower boundary of
95% confidence interval; Clos ,: the upper boundary of 95% confidence interval; N: number of
patients in the group; COPD: chronic obstructive pulmonary disease; FEV1: forced expiratory
volume in 1 second

Regarding dosing frequency of VI, a Phase 2 study (HZA113310) conducted in subjects
with persistent asthma supported the comparability of once and twice daily dosing, where
the improvement of mean FEV; (0-24h) was similar between VI 6.25 mcg twice daily
and VI 12.5 mcg once daily dosing.

In summary, that UMEC 62.5 mcg QD and UMEC 125 mcg QD being carried forward
for combination studies in the Phase 3 COPD program was supported by dose frequency
and dose-ranging data of the UMEC component in COPD patients. In terms the selection
of VI 25mcg QD for the Phase 3 COPD program, it was supported by the results of dose-
ranging studies in both COPD and asthma patients and the dosing frequency study in
asthma patients.

2.4.2 Do Phase 111 confirmatory study results support the approval of the two dose
regimens, UMEC/VI 62.5 mcg/25 mcg QD and UMEC/VI 125 mcg/25 mcg QD for
COPD patients?

The efficacy and safety data collected from 6 Phase 3 clinical trials demonstrated that
UMEC/VI 62.5 mcg/25 mcg QD is appropriate for COPD patients. However, UMEC/VI
125 mecg/25 meg QD didn’t demonstrate additional benefit to UMEC/VI 62.5 mcg/25
mcg QD

Trough FEV, change from baseline data on Day 169 of the four Phase 3 clinical trials

(DB2113360, DB2113361, DB2113373 and DB2113374) demonstrated that UMEC/VI

62.5/25 and 125/25 improved lung function. The following points can be made in regard

to the results of the clinical trials:

e The combination of UMEC/VI 62.5 mcg/25 mcg QD demonstrated added benefit to
individual treatment of VI 25 mcg or UMEC 62.5 mcg, and both VI 25 mcg and
UMEC 62.5 demonstrated higher efficacy than the placebo while safety profiles were
comparable amongst the 4 treatments.

e The combination of UMEC/VI 125 mcg/25 mcg QD demonstrated added benefit to
individual treatment of VI 25 mcg or UMEC 125 mcg, and both VI 25 mcg and
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UMEC 125 demonstrated higher efficacy than the placebo while safety profiles were
comparable amongst the 4 treatments.

e The efficacy and safety profiles were comparable between the two combinations
UMEC/VI 62.5 mcg/25 mcg and 125 mcg/25 mcg while they are numerically better
than tiotropium 18 mcg QD. Similar FEV1 results were obtained in another two
Phase 3 studies (DB2114417 and DB2114418).

The safety profiles were comparable between different treatment arms of the 6 Phase 3
studies. Out of all 4647 patients of the 6 studies, 1502 patients reported AEs. Moderate or
severe AEs totaled 1155 cases, including the following most frequent ones: 155 cases of
headache, 81 cases of common cold, 78 exacerbations of COPD, 50 cases of upper
respiratory infection, 49 cases of cough, 46 cases of toothache, 43 cases of back pain and

32 cases of pneumonia.

Figure 2.4.2a: Change from Baseline in Trough FEV1 in COPD Patients for Umeclidinium,
Vilanterol, and Combination of them in Once Daily Doses and the Comparison to Tiotropium and

Placebo.
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Tio: tiotropium 18 meg QD; VI 25: vilanterol 25 mcg QD, UM 62.5: umeclidinium 62.5 mcg QD; UM 125: umeclidinium 125 mcg QD;
UM/VI 62.5/25: umeclidinium 62.5 mcg and vilanterol 25 mcg QD; UM/VI 125/25: umeclidinium 125 mcg and vilanterol 25 mcg QD
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Table 2.4.2a: Mean Change from Baseline in Trough FEV1 (L) for Once Daily Treatments of Phase 3 Studies on Day 1609.
DB2113360 DB2113361 DB2113373 DB2113374
Treatment FEVITRC N (Cf;SVILTgI(;S N FEVITRC N FEVITRC N
(CI195_10,CI95_hi) _hi), - (CI95_10,CI95 _hi) (CI95_10,CI95 _hi)
Placebo -0.024 (-0.057,
0.009) 182 0.005 (-0.027, 0.037) | 200
Tio 0.127 (0.086, 0.167) | 174 0.147 (0.104, 0.191) 172
VI 25 0.1 (0.075,
0.119 (0.078,0.159) | 163 0.125) 299 0.083 (0.057, 0.109) 317
UM 62.5 0.123 (0.098,0.148) | 319
0.139 (0.115,
UM 125 0.163) 309 0.189 (0.156, 0.221) 160
UMEC/VI
62.5/25 0.205 (0.168, 0.241) | 180 0.164 (0.138, 0.191) 329 0.21 (0.178, 0.242) 160
UMEC/VI 0.214 (0.19,

125/25 0.214 (0.176, 0.251) | 170 0.238) 322 0.218 (0.18, 0.256) 163
FEVITRC: change from baseline in trough FEV1 at the end of Day 84; CI95_lo: the lower boundary of 95% confidence interval; CI95 up:
the upper boundary of 95% confidence interval; N: number of patients in the group; COPD: chronic obstructive pulmonary disease; FEV1:
forced expiratory volume in 1 second; VI 25: vilanterol 25 mcg; UMEC 62.5 : umeclidinium 62.5 mcg; UMEC 125 : umeclidinium 125 mcg;
UMEC/VI 62.5/25: the combination of umeclidinium 62.5 mecg and vilanterol 25 mcg; UMEC/VI 125/25: the combination of umeclidinium
125 mcg and vilanterol 25 mcg; Tio: tiotropium 18 mcg once daily
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Figure 2.4.2b: Change from Baseline in Trough FEV1 in COPD Patients for Umeclidinium,
Vilanterol, and Combination of them in Once Daily Doses and the Comparison to Tiotropium and

Placebo.
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VI 25: vilanterol 25 mcg QD, Tio: tiotropium 18 mcg QD; UM 62.5: umeclidinium 62.5 mcg QD;

Table 2.4.2b: Mean Change from Baseline in Trough FEV1 (L) for Once Daily
Treatments of Phase 3 Studies on Day 84.
Study DB2114417 Study DB2114418
Treatment | FEVITRC (CI95 10,C195 hi) | N | FEVITRC (CI95 10,CI95 hi) N
Placebo -0.052 (-0.084, -0.019) 148 -0.083 (-0.112, -0.053) 119
VI25 0.063 (0.004, 0.123) 63 0.049 (0.000, 0.099) 54
UMEC
62.5 0.079 (0.004, 0.153) 43 0.121 (0.048, 0.193) 37
UMEC 125 0.113 (0.045, 0.181) 44 0.273 (0.193, 0.354) 33
UMEC/VI
62.5/25 0.167 (0.121, 0.212) 130 0.212 (0.171, 0.253) 116
UMEC/VI 0.18 (0.139, 0.222) 131 0.237 (0.196, 0.278) 110
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125/25

FEVI1TRC: change from baseline in trough FEV1 at the end of Day 84; CI95_lo: the lower boundary of 95%
confidence interval; CI95 up: the upper boundary of 95% confidence interval; N: number of patients in the group;
COPD: chronic obstructive pulmonary disease; FEV1: forced expiratory volume in 1 second; VI 25: vilanterol 25
mcg; UMEC 62.5 : umeclidinium 62.5 mcg; UMEC 125 : umeclidinium 125 mcg; UMEC/VI 62.5/25: the
combination of umeclidinium 62.5 mcg and vilanterol 25 mcg; UMEC/VI 125/25: the combination of
umeclidinium 125 mcg and vilanterol 25 mcg

In summary, the efficacy and safety data collected from 6 Phase 3 clinical trials
demonstrated that UMEC/VI 62.5 mcg/25 mcg QD is appropriate for COPD patients.
However, UMEC/VI 125 mcg/25 mcg QD didn’t demonstrate additional benefit to
UMEC/VI 62.5 mcg/25 mcg QD.

2.4.3 Are there any covariates that influence the systemic exposure of UMEC and
VI that need dose adjustment?

There were no covariates found in the population PK of UMEC and VI that warrant any
dose adjustment of either component. Based on pooled population PK data from Study
DB2113361 and DB2113373, both UMEC and VI PK can be best described by a two-
compartment model with first order absorption. The population PK parameters and
associated inter-individual variability were adequately characterized. There was no
apparent PK interaction with co-administration of UMEC with VI.

Weight, age and creatinine clearance were statistically significant covariates on apparent
inhaled clearance (CL/F) of UMEC and weight was significant covariate on UMEC
volume of distribution (V,/F). For every 10% increase in weight the CL/F increased
approximately by 2%. The apparent volume of distribution of central compartment V2/F
increased approximately 6% for every 10% increase in body weight from 70 kg. With
10% increase in age from 60 years of age, the CL/F decreased by approximately 7%.
Regarding creatinine clearance, the CL/F decreased by approximately 3% with every
10% decrease in creatinine clearance from 110 mL/min. The changes in CL/F and V2/F
due to differences in age, weight and creatinine clearance are marginal and do not
warrant any dose adjustments for UMEC based on these covariates in the population
spanning the observed weight, age and creatinine clearance rang.
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Weight and age were statistically significant covariates on VI apparent inhaled clearance
(CL/F). For every 10% increase in weight the CL/F increased by about 2%. With a 10%
increase in age from 60 years, the CL/F decreased by approximately 4%. The changes in
CL/F due to age and weight are marginal and do not warrant any dose adjustments for VI
based on these covariates in population spanning the observed weight and age range.

2.4.4 Does this drug prolong QT/QTc Interval?

QT effect for UMEC/VI was evaluated in a randomized, placebo-controlled, incomplete
block, four-period crossover, repeat dose study (DB2114635). In this study, subjects
were given dry powder inhaler once daily for 10 days as placebo, UMEC 500 mcg,
UMEC/VI 125/25 mcg, UMEC/VI 500/100 mcg, or a single oral dose of placebo
/moxifloxacin 400 mg on Day 10. No significant QTc prolongation effects of a
therapeutic dose of UMEC/VI 125/25 mcg and supratherapeutic dose of UMEC 500 mcg
were detected in this TQT study. The largest upper bounds of the 2-sided 90% CI for the
mean differences between UMEC/VI 125/25 mcg and placebo, and between UMEC 500
mcg and placebo were below 10 ms, the threshold for regulatory concern as described in
ICH E14 guidelines. However, the largest upper bounds of the 2-sided 90% CI for the
mean difference between UMEC/VI 500/100 mcg and placebo was 10.7 which is higher
than the threshold for regulatory concern as described in ICH E14 guidelines.

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

The single dose PK of UMEC and VI in healthy subjects with to-be-marketed
formulation was characterized in study DB2114636. Study DB2114636A was a single-
blind, non-randomized pharmacokinetic and safety study of single dose of UMEC and
UMEC/VI combination in healthy subjects and in subjects with severe renal impairment.

UMEC

UMEC PK data from UMEC 125 pg in healthy subjects are summarized here. The
bioanalytical method (LLQ of 10 pg/mL) was not sensitive enough to fully characterize
the pharmacokinetic profile of UMEC due to low levels of UMEC present in plasma
following a single dose administration of UMEC. After single dose UMEC 125 ug,
52.2% of post-dose samples (47 samples of a total of 90) were non-quantifiable (NQ).
After inhalation of UMEC 125 ng, the absorption of UMEC is rapid. An average Cmax
of127.6 pg/mL reached at the first sampling time of 5 min. UMEC concentration quickly
declined to below LLQ (10 pg/mL). It is of note that there are no PK data after single
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inhaled dose of UMEC 62.5 pg with the to-be-marketed formulation in healthy subjects.

Figure 2.5.1a: Semi-log Mean Plasma UMEC Concentration-Time plot after single
dose of UMEC125 pg.
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Source: Figure 10.3, db2114636 report

Table 2.5.1a: Summary Statistics of Plasma UMEC Pharmacokinetic Parameters
after Single Dose of UMEC125 pg.
Parameter Geo mean | ¢cv%
AUC(0-0.25) 20.3 53.0
(h-pg/mL)
AUC(0-2) 56.5 69.7
(h-pg/mL)
Cmax 127.6 57.1
(pg/mL)
Tlast (h)* 2.00 NA
Tmax (h)* 0.08 NA

Source: Table 8, db2114636 report

W |
VI PK data from UMEC/VI 125/25 ng in healthy subjects are summarized here.

The bioanalytical method (LLQ of 10 pg/mL) was not sensitive enough to fully
characterize the pharmacokinetic profile of VI due to the low level of VI present in

plasma following a single dose administration of UMEC/VI 125/25 mcg. Overall 61% of
post-dose samples (55 samples of a total of 90) were NQ in healthy subjects.
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Following oral inhalation, maximum plasma concentration of VI was reached by 6 min

(1.e., Tmax). VI concentration quickly declined to below LLQ (10 pg/mL) after 1 hour. PK
parameters for VI are summarized in Table 2.5.1b.

Figure 2.5.1b: Semi-log Mean Plasma VI Concentration-Time Plot after Single Dose

of UMEC/VI 125/25 pg.
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Source: Figure 10.6, db2114636 report

Table 2.5.1b: Pharmacokinetic Parameters of VI Following Administration of a
Single Dose of FF/VI by NDPI in Healthy Subjects.

Parameter Geomean | cv%
AUC(0-0.25) 12.8 46.6
(hpg/mL)
AUC(0-1) 28.7 453
Cmax 74.8 46.9
(pg/mL)
Tlast (h)* 1.00 NA
Tmax (h)* 0.10 NA

Source: Table 10.5, db2114636 report

Multiple dose PK
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The PK profile of UMEC and VI in healthy subjects based on the repeat-dose of the to-be
marketed formulation and doses administered was studied in study DB2114635.
DB2114635 was a randomized, placebo-controlled, four-period crossover, repeat dose
study to evaluate the effect of the inhaled GSKS573719/vilanterol combination and
GSK573719 monotherapy on electrocardiographic parameters, with moxifloxacin as a
positive control, in healthy subjects.

UMEC

Following repeat-dose administration of UMEC in combination with VI, UMEC was
rapidly absorbed with median tmax values occurring at 6 minutes post-dose. The terminal
phase t’2 for all subjects was estimated to be on average approximately 19 to 25 hours.
Systemic exposure of UMEC in terms of both AUC(0—©) and Cmax following
UMEC/VI 500/100 mcg were approximately dose proportional (~4-fold higher) with
systemic exposure of UMEC/VI 125/25 mcg.

The median UMEC PK profile at Day 10 following the administration of UMEC 500
mcg, UMEC/VI 125/25 mcg, and 500/125 mcg are presented below. Selected UMEC PK
parameters at Day 10 for UMEC are shown in the table 2.5.1c.

Figure 2.5.1c: Median UMEC Semi-log Concentration-Time Profile at Day 10
Following Repeat-Dose of UMEC (500 mcg) and UMEC/VI (125/25 mcg and
500/100 mcg) in Healthy Subjects (DB2114635).
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Source: Study DB2114635, Figure 11.2

| Table 2.5.1c: Summary Statistics of Day 10 UMEC PK Parameters (DB2114635).
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Geometric
Parameter Treatment N n Mean 95% CI %CVb

AUC_, UMEC/NI 125/25 mcg 7% T4 495 431, 569 65.6
(h*pg/mL) UMECNI500/100 mcg 73 70 2145 1977, 2328 352
Crmax UMECNI 125/25 mcg 7% T4 334 294, 379 591
(pg/mL) UMECNI 500/100 mcg 73 70 1400 1285, 1525 371
tmax (D)2 UMECNI 125/25 mcg 7% 74 0.10 0.08,0.15 NA

UMEC/I1 500/100 mcg 73 70 0.10 0.08,0.12 NA

Source: Summary of Clinical Pharmacology.pdf. Table 10

VI

Mean plasma VI PK profiles are shown in Figure 2.5.1d and summary PK parameters are
listed in Table 2.5.1c. VI PK after multiple doses was consistent with the single dose PK.

Tmax Was reached within 6 min. The terminal half life 1s 11hrs (range: 8-13) for VI. From
other studies, measurement of trough concentrations indicated that steady-state for VI

was achieved by the 6™ dose. Accumulation after multiple doses was 1.24 to 2.4 fold for

VL

Figure 2.5.1d: Mean Plasma Concentrations Versus Time on Day 10 Following
Multiple Dosing with UMEC/VL.
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Table 2.5.1d: VI Pharmacokinetic Parameters on Days 10 Following Repeated
Inhaled Administration of UMEC/VI in Healthy Volunteers.
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Geometric
Parameter Treatment N n Mean 95% ClI %CVhb

AUC—y UMEC/VI 125/25 mcg 75 74 429 379, 486 576
(h*pg/mL) UMECNI500M00meg 73 70 1824 1729, 1925 229
Crnax UMEC/VI 125/25 mcg 75 74 340 307, 376 459
(pg/mL) UMEC/NI500M100meg 73 70 1518 1416, 1627 29.8
tmax UMEC/VI 125/25 mcg 75 74 0.10 0.08,0.15 NA
(h)a UMEC/VI5001100meg 73 70 0.10 0.08,0.22 NA
tiast UMEC/VI 125/25 mcg 75 74 16.02 0.52,24.25 NA
(h)a UMEC/VI500100meg 73 70 24.08 24.08, 24 25 NA
th UMEC/VI 125/25 mcg 75 55 10.52 8.43,13.12 97.8
(h) UMEC/VI 5001100 mcg 73 62 19.22 17.68, 20.90 339
CL/F UMEC/VI 125/25 mcg 75 74 58.2 514,659 576
(L/h) UMEC/VI500M100meg 73 70 548 520,579 229
VIF UMEC/VI 125/25 mcg 75 55 890 783, 1010 498
(L) UMEC/VI500/100meg 73 62 1526 1383, 1684 402
r UMEC/VI 125/25 mcg 75 55 0.066 0.053, 0.082 97.8

UMEC/VI500/100meg 73 62 0.036 0.033, 0.039 339

Source: Table 11.4, Study DB2114635

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?

UMEC

The systemic exposure of UMEC in COPD patients was generally less than that in

healthy subjects. In subjects with COPD, UMEC Cmax was <50% lower compared to
healthy subjects. AUC was not comparable between the two populations as sampling
duration was different.

\4

\TI Cmax in COPD patients was 62% lower while AUC g.24nr) Was 43% higher compared
to that in healthy subjects (Table 2.5.2b).

Table 2.5.2a: Comparison of UMEC Systemic Exposure in Healthy Subjects vs.
Subjects with COPD following Repeat Dosing with UMEC.

Subject | Study Treatment | N | Cmax Tmax AUC
(CV) (h) (pg h/mL)
(pg/mL)
Healthy | DB2114637 | UMEC 125 |9 283 (33%) 0.08 87
ug (AUCO-2 h)
COPD | AC4115408 | UMEC 62.5 | 56 | 48 (131%) 0.08 7
ug QD (AUCO0-0.25 h)
UMEC 125 | 56 | 123 (80%) 0.10 18
ug QD (AUCO0-0.25 h)

Source: Table 76, Summary of Clinical Pharmacology and DB2114637 report
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Table 2.5.2b: Comparison of VI Systemic Exposure in Healthy Subjects vs.

Subjects with COPD following Repeat Dosing with V1.
Geometric mean
Study Subjects | Treatment Daysof | AUC .24 | Cmax (Pg/ml)
dosing (pg*h/ml)

DB2114635 | Healthy UMEC/VI 125/25 | 10 429 340

mcg
DB2113361, | COPD UMEC/VI 125/25 | Phase 3, 614.7 127.9
DB2113373 mcg, steady

VI 25 meg state

Source: Table 11 and Table 26, 2.7.2, Summary of Clinical Pharmacology

2.5.3 What are the characteristics of drug absorption?

UMEC absolute bioavailability following oral inhalation was ~12%. VI absolute
bioavailability following oral inhalation was ~26%. The oral bioavailability of UMEC
and VI was low, on average <1% and <2%, because of the extensive first pass
metabolism.

UMEC
The absolute bioavailability of UMEC was evaluated in study AC4112014 and
AC4112008.

AC4112014 was an open-label, two period study to determine the excretion and
pharmacokinetics of [14C]-GSK573719, administered as a single dose of an oral solution
(1000 pg) and an intravenous infusion (65 ug), to healthy male adults. Plasma UMEC PK
parameters following oral administration could not be estimated due to all non-
quantifiable data. Based on a lower limit of quantification of 20 pg/mL for GSK573719,
maximal possible oral bioavailability was calculated as <1%.

AC4112008 was a single-center, open-label, sequential, cross-over study to examine the
safety, tolerability and pharmacokinetics of three ascending single intravenous doses (20,
50, 65 pg), a single 1000 pg oral dose and a single 1000 pg inhaled dose of GSK573719
in healthy male volunteers. In this study, the formulation of 1000 ug inhaled dose was
not the to-be-marketed formulation. There are no data available in this submission to
calculate the absolute bioavailability with the to-be-marketed IH formulation.

Table 2.5.3: AUC and Absolute Bioavailability of UMEC in Study AC4112008.

Parameter Dose Geomean (cv%) Study
AUCO-inf 20 ug IV 0.132 (64) AC4112008
(ng h/mL) 50 pg IV 0.525 (28)
65 ug IvV 0.543 (108)
1000 pug TH 1.33 (28)
F 1000 pg ITH 12.82 (44)
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Source: Table 7, AC4112008 study report

Following a single inhaled dose administration, UMEC was rapidly absorbed with the
Cmax values occurring at approximately 5 to 15 minutes post-dose. Absolute
bioavailability following oral inhalation was ~12%. The oral bioavailability of UMEC
was <1%, because of the extensive first pass metabolism. These data show that the
systemic exposure of UMEC and VI is primarily due to absorption of the drugs in lung.

In vitro studies using transfected MDCK cells (WD2006/02657 and WD2006/02596),
demonstrated that UMEC is a substrate of P-gp. However, because of low oral
bioavailability, inhibition of P-gp is unlikely to have an impact on the overall
bioavailability of UMEC.

Vi
The absolute bioavailability of VI was evaluated in study HZA106180.

HZA106180 was an open-label, non-randomized, three-way crossover, single dose study
to determine the absolute bioavailability of GW642444 inhalation powder in healthy
subjects.

VI absolute bioavailability following oral inhalation was 25-30%. The oral bioavailability
of VI was low, on average, <2%, because of the extensive first pass metabolism. The
systemic exposure of VI is primarily due to absorption of the drugs in lung. In single- and
multiple-dose studies, maximum plasma concentrations were reached within 6-9 min for
VI after oral inhalation administration. In vitro studies using transfected MDCK cells
(WD2004/00106/00), demonstrated that VI is substrate of P-gp. However, because of low
oral bioavailability, inhibition of P-gp is unlikely to have an impact on the overall
bioavailability of VI.

2.5.4 What are the characteristics of drug distribution?
Both UMEC and VI are widely distributed with Vss greater than total body water.

UMEC
The distribution of UMEC after IV dosing was evaluated in study AC4112014.

Following intravenous dosing, the average steady-state volume of distribution (V) of
UMEC was estimated to be 86 L. In vitro studies determined low blood cell association
for UMEC with an in vitro blood-to-plasma ratio of 0.67. Plasma protein binding was
89% regardless of concentration.

Vi
The distribution of VI after IV dosing was evaluated in study B2C106180.

Following intravenous dosing, the average steady-state volume of distribution (V) of VI
was estimated to be 167 L, suggesting distribution into tissues. In vitro studies

Page 40 of 160

Reference ID: 3358407



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?

Both hepatic and renal play a role in eliminating UMEC after IV dosing, while hepatic

route plays a major role in eliminating VI after IV dosing.

UMEC

The mass balance study (AC4112014) showed that urine and feces were predominant
routes of excretion following IV administration. Approximately 81% of the administered
dose was recovered, with fecal excretion and urinary excretion accounting for
approximately 58% and 22%, respectively. Total radioactivity was eliminated primarily
in feces following oral administration of [14C]-GSK573719, accounting for
approximately 92% of the orally administered dose. Less than 1% of the oral
administered dose was excreted in urine suggesting negligible absorption following oral
dose.

VI

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.

2.5.7 What are the characteristics of drug metabolism?

Both UMEC and VI are extensively metabolized. The main routes of metabolism in
human for UMEC are O-dealkylation and hydroxylation. The major route of metabolism
for VI is O-dealkylation.

UMEC

The proposed metabolic pathway for UMEC is shown in Figure 2.5.7a. Both in vitro and
in vivo studies indicate that UMEC is extensively metabolized. The data suggest the main
routes of metabolism in human are likely to be O-dealkylation (20% of the total
metabolism via M14, GSK339067) and hydroxylation (23% of the total metabolism via
M33, GSK1761002 and M34, which co-eluted). Other routes are conjugation with
glutathione and methylation and/or glucuronidation of the hydroxylated metabolites.

| Figure 2.5.7a. Metabolic Scheme for the Major in vivo Metabolites of GSK573719. |
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Vi

The proposed metabolic pathway for VI is shown in Figure 2.5.7b. 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
B1- 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.

| Figure 2.5.7b: Putative Metabolic Scheme for VI in Animals and Human.
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2.5.8 Is there evidence for excretion of parent drug and/or metabolites into bile?
Both UMEC and VI excreted into bile.

UMEC

Following intravenous administration of ['*CJUMEC to healthy male subjects (study
AC4112014), 58% of the total radioactivity was excreted in feces, indicating biliary
excretion.

Vi

The excretion of VI in bile was investigated in healthy male subjects (study B2C106181).
Following oral administration of ['*C]VIL, 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?

Analysis of the available plasma concentration-time profile information does not suggest
enterohepatic recirculation for UMEC or VL.

2.5.10 What are the characteristics of drug excretion in urine?

Mass balance study suggested that renal clearance constitutes only 22% of UMEC
elimination, and approximately 70% of the total clearance of VI metabolites following IV
dosing.
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2.5.11 Based on PK parameters, what is the degree of the proportionality of the
dose-concentration relationship?

Both UMEC and VI show approximate dose proportional exposure at the investigated
doses.

UMEC

Over the dose range studied in healthy subjects and in subjects with COPD, UMEC
systemic exposure showed dose proportionality. Study DB2114635 (TQT, healthy
subjects), which administered UMEC/VI 125/25 mcg, UMEC 500 mcg, and UMEC/VI
500/100 mcg, UMEC systemic exposures at the 2 supra-therapeutic doses (UMEC 500
mcg and UMEC/VI 500/100 mcg) were approximately 4-fold higher compared with
UMEC systemic exposure following UMEC/VI 125/25 mcg, which is in line with the 4-
fold difference in UMEC dosing.

Table 2.5.11a: UMEC Dose Proportionality Following Single Doses of UMEC/VI

Administered via NDPI in Healthy Subjects and COPD patients.
Analysis/Study AUC - (pg himL) Cmax (pg/mL)
Number/ N Treatment Arm Geometric Mean (95%Cl) | Geometric Mean (95%Cl)
NCA PK TQT 495 334
DB2114635 / 74 UMECIVI'125/25 meg (431, 569) (294, 379)
NCA PK Hepatic
{Data from healthy 482 283
cohort) UMEC 125 mcg (383, 607) (220, 363)
DB2114637 /9
NCA PK TQT 2444 1541
DB2114635/ 73 UMEC 500 mcg (2278, 2623) (1412, 1682)
NCA PK TQT 2145 1400
DB2114635/ 70 UMEC/VI 500/100 meg (1977, 2328) (1285, 1525

Source: Table 77, Summary of Clinical Pharmacology

Vi

Although dose proportionality of VI was not assessed formally in any UMEC/VI study,
VI systemic exposure following a supra-therapeutic dose of UMEC/VI 500/100 mcg was
approximately 4-fold higher compared with VI systemic exposure following the
UMEC/VI combination dose of 125/25 mcg (Table 2.5.1d). Dose proportionality is also
assessed for single dose of VI administered via DISKUS in COPD patients (Table
2.5.11b). Cmaxand AUC 0-1) increased in an approximately proportional manner within 25
to 100 mcg dose of VI (GW642444M).

Table 2.5.11b: ANOVA analysis of VI (GW642444M) Dose Proportionality
Following Single Doses Administered via DISKUS in COPD Subijects [B2C110165].
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Parameter | Treatment Comparison Ratio (90% CI)
Cmax (pg/mL) | GW642444M 25 mcg vs. GW642444M 50 meg * 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! | 4.04 (3.05, 5.36)

AUCq GW642444M 25 mcg vs. GW642444M 50 mcg 1.09 (0.90, 1.31)
( )

(

(pg.himL) | GW642444M 100 mcg vs. GW642444M 50 meg | 0.98 (0.79,1.22
GW642444M 100 mcg vs. GW642444H 100 meg | 4.5 (2.98,5.50)

GW642444M 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 11, B2C110165 report

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

There is no indication of time-dependent PK after multiple dosing for both UMEC and
VL

UMEC

The pharmacokinetics of UMEC after once daily dosing with the to-be-marketed
formulation in healthy subjects was evaluated in study DB2114637. In this study, all
subjects received a single dose of UMEC/VI (125 mcg/25 mcg), followed after a 7 to 14
day washout by UMEC (125 mcg) once daily for 7 days. The accumulation of Cmax on
Day 7 over Day 1 was 1.3. AUCinf on Day 1 was not calculated because UMEC levels
were mostly below detection limit after 2 hours of dosing on Day 1.

PK information was collected in Phase 2 and Phase 3 studies in COPD patients. While
limited by assay sensitivity, the available time-concentration profiles of UMEC and VI
are similar between day 14 and day 28; and day 84 and day 168.

Table 2.5.12a: UMEC Pharmacokinetic Parameters after Single Dose vs Steady
State in COPD Patients (AC4115408).
Parameter Dose (meqg) Day Comparison Ratio 90% Cl
AUC 225 62.5 Day 28 vs. Day 1 1.857 (1.389, 2.482)
(h*pg/mL) 125 Day 28 vs. Day 1 1.454 (1.041, 2.031)
62.5 Day 84 vs. Day 1 1824 (1.347, 2.471)
125 Day 84 vs. Day 1 1,640 (1.082, 2.485)
Crax (pg/mL) 62.5 Day 28 vs. Day 1 1641 (1407, 1.914)
125 Day 28 vs. Day 1 1448 (1.151,1.821)
62.5 Day 84 vs_Day 1 1653 (1.372, 1.992)
125 Day 84 vs. Day 1 1633 (1.255, 2.126)

Source: Table 42, AC4115408 study report
VI

VI AUC;y¢ after a single dose of UMEC/VI can not be assessed due to limited sensitivity
of analytical method. PK information was collected in Phase 2 and Phase 3 studies in
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COPD patients. While limited by assay sensitivity, the available time-concentration
profiles of VI are similar between day 14 and day 28 (Table 2.5.12a); and day 84 and day
168. There is no evidence of time dependent PK.

Table 2.5.12a: Summary of Results of Statistical Analysis of Derived Plasma VI
Parameters to Assess Accumulation (DB2113120).
Adjusted
Parameter Day Geo Mean Ratio 90% CI of Ratio
Day 1 17.93
,a;gc(?ﬁim Day 14 17.61 Day 14 vs. Day 1/0.98 0.71,1.36
(h"pg/mL) Day 28 1568 Day 28 vs. Day 1/0.87 063,122
AUC0-05 Day 1 34.05
(h*pg/mL) Day 28 39.96 Day 28 vs. Day 1/1.09 0.82, 144
Day 1 107.61
Crax (pg/mL) Day 14 141.00 Day 14 vs. Day 1/1.31 1.05,1.63
Day 28 111.41 Day 28 vs. Day 1/1.04 0.83,1.30

Source: Table 9.09, DB2113120 study report

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 UMEC and VI systemic exposure
in patients with COPD. Please see Pharmacometrics review in Appendix 4.1 for
additional details.

Weight, age and creatinine clearance were statistically significant covariates on apparent
inhaled clearance (CL/F) of UMEC and weight was significant covariate on UMEC
volume of distribution (V2/F). For every 10% increase in weight the CL/F increased
approximately by 2%. The apparent volume of distribution of central compartment V2/F
increased approximately 6% for every 10% increase in body weight from 70 kg. With
10% increase in age from 60 years of age, the CL/F decreased by approximately 7%.
Regarding creatinine clearance, the CL/F decreased by approximately 3% with every
10% decrease in creatinine clearance from 110 mL/min. The changes in CL/F and V2/F
due to differences in age, weight and creatinine clearance are marginal and do not
warrant any dose adjustments for UMEC based on these covariates in population
spanning the observed weight, age and creatinine clearance range.

Systemic exposure of UMEC 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.
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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 UMEC/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

No specific studies were conducted to evaluate the effect of race on PK or PD
parameters. Population PK datasets for both UMEC (n=1635) and VI (n=1637) were
evaluated for an effect of race on the PK of UMEC and VI (DB2116975). No effect of
race/ethnicity on PK was seen for both UMEC and VI.

Figure 2.6.2.5: UMEC and VI Base Model Interindividual Variability (ETA) vs.
Covariate Plots (DB2116975).

UMEC

Page 47 of 160

Reference ID: 3358407



ETA Clearance (CL/F) By RACE
o ]
o £ .
g1 3 T F s
w | B : TS P :
= I |
O 1 ] |
E w . ' : n
- 8- L T 4 ]
- S BV b
,T' — O
aF @ 9 3 B 67 1 2 1486 B
I I I I I I I I | I
T 2 v W = W g =T o T
% = = o o E 2 = = £
= 2 < 3 s =
2 < ¢ ¥
=
= g
VI
s1 T el o i o
s s —mam e — — =
O l T { i i :
2 3 A T ! i
O e -
] L+]
=
: 35 7 3 3 78 66 1 1 1419 24
| | ] | ] | | I | |
X 2 B O 82 D B @ ©® 9
2 €< = £ £ 5 =z & 3 =
© bt 2 =
v =T < & Q i
< - -
=
= 3

2.6.2.6 Renal Impairment

Comparable exposure was observed for UMEC between healthy and severe renal
impairment patients. Although higher exposure was observed for VI in severe renal
impaired patients, it is not likely to cause safety concerns and dose modification is not

needed.

UMEC
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The effect of renal function on the PK of UMEC was evaluated in Study DB2114636
(UMEC and UMEC/VI). Study DB2114636 was a single-blind, non-randomized, single-
dose study to investigate the PK and safety of UMEC alone (125 mcg) and UMEC/VI
(125/25 mcg) in subjects with severe renal impairment compared with healthy subjects.
Nine subjects with severe renal impairment were enrolled along with 9 matched healthy
control subjects. All subjects received a single dose of UMEC 125 mcg followed by a
single dose of UMEC/VI 125/25 mcg, separated by a washout of at least 7 days.
Comparable exposure was observed between healthy and severe renal impairment
patients.

Table 2.6.2.6a: Summary of Results from Statistical Analysis of Derived UMEC
Plasma PK Parameters.

Adjusted Geometric Ratio of Adjusted 90% Cl of

Parameter Group Comparison Mean Geometric Mean Ratio
AUCp9) Severe renal impairment ,

(h'pg/mL) I healthy 59 /66 0.90 0.64,1.26
Crmax Severe renal impairment

(pg/mL) I healthy 113/128 0.89 0.58, 1.35

Source: Table 10.3, Study DB2114636 report

Vi
The effect of renal function on the PK of VI was evaluated in Study DB2114636
(UMEC/VI) and Study HZA113970 (VI).

Higher VI exposure in renal impairment patients:

In study DB2114636, subjects with severe renal impairment had 21% (-13%, 70%)
increase in VI AUC(0-1h) compared to healthy subjects. Data for later time points were
not available due to analytical difficulties.

Table 2.6.2.6b: Summary of VI Plasma PK Parameters in Subjets with Severe Renal
Impairment and Healthy Subjects After Single Dose UMEC/V1 (125/25 mcg).
Adjusted Ratio of Adjusted  90% CI of
Parameter  Group Comparison Geomefric Means Geometric Means Ratio
AUCp-1 Severe renal impairment
(h'pg/mL) I healthy 34.8/28.7 1.21 0.87,1.70
Crnax Severe renal impairment
(pg/mL) I healthy 7711748 1.03 0.73,1.46

Source: Table 10.6, Study DB2114636 report

In study HZA113970, subjects with severe renal impairment had 56% (27%, 92%)
increase in VI AUC compared to healthy subjects. There was no evidence for reduced
plasma protein binding of VI in plasma from subjects with severe renal impairment,
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compared with plasma from healthy subjects (90.1% vs. 95.4% for VI).

Table 2.6.2.6¢c: Summary of 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% Cl of
geometric means adjusted the ratio
geometric
means
AUC(o-g) 1 | Severe renal 181.12/103.38 1.75 (1.00, 3.07)
[pg.h/mL] impairment / healthy
AUC(0-29) 7 | Severe renal 604.26 / 386.35 1.56 (1.27,1.92)
VI [pg.h/mL] impairment / healthy
Crnax 1 | Severe renal 126.70 /107.80 1.18 (0.54, 2.56)
[pg/mL] impairment / healthy
7 | Severe renal 164.73 /1 152.88 1.08 (049, 2.35)
impairment / healthy

Source —Table 9, Studv HZA113970 report

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.

2.6.2.7 Hepatic Impairment

No change in exposure for UMEC or VI in hepatic impairment patients. Therefore, no
dose adjustment for UMEC/VI is needed in hepatic impairment patients.

UMEC
The effect of hepatic impairment on the PK of UMEC was evaluated in DB2114637
(UMEC/VI).

There was no evidence of increased UMEC systemic exposure in subjects with moderate
hepatic impairment compared with healthy subjects, following either single or repeat
dose admunistration of UMEC 125 mcg, or single dose administration of UMEC/VI
125/25 mcg. Results of the statistical analysis for AUC and Cmax, as presented below,
showed that the systemic exposure was not increased in moderate hepatic impairment
patients.

| Table 2.6.2.7a: UMEC: Summary of Statistical Analysis of Derived Plasma |
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Pharmacokinetic Parameters.
UMEC Treatment (mcg) | Group Day Adjusted Ratio 90% Cl of the
Parameter Comparison Geometric Means Ratio
AlUCpg UMEC 125 Moderate 1 74187 0.85 (0.63, 1.15)
(h*pg/mL) | UMEC 125 Hepatic 7 1057122 0.86 (064, 1.17)
UMECNI 125/25 | Impairment / 1 66/72 0.92 (0.68, 1.24)
Healthy
AUC(o-y UMEC 125 Moderate 7 4387482 0.91 (0.72, 1.15)
(h*pa/mL}) Hepatic
Impairment /
Healthy
Crnax UMEC 125 Moderate 1 165/ 220 075 (049, 1.14)
(pg/mL) UMEC 125 Hepatic 7 2141283 0.76 (0.50, 1.15)
UMECNI 125/25 | Impairment / 1 160 /190 0.85 (0.56, 1.28)
Healthy
Cl=confidence interval.
As the dosing interval for UMECG is once-daily, AUCu-24 corresponds fo AUCp,.

Source: Table 10, study report DB2114637

Vi

The effect of hepatic impairment on the PK of VI was evaluated in study DB2114637
(UMEC/VI) and HZA111789 (VI).

No change of VI exposure in_hepatic impairment patients: Subjects with various

degrees of hepatic impairment had no significant change in AUC and Cp, of VI
compared to normal hepatic function. There is no VI related PD changes observed in
hepatic impairment patient.

There was no evidence for reduced plasma protein binding of either UMEC or VI in
plasma from subjects with varying degrees of hepatic impairment, compared with plasma
from healthy subjects.
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Table 2.6.2.7b: VI PK Parameters (day 7): Hepatic Impairment Groups vs. Normal
Hepatic Function Group.

Hepatic Moderate /Healthy  193.31/ 246.82 0.78
Hepatic Severe /Healthy 206.04 / 246.82 0.83

0.52,1.17
0.57,1.23

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 154.51/246.82 0.63 (0.43,0.917)
( )
( )

Source: Table 8, Study HZA111789 report

There was no evidence of increased VI systemic exposure in subjects with moderate
hepatic impairment compared with healthy subjects, following single dose administration
of UMEC/VI 125/25 mcg. The results of the statistical analysis of derived plasma VI
pharmacokinetic parameters as presented below showed that the mean ratio of AUC and
Cmax between moderate hepatic impairment and healthy subjects was 0.77 and 0.78,

respectively.
Table 2.6.2.7c: Summary of Statistical Analysis of Derived Plasma Pharmacokinetic
Parameters.
VI Parameter | Treatment | Group Comparison | Day Adjusted Ratio | 90% Clof the
{mcg) Geometric Ratio
Means
AUCq UMECNVI Moderate Hepatic 1 36/ 46 077 (0.55, 1.08)
{h*pa/mL) 125/25 Impairment / Healthy
Crax (pg/mL) | UMECNVI Moderate Hepatic 1 96/124 0.78 (0.54,1.11)
125/25 Impairment / Healthy
Cl=confidence interval.

Source: Table 17 DB2114637 study report.

2.6.3  Does genetic variation impact exposure and/or response?

In vitro, UMEC is a substrate of cytochrome P450 (CYP) 2D6. Clinically relevant effects
of CYP2D6 phenotype on UMEC PK were not observed in a prospectively designed
healthy subject study.

2.7 Extrinsic Factors
The potential for drug-drug interaction because of induction or inhibition of CYP
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enzymes by UMEC/VI 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 Isthe drug a substrate of CYP enzymes?
Yes, UMEC is a substrate for CYP2D6, and VI is a substrate of CYP3A4.

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

UMEC
The induction and inhibitory potential of UMEC on metabolizing enzymes and
membrane-based transporters investigated is negligible at low inhalation doses.

Vi

Vilanterol is an in vitro inhibitor of CYP3A4 and CYP2D6 (IC50 values between 3.5 and
12 microM). At clinical doses, UMEC and VI concentrations are at least 1000-fold lower
than the lowest IC50 values. UMEC and VI are not inducers of CYP enzymes.

2.7.4 Isthe drug a substrate, an inhibitor and/or an inducer of transporter
processes?

UMEC

In vitro permeability assessments indicated that UMEC is a substrate of P-gp.
GSK573719 was a substrate for the human organic cation transporters OCT1 and OCT2,
but not for OCT3, OCTN1 or OCTN2. The inhibition potential of UMEC at the inhaled
clinical dose is considered to be negligible.

Vi
In vitro permeability assessments indicated that VI is a substrate for P-gp.

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
UMEC/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 co-administration with other drugs on
UMEC/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.

2.7.7 Is there any drug-drug and/or formulation interaction between the UMEC 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 UMEC or VI when administered in combination
compared with single component administration.
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There is no theoretical or data-driven basis for a PK drug-drug interaction between
UMEC and VI resulting in increased systemic exposure of either compound at low IH
doses. Study DB2114635 allows the evaluation of a potential effect of VI on UMEC PK.
The population analysis allows the evaluation of effect of UMEC on VI PK. These
analyses showed no difference in PK parameters when UMEC or VI was administered as
monotherapy compared with when administered in combination, thereby indicating a lack
of a PK interaction between UMEC and V1.

Table 2.7.7a: UMEC Cmax and AUC on Day 10 after Once Daily Administration of
UMEC or UMEC/VI in Healthy Subjects.
Parameter Treatment N n  Geometric 95% CI CVbi{%)
Mean
Cmax (pg/mL) UMEC 500 mcg 75 T3 1541 (1412, 1682) 388
UMECIVI 125/25 mcg 75 T4 3 (294, 379) 59.1
UMEC/VI 5001100 mcg 7370 1400 {1285, 1525) 37
AUC(0-1) UMEC 500 mcg 75 73 2444 (2278, 2623) 310
(n"pgimL) UMEC/VI 125/25 mcg 75 T4 4895 (431, 569) 656
UMECHI 500M00 mcg 73 70 2145 (1977, 2328) 35.2
tmax (h)* UMEC 500 mcg 75 T3 0.10 {0.08,0.23) NA
UMEC/VI 125/25 mcg 75 T4 0.10 (0.08,0.15) NA
UMEC/VI 500M00 mcg 73 70 0.10 (0.08,0.12) MA

Source: Table 11.2, DB2114625 study report.

Table 1.7.7b: Summary of the Statistical Analysis of VI PK Parameters Comparing
UMEC/VI to Vl/placebo in COPD Patients.

Geometric Mean (33%Cl)
Study Treatment ¥l Dose AUGss (pg"himl) Coma-zz (pgiml)
DB2113361 ] - - -
DEZ2113373 All arms combined 25 meg B14.7 (8028 - 827.0) 1278 (1289 13100
DE2113361 UMECN {125/25 meg) 25 meg B16.7 (582.1 —B42.1) 128.4 (1223 -135.00
V125 meg 25 meg 610.5 (586.7 - B35.1) 128.2 (1220-1349)
DE2113373 UMECN [82.5/25 meg) 25 mog 612.3 (5588.6 - BIE.T) 126.2 (1221 -134.6)
W1 25 meg 25 meg 6126 (589.3-B37.3) 128.2 (1220 -134.8)

Data Sowrce: Study DE2116975, Table 12.11 and Tabde 12.12.

Mote: Steady state AUC and Cmax calculated from individual CUF esBmates and individual concentration-fme profiles
obiained by simulating 100 studies (each study with 1637 subjects) with PK parameter ectimates from the final VI PE
model

Source: Table 26, Summary of Clinical Pharmacology

2.7.8 What are the drug-drug interactions?

There are no clinically meaning drug-drug interactions for both UMEC and VI. No dose
adjustment is needed for patients using concomitant CYP2D6 inhibitors, CYP3A4
inhibitors, or P-gp inhbitors.

UMEC
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In a clinical study conducted in healthy normal metabolizer subjects and healthy
CYP2D6 poor metabolizer subjects, there was no clinically significant difference in the
systemic exposure to UMEC following 7 days of repeat dosing with IH doses up to 1000
mcg. No dose adjustment is needed in patients using concomitant CYP2D6 inhibitors or
subjects with genetic polymorphisms of CYP2D6 metabolism.

The effects of verapamil 240 mg once daily on the steady state PK of IH UMEC and IH
UMEC/VI was evaluated in Study DB2113950. Both UMEC and VI are substrates of P-
gp. IH UMEC and VI were co-administered with verapamil, a potent inhibitor of P-gp
and moderate inhibitor of CYP3A4. There was no effect of verapamil on Cmax, and a
moderate increase (1.4-fold) in AUC for UMEC. The dose demonstrating this moderate
increase in AUC for UMEC was 8-fold greater than 62.5 mcg, the proposed to-be-
marketed UMEC dose. Therefore, no dose adjustment is needed for the use of P-gp
transporter inhibitors with UMEC/VI. It is of note that this study used earlier clinical
formulation.

Table 2.7.8: Effect of Co-Administered Drugs on UMEC.

Co-administered UMEC/VI GMR* (90% CI)
drug
AUC Crnax

CYP2D6 Poor GSKS573719 500 pg once 1.029 0.8
Metabolizer vs daily for 7 days (0.789, 1.343) (0.59, 1.08)
healthy volunteers

GSK573719 1000 pg 1.33 1.07

once daily for 7 days (0.98, 1.8) (0.76-1.5)
Verapamil (potent | GSK573719/VI (500/25 1.39 0.89
P-gp inhibitor and mcg) inhaled once daily (1.18-1.64) (0.73-1.07)
moderate CYP3A4 | ondays 1-13.
inhibitor) 240 mg
QD (with
GSK573719/VI on
days 9-13)

Source: AC4110106 study report, DB2113950 study report.

Vi

Based on in vitro data, the major routes of metabolism of VI in humans are mediated
primarily by CYP3A4. Results from Study HZA105548 and Study B2C112205 support
the position that caution is advised when administering VI in the presence of strong
CYP3A4 inhibitors. Effects of co-administered drugs on VI PK are summarized in Table
2.7.8.

Table 2.7.8: Effect of Co-administered Drugs on VI.

Co-administered | UMEC/VI | GMR* (90% CI)
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drug
Vi
AUC Crmax
Ketoconazole FF/VI (200/25 1.65 1.22
(potent P-gp and mcg) inhaled once (1.38- (1.08-
CYP3A4 inhibitor) daily on days 5-11. 1.97) 1.38)
400 mg QD
VI (25 mcg) 1.90 0.89
Inhaled on day 5 (1.37- (0.67-
2.64) 1.18)
Verapamil (potent | GSK573719/VI 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 | O" days I-13.
QD (with
GSK573719/VI on
days 9-13)

*GMR: Ratio of Geometric Means
Source: Table 14, Study DB2113950 report.

The increased PK exposure of VI did not result in significant heart rate increase or serum
potassium decrease when FF/VI was co-administered 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 438) “The increase in vilanterol exposure was not associated with an
increase in beta-agonist-related systemic effects on heart rate, blood potassium, N

2.7.9 Does the label specify co-administration of another drug?
The UMEC/VT label does not mention specific co-administration 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-diabetics, anti-hyperlipidemics, etc. to be
administered with UMEC/VI.

2.7.11 Is there a known mechanistic basis for pharmacodynamic drug-drug
interactions?
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VI is a long acting beta agonist. Co-administration 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. Co-
administration 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 1s 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?

UMEC/VI

Phase 3 clinical supplies (2 active blister strips) are identical to the intended marketed

product. As there were no formulation changes and no relevant device changes after

phase 3 studies, no relative BA or BE studies were conducted.

Early phase clinical studies were initiated using a DISKUS/ACCUHALER inhaler with
umeclidinium bromide ®® added to the formulation.
@9 magnesium stearate added
to produce a of umeclidinium/lactose monohydrate/magnesium
stearate which was used i all key clinical studies. Phase 3 clinical studies utilized
UMEC/VI, and the associated monotherapies, UMEC and VI, administered via DPIL.

® @

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 UMEC/VT is not assessed. Since the oral bioavailability
of UMEC and VT is minimal, it is not likely that inhaled UMEC/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?

Although multiple strengths had been tested during clinical development, only strength
(62.5/25, UMEC/VI) was proposed for marketing in the labeling. Therefore, no
bioequivalence study was evaluated.

2.9 Analytical Section

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

The methods for analysis of UMEC and VI in plasma samples involved
®® and high pressure liquid chromatography with tandem mass spectrometric
detection (HPLC-MS/MS).

(b) (4)

Different analytical methods were developed and validated throughout the development,
and there are 12 analytical reports (6 for UMEC and 6 for VI) submitted in this NDA.
Analytical methods used in different studies are listed in Table 2.9.1. The most sensitive
lower limit of quantification (LLOQ) for both drugs was 10 pg/mL. At the proposed dose
of UMEC/VI (62.5/25 mcg), most plasma concentrations of UMEC and VI were only
above the LLOQ for a transient time postdose (~ 1-2 h). Many clinical pharmacology
studies were conducted with supra-therapeutic doses of UMEC/VI.

Table 2.9.1: Summary of Analytical Methods for Analysis of UMEC/VI in Clinical
Trials.

Validation Report Clinical
Mo, Study No. Summary of Method and Validation Parameters
Umsclidinium [GSKITIT18)
WD2006/ 00081 ACAI05H0 GSKSTIT19 is extracted from 100! meL of human plasma by protein precipiation using aceionire containing an
ACA10521 1 soippically lakeled intermal standard ([Cr:HEEHETIT1E). Extracts are analyzed by HPLC-MEMS using a
ACA108889 TurksalonSpray ™ interface and muitiple reaction moni oring.
ACA108123 LLO L2 neymlL
ACA110106 ‘Validated 2 0.02 io 10 mayimL
ACA112008® | Within-run Precision (%CV) =11.%
ACA0TE Between-nin Precision [3%CV) =55%
ACA1358% | Accuracy [%Bias) 11.3% = bias =1.8%
Stakbility in Human Flasma 3 freaze-thaw cycles at approdmaiely -20°C
at least 24 howrs at ambient iemperature
Processed Exiract Stalbiity at least 72 hours at ambient iemperaturs
WDR008/ 03251 ACAI05208 Human wrine (1 mL) is diluted with acstonifrile containing an isotopicaly |abeled infemal standard ([[2C]-G5HETIT1E).
ACA10688% Exiracts are amalyzed by HPLC-MSMS using a TurbolonSpray™ interface and multiple reaction monitoring.
ACA108123 LLO 0.1 ngimL
‘Validated Range 0.1 to 50 ngimL
\Within-run Precision (%CV) =101%
Between-nan Precsion [%CV] =10.1%
Acouracy (%Bias) -12. 2% < bias =11.0%
Stakbility in Human Urine 3 freeze-thaw cycles at approximaiely -20°C
at least 38 days at -20°C
at least 24 hours at ambient Emperaturs
Processed Exfract Stoleiity at least 48 howrs at 4%
WD2008/00423 ACA103211* | Human wine (30 mel) is dilubed with acebonitriie containing an sotopically labelod intemal standard
ACA110106 [MCu]HGSKITIT19). Extracs are analyzed by HPLC-MS/MMS using a TurkolonSpray™ inferface and mulfple reacion
ACA112008" monitorng.
ACA113073 LLO 0.1 ngimL
DE2113950 ‘Validated Hangs 0.1 to 50 ng'mL
'Within-run Precision (%C\) =14.5%
Betwesn-nun Precsion [%CV) Not determined
Bccuracy (%Bias) 8.2% <= bias =10.1%
Stalality in Human Unne 3 freaze-thaw cycles at approximately -20°C
at least 24 howrs at ambient emperaturs
Processed Exiract Stololity at least 120 hours at amibient femperature
WD20410/00940 ACAT12014 GSKST3T19 s extracted from 50 mel of human plarsma by protein precipialion using acetonifile containing an
DEZ113374 soiopically labeled internal standard ([0 :}-G5HETIT19). Exracts are analyzed by HPLC-MSMS using a
TurbolonSpray ™ interface and multiple reaction moniforing.
LLO 2000 payml
‘Validated Range 2000 iz 10,000 pg'ml
Within-run Precision (%) =11.5%
Between-nun Precsion [%CV) =%
Accuracy [Y8ias) 45.3% = bias =5.0%
Siakility in Human Flasma 3 freeze-thaw cycles at aperoximately -20°C
Processed Exiract Stliity at heast 130 hours at amisient femperature
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Validation Report Clinical
No. Study No. | Summary of Method and Validation Parameters
2011N126207 ACA115321* | GSK573719 and GWB42444 are extracted from 200 mel of human plasma using (b) (4) w=ing
(in studies stating AC, | AC4115408° | isotopically labeled [PCu-GSKS73719 and [H:}-GWE42444 35 intemal standards. Cuantification of GSK573719in
only GSK573719 ACA11548T hnmplasnumhcdmmrange10b2€l!lpg‘nlmd6m2444nhlmphymwerhedm
ouantified) DB2113361* 4010 1000 py/mL LC-MS/MS wih a Turbo ™ interface and reaction
DB211337 | LUQ 10.0 pgymL for GSK573719
DB2114635% 10.0 poyml for GWS42444
Validated Range 10.0 to 2000 pg'mL for GSK573719
10.0 to 1000 pa/mi for GWE42444
Within-run Precision (%CV) <5.6% for GSK573719
=8.1% (15.7% at LLQ) for GIWB42424
Between-mn Precsion (%CV) =4 7% for GSK573719
=14.4% for GVB42444
Accuracy (%Bias) -11.0% < bias =5.2% for GSK573719
-3.0% < bias <8.0% for GWH42444
Stability in Human Urne 4 feeze-thaw cycles at approximately -80°C
3t least 24 hows at ambrent lempeature
at least 434 davs for both analvies at -80°C
Processed Exiract Stability at least 3 days at 4°C
2011N129205 ACA11532% | Human wine samples (1 mL) are diluted with acetonitile containing an sotopically labeled intemal standard
AC4115408 G"Cu]-GSK573719) Then an aliguot is further diuted with acetonitnle: water (1:1) prior o being analyzed by
ACA11548T HPLC-MSMS using a TurbolonSpray™ interface and muifiple reaction monitoring.
LLQ 0.01 ng/mL
Validated Range 0.01 o 5ngimL
Within-run Precision (%CV) S12.5%
Between-min Precsion (%CV) =11.0%
Accuracy (%Bias) -14.6% < bias <6.0%
Stability in Human Unne 3 Peeze-thaw cycles at approximately -20°C
at least 24 howrs at ambient iemperature
at least 203 days at -20°C
waessedEnraasuity aleastsdaysaﬁ:
WD2009/00370 DB211312¢0~ GSK573719 a\d GWe42444 aeexlraﬁed from 100 mel of human plasma by protein precipitation using acetonitile
DB2113208 containing isotopically |abeled ntemal standards ([“C}-GSKST3719 and (FHu}GWE42444). Extracts are analyzed
DB2113950* | by HPLC-MSMS using a TurbolonSpray™ interface and multigle reaction monitoring.
LQ 20.0 pg/mL for GSKSTIT19
30.0 pg/ml for GWe42442
Validatzd Range 20.0 %o 20,000 pg/mL for GSK573719
30.0 1o 30.000 pa'ml for GWG42444
Within-run Precision (%CV) <0.1% for GSK573719
=8.9% for GWB22244
Between-nn Precsion (%CV) =29% for GSK573719
=3.0% for GWE42444
Accuracy (%Bias) -3.2% < bias £5.9% for GSK573719
0.6% < bias =11.4% for GWH42442
Stakiity in Human Plasma 3 freeze-thaw cydes at approximately -80°C
a3t least 24 hows at ambrent femperature for both analytes
Processed Extract Stabiity at least 24 hows at ambent lemperature
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2012N143617 DE2112636* | GSK573719 and GWS42442 are extracted from 250 meL of human plasma using (0) @)zing
DB2114637 | isotopically labeled [“CuFGSKS73719 and Hu]-GWE42444. Extracts are analyzed by HPLC-MS/MS wusing a
TukolonSgpray™ interface and multiple reaction monitoring.
LLQ 10.0 pg/ml for GSK573719 and GWH42444
Validated Range 0.0 %o 2000 pg'mL for GSK573719
410.0 %0 1000 pg/mL for GWE42444
Within-run Precision (%CV) <5.3% for GSK573719
<5.9% for GWBA2444
Between-mn Precsion (%CV) < 7% for GSK573719
=11.4% for GWWB42444
Accuracy (%Bias) -2.1% < bias =3.3% for GSK573719
-3.9% < bias <5.0% for GWB42444
Stability in Human Plasma 5 feaze-thaw cydes at approximately -80°C
at least 24 howrs at ambient femperature for both analytes
at least 34 days at -20°C
at least 3 monds at -80°C
Stakslity in Human Whole Blood at least £ hours at room temperature and on ice
Processed Exiract Staboiity at least 144 hours at £°C
2012N143519 DB2114636* | GSK373719is extracted from 50 mel human urine (freated with 20% Tween soktion) using (b))
DB211463™ using isofopically labeled [3Cy,FGSKS73719. Exracts are analyzed by HPLC-MS/MS using a TurkolonSgeay™
interface and multiple reaction monitorin
LLQ 40.0 pg'mL
Validated Range 40.0 %o 5000 pg/mL
Within-run Precision (%CV) <59% (15.8% atLLQ)
Between-mn Precsion (%CV) S7.3%(16.5% atLLQ)
Accuracy (%Bias) -2.7% < bias S0 9%
Stakiity in Human Unne S feeze-thaw cycles at approximately -20°C
atleast 24 hows at ambent emperaturs
at least 32 days at -20°C
Vilantsrol
WD2003/01624 82C10001 GWi42444X i extracted from 500 mcL human plasma by (0) (4)1ing [H,.]- GWE22444 35 an
intemal standard. Extracts are analyzed by HPLC-MS/MS using a TurbolonSpray™ nterface and muitiple reaction
monitorng.
LLQ 30.0 pg'ml
| Validatd Range 30.0 % 10,000 pg/mL
[ Within-ran Precison (%CV) £13.4%
Between-nn Precsion (%CV) =52%
Accuracy (%Bias) -5% Shias S127%
Stability in Human Plasma 3 Peeze-thaw cycles at approximately -20°C
at least 24 hows at ambeent iemperature
at least 33 days at -20°C
Processed Extract Stabiity at least 96 hows at ambent femperature
WD2004/01473 B2C101762 GWB42444X s extracted from 100 mcl human plasma by protzin precipitation with acetonitrle using [*Hul-
82C106093 GWB42444 a5 an intemal standard. Extracts are analyzed by HPLC-MS/MS using a TurkolonSpray ™ interface and
multigle reaction monitoring.
LLQ 30.0 pg/ml
| Validated Range 30.0 1o 10,000 pg/mL
[ Within-run Precision (%CV) £14.1%
Between-run Precision (%CV) £10%
Accuracy (%8ias) -7.1% < bias <14.8%
Stakiity in Human Flasma 3 freeze-thaw cycles at approximately -20°C
at least 24 howrs at ambient iemperature
Processed Extract Stabiity at least 96 hows at ambeent femperature
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WD2006/02197 HZA102940 GWBL2424) GW630200, and GSK932009 are extracted from 150 mel human plasma by protein precpitation with
HZA105871 0.1% formic acid in 95/5 acetonirie/methanol (wiv) using [Hiz}- GWB424244 as an ntemal standard. Extacts are
B2C102604 HPLC-MSMS using a Turkol ™ interface and multivle reaction monitors
B2C108562 LQ 30.0 pg/mL for GWS42444
B2C 106996 90.0 pg/mL for GWS30200
B2C108784 180 pa/mL for GSKY32009
B2C110165 Validated Range 30.0 to 15,000 pg/mL for GYV542444
90.0 to 45,000 pg/mL for GVWE30200
180 to 90.000 payml for GSK332009
Within-run Precision (%CV) GWe42484<124%
GW630200=13.9%
GSK932009=124%
Between-mun Precision (%CV) GWe42484<1%
GWE30200=54%
GSK932009=4 4%
Accuracy (%Bias) GWB42444 5 4% < bias <4 6%
GW630200 -9.1% < bias <8 2%
GSK932009 -8.0% < bias <8.3%
Stakility in Human Plasma 3 feeze-thaw cycles at approximately -80°C
at least 24 howrs at ambient emperature
at least 16 days at -20°C or -80°C for all 3 analytes
Processed Exiract Stability at least 72 howrs at ambeent femperature
Processed Extract Stabili at least 24 howrs at amkeent %le
2010N107977 FZA106827 | GWB42424X is extracted from 200 meL human plasma by ) (4), o Frol- GWo42884 25 an
HZA106829 imiemal standard  Extracts are analyzed by HPLC-MS/MS using a TukolonSpray™ interface and multiple reaction
monitorng.
LLQ 40.0 paymL
Validated Range 10.0 %o 1000 pg/'mL
Within-run Precision (%CV) <67%
Accuracy (%38ias) -8.6% < bias <3.8%
ULy W ASUSEEERIE Y U RIS ST TSN O e &
Stability in Human Plasma 4 feeze-thaw cycles at approximately -30°C
at least 24 howrs at ambient temperature
Processed Extract Stabiity at least 96 howrs at4°C
2011N118917 HZA111789 GWB4 2424 are extracted from 200 mcl human plasma by (D) (4)izing [*H.}- GWE42424 35 an
HZA113970 iniemal standard  Extracts are analyzed by HPLC-MS/MS using a TubolonSpray ™ interface and multiple reaction
moniiorng.
LLQ 10.0 pgy'mlL
Validated Range 10.0 1o 1000 pg/mL
Within-run Precision (%CV) =04% (B4% atLLQ)
Between-mn Precsion (%CV) =7.2% (7.7% atLLQ)
Accuracy (%Bias) -2.0% = bias £10.0%
Stakelity in dimethyl formamide 3 daysat4°C
£ howrs ot ambient temperature
Stakility in Human Blood At least 4 hours at ambient temperature or 4°C
Stakeity in Human Plasma 4 peeze-thaw cycles at approximately -30°C
3t least 24 hows at ambeent iemperature
at least 379 days at -80°C
Processed Extract Stabiity at least 7 days at 4°C
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WD2008/01238 FZA102932 | GWoA2844X is extracted from 200 meL human plasma by (6) () scing Friv]- GW42284 23 an
and 2011N113073 HZA102934 intemal standard  Extracts are analyzed by HPLC-MS/MS using a TurbolonSpray ™ interface and multiple reaction

HZA102936 | monitoring.

HZA105548 [ LLQ 0.0 paymL
HZA106851 [ Validated Range 10.0 %o 10,000 py/mL
B2C106180 | Within-run Precision (%CV) <14.4%
B2C106181 Between-nun Precsion (%CV) =43%
B2C111401 [ Accuracy (%Bias) -13.8% < bias <0.1%
gmggg Stakility in Fuman Plasma Afleast 375 days at -80°C
oot Processed Extract Stabiity Atleast 24 howrs at ambient temperature
HZA106339
HZC112206
HZC112207
| WD2008/00602 B2CI106180 | An dliquot of human urne (25 moL) 15 diuted wit 0.1% formic acid In ac2iontile contaning [Hy]- GWB42444 35 an

intemal standard for the analysis of GWE42424. The diluted samples are analyzed by HPLC-MS/MS using a Turkbo
lonSpray interface and multiple reaction monitoring. To aid the solubility of GWE42444 in urne, human serum albumin
(HSA) is acded to fhe urine 10 give a conceniration of approximately 1 mg/mL prior to being stored frozen.

LLQ 0.5 ng/mL

Valwdated Range 0.5 to 500 ng/mL

Within-run Precision (%CV)) =4 9%

Accuracy (%Bias) 2.8% < Bias <7.0%

Stakedity in Human wine At least 3freeze-thaw cycles at approximately -20°C in urme contaning HSA
at least 24 howrs at ambeent femperature in unne with and withouwt HSA
present

Processed Extract Stabiity at least 72 howrs at4°C

WD2008/00423 DB1111509 GSK233705 and GW542444 are extracted from 100 mel of human plasma by protein precipitation using acetonitrile

DB1111581 contaning isotopically |abelled [*H: “Cl-GSK233705 and ["Hu]-GW842444 Extracts are analyzed by HPLC-MSMS
DB1112146 using a TurkolonSeray ™ interface and multivle reaction monitoring

LaQ 10.0 pg'ml for GSK233705
30.0pgml for GIVB42444
Valdated Rangs 70.0 1o 10000 pg'mL for GSR233705
30.0 1o 30000 paymL_ for GW642844
Within-run Precision (%CV) =7.3% for GSK233705
=5.8% for GWB42444
Between-nn Precssion (%CV) =4 5% for GSK233705
Nealigible for GIWG42442
Accuracy (%Bias) 9.7% < bias <2 8% for GSK233705
-3.4% < bias =4 4% for GWB42444
Stallity in Human Plasma Al least 3 freeze-haw cycles at approamately -80°C
at least 72 howrs at ambient femperature for both analytes
Processed Extract Stabiity at least 72 howrs at amkient fomperature
Source — Appendix Table 3, Section 2.7.1, Summary of Biopharmaceutic Studies and Associated Analytical

Methods

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 presents a summary of analytical methods used for quantification of UMEC/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 Whatis the range of the standard curve? How does it relate to the
requirements for clinical studies? What curve fitting techniques were used?
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The standard curve for UMEC’s analysis in plasma ranged from 0.2 to 10 ng/mL. A
linear regression model, with weighting factor of 1/concentration® was used for the curve
fitting for UMEC.

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 UMEC were 10 pg/mL and 10 ng/mL, respectively. Ten fold
dilution factor was also validated for concentrations above ULOQ.

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 UMEC and VI are listed in Table
2.9.1. 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?

For the bioanalytical methods for both analytes, stability was demonstrated under
different conditions as discussed below:

UMEC

Stability of UMEC was established under various conditions: stability of UMEC in
human whole blood at 37°C for at least 4 hours. stability of UMEC in human plasma for
at least 24 hours at room temperature and for at least 412 days at -20°C; stability for 3
freeze-thaw cycles at approximately -20°C at least 24 hours at ambient temperature; stability of
processed samples (auto sampler reinjection and reproducibility) under ambient
conditions (bench-top) for at least 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.

Vi

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.
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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

7 DRUG INTERACTIONS

7.1 Inhibitors of Cytochrome P450 3A4

Vilanterol, a component of ANORO ELLIPTA, is a substrate of cytochrome P450
3A4 (CYP3A4). Concomitant administration of the potent CYP3A4 inhibitor
ketoconazole increases the systemic exposure to vilanterol. Caution should be exercised
when considering the coadministration of ANORO ELLIPTA with ketoconazole and
other known potent CYP3A4 inhibitors (e.g., ritonavir, clarithromycin, conivaptan,
indinavir, itraconazole, lopinavir, nefazodone, nelfinavir, saquinavir, telithromycin,
troleandomycin, voriconazole) [see Warnings and Precautions (5.6), Clinical
Pharmacology (12.3)].

7.2 Monoamine Oxidase Inhibitors and Tricyclic Antidepressants

Vilanterol, like other beta,-agonists, should be administered with extreme caution
to patients being treated with monoamine oxidase inhibitors, tricyclic antidepressants, or
drugs known to prolong the QTc interval or within 2 weeks of discontinuation of such
agents, because the effect of adrenergic agonists on the cardiovascular system may be
potentiated by these agents. Drugs that are known to prolong the QTc interval have an
increased risk of ventricular arrhythmias.
7.3 Beta-Adrenergic Receptor Blocking Agents

Beta-blockers not only block the pulmonary effect of beta-agonists, such as
vilanterol, a component of ANORO ELLIPTA, but may produce severe bronchospasm in
patients with @@ Therefore, patients with COPD
should not normally be treated with beta-blockers. However, under certain circumstances,
there may be no acceptable alternatives to the use of beta-adrenergic blocking agents for
these patients; cardioselective beta-blockers could be considered, although they should be
administered with caution.
7.4 Non-Potassium-Sparing Diuretics

The electrocardiographic changes and/or

hypokalemia that may result from the administration of non—potassium-sparing diuretics
(such as loop or thiazide diuretics) can be acutely worsened by beta-agonists, especially
when the recommended dose of the beta-agonist is exceeded. Although the clinical
significance of these effects is not known, caution is advised in the coadministration of
beta-agonists with non—potassium-sparing diuretics.
7.5 Anticholinergics

There is potential for an interaction with concomitantly used anticholinergic
medications. Therefore, avoid coadministration of ANORO ELLIPTA with other
anticholinergic-containing drugs as this may lead to an increase in anticholinergic
adverse effects [see Warnings and Precautions (5.6, 5.8, 5.9), Adverse Reactions (6)].

12.3 Pharmacokinetics
(b) (4)
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Absorption: Umeclidinium: Following stration of umeclidinium in

healthy subjects, Cpax occurred at 5 to 15 minutes. m
EERE S Uncclidinim s mosty absorbed fom

lung after inhaled doses with minimum contribution from oral absorption. Followin,

repeat dosing of inhaled umeclidinium, steady state was achieved within
SO sccumtion

Vilanterol: Following inhaled administration of vilanterol in health
subjects, Cpax occurred at 5 to 15 minutes

-Vilanterol is mostly absorbed from lung after inhaled doses with negligible

contribution from oral absorption. Following repeat dosing of inhaled vilanterol, steady
state was achieved with“ accumulation.

Distribution: Umeclidinium: Following intravenous administration to healthy
subjects, the mean volume of distribution was 86 L. In vitro plasma protein binding in
human plasma was on average 89%.

Vilanterol: Following intravenous administration to healthy subjects, the
mean volume of distribution at steady state was 165 L. In vitro plasma protein binding in
human plasma was on average 94%.

Metabolism: Umeclidinium: In vitro data showed that umeclidinium is primarily
metabolized by the enzyme cytochrome P450 2D6 (CYP2D6) and is a substrate for the P-
glycoprotein (P-gp) transporter. The primary metabolic routes for umeclidinium are
oxidative (hydroxylation, O dealkylation) followed by conjugation (e.g.,
glucuronidation), resulting in a range of metabolites with either reduced pharmacological
activity or for which the pharmacological activity has not been established. Systemic
exposure to the metabolites is low.

Vilanterol: In vitro data showed that vilanterol is metabolized principally
by CYP3A4 and is a substrate for the P-gp transporter. Vilanterol is metabolized to a
range of metabolites with significantly reduced f;- and B,-agonist activity.

Elimination: Umeclidinium:

—Following intravenous dosing with radio-labeled
umechdnnum mass balance showed 58% of the radlo label n the feces and 22% n the

life after once daily dosing 1s about 11 hours.
Vilanterol:

Following oral administration of radio-labeled vilanterol,
mass balance showed 70% of the radio-label in the urine and 30% in the feces.

-The effective elimination half-life for vilanterol, as determined from inhalation

stration of multiple doses 1s 11 hours _

Special Populations:
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F-tgufe—l—Populatlon phannacokmetlc analys1s showed no ev1dence of a chmcally

significant effect of age, {40-te-93—years){see-Figure-1); gender, {69%male){see-Figure
B inhaled corticosteroid use, {48%); or weight 34-te+6+Jke)-on systemic exposure of

either umeclidinium or vilanterol. In addition, there was no evidence of a clinically
significant effect of race.

Impact of Intrinsic Factors on Umeclidinium (UMEC) & Vilanterol (V1) PK

Population Description: PK UMEC: Fold Change and 90%Cl VI: Fold Change and 90% CI Recommendation

Age:

>65 Years AUC 2 gl e No dose adjustment
Cmax 2 gl gl

Gender:

Male AUC a ! L gl No dose adjustment
Crax ag! o

—Severe Renal Impairment, AUC e e S— No dose adiustment

Cmax e A

Moderate Hepatic Impairment AUC e e No dose adjustment
Crax F—e— —e—

CYP2D6 Poor Metabolizers AUC —— No dose adjustment
Crax ——

r T T 1T T T T 1
0.0 0.5 1.0 1.5 20 00 0.5 1.0 1.5 20
Change relative to reference Change relative to reference

Hepatic Impairment: The impact of hepatic impairment on the
pharmacokinetics of ANORO ELLIPTA has been evaluated in subjects with moderate
hepatic impairment (Child-Pugh score of 7-9). There was no evidence of an increase in
systemic exposure to either umeclidinium or vilanterol (Cy.x and AUC) (seeEistreH.
There was no evidence of altered protein binding in subjects with moderate hepatic
impairment compared with healthy subjects. ANORO ELLIPTA has not been evaluated
in subjects with severe hepatic impairment.

Renal Impairment: The pharmacokinetics of ANORO ELLIPTA has been
evaluated in subjects with severe renal impairment (creatinine clearance <30 mL/min).

Vilanterol systemic exposure (AUC(0-24)) was
56% higher 1 subjects with severe renal impairment compared with healthy subjects.
There was no evidence of altered protein binding in subjects with severe renal
impairment compared with healthy subjects (see Figure 1) [see Clinical Pharmacology

(12.3)].
Drug Interactions:
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Inhibitors of Cytochrome 450 344: Vilanterol is a substrate of CYP3A4. A
double-blind, repeat-dose, 2-way crossover drug interaction trial was conducted in
healthy subjects to investigate the pharmacokinetic and pharmacodynamic effects of
vilanterol 25 mcg as an inhalation powder with ketoconazole 400 mg. The plasma
concentrations of vilanterol were higher after single and repeated doses when
coadministered with ketoconazole than with placebo (see Figuri 2). The increase in
vilanterol exposure was not associated with an increase in beta-agonist-related systemic
effects on heart rate; or blood potassi

P-glycoprotein Transporter: Umeclidinium
and vilanterol are both substrates of P-gp. The effect of the moderate P-gp transporter
inhibitor verapamil (240 mg once daily) on the steady-state pharmacokinetics of
umeclidinium and vilanterol was assessed in healthy subjects. No effect on umeclidinium
or vilanterol Cy,.x was observed; however, an approximately 1.4-fold increase in
umeclidinium AUC was observed with no effect on vilanterol AUC (see Figurel! 2)

“ Cytochrome P450 2D6: In vitro metabolism of
umeclidinium 1s mediated primarily by CYP2D6. However, no clinically meaningful

difference in systemic exposure to umeclidinium (500 mcg) was observed following
repeat daily inhaled dosing te in CYP2D6 normal (ultrarapid. extensive, and intermediate
metabolizers) and poor metabolizer subjects+seeEisuret)-

Figure 1. Impact of Extrinsic Factors on the Pharmacokinetics (PK) of

Umeclidinium and Vilanterol
Impact of Extrinsic Factors on Umeclidinium (UMEC) & Vilanterol (V1) PK

Interacting Drugs: PK UMEC: Fold Change and 90% CI VI: Fold Change and 90% CI Recommendation
Verapamil

AUC g F—— No dose adjustment

Crmax e i
Ketaconazole

AUC | S— Caution

Cmax [ 1

I T T T 1 I T T T 1
0.5 1.0 1.5 2.0 25 3.0 0.5 1.0 1.5 20 2.5 3.0
Change relative to reference Change relative to reference
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4.  Appendix

41 PM Review
OFFICE OF CLINICAL PHARMACOLOGY:

PHARMACOMETRIC REVIEW
NDA Number 203975
Brand Name ANORO ELLIPTA
Drug Components Umeclidinium (UMEC) and vilanterol (VI)
Proposed dosing UMEC / VI (62.5 or 125 mcg / 25 mcg) once daily
Pharmacometrics Reviewer Hongshan Li, Ph.D.
Pharmacometrics Team Leader Atul Bhattaram, Ph.D.
Sponsor GlaxoSmithKline

1 Summary of Findings

1.1 Key Review Questions

The purpose of this review is to address the following six key questions.
1.1.1 Are the two dose regimens selected for the Phase 3 clinical trials appropriate
regarding dosing amounts and dosing frequency?

Yes, UMEC/VI 62.5 mcg/25 mcg QD and 125 mcg/25 mcg QD were selected for Phase 3
trials based on efficacy and safety data from Phase 2 clinical trials. The dosing range of
each individual component has been explored in Phase 2 trials although no dose-ranging
studies of any UMEC/VI combinations had been executed before Phase 3 clinical trials.

e For UMEC, the drug development program includes dose-ranging information of four
Phase 2 studies in COPD patients.

e For VI, the drug development program includes dose-ranging information of one
Phase 2 study in asthma patients and one Phase II study in COPD patients.

e As aresult, two dosing regimens, UMEC/VI 62.5 mcg/25 mcg and 125 mcg/25 mcg,
were agreed upon by the FDA for Phase 3 trials in COPD patients.

For the UMEC component, four dose-ranging trials were conducted in COPD patients
exploring daily doses from 15.6 mcg to 1000 mcg (Figure 1 and Table 1). An overall
dose response was observed for UMEC QD doses ranging from UMEC 15.6 mcg to 125
mcg, with no consistent additive benefit for UMEC doses above 125 mcg. The results of
these four trials in COPD were the basis for the selection of UMEC 62.5 and 125 mcg for
further evaluation in confirmatory trials. Of all 1204 patients, 118 patients reported AEs.
Total 107 moderate or severe AEs were reported. The most frequently reported moderate
or severe AEs are 24 headaches, 8 cases of common cold, 8 coughs, 5 cases of COPD
exacerbation, 4 cases of hoarseness, 4 sore throats, and 4 cases of sinusitis.
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Table 1: Mean change from baseline in trough FEV1 (L) for umeclidinium once or twice daily doses.
AC4115321 on Day 8 AC4113073 on Day 15 AC4113589 on Day 29 AC4115408 on Day 85
) A e N P R
Placebo -0.057 (-0.114, 0.000) | 41 -0.071 (-0.109, -0.033) 150 0.016 (-0.029, 0.061) 67 0.000 (-0.068, 0.068) 50
Tio 0.034 (-0.057, 0.125) 34
15.6 QD 0.046 (0.004, 0.088) 51
31.2QD 0.069 (0.009, 0.147) 46
15.6 BID 0.076 (0.024, 0.127) 45
62.5 QD 0.027 (-0.018, 0.072) 48 0.073 (-0.024, 0.171) 34 0.119 (0.064, 0.174) 61
31.2BID | 0.039 (-0.021, 0.100) 48
125 QD 0.109 (0.054, 0.164) 48 0.135 (0.052, 0.217) 33 0.163 (0.104, 0.223) 64 0.156 (0.115, 0.197) 55
62.5 BID 0.024 (-0.085, 0.134) 31
250 QD 0.087 (0.012, 0.163) 35 0.167 (0.115, 0.219) 69
125 BID 0.126 (0.020, 0.233) 33
500 QD 0.054 (-0.043, 0.151) 37 0.180 (0.128, 0.231) 63
250 BID 0.152 (0.059, 0.244) 32
1000 QD 0.157 (0.068, 0.246) 29
FEVI1TRC: change from baseline in trough FEV1 at the end of Day 28; Clys ;,: the lower boundary of 95% confidence interval; Clos ,: the upper boundary of
95% confidence interval; N: number of patients in the group; COPD: chronic obstructive pulmonary disease; FEV1: forced expiratory volume in 1 second;
Tio: tiotropium 18 mcg once daily dose; 15.6 QD: umeclidinium 15.6 mcg once daily dosing, other numbers followed by QD have the similar explanation;
15.6 BID: umeclidinium 15.6 mcg twice daily dosing, other numbers followed by BID have the similar explanation

Reference ID: 3358407
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Dosing frequency with UMEC, QD versus BID (twice daily), was explored in patients
with COPD (left two panels of Figure 1). In the randomized, double-blind, placebo-
controlled, cross-over trial (AC4115321) in patients with COPD, the efficacy and safety
was compared between UMEC 31.2 mcg BID, UMEC 62.5 mcg QD, and UMEC 125
mcg QD. Based on trough FEV1, 62.5 mcg QD and 31.2 mcg BID appeared similar,
whereas 125 mcg QD resulted in numerically the highest trough FEV1 effect. These
results supported the selection of the QD regimen of 62.5 and 125 mcg of UMEC for
further evaluation. Another study in COPD patients (AC4113073) demonstrated the
efficacy profile of 125 mcg QD was numerically better than 62.5 mcg BID, and the safety
profile of 125 mcg QD was comparable to 62.5 mcg BD (Table 1 and lower left panel of
Figure 1)

For VI, a range of doses were explored in both COPD patients (Study B2C111045) and
persistent asthma patients (B2C109575). In each patient population, a 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. Trough FEVI results
demonstrated an approximate dose-response between the lowest and highest doses
(Figure 2) for both studies. The 25 mcg dose was identified as optimal dose in asthma
study. In the COPD study, 25 mcg also demonstrated comparable efficacy/safety profile
to 50 mcg QD, the best regimen based on efficacy and safety data (Table 2 and Figure 2).

Out of all 537 COPD patients of Study B2C111045, 67 patients reported AEs. Moderate
or severe AEs totaled 71 cases, including the following most frequently reported cases: 6
headaches, 5 intensified back pains, 3 common colds, and 3 cases of sinusitis.

Figure 2. Effect of vilanterol on lung function (trough FEV;) across doses ranging
from 3 mcg to 50 mcg QD (COPD left, Asthma Right).

COPD Study B2C111045, Day 29 Asthma Study B2C109575, Day 29
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Table 2. Mean change from baseline in trough FEV1 in L for vilanterol once
daily doses.
(];OCS;) Study B2C111045 in COPD Patients | Study B2C109575 in Asthma Patients
FEVITRC (Clos 15,Clos up) N FEVITRC (Clos 15,Clos p) N
0 0.039 (-0.008, 0.085) 84 0.186 (0.099, 0.272) 87
3 0.124 (0.087, 0.162) 88 0.254 (0.175, 0.334) 84
6.25 0.130 (0.097, 0.164) 90 0.243 (0.171,0.316) 91
12.5 0.132 (0.090, 0.174) 92 0.269 (0.196, 0.342) 88
25 0.175 (0.136, 0.214) 92 0.318 (0.258, 0.378) 93
50 0.193 (0.150, 0.237) 91 0.302 (0.239, 0.365) 97
FEVI1TRC: change from baseline in trough FEV1 at the end of Day 28; Clys 1,: the lower boundary of
95% confidence interval; Clos ,: the upper boundary of 95% confidence interval; N: number of
patients in the group; COPD: chronic obstructive pulmonary disease; FEV1: forced expiratory
volume in | second

Regarding dosing frequency of VI, a Phase 2 study (HZA113310) conducted in subjects
with persistent asthma supported the comparability of once and twice daily dosing, where
the improvement of mean FEV1 (0-24h) was similar between VI 6.25 mcg twice daily
and VI 12.5 mcg once daily dosing.

In summary, that UMEC 62.5 mcg QD and UMEC 125 mcg QD being carried forward
for combination studies in the Phase 3 COPD program was supported by dose frequency
and dose-ranging data of the UMEC component in COPD patients. In terms the selection
of VI 25mcg QD for the Phase 3 COPD program, it was supported by the results of dose-
ranging studies in both COPD and asthma patients and the dosing frequency study in
asthma patients.

1.1.2 Do Phase 111 confirmatory study results support the approval of the two dose
regimens, UMEC/V1 62.5 mcg/25 mcg QD and UMEC/VI 125 mcg/25 mcg QD, for
COPD patients?

The efficacy and safety data collected from 6 Phase 3 clinical trials demonstrated that
UMEC/VI 62.5 mcg/25 mcg QD is appropriate for COPD patients. However, UMEC/VI
125 mcg/25 mcg QD didn’t demonstrate additional benefit to UMEC/VI 62.5 mcg/25
mcg QD.

Trough FEV1 change from baseline data on Day 169 of the four Phase 3 clinical trials
(DB2113360, DB2113361, DB2113373 and DB2113374) demonstrated that UMEC/VI
62.5/25 and 125/25 improved lung function, as presented in Table 3 and Figure 3.

e The combination of UMEC/VI 62.5 mcg/25 mcg QD demonstrated added benefit to
individual treatment of VI 25 mcg or UMEC 62.5 mcg, and both VI 25 mcg and
UMEC 62.5 demonstrated higher efficacy than the placebo while safety profiles were
comparable amongst the 4 treatments (Table 3 and middle right panel of Figure 3).

e The combination of UMEC/VI 125 mcg/25 mcg QD demonstrated added benefit to
individual treatment of VI 25 mcg or UMEC 125 mcg, and both VI 25 mcg and
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UMEC 125 demonstrated higher efficacy than the placebo while safety profiles were
comparable amongst the 4 treatments (Table 3 and middle left panel of Figure 3).

e The efficacy and safety profiles were comparable between the two combinations
UMEC/VI 62.5 mcg/25 mcg and 125 mcg/25 mcg while they are numerically better
than tiotropium 18 mcg QD (Table 3 and side panels of Figure 3). Similar FEV1
results were obtained in another two Phase 3 studies (DB2114417 and DB2114418)
as shown in left columns of Table 4 and in the two lower panels of Figure 4.

The safety profiles were comparable between different treatments of the 6 Phase 3
studies. Out of all 4647 patients of the 6 studies, 1502 patients reported AEs. Moderate or
severe AEs totaled 1155 cases, including the following most frequent ones: 155 cases of
headache, 8lcases of common cold, 78 exacerbations of COPD, 50 cases of upper
respiratory infection, 49 cases of cough, 46 cases of toothache, 43 cases of back pains and
32 cases of pneumonia.

In summary, the efficacy and safety data collected from 6 Phase 3 clinical trials
demonstrated that UMEC/VI 62.5 mcg/25 mcg QD is appropriate for COPD patients.
However, UMEC/VI 125 mcg/25 mcg QD didn’t demonstrate additional benefit to
UMEC/VI 62.5 mcg/25 mcg QD.

1.1.3 Are there any covariates that influence the systemic exposure of UMEC and
VI that need dose adjustment?

No, there were no covariates found in the population PK of UMEC and VI that warrant
any dose adjustment of either component.

For pooled population PK data of Study DB2113361 and DB2113373, Both UMEC and
VI PK can be best described by a two-compartment model with first order absorption.
The population PK parameters and associated inter-individual variability were adequately
characterized. There was no apparent PK interaction with co-administration of UMEC
with VL.

Weight, age and creatinine clearance were statistically significant covariates on apparent
inhaled clearance (CL/F) of UMEC and weight was significant covariate on UMEC
volume of distribution (V,/F). For every 10% increase in weight the CL/F increased
approximately by 2%. The apparent volume of distribution of central compartment V2/F
increased approximately 6% for every 10% increase in body weight from 70 kg. With
10% increase in age from 60 years of age, the CL/F decreased by approximately 7%.
Regarding creatinine clearance, the CL/F decreased by approximately 3% with every
10% decrease in creatinine clearance from 110 mL/min. The changes in CL/F and V2/F
due to differences in age, weight and creatinine clearance are marginal and do not
warrant any dose adjustments for UMEC based on these covariates in population
spanning the observed weight, age and creatinine clearance range.
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Figure 3. Change from baseline in trough FEV1 in COPD patients for umeclidinium, vilanterol,
and combination of them in once daily doses and the comparison to tiotropium and placebo.

DB2113360, Day 169 DB2113361, Day 169 DB2113373, Day 169 DB2113374, Day 169

100

© |Efficacy ™

I T 1]
S Il 1 Ill‘”

—n—
—n—
60

% of patients with moderate or severe AEs

0.1
F——
—a—
—n—
—n—
—n—
——

40

e

Trough FEV1 change from baseline (L)

LT I I
o
: I | T 1 %
TIlT IIET I |
J._J_ [ ] J. IIJ-J' J.J_ &
1 (-
=
ol
g g g g § &
e s 5§ 54§ 8 § 54§ 8 & §o § § 4
s s & & s = s & 5 = = s g
§ 5@ R > R

Tio: tiotropium 18 meg QD; VI 25: vilanterol 25 meg QD, UM 62.5: umeclidinium 62.5 mcg QD; UM 125: umeclidinium 125 mcg QD;
UM/VI 62.5/25: umeclidinium 62.5 mcg and vilanterol 25 mcg QD; UM/VI 125/25: umeclidinium 125 mcg and vilanterol 25 mcg QD
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Table 3. Mean change from baseline in trough FEV1 (L) for once daily treatments of Phase 3 studies on Day 1609.

DB2113360 DB2113361 DB2113373 DB2113374
Treatment FEVITRC N FEVITRC N FEVITRC N FEVITRC N
(C195 10,CI95 _hi) (CI95 10,CI95_hi) (CI95 10,CI95_hi) (C195 10,CI95 hi)
Placebo -0.024 (-0.057,0.009) | 182 | 0.005 (-0.027, 0.037) | 200
Tio 0.127 (0.086, 0.167) | 174 0.147 (0.104,0.191) | 172
VI25 0.119 (0.078,0.159) | 163 0.1 (0.075, 0.125) 299 | 0.083(0.057,0.109) | 317
UM 62.5 0.123 (0.098, 0.148) | 319
UM 125 0.139 (0.115, 0.163) 309 0.189 (0.156, 0.221) | 160
UMEC/VI
62.5/25 0.205 (0.168,0.241) | 180 0.164 (0.138,0.191) | 329 | 0.21(0.178,0.242) | 160
UMEC/VI
125/25 0.214 (0.176,0.251) | 170 |  0.214(0.19, 0.238) 322 0.218 (0.18,0.256) | 163

FEVITRC: change from baseline in trough FEV1 at the end of Day 84; CI95_lo: the lower boundary of 95% confidence interval; CI95 up: the
upper boundary of 95% confidence interval; N: number of patients in the group; COPD: chronic obstructive pulmonary disease; FEV1: forced
expiratory volume in 1 second; VI 25: vilanterol 25 mcg; UMEC 62.5 : umeclidinium 62.5 mcg; UMEC 125 : umeclidinium 125 mcg; UMEC/VI
62.5/25: the combination of umeclidinium 62.5 mcg and vilanterol 25 mcg; UMEC/VI 125/25: the combination of umeclidinium 125 mcg and
vilanterol 25 mcg; Tio: tiotropium 18 mcg once daily
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Figure 4. Change from baseline in trough FEV1 in COPD patients for umeclidinium, vilanterol,
and combination of them in once daily doses and the comparison to tiotropium and placebo.
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Table 4. Mean change from baseline in trough FEV1 (L) for once daily treatments of Phase 3 studies on Day 84.
Study DB2114417 Study DB2114418
Treatment FEVITRC (CI95 10,CI95 hi) N FEVITRC (CI95 10,CI95 hi) N
Placebo -0.052 (-0.084, -0.019) 148 -0.083 (-0.112, -0.053) 119
VI25 0.063 (0.004, 0.123) 63 0.049 (0.000, 0.099) 54
UMEC
62.5 0.079 (0.004, 0.153) 43 0.121 (0.048, 0.193) 37
UMEC 125 0.113 (0.045, 0.181) 44 0.273 (0.193, 0.354) 33
UMEC/VI
62.5/25 0.167 (0.121, 0.212) 130 0.212 (0.171, 0.253) 116
UMEC/VI
125/25 0.18 (0.139, 0.222) 131 0.237 (0.196, 0.278) 110
FEVITRC: change from baseline in trough FEV1 at the end of Day 84; CI95_lo: the lower boundary of 95% confidence interval; CI95 up: the upper
boundary of 95% confidence interval; N: number of patients in the group; COPD: chronic obstructive pulmonary disease; FEV1: forced expiratory volume
in 1 second; VI 25: vilanterol 25 mcg; UMEC 62.5 : umeclidinium 62.5 mcg; UMEC 125 : umeclidinium 125 mcg; UMEC/VI 62.5/25: the combination
of umeclidinium 62.5 mcg and vilanterol 25 mcg; UMEC/VI 125/25: the combination of umeclidinium 125 mcg and vilanterol 25 mcg
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Weight and age were statistically significant covariates on VI apparent inhaled clearance (CL/F).
For every 10% increase in weight the CL/F increased by about 2%. With a 10% increase in age
from 60 years, the CL/F decreased by approximately 4%. The changes in CL/F due to age and
weight are marginal and do not warrant any dose adjustments for VI based on these covariates in
population spanning the observed weight and age range.

1.2 Recommendations
The Pharmacometrics reviewer finds the application acceptable.

1.3 Label Statements

Labeling statements to be removed are shown in blaestrikethroughfont and suggested labeling
to be included is shown in underline red font.
12.3  Pharmacokinetics

Special Populations: Population pharmacokinetic analysis showed that no dose adjustment is
warranted for umeclidinium or vilanterol based on the effect of age, gender, inhaled
corticosteroid use, or weight. There was also no evidence of a clinically significant effect of race
on systemic exposure to either umeclidinium or vilanterol.

2 Pertinent regulatory background

Co-administration of long-acting muscarinic antagonist (LAMAs) and long-acting beta-2
agonists (LABAs) is more effective than either drug class alone in managing stable COPD to
improve lung function, symptoms and health status. By targeting 2 different pharmacologic
mechanisms, a LAMA/LABA combination product could potentially optimize bronchodilator
therapy of COPD while avoiding the risk of side effects associated with increasing the dose of a
single bronchodilator. However, no LAMA/LABA combination products are currently licensed
for COPD treatment. GSK has developed the inhaled UMEC/VI combination as a first line
treatment for COPD patients, with benefit demonstrated over bronchodilator monotherapy.
UMEC/VI offers a once daily dosing interval which could improve treatment adherence and
convenience for patients. Neither UMEC nor VI is approved for treatment of COPD, so the
clinical development program aimed to demonstrate the effectiveness of the UMEC/VI
combination and the effectiveness of UMEC and VI individually, as well as their contribution to
the combination. In addition, safety was assessed for UMEC/VI, UMEC, and VI compared with
placebo as well as for UMEC/VI compared with UMEC and VI individually.

The global clinical program for UMEC/VI comprised a total of 50 clinical and clinical
pharmacology studies, including 7 Phase 3 efficacy/safety studies in subjects with COPD. Table
depicts the treatments of the primary and supportive efficacy and safety studies. The 7 Phase 3
studies to evaluate the efficacy and safety of UMEC/VI combination treated a total of 5950
subjects with COPD in 32 countries as follows:

e Two 24-week placebo-controlled safety and efficacy studies (DB2113361 and
DB2113373) and two 24-week TIO comparator studies (DB2113360 and DB2113374)
which provide the majority of the efficacy and safety data (hereafter referred to as
Primary Efficacy studies),

e Two 12-week exercise endurance studies (DB2114417 and DB2114418) (hereafter
referred to as Exercise studies), and
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o A 52-week safety study (DB2113359) (hereafter referred to as the Long-term Safety
study). The application also includes 3 Phase 2b studies to support dose selection of
UMEC, 3 Phase 2b studies to support dose selection of VI and 37 Phase 1 and Phase 2a
studies for the UMEC/VI combination and/or the monotherapy components including
several studies of fluticasone furoate/VI (FF/VI) combination. One additional Phase 3
study to support the efficacy and safety of UMEC monotherapy (AC4115408) was
included.

e VI data from 4 studies conducted as part of the Phase 3 program for FF/VI in COPD are
included to support the safety of the VI component of UMEC/VI. An analysis of data
from studies conducted as part of the development program for FF/VI in asthma are
included to further support the safety of VI.

The Phase 2 studies that were conducted to support dose selection and dosing frequency for
UMEC and VI components (conducted in both COPD and asthma) are outlined in Table . The
Phase 3 clinical development program for UMEC/VI was designed based on feedback from
regulatory authorities in the US, EU, Japan and Canada for UMEC/VI combination, and UMEC
and VI monotherapies for the maintenance treatment of COPD.

Table 5. Once Daily Dose Regimens for the 7 Phase 3 Efficacy and Safety Studies

for UMEC/VI in COPD Patients

Study PLA | UMEC UMEC VI UMEC/VI UMEC/VI Tio
62.5mcg | 125mecg | 25 mcg 62.5 mcg/25 meg | 125 mcg/25 meg

DB2113361 0 0 O 0

DB2113373 0 0 O 0

DB2113360 0 0 0 0

DB2113374 0 0 0 0

DB2114417 | [ 0 0 0 0 0

DB2114418 [ [ (] [ [ [

DB2113359 | [ 0 0

Abbreviations: PLA=placebo; Tio=tiotropium; UMEC=umeclidinium bromide; VI=vilanterol

Source: Clinical Overview, Table 5, page 24

GSK met with the FDA on the following occasions to discuss the UMEC/VI clinical
development program:

e End of Phase 2 Meeting held on October 29, 2010.

e Pre-New Drug Application (NDA) Meeting held on January 18, 2012.

At the End of Phase 2 meeting, the FDA recommended that GSK consider exploring lower doses
of UMEC to determine the nominal dose and the dosing interval in the target patient population.
GSK conducted a low dose study investigating UMEC treatment at the following doses and dose
intervals:

e UMEC 15.6 micrograms (mcg), 31.25 mcg, 62.5 mcg, 125 mcg once-daily

e UMEC 15.6 meg, 31.25 mcg twice-daily.

Consistent with the findings of the dose-rangingdose-ranging studies, 2 once-daily UMEC doses
were carried forward into the Phase 3 clinical development program (62.5 mcg and 125 mcg), as
monotherapy and in combination with VI.

Table 6. Phase 2 Studies to Select Dose Regimens of UMEC/VI Phase 3 Trials in COPD
patients
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Study Study Study Design Duration Treatment in mcg Population
Number Objective(s) (once-daily or
otherwise specified
UMEC dose and frequency selection
AC4113589 | Dose-ranging | R, DB, PG, PC 28 days UMEC 125 COPD
UMEC 250
UMEC 500
PLA
AC4113073 | Dose- R, DB, XO, PC | 3 periods Once-daily: UMEC COPD
ranging, Incomplete per 62.5, 125,250, 500 or
dosing block subject, 14 1000, or Tio 18 OL, or
interval, days PLA
And PK per period Twice-daily: UMEC
62.5, 125 or 250, or
PLA
AC4115321 | Dose-ranging | R, DB, XO, PC | 3 periods Once-daily: COPD
and dosing Incomplete per UMEC 15.6, 31.25,
interval block subject, 7 62.5or 125, or TIO 18
days per OL, or PLA
period Twice-daily: UMEC
15.6 or 31.25, or
PLA
AC4115408 | Efficacy and | R, DB, PG, PC 12 weeks UMEC 125 or 62.5,0or | COPD
safety PLA
VI dose and frequency Selection
B2C111045 | Dose-ranging | R, DB, PG, PC | 28 days VI3, 6.25,12.5,25 COPD
Stratified a or 50, or PLA
B2C109575 | Dose-ranging | R, DB, PG, PC | 28 days VI3,6.25,12.5,25 Asthma
Stratified b or 50, or PLA
HZA113310 | Dose-ranging | R, DB, XO, PC | 5 periods Once-daily: Asthma
and dosing per V16.25,12.50or 25
interval subject, 7 Twice-daily:
days per VI16.25 or PLA
period

Abbreviations: COPD=chronic obstructive pulmonary disease; DB=double-blind; OL=open-label; PC=placebo
controlled; PG=parallel-group, PLA=placebo; R=randomized, TIO=tiotropium; UMEC=umeclidinium bromide;
VI=vilanterol; XO=cross-over

a. Subjects’ reversibility to salbutamol was used to stratify the randomization.

b. Subjects’ baseline FEV1 (=40% to <65% and > 65% to <90% of predicted normal) was used to stratify the
randomization.

Source: Clinical Overview, Table 1, page 16-17

At the pre-NDA meeting, the FDA commented that a relevant patient population for the
proposed combination product must be identified and that the TIO comparator studies and the
endpoint of reduction in salbutamol use would provide useful data in identifying this. The
content and format of the integrated summaries were agreed as well as the size of the safety
database. Known adverse effects of special interest associated with anticholinergic or muscarinic
antagonists and beta-agonists for evaluation in the Phase 3 UMEC/VI clinical studies were
proposed and agreed. These included cardiovascular effects, other anticholinergic effects (e.g.,
urinary retention and ocular disorders) and beta-adrenergic effects (e.g., electrolyte imbalances
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and tremor). An evaluation of pneumonia was also requested. In addition to the adjudication of
serious adverse events (SAEs) from the Phase 3 clinical development program, the FDA
requested an analysis of Major Adverse Cardiac Events (MACE) and respiratory-related events
such as those conducted by other COPD programs. A high-level summary of the safety findings
from the asthma program with VI, including deaths, non-fatal SAEs, AEs leading to
discontinuation, and common AEs was also requested. Other points raised are addressed under
the appropriate heading within the Clinical Overview.

3 Results of Sponsor’s Analysis
3.1 Population PK Analysis for UMEC/VI in Subjects with COPD

3.1.1 Purpose, Data and Methods

Purpose: The aim of the population PK analyses was to characterize the population
pharmacokinetics (PK) of UMEC and VI, in combination or alone when administered to COPD
patients.

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

Data Source: Data from two Phase III studies (DB2113361 and DB2113373) was utilized for
the analyses. These studies were multi-center, randomized, double-blind, placebo-controlled
parallel-group studies in adult subjects with COPD. Eligible subjects were randomized to receive
UMEC/VI 125/25 mcg, UMEC 125 mcg, VI 25 mcg or placebo in a 3:3:3:2 ratio in study
DB2113361 and receive UMEC/VI 62.5/25 mcg, UMEC 62.5 mcg, VI 25 mcg or placebo in a
3:3:3:2 ratio in study DB2113373. All treatments were administered once daily in the morning
by using a Novel Dry Powder Inhaler (Novel DPI) for 24 weeks. Sparse PK samples were
collected from subjects on visit 2 (Day 1), Visit 5 (Week 8) and Visit 8 (Week 24) in each of the
studies. A subset of subjects that were evaluated over 24 hours (13- 14% across treatment arms)
in each study were to provide serial sampling on visits 2, 6 and 8.

The PK sampling scheme is outlined in Table . Total 1635 subjects (406+402+417+410)
contributed UMEC PK samples for 8498 UMEC observations and total 1637 subjects
(404+402+421+410) contributed VI PK samples for 8405 VI observations. Plasma samples were
analyzed for UMEC and VI using validated analytical methods based on solid phase extraction,
followed by high-pressure liquid chromatography with tandem mass spectrometric analysis for
detection analysis. The lower limit of quantification (LLQ) for UMEC and VI in plasma was
10.0 pg/mL and the higher limit of quantification (HLQ) was 1000 pg/mL for VI and 2000

pg/mL for UMEC.
Table 7. Plasma Samples for the Population PK Analysis of UMEC and VI
Study Doses (mcg) Sampling Window (nominal)

DB2113361 OUMEC/VI Pre-dose and 1-15 minutes post-dose on days 1, 56 and 168.
125/25 (N=402)
OUMEC 125 For a subset of subjects, pre-dose and one sample post-dose
(N=406) in each of the following sampling time windows;1-15
[J VI 25 (N=404) | minutes, 20 mins-4 hours, 4.5-15 hours and 23-24 hours
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[] Placebo (after previous day’s morning dose) on treatment days 1, 84
and 168.
DB2113373 | OUMEC/VI Pre-dose and 1-15 minutes post-dose on days 1, 56 and 168.
62.5/25 (N=410)
[JUMEC 62.5 For a subset of subjects, pre-dose and one sample post-dose
(N=417) in each of the following sampling time windows; 1-15
[J VI 25 (N=421) | minutes, 20 mins-4 hours, 4.5-15 hours and 23-24 hours
[] Placebo (after previous day’s morning dose) on treatment days 1, 84
and 168.
N: number of subjects who contributed PK samples in the arm. The N numbers for the 2 placebo
groups are both 266 and 399 for all other groups as described in the protocol.

Handling Outlier Data: About 4-5% of PK samples (for 23-24 h post-dose window) had
unexpectedly high concentration values. In some cases these were higher than the 0-15 min post-
dose sample in the same subject. Such observations occurred only with data obtained on second
and third PK occasions (PK sampling Days 56, 84 and 168; OCC=2 and OCC=3) as displayed in
Figure 5. This phenomenon was observed for UMEC and VI across all treatment arms. As
another case of outlier data, anomalous plasma concentration-time profiles were noted for 14-15
% of subjects in dataset for each analyte. These subjects were those who provided 2 PK samples
(pre-dose and 0-15 minute post dose). Instead of observing high plasma concentration for 0-
15min post-dose sample (corresponding to rapid absorption- which is a characteristic for UMEV
and VI) and almost non-quantifiable concentration at pre-dose sample (corresponding to rapid
elimination of drug thereby resulting in disappearance from systemic circulation), the plasma
concentrations of these subjects were similar at both of these time points. It was observed that
such PK profiles were concentrated at few centers. The model parameters were estimated with
and without data from these centers as a part of sensitivity analysis to gauge impact of data from
these centers on population PK parameters. Sensitivity analyses were performed by estimating
the population PK parameters with the structural model by including and excluding those outlier
data for above two cases of outlier data. It was observed that the population PK parameter
estimates obtained from the model that excluded these subjects/centers from the dataset were
close to estimates obtained by including all such data. As expected, the variability estimates were
higher when the data were excluded from the analyses. Since the overall fit of the model to the
data and population PK parameters remain unchanged, the entire dataset was used for modeling
purpose. None of the available PK concentrations were excluded from final analyses for being
outliers.

| Figure 5. Plasma concentration data for the population PK analysis of UMEC and VI |
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(Higher than expected concentrations in the 23-24hr window for OCC 2 & 3)
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Handling Concentration Data for Unintended Analyte: About 1-2% of samples (in the
analysis dataset) were for the analyte that was not administered to the individual subject. (For
example, samples from UMEC mono treatment exhibiting VI concentration and vice versa).
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Every attempt was made to resolve this issue starting with querying clinical site, confirming
shipping and handling procedures, reanalyzing the samples if possible and/or to identify the
source of any contamination during sample handling/analysis or other reasons. The data of the
unintended analyte was not included in the datasets. The data of the analyte from the randomized
treatment were incorporated into the analyses datasets. (For example, some samples exhibited
UMEC and VI concentrations when the subject was on UMEC monotherapy. In such scenario
only UMEC data was included in the dataset).

Handling Placebo Samples: In the early stages of ongoing bioanalysis for study DB2113361,
220 samples from subjects on placebo regimen were analyzed (approximately 13% of placebo
samples and 2.5% of total study samples) and for study DB2113373, 33 samples from subjects
on placebo regimen were analyzed (approximately 2% of placebo samples and 0.3% of total
study samples) None of these samples showed active drug concentrations for either UMEC or
VI. Analysis of any further placebo samples was immediately discontinued following this
finding.

Handling Pre-dose Samples: Pre-dose samples were collected (from each subject on Day 1)
before the beginning of the study treatment. There were 1609 samples collected and analyzed for
UMEC, of which 1449 samples (90%) were below quantification limit and about 10% of
samples had quantifiable UMEC concentrations (> BQL). There were 1619 samples collected
and analyzed for VI, of which 1440 samples (89%) were below quantification limit and about
11% of samples had quantifiable VI concentrations (> BQL). Every attempt was made to resolve
this issue starting with querying clinical sites for any anomalies, querying recording of dosing
and sampling times, confirming shipping and handling procedures, reanalysing samples if
possible and/or to identify the source of any contamination during sample handling/analysis or
other reasons. There is no physiological explanation for presence of drug levels in these samples.
Since the post-dose sample was to be taken within 0-15 minute window post inhalation, such
occurrence of pre-dose concentrations may be attributed to inaccurate sampling time and/or
sampling very close to or immediately after inhalation of test drug. These data were present in
the dataset but were excluded from the analyses. These quantifiable pre-dose UMEC samples are
listed in the population PK report.

Covariates Analysis: Total 11 covariates were included in the UMEC and VI population PK
datasets and were tested during the population PK modeling process. They are: Age, Body
Weight, Gender, Race, Percent Predicted Baseline FEV 1, Influence of UMEC on VI PK and vice
versa, Inhaled Corticosteroids, Post Albuterol/Salbutamol Reversibility, Post Albuterol/
Salbutamol and Ipratropium Reversibility, Baseline Creatinine Clearance and Smoking Status.
The concomitant medications are described in detail in the Section 11.4.1 of the population PK
Reporting and Analysis Plan. It was noted that less than 2% of the subjects took any of the
concomitant medications described as strong inhibitors of CYP3A4 (n=17 subjects), CYP2D6
(n=13 subjects) or Pgp (n=0). Hence, the effect of these concomitant medications on UMEC and
VI population PK was not tested. For categorical covariates such as RACE, only the subgroups
with reasonably sufficient number (> 5% of total population) were tested.

Potential covariate relationships were primarily explored graphically using the individual inter-
individual variability (ETAs) versus covariate plots. After addition of any covariate on the
population PK parameters, changes in GOF plots, plausibility of population PK parameters,
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precision of estimates, physiologic relationship of the covariate to the parameter and change in
the minimum objective function value were used collectively to arrive at the decision of
including or excluding the covariate from the final model. If a trend/correlation was observed in
the ETA versus covariate plot for any particular covariate, that covariate was subsequently tested
by adding it to the structural model. If the resulting model had a lower objective function value
(greater than 3.84 points for chisquare distribution and df =1 at p value 0.05) and/or the trend in
the ETA versus covariate plot disappeared, the covariate was include and tested with other
significant covariates in the final model. Change in objective function was also used to evaluate
the final model by eliminating each covariate, one at a time from the final model (backward
elimination). If after eliminating the covariate, the objective function value increased by more
than 6.62 points (for chi-square distribution and df =1 at p value 0.01) the covariate was retained
in the model. The inclusion of covariates was collectively determined by the goodness-of-fit
criteria discussed above.

Handling BQL Data: Approximately 20-25% of the data (in the UMEC and VI PK dataset)
were below quantification limit (BQL). The maximum likelihood methods implemented in
NONMEM were used to analyze such BQL data [Ahn, 2008]. Actual sampling times were used
in the dataset for all concentration data. The Stochastic Approximation Expectation
Maximization (SAEM) with interaction was the method used in NM 7.1 for UMEC and VI
population PK analyses. Under this method, the BQL data was considered to be censored. The
F FLAG method in NM 7.1 was used to estimate the likelihood for BQL data while
simultaneously fitting and estimating the model parameters using the data above BQL.
Population PK Analysis Scheme: The schematic for population PK analyses for each analyte is
Exploratory Graphs — Structural Model — ETA versus Covariate Plots — Covariate Addition
— Full Model — Covariate Elimination — Final Model.

Structure Model: Observed analyte concentration—time profiles from the subset of subjects with
serial sampling were utilized to decide the initial population PK model. No covariates were
included in the structural model. The goodness-of-fit (GOF) plots, residual plots, standard error
of parameters and distribution of individual population PK parameters were primarily used to
evaluate the fit of the structural model to the data. The structural base model was also used to
estimate the population PK parameters and perform sensitivity analyses by excluding data from
certain centers and /or subjects.

Model Validation: The final model performance was evaluated by visual predictive check
(VPC) [Holford, 2005]. This involved simulating new trial replicates (at least n=100) with the
final model. The 5th, 50th and 95th percent model predictions obtained by simulating the model
were plotted to generate the 90% prediction interval which was overlaid with the observed data
to evaluate the model performance. Similar approach was taken to evaluate the model
performance in terms of predicting the proportion of BQL data. The predicted proportion of data
to be BQL was compared to the actual observed BQL proportion over time by using VPC plots.
Simulating Exposure: For each analyte, the final population PK model was used to simulate
exposure parameters such as area under the concentration-time curve (AUC) using the individual
PK parameters generated by the post hoc step. This involved estimating individual subject AUCs
by dividing the analyte dose by the post-hoc inhaled clearance (AUC = Dose*F/CL). The Cmax
for each analyte was obtained by simulating individual concentration — time profiles using the
parameter and variability estimates from the final population PK model.
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3.1.2 Results

The final 2-compartment model parameters for UMEC and VI are presented in Table 5.

The individual apparent inhaled clearance and apparent volume of distribution for UMEC in the
final model are listed below.

(CL/F)ing = (CL/F)pop* (WTina/70)"" * (Ageina/60) > 7! * (CrCling/110)**"!

(V2/F)ing = (Vo/F)pop* (WTina/70)*%'¢

Weight on UMEC Exposure: For every 10% increase in weight the CL/F increased
approximately by 2%. A 60-year individual with twice the average weight (140 kg) will have
about 10-12% higher CL/F as compared to a 60-year individual weighing 70 kg. The apparent
volume of distribution of central compartment V2/F increased approximately 6% for every 10%
increase in body weight from 70 kg. The effect of weight on UMEC exposure is marginal and
does not warrant any dose adjustment.

Age Effect on UMEC Exposure: For every 10% increase in age from 60 years of age, the CL/F
decreased by approximately 7%. The effect of age on UMEC exposure is marginal and does not
warrant any dose adjustment.

Creatinine Clearance Effect on UMEC Exposure: the CL/F decreased by approximately 3%
with every 10% decrease in creatinine clearance from 110 mL/min. The effect of creatinine
clearance on UMEC exposure is marginal and does not warrant any dose adjustment.

The individual apparent inhaled clearance for VI in the final model is listed below.

(CL/F)ina = (CL/F)pop* (WTing/70)""*? * (Ageina/60) ***® * (CrClina/110)**"!

Weight on VI Exposure: For every 10% increase in weight the CL/F increased approximately
by 2%. A 60-year individual with twice the average weight (140 kg) will have about 14% higher
CL/F as compared to a 60-year individual weighing 70 kg. The effect of weight on VI exposure
is marginal and does not warrant any dose adjustment.

Age Effect on VI Exposure: For every 10% increase in age from 60 years of age, the CL/F
decreased by approximately 4%. The effect of age on VI exposure is marginal and does not
warrant any dose adjustment.

VPC: Visual predictive checks were performed by simulating the final model. The VPC displays
90% prediction intervals for UMEC or VI concentrations at steady state over a dosing interval.
The observed UMEC or VI data was overlaid on the 90% prediction intervals from model
simulations. The model was able to predict most of the data well except for the unexpectedly
high concentrations observed from the 23-24 hour window. This may be explained by the fact
that the dosing time for these samples was reported by the subjects as detailed in Section 3.1.1.
The simulations were also used to compare the predicted and observed proportion of BQL data.
The model performed reasonably except for over-predicting BQL observations around 23-24
hour post-dose window which is explained in Section 3.1.1.

3.1.3 Conclusion

e Both UMEC and VI PK can be best described by a two-compartment model with first
order absorption. The population PK parameters and associated inter individual

variability were adequately characterized. There was no apparent PK interaction with co-
administration of UMEC with VI

e Weight, age and creatinine clearance were statistically significant covariates on apparent
inhaled clearance (CL/F) of UMEC and weight was significant covariate on UMEC
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volume of distribution (V2/F). Weight and age were statistically significant covariates on
VI apparent inhaled clearance (CL/F). However, the magnitude of effect of these
covariates on UMEC and VI PK is marginal and therefore do not warrant any dose
adjustment based on these covariates.
e No other covariates such as gender, post albuterol/salbutamol reversibility, post
albuterol/salbutamol and ipratropium reversibility, use of inhaled corticosteroids at
screening, smoking status, race, and percent predicted baseline FEV1 had significant

effect on UMEC and VI PK parameters.

e There was no apparent trend between observed maximum heart rate and model predicted
Cmax (or highest observed concentrations) for both, UMEC or VI.

Figure 6. Visual predictive check plots for UMEC and VI
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| Figure 7. Goodness of Fit plots for the Final UMEC and VI Population PK Model |
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Reviewer’s comments: A population PK analysis assessing the covariate effects on VI and
UMEC exposure was performed using population PK methodology. Residual diagnostics based
on the sponsor’s analyses showed that the model fitted the data well. With regard to the
covariates chosen, the reviewer’s independent analysis of UMEC and VI resulted in similar
results with similar parameter estimates. The reviewer’s conclusions and interpretations were
based on population PK analysis results.

In the population PK report for UMEC/VI submission (NDA 203975), a two-compartment linear
model, with first-order absorption and first order elimination was found adequately described
the VI concentration-time data. However, in the population PK report for Fluticasone furoate
(FF)/VI submission (NDA 204275), a three-compartment linear model, with zero-order
absorption and first order elimination was found adequately described the VI concentration-time
data. In both submissions, the final population PK models incorporated the effect of age, weight
on CL/F for subjects with COPD. Although the models are different, the final conclusion about
covariate effect on VI exposure remains similar.

4 Reviewer’s Analysis

4.1 Objectives

Analysis objectives are:
1. To verify the dose and frequency selection of UMEC/VTI for Phase III studies.
2. To find out if the selected dose regimens of UMEC/VI for COPD patients appropriate.

4.2 Methods and Software

For Objectives 1 and 2, TIBCO Spotfire S-PLUS 8.0 was used for data organization, as well as
graphical and statistical analysis based on sponsor’s datasets.

For Objective 3, TIBCO Spotfire S-PLUS 8.0 was used for data organization, as well as
graphical analysis based on sponsor’s population PK results.
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4.2.1 Data Sets

Data sets used are summarized in Table .

Table 8. Analysis Data Sets

Study Phase

Dataset Names

Link to EDR

Data from Phase 2
monotherapy studies

umec3073AE.xpt
umec3089AE.xpt
umec5321AE.xpt
umec5408AE.xpt
umec3073eff.xpt
umec3089eff.xpt
umec5321eff.xpt
umec5408eff.xpt
vil045AE.xpt
vi9575AE.xpt
vil045eff.xpt
vi9575eff.xpt

\\Cdsnas\pharmacometrics\Reviews\Ongoing
PM Reviews\UMEC-

VI _NDA203975_HL\Sponsor's data and
reports\Phase2

Data from Phase 3
UMEC/VI combination
studies

umecvi3360AE.xpt
umecvi3361AE.xpt
umecvi3373AE.xpt
umecvi3374AE.xpt
umecvi4417AE.xpt
umecvi4418AE.xpt
umecvi3360eff.xpt
umecvi336leff.xpt
umecvi3373eff.xpt
umecvi3374eff.xpt
umecvi4417eff.xpt
umecvi4418eff.xpt

\\Cdsnas\pharmacometrics\Reviews\Ongoing
PM Reviews\UMEC-

VI _NDA203975_HL\Sponsor's data and
reports\Phase3

4.2.2 Software

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

analysis.
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4.2.  Pharmacogenomics Review

NDA/BLA Number 203975

Submission Date 12/18/2012

Applicant Name Glaxo Group LTD England dba
Glaxosmithkline

Generic Name Umeclidinium and vilanterol

Proposed Indication Chronic obstructive pulmonary disease
(COPD), including chronic bronchitis and
emphysema

Primary Reviewer Sarah Dorff, Ph.D.

Secondary Reviewer Michael Pacanowski, Pharm.D., M.P.H.

1 Background

Umeclidinium bromide, a long-acting muscarinic antagonist (LAMA), and vilanterol, a long-
acting beta, agonist (LABA), are proposed in combination for the treatment of chronic
obstructive pulmonary disease (COPD). In vitro studies indicated that umeclidinium is
metabolized by the polymorphic CYP2D6 and vilanterol is metabolized by CYP3A4. The
applicant assessed differences in umeclidinium pharmacokinetics (PK) based on CYP2D6
phenotype in healthy subjects. No difference in exposure based on CYP2D6 phenotype was
observed, and the applicant has proposed labeling to this effect. The purpose of this review is to
evaluate the role of CYP2D6 phenotype on umeclidinium exposure and whether these results are
appropriate to include in labeling.

2 Submission Contents Related to Genomics

The applicant submitted the following report related to CYP2D6 phenotype effects on
umeclidinium PK:

Table 1. Studies with subject-level CYP2D6 phenotype data

Report ID Title
GM2008/00374/00 A single centre, randomised, double-blind, dose ascending,
(Study AC4110106) placebo-controlled study, in two parts, to evaluate the safety,

tolerability and pharmacokinetics of escalating single and repeat
inhaled doses of GSK573719 and placebo formulated with the
excipient magnesium stearate, in healthy subjects and in a healthy
population of Cytochrome P450 Isoenzyme 2D6 poor
metabolisers.

The applicant conducted a phase 1 study to evaluate escalating single and repeat doses of
umeclidinium (100 pg, 500 pg, and 1000 pg) in healthy subjects according to CYP2D6
phenotype. The study was comprised of two parts, with subjects assigned based on their
genotype-derived phenotype. Genotyping was performed using the Roche AmpliChip CYP450
test. Part 1 enrolled 20 healthy subjects (HVT) to include ultra-rapid metabolizers (UM, N = 1),
extensive metabolizers (EM, N = 16), or intermediate metabolizers (IM, N = 3). All HVT
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subjects received placebo or escalating single umeclidinium doses of 100 pg, 500 ug, and 1000
ug followed by a repeat dose (7 days) of placebo, 500 pg or 1000 pg (Table 2). Part 2 consisted
of 16 subjects determined to be poor metabolizers (PM) split into two cohorts. Cohort I received
a single dose followed by a repeat dose (7 days) of umeclidinium at first 100 pg and then 500 pg,
or matched duration placebo. Cohort II followed the same design and dosing schedule as Cohort
I using umeclidinium doses of 500 ug and 1000 pg (Table 3).

Table 2. Randomization Sequence for Part 1 (HVT)

Sequence Period 1 Period 2 Period 3 Period 4
SD SD SD RD
1 (8 subjects) 100 pg 500 ng 1000 pg B00ug
2 (8 subjects) 100 pg 500 pg 1000 pg 1000 ug
3 (4 subjects) |Placebo Placebo Placebo Placebo
SD, Single Dose. RD, Repeat Dose for 7 days.
Table 3. Randomization Sequence for Part 2 (PM)
Cohort | Sequence Period 1 | Period 2 | Period3 | Period4 | Period5 | Period 6
SD RD SD RD SD RD
| 1 (6 subjects) | 100meg | 100meg | 500meg | 500meg | X A
2 (2 subjects) | Placebo | Placebo | Placebo | Placebo | X A
Il 3 (6 subjects) | X X 500meg | 500meg | 1000meg | 1000mcg
4 (2 subjects) | X X Placebo | Placebo | Placebo | Placebo
SD, Single Dose. RD, Repeat Dose for 7 days.
3 Key Questions and Summary of Findings
3.1 Does CYP2D6 phenotype affect umeclidinium PK?
Clinically relevant effects of CYP2D6 phenotype on umeclidinium PK were not observed
in a prospectively designed healthy subject study.
3.1.1 Applicant’s analysis

The PK parameters of umeclidinium in CYP2D6 HVT and PM subjects are summarized in Table
4 and Figure 1. There was no difference between CYP2D6 phenotypes at any dose during the
single dosing periods. After multiple dose treatments, Cmax and AUC did not differ between
CYP2D6 HVTs and PMs at the 500 pg and 1000 pug doses. Repeat dosing at 100 ug was not
performed in HVTs, precluding comparison at this dose. The applicant concluded that there is
no clinically relevant difference in exposure based on CYP2D6 phenotype (Table 5). However,
the applicant did note that PMs receiving the 1000 pg repeat dose had a 47% increase in
umeclidinium exposure [Ae(0-24)].
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Table 4. Umeclidinium PK parameters by predicted CYP2D6 phenotype after single- and multiple-dose

administration

Phenotype
Dose parfrlrfeter Single Dose Multiple Doses (7 days)
HVT PM HVT PM
N 16 6 - 6
Cmax 0.075 0.111 ) 0.168
100 (ng/mL) (0.051,0.110) (0.069, 0.179) (0.106, 0.266)
ug AUC(0-t) 0.016 0.022 ) 0.085
(h*ng/mL) (0.011, 0.230) (0.009, 0.053) (0.053,0.136)
Ae(0-24) 600.104 573.980 ) 3194.947
(ng) (496.609, 725.167) (430.362, 765.525) (2526.311, 4040.549)
N 16 12 8 11
Cmax 0.655 0.793 1.458 1.145
500 (ng/mL) (0.534, 0.803) (0.687, 0.915) (1.095, 1.942) (0.935, 1.402)
ug AUC(0-t) 0.420 0.491 2.415 2.441
(h*ng/mL) (0.330, 0.535) (0.378, 0.639) (1.930, 3.022) (2.103, 2.833)
Ae(0-24) 5055.417 5846.184 16130.340 16614.831
(ng) (4293.014, 5953.217) (5112.129, 6685.642) | (13232.766, 19662.395) | (14107.423, 19567.898)
N 16 6 8 6
Cmax 1.565 1.588 1.756 1.865
1000 (ng/mL) (1.310, 1.870) (1.036, 2.435) (1.073,2.873) (1.215,2.862)
ug AUC(0-t) 2.045 2.426 3.575 4.763
(h*ng/mL) (1.628, 2.570) (1.607, 3.663) (2.795,4.574) (3.623,6.261)
Ae(0-24) 12578.789 13307.637 30316.365 40845.998
(ng) (11111.074, 14240.383) | (9615.202, 18418.042) | (20936.129,43899.327) | (31502.707, 52960.387)

Data are presented as geometric mean (95% confidence interval).
Data Source Tables 11.12 & 11.2.

Table 5. Analysis of Derived Parameters after Multiple Doses (7 days) to Assess Differences in Exposure

between PM and HVT

Treatmegtl\fgrsngi;i;on Dose PK parameter Ratio of Adjusted Geometric Means (90% CI)
Cmax (ng/mL) 0.800 (0.594, 1.078)
500 ug (‘ﬁ%(gjfgg 1.029 (0.789, 1.343)
Ae(0-24) (ng) 1.012 (0.816, 1.255)
Cmax (ng/mL) 1.072 (0.761,.511)
1000 pg AUC(0-t) (h*ng/mL) 1.331 (0.978, 1.811)
Ae(0-24) (ng) 1.466 (1.147, 1.875)

Source: Table 11.21 & 11.22.
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Figure 1. Plots of umeclidinium PK parameters by predicted CYP2D6 phenotype after multiple-dose
administration for A) Cmax, B) AUC, and C) Ae(0-24)

Figure 11.38
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4 Summary and Conclusions

The applicant prospectively evaluated umeclidinium PK according to CYP2D6 phenotype.
CYP2D6 phenotype does not significantly affect umeclidinium exposure at the 500 pg dose.
While the 1000 pg dose suggested higher concentrations of umeclidinium in subjects who were
CYP2D6 poor metabolizers, this is not expected to be clinically relevant based on the applicant’s
proposed dose of 62.5 pg. The reviewer concurs with the applicant’s assessment and no dose
adjustment is needed based on CYP2D6 phenotype.

5 Recommendations

The submission is acceptable from a Genomics and Targeted Therapy Group perspective.
5.1 Post-marketing studies

None

5.2 Label Recommendations

Recommended changes to sections of the umeclidinlum and vilanterol label that include
references to CYP2D6 are summarized below:

12.3 Pharmacokinetics

Metabolism: Umeclidinium: In vitro data showed that umeclidinium is primarily
metabolized by the enzyme cytochrome P450 2D6 (CYP2D6) and is a substrate for the P-
glycoprotein (P-gp) transporter. The primary metabolic routes for umeclidinium are
oxidative (hydroxylation, O dealkylation) followed by conjugation (e.g.,
glucuronidation), resulting in a range of metabolites with either reduced pharmacological
activity or for which the pharmacological activity has not been established. Systemic
exposure to the metabolites is low.
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Cytochrome P450 2D6: In vitro metabolism of umeclidinium
is mediated primarily by CYP2D6. However, no clinically meaningful difference in
systemic exposure to umeclidinium £86—nes} was observed following repeat daily
mnhaled dosing m CYP2D6 normal (ultrarapid, extensive, and intermediate
metabolizers) an poor metabolizer subjects (see-Figure
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4.3. Individual Study Review

Note —
In this review, early development names GW642444 is used to refer to vilanterol
(V1), and GSK573719 is used to refer to Umeclidinium bromide (UMEC).

ADME In-Vitro STUDIES

Absorption and Transporters

UMEC

Report # WD2006/02657

Title: in vitro investigation of the potential for human P-glycoprotein (P-gp) to

transport 14C-GSK573719 (as the bromide salt) using stable transfected MDCKII-MDR 1
cells

Objective: To determine whether GSK573719 is a substrate for human P-glycoprotein
(P-gp)

Method: Directional transport was determined by measurement of apical to basolateral
([A—B]) and basolateral to apical ([B—A]) rates of transport using 3 mcM 14C-
GSK573719 in the absence and presence of 2 mecM GF120918, a potent P-gp inhibitor.
The passive membrane permeability of 14C-GSK573719 was determined in the presence
of GF120918 over pH range of 5.5 to 7.4 with samples being analysed for radioactivity.
A positive control, 3H-amprenavir, was incorporated into all assays and monolayer
integrity of the MDCKII-MDRI cells was assessed using the fluorescent para-cellular
marker lucifer yellow CH (100 mcM).

Results and Conclusions: GSK573719 was a substrate of human P-gp, with an apical
efflux ratio ranging from 7 to 17 and 0.8 in the absence and presence of inhibitor,
respectively. GSK573719 was determined to have low passive membrane permeability
(average pH7.4) of 2.4 + 0.8 nm/s. The passive membrane permeability of GSK573719
was not affected over the pH range investigated. The mass balance for 14C-GSK573719
was 76% for one plate (B—A direction only), however, this did not affect the conclusion
that GSK573719 is a substrate for P-gp.

Report #WD2006/02596
Title: In vitro inhibition of P-gp by GSK573719 using stable transfected MDCKII-
MDRI cells.

Objective: To assess the ability of GSK573719 to inhibit human P-gp using
stable transfected MDCKII-MDRI cells.
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Method: The effect of GSK573719 on the P-gp-mediated transport of [3H]-digoxin was
assessed by determining the basolateral to apical ([B—A]) transport of [3H]-digoxin at
90 minutes in the absence or presence of GSK573719 at target concentrations of 0.1, 0.3,
1, 3, 10, 30 and 100 mcM (applied in both apical and basolateral wells). GF120918
(potent P-gp inhibitor) was included at 2 mcM as a positive control for P-gp inhibition.
Samples from the transport studies were analysed for radioactivity using LSC. A

Results and Conclusions: GSK573719 did not inhibit transport of digoxin via human P-
gp in vitro at concentrations up to 100 mcM and is not a P-gp inhibitor.

Report WD2010/00669
Title: An in vitro Investigation of the Transport of C4C]GSK573719 Bromide via
Human OCT1, OCT2, OCT3, OCTN1 and OCTN2 Expressing Cell Systems

Objective: To assess whether GSK573719 is a substrate of human organic cation
transporters using a human embryonic kidney (HEK293) cell line stably transfected with
OCT1, OCT2, OCT3, OCTN1 or OCTN2 genes

Methods: All experiments were performed at pH 7.4 and 37°C. Intially, the uptake time
course of 14C-GSK573719 was assessed at 1.8 mcM up to 60 minutes for each human
organic cation transporters and the appropriate time point was selected for subsequent
assessments. The uptake of 14C-GSK573719 by OCT1 and OCT2 and mock cells was
further assessed over a concentration range of 1 to 100 mcM for up to 15 minutes in the
presence of inhibitors 1-methyl-4-phenylpyridinium (MPP+) and cimetidine (histamine
H2 receptor antagonist) for OCT1 and OCT2, respectively. The effect of sodium ions on
the uptake of14C-GSK573719 by OCTN1 or OCTN2 was also assessed.

Results and Conclusions: GSK573719 was a substrate for the human organic cation
transporters OCT1 and OCT2, but not for OCT3, OCTNI1 or OCTN2. Kinetic parameters
were derived for OCT1 and OCT2, for OCT1 Km and Vmax were 4.42 mcM and 476
pmol/mg/protein/3 minutes, respectively, whilst for OCT2 the values were 0.157 mcM
and 61 pmol/mg/protein/15 minutes, respectively. Uptake of GSK573719 by OCT1 and
OCT?2 was shown to be inhibited by both MPP+ and cimetidine with IC50 values of 105
mcM and 1.4 mcM, respectively, for OCT1, and 535 mcM and 103 mcM, respectively,
for OCT2. Although a decrease in the uptake of GSK573719 by OCTN2 in the absence
of sodium ions was observed, this was considered irrelevant as no difference was
observed between cells expressing OCTN2 and mock cells.

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.
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Method: The permeation of GW642444 through MDCKII-MDR1 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—Al]) transport of
GW642444 by polarized Madin-Darby canine kidney MDCKII-MDRI1 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 uM 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 P7.4 of 34 +13 nm/s).

Results of Human P-glycoprotein-mediated Transport Studies for GW642444 in MDCKII-MDR1

Cell Monolayers

Compound Rate A—B Rate B—A Apical Efflux Ratio P-gp A—B Mass | B—A Mass = Passive Permeability

Balance (%) | Balance (%) Class
(nmoles/h/cm?) (nmoles/hicm?) Substrate (nrmy's)

0.5 uM GWE42444 0.0011 £0.0000a | 0.0295 £ 0.0038 =257 Y 57149

0.5 uM GWe42444 +2 uM | 0.0080 £0.0010 | 0.0031 £ 0.0011 0.5 744£3.0 70£20 413 Low

GF1209184

3uM [-}H]-amprena\rir 0.019 + 0.006 0.496 +0.187 25 Y 95+1.7 89+21

3 uM PHl-amprenavir + 2 0.277+0.024 0.348 +0.010 13 95+47 96+36 | 330+45 High

uM GF120918A

a. The A—B transport rates were calculated using the LLQ (0.2 ng/mL) for all three receiver well concentrations. Hence the mass balance for these wells cannot be calculated.
Data are the mean + standard deviation from three menclayers, except for Pra (where n=6).

All donor compartments contained lucifer yellow CH to determine monolayer integrity (pass criterion Pr.4 =50 nmis) and wells designated for P-gp inhibition contained 2 uM
GF1209184 in both donor and receiver compartments.

[3H]-amp(enavir was used as positive control (pass criterion apical efflux ratio =215).

A compound is classified as a P-gp substrate if the apical efflux ratio in the absence of the P-gp inhibitor GF120818A is = 2 and this efflux collapses to -1 in the presence of the
inhibitor.

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

(Source — Table 1, Report WD2004/00106/00)
Conclusions: GW642444 is a substrate of human P-glycoprotein.

Distribution

UMEC

Report #WD2008/00503

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 in vitro plasma protein binding of GSK573719
Methods: Plasma protein binding was determined using equilibrium dialysis following
incubation at 37°C and the dialysis was stopped after 8 hours when equilibrium was

achieved. The concentration of GSK573719 in the spiked plasma and dialysate was
determined by HPLC-MS/MS.
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Results and Conclusion: The plasma protein binding (87.6%, 85.6%, 76.4%, 80.2% and
87.9% in the mouse, rat, rabbit, dog and human, respectively) was moderate in all species
and independent of concentration.

Report #2012N144582
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 in vitro plasma protein binding of GSK573719 in patients with
renal and hepatic impairment.

Methods: In addition, the protein binding of GSK573719 (1 ng/mL) was also

investigated in incubations with individual human plasma proteins: human serum

albumin (40 mg/mL), a-acid glycoprotein (0.8 mg/mL) and y-globulin (7 mg/mL)

dissolved in phosphate buffered saline. Plasma protein binding was determined by

equilibrium dialysis following incubation for 6 hours at 37°C. The concentration of

GSK573719 in respective dialysates and original incubations were determined using
by HPLC-MS/MS.

(b) (4)

Results and Conclusions: Protein binding of GSK573719 was similar in incubations of
plasma obtained from healthy male and female subjects as well as the renally and
hepatically impaired human subjects ranging from 87.5 to 95.9% bound. GSK573719
was moderately bound to human serum albumin (67.2%), y-globulin (64.6%) a-acid
glycoprotein (84.9%), although the binding was slightly higher to a-acid glycoprotein.

VI:

Report #WD2006/02044/01

Title: Investigation of the plasma protein binding of GW642444 and blood cell
association of [ 14C]-GW 642444 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.

Methods: 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]-GW642444 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% in the
mouse, rat, guinea pig, female rabbit, dog and human, respectively.
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The Extent of Binding In Vitro of GW642444, at Various Concentrations, to Plasma Proteins in

Mouse, Guinea Pig, Rat, Female Rabbit, Dog and Human
o -
Concentration % Bound to plasmlélelrarrlzitzm
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 92.9 93.6 98.8 97.4
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)

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]-GW 642444 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.

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

. Blood to plasma ratio of 14C-GW642444
Concentration Guinea Female
tested (ng/mL) | Mouse pig Rat rabbit 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.

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

Objective:
e To determine the in vitro plasma protein binding of GW642444 in human plasma
from healthy, hepatically impaired and renally impaired volunteers
e To determine the degree of protein binding of GW642444 in phosphate
buUMECered saline(PBS) solutions containing either albumin (40 mg/mL),
alpha-acid glycoprotein (0.8 mg/mL) or gamma-globulin (7 mg/mL).
Methods: Plasma protein binding was determined using ultrafiltration following
incubation for 15 minutes at 37°C. The concentration of 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 —
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95.8%) compared to healthy subjects (P=<0.001), as presented in the following table.

Protein binding of GW642444 was moderately bound to human serum albumin (mean
value = 60.3%) and a-acid glycoprotein (mean value = 60.8%), whereas the extent of

binding to y-globlins was low (mean value = 7.9%).

Protein binding for UMEC and VI in healthy and disease state plasma

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

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

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

In vitro Metabolism

UMEC
Study # 05DMW039

Title: An in vitro investigation of the metabolism of GSK573719 in human, rat and dog

Objective: to provide information on the likely routes of metabolism of GSK573719 in
human, rat and dog using in vitro systems. In addition, an assessment of in vitro
metabolic activation was also undertaken using human liver microsomes.

Method: [14C]-GSK573719 was incubated at concentrations of 10 and 50 uM in the
presence of hepatocytes up to 24 hours. Samples incubated at 10 uM for 24 hours were
selected for analysis by radio-HPLC and HPLC-MSn to compare the metabolism of
GSK573719 across species. [14C]-GSK573719 was also incubated at concentrations of
0.01, 0.1 and 1uM in the presence of human liver microsomes for 1 hour. Additionally,
[14C]-GSK573719 was incubated with human liver microsomes to estimate the potential
for metabolic activation. Non-extractable radioactivity was quantified by exhaustive
solvent washing.

Results: HPLC-MS of selected human hepatocyte samples revealed major peaks
corresponding to O-dealkyl (M14), hydroxy (M33) and hydroxy methoxy (M34)
GSK573719. Other metabolites detected were a hydroxy glucuronide (M21), a hydroxy
methoxy glucuronide (M22), a hydroxy dimethoxy metabolite (M54), hydrated
glutathione conjugates (M13/M45), two cysteine conjugates (M52/M53) and two
hydrated cysteine conjugates (M59/M60), a methoxy O-sulfate conjugate (M49) and a
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dihydrodiol (M51). Minor amounts of M14 were also detected in the drug only control.
Radiometabolite profiles in each of the human hepatocyte samples studies varied
considerably, although they were qualitatively similar for many of the components. The
major metabolites were M14, representing 20% of the total metabolism, and M33 plus
M34, which co-eluted, representing 23% of the total metabolism. Radiolabelled peaks
M13/M60, M22/M51 and M59 represented 9, 8 and 5% of the total metabolism
respectively. All other metabolites were present at <5% of total metabolism. Metabolites
M21, M22, M45, M49 and M54 were only detected in one ( © (4)2”) of the five
human hepatocyte preparations. This preparation showed markedly greater turnover than
the other four preparations and also contained several unidentified components.

Conclusions: The main routes of metabolism in man are likely to be O-dealkylation of
the molecule and hydroxylation. Other likely routes are conjugation with glutathione and
methylation and/or glucuronidation of the hydroxylated metabolite.

Study #06DMWO086

Title: A preliminary in vitro investigation into the human oxidative enzymology of
GSK573719

Objective: to provide preliminary information on the human cytochrome P450 enzymes
involved in the oxidative metabolism of GSK573719 metabolism in vitro.

Methods: [14C]GSK573719 was incubated at 0.075 uM with human liver microsomes
and with microsomes expressing the individual cytochrome P450 enzymes: CYPIAI,
1A2, 2A13, 2C8, 2C9, 2C19, 2D6, 2E1, 3A4 and 3AS. Further incubations with human
liver microsomes were performed in the presence and absence of the selective
cytochrome P450 inhibitors furafylline (CYP1A2), montelukast (CYP2CS),
sulphaphenazole (CYP2C9), benzylnirvanol (CYP2C19), quinidine (CYP2D6) and
azamulin (CYP3A4). Metabolites were quantified by HPLC with radiometric detection
and identified by mass spectrometry.

Results: In incubations with human liver microsomes in the presence of quinidine (a
selective inhibitor of CYP2D6) the production of M33 was reduced to non-quantifiable
levels. Inhibition of the production of M33 was not observed with any of the other
specific inhibitors investigated. M33 was the major metabolite quantified in incubations
with expressed CYP2D6. It was not detected in incubations with any of the other CYPs
investigated. These data indicate that CYP2D6 is the major cytochrome P450 enzyme
responsible for production of M33.

The production of M14 in incubations with [14C]GSK573719 and human liver
microsomes in the presence of quinidine or azamulin (a selective inhibitor of CYP3A4)
was reduced by 90% and 52%, respectively. Inhibition of the production of M14 was not

observed with any of the other specific inhibitors investigated. M14 was quantified in
incubations with expressed CYP2D6 and expressed CYP1A1 and, to a lesser extent, with
expressed CYP3A4 (identification based on retention time only). The presence of M14
was detected by LC/MSn in incubations with expressed CYP2EI, but was not quantified
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by radio-HPLC. These data indicate that CYP2D6 and CYP1Al are the major
cytochrome P450 enzymes responsible for the production of M14, with CYP3A4 playing
a minor role in its production.

Conclusions: The quantifiable in vitro metabolism of GSKS573719 in human liver
microsomes is mediated primarily by CYP2D6, with some contribution from CYP3A4.
GSK573719 is also metabolised by the cytochrome P450 enzyme CYP1A1, which is
known to be expressed extrahepatically.

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.

Methods: Incubation of GW642444 with human liver, gastrointestinal and lung
microsomes, with LC-MS/MS detection.

Results: The intrinsic clearance rates (CLi) for GW642444 when incubated with human
liver, intestinal or lung microsomes are shown in the following table. Clearance of
GW642444 was rapid with human liver microsomes incubation, and slower with human
intestinal microsomes. GW642444 was metabolically stable in human lung microsomes.

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 21 1M1
Microsomes
Pooled Intestinal 045
GW642444 | Microsomes
Pooled Lung <0.01
Microsomes

(Source — Table 1, Report WD2011N121880_00)
Conclusion: VI is not metabolized in vitro by the human lung microsomes.
Report # WD2006/02720/00

Title: A preliminary in vitro investigation into the human oxidative enzymology of
GW642444. Study Number: 03DMWO085

Objective: to provide preliminary information on the human cytochrome P450
enzymology of GW642444 metabolism in vitro.
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Methods: 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. 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.
Metabolites of GW642444
Metabolites Detected? % of CYP Inhibited®" CYP (% of Radiochromatogram)
Radiochromatogram (% Inhibition of Metabaolite Production) [Bactosomes]
[Microsomes]
GWB42444 52 - 1A1 (84); 1A2 (92); 2C8 (95); 2C9 (100); 2C19 (96);

2D6 (75); 261 (37); 3A4 (41); 2A13 (NQ); 3A5 (65)

M16 NQ . 2D6 (9.8); 3A4 (15)
M20 33 208 (12%); 2C19 (0%); 2C9 (1%); 206 (35%); 384 1A1 (5.2); 1A2 (NQ); 2C8 (1); 2C9 (NQ); 2C19 (NQ);
(100%); 1A2 (0%) 2D6 (2.9): 261 (1.4); 384 (20); 2A13 (NQ); 3A5 (21)
M26 NQ . 3A4 (NQ): 3A5 (NQ)
M29 2 208 (34%); 2C19 (29%); 269 (54%); 206 (50%); 3A4 1A1 (NQ): 3A4 (27); 3A5 (4.4)
(100%): 1A2 (16%)
M31 27 208 (49%); 2C19 (35%); 2C9 (35%); 206 (45%); 3Ad 1A1(1.2); 3A4 (7.3); 3A5 (3.8)
(100%); 1A2 (20%)
M32 NQ . 1A1 (NQJ; 2C8 (NQ); 2C9 (NQ); 2C19 (NQ); 206
(8.3); 3A4 (3.5); 3A5 (NQ)
M40 29 2C8 (100%); 2C19 (0%); 2C9 (7%); 206 (3%); 3Ad -
(100%); 1A2 (0%)
M47 NQ -

Key:

a = Structures of metabolites are depicted in Table C8b.

b = Individual CYPs were inhibited using: 2C8 - Montelukast (1 meM); 2C19 - Benzylnirvanol (5 meM); 2C9 - Sulphaphenazole (10 meM); 206 - Quinidine (1 meM);
3A4 - Azamulin (5 meM); 1A2 - Furafylline (10 meM).

¢ = Test system: GW642444 (as the u-phenylcinnamate salt, GWE42444H).

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

UMEC

Study # R104088 (Report No. CH2005/00950/00)

Title: A preliminary screen of the in vitro concentration-dependent inhibition of human
cytochrome P450 enzymes by GSK573719A.

Objectives and Methods: To determine the in vitro concentration dependent inhibition
of human cytochrome P450 enzyme by GSK573719A. The rate of fluorescent metabolite
production was determined for each well of the 96-well plate. Results from each
unknown (GSK573719A and miconazole) well were expressed as a percent of the mean
rate from the control (methanol) wells. Any control wells exhibiting a percent of the
mean control rate of <85% or >115% were excluded from the mean. Percent control
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activity versus GSK573719A or miconazole concentration plots were generated and fitted
with the GraFit (Version 5.0) software program. The inhibitor concentration that resulted
in 50% inhibition (ICso0) of enzyme activity was calculated.

Results and Conclusion: GSK573719A demonstrated a marked direct inhibitor of
CYP2D6 activity (ICso=0.1 uM) and CYP3A4 (ICs0= 1.0 uM for DEF and 8.0 for 7BQ)
activities. GSK573719A did not demonstrate inhibition of CYP1A2, CYP2C19, and
CYP2C9. The ICso values for miconazole (positive control) obtained in these studies were
consistent with the 1Cso values typically observed for miconazole in these assays.

VI
Study # SH2003/00040/00
Title: GW642444: The Preliminary Pharmacokinetics of GW 642444

Objectives and Methods: 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 uM
following duplicate determinations using two different probes) and a weak in vitro
inhibitor of CYP2D6 (ICso of 12 uM).

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

CYP 450 Isoform ICsq Value (uM)
CYP1A2 >100 1
>1001
CYP2C9 2312
=100
CYP2C19 703
=100
CYP2D6 1
12
CYP3A4 (substrate = DEF) 492
35
CYP3A4 (substrate = 7BQ) 14

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

(Source — Table 13, Report SH2003/00040/00)
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.
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Methods: 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 inhibited digoxin transport at the highest tested concentration of 100
uM, as presented in the following table.

The Effect of GW642444 on Human Pgp Mediated Transport of 30 nM [3H]-Digoxin, using
MDCKII-MDR1 Cells

Compound Conc. | Digoxin transport rate | Digoxin transport
(uM) (pmole/cm?/h) rate (% control)
+5D +5D
CGWe42444 010 |26 017 100 + 65
0.30 26 + 0.045 100 + 1.7
1.0 .2.6 + 027 98 £ 10
3.0 25+ 024 96 £ 93
10 26 + 0.045 100 + 1.7
30 25 + 040 98 £ 15
100 1.9 £ 015 74 £ 5.8
Digoxin Only | _ 26 + 0,081 100 + 3.1
| GF120918 2 [050 £0045 19 +17

SDis standard deviation.

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

Quality control parameters were within acceptable limits (acceptable values: Lucifer yellow Pr4 < 50 nmi/sec; digoxin
mass balance 80 - 120 %; digoxin fransport rate = 1.5 pmoles transported/cmiih; 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

UMEC

Study # AC4112014

Title: An open-label, two period study to determine the excretion balance and
pharmacokinetics of [14C]-GSK573719, administered as a single dose of an oral solution
and an intravenous infusion, to healthy male adults.

Objectives:
Primary:

* To compare total radioactivity (drug-related material) in plasma relative
to parent plasma GSK573719 concentration following administration of a
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single intravenous (IV; 65 pg) and a single oral dose (1000 pg) of [14C]-
GSK573719 in healthy male subjects
* To determine the recovery and relative excretion of radioactivity in urine
and faeces after a single IV and a single oral dose of [14C]-GSK573719 in
healthy male subjects

Secondary:
* To determine (as data permit) the oral bioavailability of GSK573719
following a single IV and single oral dose of [14C]-GSK573719
* To determine (as data permit) other pharmacokinetic parameters of
interest for GSK573719 and radioactivity following a single IV and single
oral dose of [14C]-GSK573719
* To collect samples of plasma, urine, duodenal bile and feces following
administration of [14C]-GSK573719 to healthy adult males to characterize
and quantify the metabolic profile of GSK573719. These analytical
investigations were conducted under a separate study
* To compare (as data permit) total drug-related material (radioactivity) in
blood and plasma
* To further assess the safety and tolerability of single IV and/or oral doses
of GSK573719 in healthy adult male subjects

Study design: non-randomized, open-label study in healthy male subjects.

Test drug and sample size: a single IV infusion (65 pg) of [14C]-GSK573719 and a
single oral bolus dose (1000 pg) of [14C]-GSK573719 (batch number: R18361/114/3).
There was a 28-day washout between doses. N=6.

Results:

Plasma GSK573719 pharmacokinetics: Plasma GSK573719 pharmacokinetic parameters
following oral administration could not be estimated due to all non-quantifiable data for
GSK573719 in plasma. Based on a lower limit of quantification of 20 pg/mL for
GSK573719, maximal possible oral bioavailability was calculated as <1%. Plasma
GSK573719 pharmacokinetic parameter estimates following IV administration are
summarized in the table below.

Parameter N n Geometric mean 95% Confidence
(IV dosing) (CVb%) interval
AUC(0-1) (pg.h/mL) B 6 2628 (107) 105.2, 656.8
AUC(0-=o) (pg.h/mL) B 6 2683 (105) 108.3, 664.9
AUC(0-) (pg.h/mL) 6 6 323.3(70) 166.2, 628.8
CL (L/h) B 4 156117 (65) 58.46, 390.93
Cmax (pg/mL) B 6 905.80 (70) 468.73, 175043
tlast (h)’ B 6 1.00(0.8, 1.0 NA

tmax (h)’ B 6 053(05,05) NA

Vss (L) B 4 86.22 (68) 3242, 229.26

1. Median (range).
NA = not applicable.

Plasma total radioactivity pharmacokinetic parameter estimates following both IV and
oral administrations of [14C]-GSK573719 are summarized in the table below.
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Parameter Route N n Geometric mean 95% Confidence
{CVb%) interval
. N 6 6 0529 (51.1) 0.319, 0.876
AUC(0-1) (ng equiv.h/ml) PO 6 6 0.014 (45.0) 0.009, 0.022
_ N 6 6 1.041 (90.9) 0.461, 2.350
AUC(0—=o) (ng equivhiml) gy g g 0796 (1183) 0298, 2124
_ N 6 6 1.345 (29.0) 0.998, 1.812
AUC(0) (ngequviml) o 5§ 0,970 (89.9) 0433 2176
CL (L) N 6 5 465 (327) 313,69 1
CUF (L/h) PO 6 5 988 (96.5) 360, 2705
G (ng equivimL) N 6 6 1.39 (54.7) 0.81,2.38
geq PO 6 6 0.07 (126.1) 0.03,0.20
N 6 6 168.0 (96.0, 168.0) NA
trast (n)’ PO 6 6  1680(960, 168 1) NA
tmax (b N 6 6 05 (0.5, 0.5) NA
PO 6 6 40(30,40) NA
Ves (1) N 6 5 1801 (50.1) 1000, 3243
PO 6 5 66958 (81.2) 27670, 162030
F1 (%) PO 6 4 54 1.81,15.88
F2 (%) PO 6 6 47 2.13,10.31

1. Median (range).

NA = not applicable; F1 = oral bioavailability calculated based on AUC(0—ax); F2 = oral bioavailability calculated based

on AUC(0-).

Conclusions:

VI

GSK573719 represented approximately 20% of the total radioactivity in plasma
based on AUC(0-0) following IV administration, indicating the presence of
metabolites in the plasma

Urine and feces were predominant routes of excretion following IV
administration. Approximately 81% of the administered dose was recovered, with
fecal excretion and urinary excretion accounting for approximately 58% and 22%,
respectively

Total radioactivity was eliminated primarily in feces following oral administration
of [14C]-GSK573719, accounting for approximately 92% of the orally
administered dose. Less than 1% of the oral administered dose was excreted in
urine suggesting negligible absorption following oral dose.

Overall results from this study suggest very low absorption of GSKS573719
following oral administration and all of the absorbed drug undergoing metabolism
with negligible (non-quantifiable) parent drug in systemic circulation. The IV arm
data from this study suggest that systemically delivered GSK573719 is removed
from plasma via multiple pathways including metabolism and biliary secretion,
with a small percentage eliminating in urine

GSK573719 was well tolerated. There were no SAEs and no AEs leading to
withdrawal from the study. There were no clinically significant safety laboratory,
vital signs or ECG findings

Study # B2C106181
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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 the following figure.
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
post-dose. 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 the table below.

Summary of [14C]GW642444 metabolites in human urine and feces obtained following oral
administration of [14C]GW642444 (M salt) to healthy male subjects.
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% Radioactivity in Urine and Faecal extracts
Peak ID (% recovered dose)
Pooled Urine Pooled Faeces

A o o

B (M1) ‘g Z) ND

D (M3) (193; ND
H o
F (M6, M7, M19, M29, M39) 2:% (26‘-3
G a3 (159 o2

H ‘f l_':) ND
1(M20) ND “')j)
GWS‘;lM P) ND (1456:)

J2 (M28) ‘jzg’ ND

ND Not Detected.
Peak J was assigned as unchanged GW642444 in faeces (J1) and M26 in unine (J2)
Radioactive exiraction fficiency 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 fecal excretion accounted for 21.2%.

© 80 -

5

§ 60 - —g— Urine
&: 40 - ——Feces
§ 20 4 = Total

o

& 0 I T T T T T 1

0 24 48 72 96 120 144 168
Hours post dose

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 feces 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.

Single dose rising

UMEC
Trial # AC4105209
Title: A randomised double-blind, placebo-controlled, crossover, dose escalation study to
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examine the safety, tolerability, pharmacodynamics and pharmacokinetics of single
inhaled doses of GSK573719 (10-350 pg).

Objectives:

Primary

* To investigate the safety and tolerability of single inhaled doses of GSK573719 in
healthy male subjects.

Secondary

* To investigate the bronchodilatory effect and duration of action of single inhaled
doses of GSK573719 as measured by plethysmography (specific airways
conductance [sGaw], airways resistance [Raw]) and spirometry forced expiratory
volume in 1 second (FEV1) endpoints in healthy male subjects.

* To investigate the pharmacokinetics of single inhaled doses of GSK573719 in
healthy male subjects.

* To investigate the effect of single doses of tiotropium on plethysmography, and
spirometry lung function endpoints in healthy male subjects.

* To evaluate the safety and tolerability of single doses of tiotropium in healthy male
subjects.

Study design and treatment schedule: This was a randomised, double-blind, placebo-
controlled cross-over, first time in human (FTTH) study to investigate the safety,
tolerability, pharmacodynamic effects and pharmacokinetics of single doses of
GSK573719 in normal healthy male volunteers. The treatment schedule is as follows:

Number of Placebo Tio- GSK5TIT19

Subjects tropium | 10 ug | 20 ug | 60 pg | 100 pug | 250 ug | 350 ug
Planned 20 20 10 10 10 10 10 10
Randomised 20 20 10 10 10 10 10 10
Treated 19 19 10 10 10 9 10 g9
Completed 19 19 10 10 10 9 10 g9
Total Withdrawn 1 1 ] 0 0 0 0 0
{any reason), n

Withdrawn due 1 ] 0 0 0 0 0 ]
to AE*, n

Subject withdrew 0 1 0 0 0 0 0 0
consent, n

MNote: Withdrawals are assigned to the treatment group with which the subject was last dosed, prior to withdrawal.
* In the case of the AE withdrawal, the last dose received prior to the actual AE was placebo — however the subject
was then dosed with GSKAT3719 330 g, as the diagnosis was not made until availability of the bio-chemistry results.

GSK573719 was provided as 10 pg, 50 pg and 250 pg/blister to be administered via the
DISKUS™ inhaler and formulated with lactose and @@ 1 9% as
a vehicle to make 12.5mg. Matching placebo via the DISKUS inhaler formulated with
lactose only as a vehicle to 12.5mg. The dose of  ®® used in this study was 0.125mg per
inhalation (1% of 12.5mg blister). Tiotropium bromide 18 pg (as bromide monohydrate)
was administered via the HandiHaler device.
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Drug Dose | Route Batch Number Expiry Date

G3K573719 10 pg / Inhaled DISKUS R220067 31 DEC 2006

GSK573719 50 pg / Inhaled DISKUS R220071 31 DEC 2006

GSK573714 250 pg / Inhaled DISKUS R220073 31 DEC 2006

Placebo DPI NA / Inhaled DISKUS B138453 31 DEC 2006

Tiotropium 18 ug / Inhaled HandiHaler 188973 31 DEC 2006

Placebo (fiotropium) NA / Inhaled HandiHaler T04/014A 28 FEB 2007

MA- not anolicable

PK Results:
The PK results are shown in the tables below:
Parameter Dose N n Geometric 95% Confidence CVp (%)
Mean Interval

AUCpq B0 ug 10 7 0.00165 (0.00116,0.00235) 3986

(h*ng/mL) | 100 pg 9 8 0.00403 (0.00194,0.00835) 106 9
250 ug 10 10 0.08053 (0.05245,0.12365) 658
350 ug 9 9 0.13233 (0.10524,0.16640) 305

Crmax high 10 ng* 10 10 0.0200 (0.0200,0.0200) 0.0

(ng/imL) 20 ug* 10 10 0.0200 (0.0200,0.0200) 0.0
60 ug™ 10 10 0.0316 (0.0227,0.0441) 489

100 pg*™* 9 9 0.0449 (0.0298,0.0676) 571

250 ug 10 10 0.2658 (0.1996,0.3539) M“i
350 ug g 9 0.2694 (0.2024,0.3586) 385

tmax ()™ 60 ug 10 7 0.08 (0.08,0.10) NA
100 g 9 g8 0.08 (0.07,0.25) NA
250 ug 10 10 0.08 (0.08,0.12) MA
350 ug 9 9 0.08 (0.08,0.10) NA

tiast (R} B0 ug 10 7 0.08 (0.08,0.10) MNA
100 g 9 8 0.165 (0.08,0.25) MA
250 ug 10 10 1.00 (0.50, 6.00) NA
350 ug 9 9 200 (1.00, 2.00) MA

* Given that all subjects have Cmax values of N, variability observed is zero.
** 3 values substituted by 0.02 ng/mL

*** 1 value substituted by 0.02 ng/mL

*** Median and range.

n: Mumber of subjects with non-missing values.

N: Mumber of subjects in freatment groups.

NA : not applicable

CVo: between subject: coefficient of variation
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Parameter Dose N n Geometric | 95% Confidence CVs (%)
Mean Interval

Aei-2) (ng) 10 pg 10 5 21.44 (11.41, 40.31) 543
20 pg 10 5 39.03 (2312, 65.89) 44 1
60 pg 10 10 12216 (91.68, 162.78) 1.8
100 pg 8 9 195.15 {120.03, 317 .26) 70.1
250 pg 10 10 760.21 (990.93, 977.99) 36.3
350 pg 9 9 10712 (783.29, 1464 9) 425

Ae-12) (ng) 60 pg 10 10 308.3 (208.5, 455.8) 59.0
100 pg 8 9 576.0 (439.5, 754.8) 36.3
250 pg 10 10 18819 (1450.8, 2441.1) 376
350 pg 9 9 2584.7 (19253, 3469.9) 39.8

Aeqo-24) (ng) 60 pg 10 10 4496 (349.3, 678.7) 36.4
100 pg 8 9 763.7 (580.5, 1004.6) 36.8
250 pg 10 10 2595.7 (1966.1, 3322 1) 379
350 pg 9 9 3368.6 (2586.3, 4387.9) 354

Fe (%) 10 pg 10 5 0.238 (0.083, 0.394) NA
20 pg 10 6 0.356 (0.180, 0.532) NA
60 pg 10 10 0.791 (0.601, 0.981) NA
100 pg 8 9 0.812 (0.559, 1.064) NA
250 pg 10 10 1.284 (1.010, 1.558) NA
350 pg 9 9 1.206 (0.805, 1.607) NA

n: Number of subjects with non-missing values.
N: Mumber of subjects in freatment groups.

* arithmetic mean value

NA - not applicable

The PK concentrations are only measurable up to 2 hours. All measurable Cmax values
occurred early (at the first observation except in one subject where it occurred at 15
minutes) at a median tmax of 5 minutes. The maximum observed Cmax in any individual
subject in this study was 0.593 ng/mL. After Cmax, concentrations declined rapidly to
become below the lower limit of quantification (LLQ) by 6 hour (latest measurable
concentration at GSK573719 250 nug).

PK Conclusions:

e Over the dose range studied, plasma (Cmax and AUC (0-t)) and urine Ae ((0-2),
Ae (0- 8), Ae (0-12), Ae (0-24) and Ae (0-48), AUER (0-18)) measures increased
with increase in dose. The highest amount excreted was in the 0-2 hour sample
time collection.

e At the highest doses of GSK573719 250 pg and 350 pg on average approximately
1.2 % of the total dose was excreted unchanged in urine within the 24/48 hour
urine collection.

e Over the dose range studied, Cmax and AUC (o) increased with increase in dose
although the increase in Cmax between the 250 pg and 350 pg dose is nearly nil.

VI
Trial # B2C10001
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Title: A randomised, double blind, placebo controlled study to examine the safety,
tolerability, pharmacodynamics and systemic pharmacokinetic profile of single inhaled
doses of GW642444 in healthy male subjects.

Objective:

Primary

0 To investigate the safety and tolerability of single inhaled doses of GSK642444 in
healthy subjects.

Secondary

0 To assess the systemic pharmacodynamics of GW642444 as measured by heart
rate, potassium, glucose, 12-lead Electrocardiogram (ECG) including QTc(b) and
(f) plus blood pressure in healthy subjects.

0 To assess the systemic pharmacokinetics of GW642444 and its counterion, a-
phenylcinnamic acid, following single inhaled doses (12.5, 50, 100, 200, 400, 600
and 800pug) in healthy subjects.

0 To assess the extent and duration of bronchodilation as measured by sGaw in
healthy subjects.

Study design and treatment schedule: This was a single-centre, double-blind,
randomised, dose-ascending, placebocontrolled study in 20 healthy male subjects. GSK
642444 was provided as a-phenylcinnamate salt, with 12.5 pg and 100 pg/blister to be
administered via the DISKUS/ACCUHALER inhaler.

PK Results:

Plasma concentrations of GW642444 were below limits of quantification (LLQ of
30pg/mL) in the majority of subjects (9/10) following a single inhaled dose of 12.5ug
GW642444. Individual plasma GW642444 PK parameters are presented in table below.

Summary plasma GW642444 PK parameters

Treatment (ig) | N(n) | Geometric mean | Geometric mean (CV%) Median (range)
(CV%) Cmax AUC(0-t) (pg.himL) Tmax (h)
(pg/mL)

125 10 (1) 76 — 0.08

50 10 (10) 60.3 (35.7) 15.3 (26 .8)° 0.08 (0.08-0.33)
100 9(9) 1184 (414 59.0 (50.5) 0.08 (0.08-0.50)
200 18 (18) 259 8 (46.9) 1852 (46.7) 0.08 (0.08-0.33)
400 10 (10) 498 8 (58.7) 5206 (48.2) 0.08 (0.08-0.33)
600 6 (B) 8003 (55.0) 8217 (36.2) 0.10 (0.08-0.33)
1:n=5

Data Source: Table 17.5 CV (%) = SD of Logs * 100
- Data too limited to define parameter (<3 quantifiable values)

The PK concentrations are only measurable up to 2 hours. All measurable Cmax values
occurred early at a median tmax of 5 minutes. After Cmax, concentrations declined rapidly

to become below the lower limit of quantification (LLQ).

PK Conclusions:

Page 115 of 160

Reference ID: 3358407



0 GW642444 was rapidly absorbed following a single inhaled administration via
DISKUS/ACCUHALER. Maximum plasma concentrations were generally
achieved 5 minutes post-dose.

0 Systemic exposure of GW642444 increased with dose.

Reviewer’s comment:
This study was done with an earlier formulation in a different device, therefore, the
PK result is not applicable to the to-be marketed product.

Multiple Rising Dose

UMEC

Trial # AC4106889

Title: A single-centre, randomised, double-blind, placebo-controlled, dose-ascending, 3-
cohort parallel-group study to evaluate the safety, tolerability, pharmacodynamics and
pharmacokinetics of GSK573719 administered as single doses (750 pg and 1000 pg) and
repeat doses over 14 days (250 pg—1000 pg once-daily) of GSK573719 in healthy male
and female subjects.

Objective:

Primary

* To evaluate the safety and tolerability of GSK573719 administered as single inhaled
doses of 750 and 1000 pg in healthy subjects.

* To evaluate the safety and tolerability of GSK573719 administered once-daily by
inhalation for 14 days in healthy subjects.

Secondary

* To evaluate the pharmacodynamic effects of GSK573719 administered as single
inhaled doses of 750 and 1000 ug in healthy subjects.

* To evaluate the pharmacodynamic effects of GSK573719 administered once-daily by
inhalation for 14 days in healthy subjects.

* To evaluate the pharmacokinetics of GSK573719 administered as single inhaled
doses of 750 and 1000 pg in healthy subjects.

* To evaluate the pharmacokinetics of repeat inhaled doses of GSK573719
administered once-daily by inhalation for 14 days in healthy subjects.

Study design and treatment schedule: This was a single-centre, randomised, double-
blind, placebo-controlled, parallel-group study to evaluate the safety, tolerability,
pharmacodynamics and pharmacokinetics of single and 14 day repeat inhaled doses of
GSK573719 across a range of doses.

36 subjects were enrolled and randomised in equal numbers to one of three cohorts

(12 subjects per cohort). The ratio of subjects receiving active:placebo drug in each group
was 3:1, thus nine subjects in total received each treatment. Each cohort completed the
whole dosing period before the next cohort began dosing.

Each GSKS573719 dose was inhaled daily from a DISKUS™ dry powder inhaler.

Subjects in Cohort I were randomised to GSK573719 250 pg for 14 day repeat dosing.
As 750 and 1000 pg had not previously been administered to man, subjects in cohorts II
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and III received a single dose of 750 and 1000 pg, respectively, and after safety and
pharmacokinetic data had been reviewed from the single dose, they received GSK573719
750 and 1000 pg doses (or placebo), respectively, once-daily for 14 days. There was a
minimum of 7 days between each cohort.

PK Results:
Following both single and repeat inhaled doses, GSK573719 was rapidly absorbed after
morning dosing with a median tmax of 5—15 minutes.

The mean t'2 of GSK573719 following 14 day repeat dosing ranged from 26 to 28 h.
Visual assessment of Ct data suggested that steady state was achieved following 6 to
8 days of dosing; however, the statistical analysis of the 750 pg and 1000 pg treatment
groups inferred that steady state had been achieved following 4 days of GSK573719
dosing. Summary statistics of GSK573719 pharmacokinetic parameters on Day 14 are

presented below.

Parameter Dose N n | Geometric Mean | 95% Confidence | CV(%)
(ng) Interval

AUC(0-2) (h*ng/mL) 250 g g 0.192 (0.153, 0.243) 308

AUC(0—4) (h*ng/mL) 750 g g 112 (1.03,1.23) 118

AUC(0-8) (h*ng/mL) 1000 8 8 179 (1.56, 2.05) 17.8

AUC(0-) (h*ng/mL) 250 g g 0874 (0.668, 1.15) 362
750 g g 321 (2.87,3.59) 147
1000 8 8 323 (2.84, 3.67) 16.6

Cmax (ng/ml) 250 8 8 0.203 (0.163, 0.255) 298
750 8 8 0935 (0.740,1.18) N3
1000 8 8 1.08 (0770, 1.51) 458

Ct 250 9 9 0.0259 (0.0205, 0.0328) | 192
750 8 8 0.0860 (0.0661, 0.112) 352
1000 8 8 0.0828 (0.0706,00872) | 210

tmax (h)’ 250 8 8 0.08 (0.08, 0.25) NA
750 8 8 0.08 (0.07,0.25) NA
1000 8 8 012 (0.08, 0.25) NA

t¥a (h) 250 8 8 NC NC NC
750 8 8 263 (234,294) 15.0
1000 8 8 217 (198, 386) 457

1. Presented as median and range.
NA=not applicable; NC=not calculable; AUC(0-t)=area under concentration-time curve from time 0 to time of last
quantifizble concentration; Cmax=maximum observed plasma concenfration; tmax=time of maximum observed plasma

concantration; Ct=trough concentration; t'=terminal phase half life.

Urine pharmacokinetic data for GSK573719 showed that on Day 1 about 1 to 1.5% of the
total dose administered was excreted unchanged in urine over the dosing interval and at
steady-state, about 3.9 to 4.5% of the total GSK573719 administered was excreted
unchanged in urine over the dosing interval.

Both plasma and urine pharmacokinetic data suggested a greater than dose proportional
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increase in systemic exposure following inhaled GSK573719. The accumulation
following repeat dosing with GSK573719 (ratio of Day 14:Day 1) ranged from 1.5 to
3 fold based on plasma data and 3 to 4.5 fold based on urine data.

Mean renal clearance ranged from 10.1 to 12.2 L/h on Day 1 and 9.6 to 12.3 L/h on
Day 14. The t'2 based on the urine data were similar to plasma t2 and the means ranged
from 28 to 33 h following single dosing and 25 to 35 h following repeat dosing.

PK Conclusions:

e The mean t/2 of GSK573719 following 14 day repeat dosing ranged from 26 to 28
h. Visual assessment of Ct data suggested that steady state was achieved
following 6 to 8 days of dosing; however, the statistical analysis inferred that
steady state had been achieved for the 750 pg and 1000 pg treatment groups
following 4 days of GSK573719 dosing.

e Urine pharmacokinetic data for GSK573719 showed that on Day 1 about 1 to
1.5% of the total dose administered was excreted unchanged in urine over the
dosing interval and at steady-state, about 3.9 to 4.5% of the total GSK573719
administered was excreted unchanged in urine over the dosing interval.

e Both plasma and urine pharmacokinetic data suggested a greater than dose
proportional increase in systemic exposure following inhaled GSK573719. The
mean accumulation following repeat dosing with GSK573719 (ratio of Day
14:Day 1) ranged from 1.5 to 3 fold based on plasma data and 3 to 4.5 fold based
on urine data.

e Mean renal clearance ranged from 10.1 to 12.2 L/h on Day 1 and 9.6 to 12.3 L/h
on Day 14. The t’2 based on the urine data were similar to plasma t”2 and the
means ranged from 28 to 33 h following single dosing and 25 to 35 h following
repeat dosing.

Reviewer’s comments: The lowest dose investigated is 4-fold higher than the proposed
dose of 62.5 pg.

Trial # AC4113377

Title: Phase I study of GSK573719 -A randomized, double blind, placebo controlled, dose
ascending, single and repeat dose study to investigate the safety, tolerability, and pharmacokinetics of
inhaled dose of GSK573719 from a novel dry powder device in healthy Japanese male subjects

Objective:

Primary:

* To evaluate the safety and tolerability of GSK573719 following single and once daily 7-day
repeat inhaled doses at 250, 500 and 1000 pg in healthy Japanese male subjects.

Secondary:

* To investigate the pharmacokinetics of GSK573719 following single and once daily 7-day repeat
inhaled doses at 250, 500 and 1000 pg in healthy Japanese male subjects.

* To investigate the dose proportionality and accumulation of GSK573719 following single and
once daily 7-day repeat inhaled doses at 250, 500 and 1000 pg in healthy Japanese male subjects.

Study design and treatment schedule: This was a single centre, randomized, double blind,
placebo controlled, dose-ascending study of single and once daily 7-day repeat inhaled doses of
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GSK573719 via a novel dry powder inhaler. Forty-eight healthy subjects split into 3 cohorts of 16
participated in this study.

Cohort Group Part 1 Part 2 Part 3
1 A 12 GSES73719 230 pg - -
B Placebo - -
2 C 12 - GSES573719 500 ug -
D - Placebo -
3 E 12 - - GSES73719 1000 ng
F 4 - - Placebo

Criteria for evaluation:

Primary endpoint:

« Safety and tolerability endpoints: adverse events, vital signs, 12-lead ECG, Holter monitoring,
gallbladder ultrasound, ophthalmoscopy and clinical laboratory safety tests

Secondary endpoint:

* Plasma and urine concentrations of GSK573719 and derived pharmacokinetic parameters

PK Results:

Following both single and repeat dose administration, GSK573719 was rapidly absorbed with median
tmax values of 5 minutes post dose at all dose levels, following which plasma concentrations declined
rapidly. The plasma concentration was often below LLQ at later time points following 250 and 500 pg
GSK573719, which indicated rapid distribution and elimination and precluded ti12 and AUCo-

calculation.
Plasma Pharmacokinetic Parameters after Single Inhaled Dosing of GSK573719
(Day 1)
Parameter Dose n Geometric Mean 95% CI CVb(%)
AUCq s 250 ug 12 0.135 (0.116.0.158) 252
(hng/mL) 500 pg 12 0.284 (0.242.0.334) 257
1000 pg 12 0.897 (0.809, 0.995) 16.4
AUC,, (h'ng/mL) 500 ug 12 0316 (0.268.0.372) 264
AUCg 3 (h-ng/mL) 1000 pg 12 1.494 (1354, 1.648) 155
AUCq 195 (h'ng/mL) 250 ug 12 0.170 (0.131. 0.220) 429
500 ug 12 0.410 (0.324, 0.520) 38.7
1000 pg 12 1.987 (1.651, 2.393) 298
Coe 250 ug 12 0370 (0.275.0.497) 491
(ng/mlL) 500 ug 12 0.927 (0.772.1.112) 293
1000 pg 12 2477 (2.051, 2.991) 304
Parameter Dose n Median Range
tne 250 ug 12 0.08 (0.08, 0.25)
(h) 500 pg 12 0.08 (0.08, 0.08)
1000 pg 12 0.08 (0.08, 0.08)
tase 250 ug 12 2.00 (1.50.4.00)
(k) 500 pg 12 4.00 (2.00, 8.00)
1000 pg 12 24.0 (8.00. 48.00)

CI: confidence interval
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Plasma Pharmacokinetic Parameters after 7-day Repeat Inhaled Dosing of GSK573719

(Day 10)
Parameter Dose n Geometric Mean 95% CI CVb(%)
AUCq., 250 ug 10 1.081 (0.937. 1.247) 202
(hrng/mL) 500 ug 12 2.196 (1.860, 2.594) 26.6
1000 pg 12 4.894 (4.139. 5.788) 269
AUCq 32 250 g 11 1.259 (0.881. 1.780) 571
(hrng/mL) 500 ug 12 3.358 (2.843,3.967) 26.7
1000 pg 12 7.281 (6.133, 8.645) 275
Conax 250 g 11 0.695 (0.560, 0.863) 33.1
(ng/mlL) 500 ug 12 1.318 (1.007. 1.724) 44.3
1000 pg 12 3.672 (3.166. 4.259) 236
Parameter Dosze n Median Fange
e 250 g 11 0.08 (0.08. 0.08)
(h) 500 ug 12 0.08 (0.08, 0.08)
1000 pg 12 0.08 (0.08. 0.08)
tiger 250 ug 11 48.00 (8.00., 48.00)
(h) 500 ug 12 48.00 (48.00. 48.00)
1000 pg 12 48.00 (48.00, 48.00)

CI: confidence interval

Dose proportionality was assessed using the Power Model. AUC and Cmax parameters were log

transformed prior to analysis. AUCo- could not be computed due to a number of non-quantifiable
values in the elimination phase of plasma concentration profiles. Therefore AUCo-1 5 and AUCo-: for
Day 1 and Day 10, respectively, were derived and used in the dose proportionality analysis.

For the assessment of accumulation, the results of R[Cmax] and Ro (AUCo-15used for 250 pg, AUCo-2
used for 500 pg and AUCo-sused for 1000 pg) after repeat inhaled doses of GSK573719 250, 500 and

1000 pg are summarised below.

Assessment of Accumulation after Dosing of GSK573719 250, 500 and 1000 pg

T Ratio of Adjusted
T n Geometric Means 90% CI

T _ (Day 10 vs Day 1)
GSK573719 250 nug R[C ] 11 1.772 1482 2119
Ro 11 1.862 1.687.2.054
GSK573719 500 ig | R[Coma] 12 1422 1.196. 1.690
Ro 12 2.012 1.830,2212
GSK573719 1000 pg | R[C ] 12 1483 1247 1762
Ro 12 1.934 1.759 2127

* AUCy; ;. AUC, and AUC, ; were used for calculation of Ro for 250 pg. 500 pg and 1000 pg, respectively.

PK Conclusions:

o  GSKS573719 was rapidly absorbed with median tmax values of 5 minutes after single inhaled
dosing and after 7-day repeat inhaled dosing of GSK573719 250, 500 or 1000 pg.

e Plasma PK data suggested a slightly higher than dose proportional increase in systemic
exposure following inhaled GSK573719 250 to 1000pg.

e Rs was approximately 1.6 after 7-day repeat inhaled dosing of GSK573719 1000 pg. Rs after

7-day repeat inhaled dosing of GSK573719 250 and 500 pg could not be calculated.
e Urine pharmacokinetic data for GSK573719 showed that, following single dose
administration, approximately 1.3 to 2.0% of the total dose administered was excreted
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e Following repeat dose administration, approximately 4.8 to 5.0% of the total GSK573719
dose administered was excreted unchanged in urine over the dosing interval.

e Renal clearance values ranged from 9.6 to 11.4 L/hr following repeat dose administration.

e For Cmaxand AUC following repeat dose administration a 1.4 to 2.0-fold accumulation of

e (GSK573719 was observed for all doses. Based on Aeo-48 the observed accumulation ratio
were approximately 2.8 to 4.7 for each dose group.

Reviewer’s comments: The lowest dose investigated is 4-fold higher than the proposed
dose of 62.5 pg.

Trial # AC4105211

Title: A randomised, double-blind, placebo-controlled, dose ascending, 2-cohort,

parallel group study to examine the safety, tolerability and pharmacokinetics of oncedaily
inhaled doses of GSK573719 formulated with the excipient Magnesium Stearate in
COPD subjects for 7 days.

Objectives:

The primary objective was:

* To assess the safety and tolerability of repeat inhaled doses of GSK573719 (inhaled
once daily (QD) for 7 days) in chronic obstructive pulmonary disease (COPD)
subjects.

The secondary objective was:

* To assess the pharmacokinetics (PK) of GSK573719 following repeat inhaled doses
(inhaled once daily for 7 days) in COPD subjects.

Study design and treatment schedule: This was a randomised, double-blind, placebo-
controlled, dose ascending, 2-cohort, parallel group study to examine the safety,
tolerability and pharmacokinetics of once daily inhaled doses (250 pg, 1000 pg or
placebo) of GSK573719 formulated with the excipient magnesium stearate (MgSt) in
COPD subjects for 7 days.

Criteria for evaluation: safety and PK

PK Results: Selected PK parameters are summarised in the tables below. Overall plasma
data suggested that accumulation in GSK573719 systemic exposure following 7 days
repeat dosing ranged between approximately 1.5 to 1.9 fold that of Day 1 systemic
exposure.
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Summary Statistics of Day 1 Dose GSK573719 PK Parameters

Parameter Cohort N n Geometric Mean 95% ClI CVb(%)
AUC(0-2) (heng/mL) Cohort 1 8 8 0.1968 {0.1671,0.2315) 197
Cohort 2 9 9 0.0813 (0.0413, 0.15589) 108
Cohort 3 9 9 0.9572 (0.3352, 2.7325) 233.2
AUC(0-8) (heng/mL) Cohort 3 g g9 2.029 (1.250, 3.294) 69.8
AUC(0-t) (heng/mL) Cohort 1 8 8 0.2607 {01902, 0.3573) 39.1
Cohort 2 9 9 0.0361 {0.0057, 0.2256) 1707.8
Cohort 3 9 9 0.9330 {0.1042, 8.3488) 58205
Cmax (ng/mL) Cohort 1 8 8 0.2165 {0.1668, 0.2810) 320
Cohort 2 9 9 0.0792 {0.0346, 0.1809) 1476
Cohort 3 9 9 1.5284 {1.0388, 2 2486) 536
tmax (h)’ Cohort 1 8 8 0.080 (0.08, 0.50) NA
Cohort 2 9 8 0.250 (0.08,0.28) NA
Cohort 3 9 9 0.250 (0.08,0.28) NA
tlast (h)’ Cohort 1 8 8 4000 (2.00,8.12) NA
Cohort 2 9 8 2.000 (0.08,4.00) NA
Cohort 3 9 9 8.000 (0.08, 8.00) NA
1. Presented as median and range
NA - Not applicable
Summary Statistics of Repeat Dose GSK573719 PK Parameters (Day 7)
Parameter Cohort N n Geometric Mean 95% ClI CVb(%)
AUC(0-2) (heng/mL) Cohort 1 8 ] 0.3195 {0.1919, 0.5319) 516
Cohort 2 g ] 0.1553 {0.0936, 0.2575) 66.5
Cohort 3 g ) 1.9251 {1.3996, 2.6477) A
AUC(0-8) (heng/mL) Cohort 3 g ] 3.320 (2.362, 4.667) 333
AUC(0-t) (heng/mL) Gohort 1 8 ) 0.5551 {0.2140, 1.4400) 1132
Cohort 2 g ] 0.3053 {0.1306, 0.7133) 1343
Cohort 3 9 ] 4 8620 (3.1620, 7.4759) 428
Cmax (ng/mL) Cohort 1 8 ] 0.3321 {0.1882, 0.5859) 583
Cohort 2 9 8 0.1645 {0.0945, 0.2860) 742
Cohort 3 g ] 2 7586 (1.5350, 4.9576) 60.5
tmax (h) Cohort 1 8 ] 0.080 (0.02, 0.25) NA
Cohort 2 9 8 0.165 (0.08,0.32) NA
Cohort 3 9 ) 0.240 (0.07,0.25) NA
tlast (h)’ Cohort 1 8 ) 6.000 (2.00, 27.05) NA
Cohort 2 g ] 6.015 (2.00,24.00) NA
Cohort 3 9 ] 24 010 (24.00, 24.48) NA

1. Presented as median and range

NA - Not applicable

Overall, urine data suggested approximately 1.8 to 2.4 fold accumulation of unchanged

GSK573719 following repeat dose administration for 7 days.

PK Conclusions:

e Due to the large amount of non-quantifiable data (40—61% of samples), plasma
pharmacokinetic information obtained in this population was limited.
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e Following single inhaled dose administration, GSK573719 was rapidly absorbed
with a median tmax of 5—15 minutes.

e The plasma t's of GSK573719 ranged from on average 1-2 h for the 500 pg and
1000 pg dose levels. Half-lives estimated from the urine data were longer than
those estimated from the plasma with on average 11-12 h across all dose levels
examined.

e Both plasma and urine pharmacokinetic data suggested a greater than dose
proportional increase in systemic exposure following inhaled GSK573719.

e Urine pharmacokinetic data for GSK573719 showed that on average about 1—
1.3% of the total dose administered was excreted unchanged in urine over the 24-
h period.

e Renal clearance values were estimated to be on average 5.32, 6.40, and 6.83 L/h
for the GSK573719 250 pg, 500 pg and 1000 pg dose groups, respectively,
following a single dose administration.

Reviewer’s comments: The lowest dose investigated is 4-fold higher than the proposed
dose of 62.5 pg.

Trial # AC4108123

Title: A randomised, double blind, placebo-controlled, double dummy, 4-way crossover,
dose ascending study to assess the safety, tolerability, pharmacodynamics and
pharmacokinetics of single inhaled doses of GSK573719 (250, 500 and 1000 pg) and
tiotropium bromide (18 pg) via DPI in COPD patients.

Objectives:

Primary:

to investigate the safety and tolerability of single inhaled doses of GSK573719 in chronic
obstructive pulmonary disorder (COPD) patients.

Secondary:

* To investigate the pharmacokinetics of single inhaled doses of GSK573719 in COPD
patients.

* To investigate the bronchodilatory effect and duration of action of single inhaled
doses of GSK573719, as measured by plethysmography (specific airway resistance,
sGaw, airways resistance, Raw) and spirometry (forced expiratory volume in 1 second,
FEV1) endpoints in COPD patients.

* To evaluate the safety and tolerability of single inhaled doses of tiotropium bromide
in COPD patients.

* To investigate the bronchodilatory effect and duration of action of single inhaled
doses of tiotropium bromide, as measured by plethysmography (sGaw, Raw) and
spirometry (FEV1) endpoints in COPD patients.

Study design and treatment schedule: This was a multi-centre, randomised, double-
blind, placebo-controlled, double-dummy, dose-ascending, four-way cross-over study,
incomplete block design in ipratropium responsive subjects with COPD.
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GSK573719 was presented as 250 pg/blister, to be administered via the DISKUS™
inhaler.

Criteria for evaluation: Safety, PK, PD
PK Results: A summary of selected plasma pharmacokinetic parameters is presented in
the following table.

Parameter Dose N | n |n*| Geometric | 95% Cl CV(%)
Mean

AUC(0-2) (h*ng/mL) 250 ug |22 |22 |4 |0.10264 | (0.08059,0.13072) | 58.9
500pg |21 121 |1 ]0.27099 | (0.21170,0.34689) | 58.5
1000 ug |13 |13 |0 | 071522 | (0.62789,0.81470) |21.8

AUC(0-t) (h*ng/mL) 250png |22 22 |0 |0.10271 (0.07763,0.13589) | 70.0
500 ug |21 |21 |0 | 0.35491 (0.27070,0.46531) | 65.2
1000png |13 |13 |0 [ 096100 | (0.81529,1.13276) |27.7

Cmax (ng/mL) 250 ug |22 |22 |0 |0.12615 | (0.10494,0.15164) | 434
500pg |21 121 |0 |0.30389 | (0.25430,0.36314) |40.7
1000 g |13 |13 |0 |0.83228 | (0.72619,0.95386) | 22.9

tmax (h)’ 250 g |22 22 |0 |0.09 (0.08, 0.50) NA
500pg |21 ]21 |0 [0.100 (0.07,0.27) NA
1000pug |13 |13 |0 |0.250 (0.08,0.28) NA

tlast (h)’ 250pg |22 122 |0 | 1.975 (0.47,4.07) NA
500pg |21 121 |0 |4.030 (1.00, 24.00) NA
1000 g |13 |13 |0 [6.000 (4.00, 15.95) NA

Parameter Dose N |n |n*| Geometric | 95% ClI CV(%)

Mean

t (h) 250ug |22 |0 |0 |NA NA NA
500pg |21 19 |0 | 1.31214 | (1.06651,1.61433) | 45.1
1000 ug |13 |13 |0 | 1.74653 | (1.06456,2.86539) | 97.8

Reviewer’s comments: The lowest dose investigated is 4-fold higher than the proposed
dose of 62.5 pg.

VI
Trial # B2C108784

Title: A randomised, double-blind, placebo-controlled, parallel-group, 14 day repeat dose
study to investigate the safety, tolerability, pharmacokinetics and extra-pulmonary
pharmacodynamics of inhaled doses of GW642444M formulated with magnesium
stearate in healthy subjects.

Objective:
Primary:
To evaluate the safety and tolerability of GW642444M (50, 200 and 400 pg)
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administered once-daily for 14 days in healthy subjects.

Secondary:

0 To evaluate the extra-pulmonary pharmacodynamic effects of GW642444M (50,
200 and 400 pg) administered once-daily for 14 days in healthy subjects.

0 To evaluate the systemic pharmacokinetics of GW642444, GI1179710
(triphenylacetate counter-ion) and the metabolites, GW630200 and GSK932009
following GW642444M (50, 200 and 400 pg) administered once-daily for 14 days
in healthy subjects.

0 To evaluate the systemic exposure-response relationship.

Study design and treatment schedule:

This was a single-centre, randomised, double-blind, placebo-controlled, parallel-group
14 day repeat dose study. Three sequential dose-ascending inhaled administrations of
GW642444M were planned.

* Cohort 1: nine subjects (GW642444M 50 pg X 14d) + three subjects (placebo).

* Cohort 2: nine subjects (GW642444M 100 pg X 14d) + three subjects (placebo).

* Cohort 3: nine subjects (GW642444M 25 ngX 14d) + three subjects (placebo)

The product used in this study is GW642444M (to be marketed formulation) via a
different device DISKUS™.

PK Sampling Schedule
e Blood - Ondayl, 7 and 14, at pre-dose, 2, 5, 10, 15, 20, 30, 45 min and 1, 2, 4,
6, 8, 10, 12, and 24 hour after dosing.

Results
Summary PK parameters for VI are listed in table below.

Summary of Selected GW642444 Pharmacokinetic Parameters

Day N  AUC(0-t) AUC(0-1) AUC(0-4) tlast (h)2 Cmax tmax (h)2
(pg.h/mL)’ (pg.n/mL)! (pg.h/mL)! (pg/mL)

25 g 1 9 52(312) - - 0.50 193 (26.4) 0.08 (0.08, 0.22)
(0.35,0.77)

7 9 105(26.6) 103 (11.6)3 - 1.02 248(209) 0.17(0.08,0.17)
(0.73,2.00)

14 9 80(328) 99.0 (8.76) - 0.75 246 (15.3) 0.08 (0.07,0.17)
(0.50, 2.00)

50 ng 1 9 160(29.5) 168 (29.0)° - 1.00 452 (32.8)  0.08 (0.08, 0.25)
(0.75, 2.00)

7 9 385(325) 204 (22.2)  370(18.8)° 4.00 567 (25.8)  0.08 (0.08, 0.17)
(2.00, 8.00)

14 9 274(56.0) 174 (29.2)° 336 (22.8)° 4.00 509 (44.0)  0.10(0.08, 0.18)
(0.75,8.00)

100pug 1 9 T34(37.2) 369 (26.2) 583 (24.4) 8.00 929 (304) 0.17(0.08,0.22)
(4.00, 23.83)

7 9 1040(47.0) 364 (23.5) 624 (18.6) 12.00 932(28.3) 0.08(0.08,0.17)
(4.00, 23.83)

14 9 913257 357 (16.6) 587 (10.9) 10.00 932 (17.9) 0.08 (0.08,0.18)
(6.00, 24.00)

(Source — Table 16, Study B2C108784 report)
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On average, the maximum plasma concentrations of VI were achieved by 5-10 minutes
post-dose for all treatments. The systemic exposure of VI as measured by AUC(0-t)
increase in a greater than dose-proportional manner, and Cmax increased in a dose-
proportional manner. Based on AUC(0-t), there was 1.24 to 2.4 fold accumulation after
repeated dosing, as presented in the following table.

Statistical Summary of GW642444 Accumulation Assessment

Comparison Ratio of Adjusted Means (90% Confidence Interval of Ratio)
Cmax AUC(0-t) AUC(0-1) AUC(0-4)

25 pg Day 7 : Day 1 1.29 (1.10, 1.51) 2.00 (1.57, 2.55) - -

25 pg Day 14 : Day 1 1.27 (1.09, 1.49) 153 (1.20, 1.95) - -

25 ug Day 14 : Day 7 0.99(0.85, 1.16) 0.77 (0.60.0.98 - -

50 pg Day 7 : Day 1 1.25(1.07, 1.47) 1.20 (1.08, 1.35) -

50 pg Day 14 : Day 1 1.13(0.96, 1.32) ] 34,218 0.98(0.86, 1.11) -

50 pug Day 14 : Day 7 0.90(0.77,1.05) 0.71 (056, 0.91) 0.82(0.73,0.92) -

100 pg Day 7 : Day 1 1.00(0.86, 1.17) 141 (1.11,1.80) 0.99(0.88,1.10) 1.07 (0.95, 1.20)
100 png Day 14 : Day 1 1.00(0.86, 1.17) 124 (0.98, 1.59) 097(087,1.08) 1.01(0.90, 1.13)
100 pg Day 14 : Day 7 1.00(0.85,1.17) 0.88(0.69,1.12) 098(0.88,1.09) 0.94(0.84, 1.06)

(Source — Table 18, Study B2C108784 report)

Conclusion: The systemic exposure of VI, based on Cmax was dose proportional, and the
maximum accumulation is 2.4 fold based on AUCO-t.

Reviewer’s comment
This study was the first administration of this to be marketed GW642444 dry powder
formulation (lactose, magnesium stearate, and GW642444 dry powder) in healthy

subjects.

UMEC/VI

Trial # DB2114635

(b) (4)

Title: A randomized, placebo-controlled, incomplete block, four period crossover, repeat
dose study to evaluate the effect of the inhaled GSK573719/vilanterol combination and
GSK573719 monotherapy on electrocardiographic parameters, with moxifloxacin as a
positive control, in healthy subjects.
Objective: (PK related only)
e To characterise the pharmacokinetic profiles of UMEC and VI when administered
in combination via novel dry powder inhaler (NDPI)
e To characterise the pharmacokinetic profile of supra-therapeutic dose of UMEC
when administered as monotherapy via NDPI
Methods: This was a randomised, placebo-controlled, four period incomplete block

crossover study in healthy adult male and female subjects.
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Treatment Group Days Medication Regime
&  Placsho 1-10 Single inhalation from matching placebo NDFI once
daily
10 Single dose placebo oral fablet moxifloxacin
B Mowfloxacin posifive 1-10 Single inhalation from matching placebo NDFI once
control daily
10 Single dose oral tablet moxifloxacin (400 mg)
C  UMEC supra-therapeutic  1-10 Single inhalation from UMEC 500 meg MDPI once
dose daily
10 Single dose placebo oral tablet moxifloxacin
D UMECHI therapeutic 1-10 Single inhalation from UMEC/NI 125/25 meg NDPI
dose once daily
10 Single dose placebo oral fablet moxifloxacin
E  UMEGCHVI] supra- 1-10 Single inhalation from UMEC/Y] 500/100 mog NDPI
therapeutic dose once daily
10 Single dose placebo oral fablet moxifloxacin

MDPl=novel dry powder inhaler
Results: Summary Statistics of Day 10 UMEC Pharmacokinetic Parameters

Parameter Treatment N n  Geometric 95% CI CVh{%)
Mean
Cmax (pgimL) UMEC 500 meg 5 T3 1541 (1412, 1682) 388
UMECIVI 125/25 mcy [ 334 (294, 379) 581
UMECHVI 500100 mcy 73710 1400 (1285, 1525) 371
AUC(D-1) UMEC 500 mcy s T3 2444 (2278, 2623) 31.0
{h"pgimL) UMECIVI 125/25 mcy [ 435 (431, 563) 65.6
UMECHVI 500100 mcy 7370 2145 (1977, 2328) 38.2
tmax (h)* UMEC 500 mcg 5 T3 0.10 (0.08, 0.23) NA
UMECIVI 125/25 mcy [ 0.10 (0.08,0.15) NA
UMECHI 500100 mcy 3 710 0.10 (0.08, 0.12) NA
tlast (h)* UMEC 500 mcg 5 T3 24.08 (23.98, 24.25) NA
UMECIVI 125/25 mcy T4 24.08 (0.10, 24.25) NA
UMECHI 500100 mcg 7370 24.08 (24.08, 24.25) NA
4 UMEC 500 mcg s 47 259 (23.7,28.3) 01
(h) UMECVI 125/25 mcy [T 19.1 (12.6,29.0) 110.9
UMECHI 500100 mcg 73 36 252 (22.4,28.4) 0.2
CLF UMEC 500 mcg 5 T3 206 (191, 220} 310
(L) UMECIVI 125/25 mcy T3 244 (218, 278) 56.9
UMECHI 500100 mcg 7370 233 (215, 253} 352
VIF UMEC 500 mcg s 47 749 (6890, 8716) 417
L) UMECIVI 125/25 mcy [T TBBF (6225, 9918) 783
UMECHI 500100 mcg 73 36 8418 (7375, 9607) 408
Iz UMEC 500 mcy fn 47 0.027 (0.024, 0.029) 312
UMECHVI 125/25 mcy [T 0.038 (0.024, 0.055) 195.9
UMECHI 500100 mcg f3 36 0.027 (0.024, 0.031} 36.5

Source Data: Takle 11.2
*Prezented as median and range.
MA=not applicable; CVb=between-subject cosfficient of vanation.

Summary Statistics of Day 10 VI Pharmacokinetic Parameters
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Parameter Treatment N n  Geometric Mean 5% Cl CVh{%)
Cmax UMECH] 125/25 mcg 785 T4 340 (307, 37E) 459
{pg/mL}) UMECHI 500M00meg 73 7O 1518 (1416, 1627) 298
AUC[0-7) UMECAI 125/25 meg 75 T4 429 (379, 4886) a7 e
{h"pgimL) UMECNIS00MMmeg 73 70 1824 (1728, 1924) 228
tmax (h)* UMECH] 12525 mcg 75 T4 0.10 (0.08, 0.15) MA
UMECANIS00M00meg 73 70 010 (0.08, 0.22) MA
tlast (h)* UMECH] 125/25 mcg 785 T4 16.02 (0.52, 24.25) MA
UMECHI 500M00meg 73 7O 24 08 (2408, 24 25) MA
fi4 UMEC/VI 125/25 mcyg 75 bh 10.52 (8.43,13.12) a7 .8
ih) UMECNI 5001100meg 73 &2 1922 (17.68, 20.90) 338
CLUF UMEC/HVI 125/25 mecg 7 T4 582 (514, 65.9) a7 6
L) UMECNIS00M00meg 73 70 548 (51.9 57.9) 2249
VIF UMEC/HVI 125/25 mog 75 55 &40 (783, 1010) 4398
iL) UMECNI 500M100meg 73 &2 1526 {1383, 1684) 402
hz UMEC/HVI 125/25 mcyg 75 &5 0.066 (0.053, 0.082) a7 a8
UMECHI 500M00meg 73 62 0036 (0,033, 0.039) 338

Source Data: Takle 114
*Precented az median and range.
MNA=not applcable; CVb=between-subject cosfiicent of vanation.

Conclusions:

e Exposure of UMEC is not affected by the presence of VI.

e Steady-state pharmacokinetic data in healthy subjects indicated rapid absorption
for both UMEC and VI with high clearance and extensive distribution
contributing to their disposition from systemic circulation.

e Thalf for UMEC was 25 h.

e Thalf for VI was 10-19 h.

e The systemic exposure of UMEC and VI was dose proportional based on AUC
and Cmax.

SPECIFIC POPULATION

Renal impairment

UMEC/VI

Trial # DB2114636

Title: A single-blind, non-randomized pharmacokinetic and safety study of single dose of
GSK573719 and GSK573719 + GW642444 combination in healthy subjects and in
subjects with severe renal impairment.

Objectives:

Primary objective

* To investigate the effect of severe renal impairment on the plasma pharmacokinetics of
umeclidinium (UMEC, GSK573719) and vilanterol (VI, GW642444) following single
dose administration of inhaled UMEC 125 mcg and single dose UMEC/VI (125/25 mcg),
respectively
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Secondary objectives

* To investigate the effect of severe renal impairment on the urine pharmacokinetics of
UMEC following single dose administration of inhaled UMEC 125 mcg and single dose
UMEC/VI (125/25 mcg), respectively

* To investigate the effect of severe renal impairment on safety and tolerability
following single dose administration of UMEC 125 mcg and UMEC/VI

(125/25 mcg), respectively

Methodology: This was a single-blind, non-randomised study that assessed the
pharmacokinetics and safety of inhaled UMEC 125 mcg and UMEC/VI 125/25 mcg in
healthy subjects and in subjects with severe renal impairment. Nine subjects with severe
renal impairment were to be recruited along with matched healthy control subjects. All
subjects were to receive a single dose of UMEC 125 mcg followed by a single dose of
UMEC 125 mcg/VI 25 mcg, separated by a washout of at least 7 days.

Treatment administration: A single dose of UMEC 125 mcg via novel dry powder
inhaler (NDPI) followed after a washout of at least 7 days by a single dose of UMEC 125
mcg/VI 25 mcg via NDPI. The PK blood sampling schedule was 0, 5, 15, 30, min, 1, 2,
4,8, 12,16, 24 hr. The urine sampling schedule was 0-4 hr, 4-8 hr, 8-12 hr, and 16-24
hr.

Analysis:

Primary endpoints

* UMEC and VI plasma pharmacokinetic parameters AUC(0-t), AUC(0-t’), Cmax,
tmax, AUC(0-24), AUC(0—x), tlast, t/2, other pharmacokinetic parameters as data
permitted

Secondary endpoints

* UMEC urine pharmacokinetic parameters

* General safety and tolerability endpoints: adverse events (AEs), blood pressure, heart
rate, 12-lead electrocardiogram (ECG) and clinical laboratory safety tests

Results:
Summary statistics for plasma UMEC pharmacokinetic parameters are presented below.
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Parameter Group N n n* Geometric 95% Cl CVb(%)
Mean
UMEC 125 mco
AUC(0-2) Healthy 9 9 1 56.5 (34.8,91.6) 69.7
{h"paimL) Severe renal impairment 9 9 0 59.1 {40.5,86.3) 523
Cmax (pg/mL)  Healthy 9 9 0 127 6 (84.8, 1915 571
Severe renal impairment 9 9 0 113.2 (75.2, 170.4) 573
tlast (h)* Healthy 9 9 0 200 (0.25, 4.00) MA
Severe renal impairment 9 9 0 200 (0,50, £.00) &
tmazx (h)* Healthy 9 9 0 0.08 (0.08,0.12) MA
Severe renal impairment 9 9 0 0.08 (0.08, 0.12) MA
UMECNI 125/25 meg
AUC(0-2) Healthy 9 9 0 60.4 (44.6,8189) 411
(h'paimL) Severe renal impairment g9 9 0 66.3 {48.8,90.1) 415
Cmax (pg/mL)  Healthy 9 9 0 1524 (101.1,229.7) 674
Severe renal impairment 9 9 0 1492 (104.2, 213.5) 493
tlast (h)* Healthy 9 9 0 200 (0,50, 4.02) MA
Severe renal impairment 9 9 0 200 (0,50, 4.00) NA
tmax (h)* Healthy 9 9 0 0.08 {0.08,012) MA
Severe renal impairment 9 9 0 0.08 (0.08 012 P&

*Precented as median and range.
NA=not applicable; n*=number imputed.

Summary statistics of UMEC urine pharmacokinetic parameters are presented below.

Parameter Group N n  Geometric 95% Confidence CVb(%)
Mean Interval
UMEC 125 mcg
Ag(0-24)  Healthy 8 8 1553 (998 , 2415) 62.6
(ng) Severe renal impairment 9 9 178 (100, 319) 874
CLr{Lh)  Healthy 8 2 13.041 {0.838, 202 849) 31.3
Severe renal impairment 9 3 0.881 (0.229, 3.380) 584
Fe(0-24)  Healthy 9 9 14337 (0.4538, 3.1294) A
(%" Severe renal impairment g g 01878 (0.0686, 0.5362) MA
te (h) Healthy 8 1 9.66 (4.44, 20.99) 692
Severe renal impairment 9 7 8.03 (6.49,9.94) 233
UMECNVI 125/25 meg
Ag{0-24)  Healthy 8 8 1627 (1186, 2232) 429
(nag) Severe renal impairment 9 9 184 {104, 326) 86.1
CLr{Lh)  Healthy 9 1 12817 ND™ ND
Severe renal impaiment . 9 3 0722 (0.053, 9.835) 1422
Fe(0-24)  Healthy 8 8 1.3936 {0.5357, 2.4370) MA
(%" Severe renal impairment g g 0.1891 (0.0492 0.5031) A
te () Healthy 9 3 1134 (7.58, 16.97) 16.3
Severe renal impairment 9 g 922 (654, 12.99) 428

* Arthmetic mean value (rangs).
**ND=not determined due to sample size =1; CLr=renal clearance; Fe=fraction of dose excreted unchanged in urine

Summary statistics of plasma VI pharmacokinetic parameters are presented below.
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Parameter Group N n Geomefric Mean 95% Cl CVh{%)
AUC(0-1) Healthy 9 49 287 (20.6, 40.0) 453
{n"pgfmL) Severerenalimpairment 9 9 38 (25.9, 46.6) 39.6
Cmax Healthy 9 49 748 (53.1, 105.4) 459
(pg/mL) Severerenalimpairment % 8 LA (56.9, 104.7) 413
tiast (h)* Healthy 9 9 1.00 (0,50, 2.00) A
Severe renal impaiment 9 58 1.00 (1.00, 4.00) MA
tmax (h)* Healthy 9 49 0.08 {0.08,0.12) NA
Severerenalimpairment 9 8 0.12 {0.08, 0.25) MNA

*Precented as median and range.
Conclusions:

e There was no evidence of a clinically relevant increase in UMEC systemic
exposure in subjects with severe renal impairment compared with healthy subjects
following administration of UMEC 125 mcg and UMEC/VI 125/25 mcg

e Although urinary excretion of unchanged UMEC was considerably lower in
subjects with severe renal impairment compared with healthy subjects for UMEC
125 meg and UMEC/VI 125/25 mcg, no apparent increase in mean urine t’2 in
subjects with severe renal impairment was observed, suggesting efficient alternate
disposition and elimination pathways for UMEC in these subjects. Overall urine
t/2 between the two groups were comparable

e There was no evidence of a clinically relevant increase in VI systemic exposure in
subjects with severe renal impairment compared with healthy subjects

e Inhaled UMEC 125 mcg and UMEC/VI 125/25 mcg were well tolerated in
healthy subjects and in subjects with severe renal impairment

FF/VI
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%).
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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

Higher systemic V1 exposure in severe renal impairment patients: Median plasma VI
concentrations tended to be higher in subjects with severe renal impairment compared
with healthy subjects after both single and repeat dose FF/VI. The summary of FF
pharmacokinetic comparisons in renal impairment subjects and healthy subjects is
presented in the following table. At day 7, subjects with severe renal impairment had
56% increase in VI AUC and similar VI Ca .

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 2 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 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.

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]

Parameter Day Group comparison Adjusted Ratio of 90% Cl of
geometric means adjusted the ratio
geometric
means
AUC(0-8) 1 Severe renal 181.12/103.38 1.75 (1.00, 3.07)
impairment / healthy
AUC(0-24) 7  Severerenal 604.26 / 386.35 1.56 (1.27,1.92)
impairment / healthy
Cmax 1 Severe renal 126.70/107.80 118 (0.54, 2.56)
impairment / healthy
7 Severe renal 164.73/152.88 1.08 (0.49,2.35)
impairment / healthy

(Source —Table 9, Study HZA 113970 report)
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Median VI Plasma Concentration-Time Profiles in Subjects with Severe Renal Impairment and

Healthy Subjects After Single and Repeat Dose (7 Days) FF/V1 (200/25 mcg) [HZA113970]
(Source —Figure 2, Study HZA 113970 report)

Pharmacodynamic Results:

PD effect was assessed on day 7.

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

UMEC/VI

Trial # DB2114637

Title: An open-label, non-randomized, pharmacokinetic and safety study of single dose

GSK573719 + GW642444 (VI) combination and repeat doses of GSK573719 in healthy

subjects and in subjects with moderate hepatic impairment

Objectives:

e Primary objectives
0 To investigate the effect of moderate hepatic impairment on the plasma

pharmacokinetics of GSK573719 (umeclidinium, UMEC) and vilanterol
(VI) following single dose administration of inhaled UMEC/VI (125
mcg/25 mcg)
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0 To investigate the effect of moderate hepatic impairment on the plasma

pharmacokinetics of UMEC following single and repeat dose

administration for 7 days of inhaled UMEC (125 mcg)

e Secondary objectives

0 To investigate the effect of moderate hepatic impairment on the urine

pharmacokinetics of UMEC following single dose administration of
inhaled UMEC/VI (125 mcg/25 mcg)
To investigate the effect of moderate hepatic impairment on the urine
pharmacokinetics of UMEC following single and repeat dose

administration for

7 days of inhaled UMEC (125 mcg)
To investigate the effect of moderate hepatic impairment on safety and
tolerability of UMEC and VI following single dose administration of
inhaled UMEC/VI (125 mcg/25 mcg) and repeat dose administration (for
7 days) of inhaled UMEC (125 mcg), respectively
Methodology: This was an open-label, non-randomised study that assessed the
pharmacokinetics and safety of single dose UMEC/VI and repeat daily administration for
7 days of UMEC in subjects with moderate hepatic impairment and matched healthy
control subjects. Subjects took a single dose of UMEC/VI (125 mcg/25 mcg) followed by
UMEC (125 mcg) once daily for 7 days, after a 7 to 14 day washout.

Data Analysis:

PK
Results:
Summary statistics for UMEC pharmacokinetic parameters on Day 1 and Day 7 are
presented below.
UMEC Group N | n | Geometric 85% Cl CVb(%)
Parameter Mean
Day 1
UMEC 125 meg
AUCH = Healthy E: 87 (68, 112) 329
(h'pg/ml) | Moderate Hepatic Impairment | 9 | 9 74 (35, 1007 41.1
Cmax Healthy 918 220 (131, 320) 519
(pg/mL) Moderate Hepatic Impairment | 9 | 9 165 (108, 233) 60.0
tizza () Healthy 918 2.00 (2.00, 8.08) NA
Moderate Hepatic Impairment | 9 | 9 200 (1.00, 4.00) NA
tmax ()" Healthy 918 0.08 (0.08, 0.12) NA
Moderate Hepatic Impairment | 9 | 9 0.08 (0.08, 0.12) NA
UMEC/VI 12525 meg
AUCH = Healthy 918 72 (48, 107) 554
(h*pg/ml) | Moderate Hepatic Impairment | 9 | 9 66 (22, 83) 30.5
Comax Healthy 518 150 (117, 309) 70.3
(palmL} Moderate Hepatic Impairment | 9 | 9 180 (124, 207) 342
tiass ()" Healthy 919 200 (1.00, 4.03) NA
Moderate Hepatic Impairment | 9 | 9 200 (1.00, 4.00) NA
tmax ()" Healthy 5189 0.08 (0.08, 0.10) NA
Moderate Hepatic Impairment | 9 | 9 0.08 (0.08,0.12) NA

*=precented az median and range
Cl=confidence interval; NA=not applicable
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UMEC Group N | n | Geometric 85% CI CVb(%)
Parameter Mean
Day 7
UMEC 125 meg
AUC Healthy 9189 122 (101, 147) 245
(h'pg/ml) | Moderate Hepatic Impairment | 9 | 9 105 (76, 146) 449
AUCp— Healthy 919 482 (383, B07) 306
(h'pa/ml) | Moderate Hepatic Impairment | 9 | 9 438 (359, 536) 265
Crmax Healthy 919 283 (220, 363) 333
(pafmL} Moderate Hepatic Impairment | 9 | 9 214 (126, 362) 715
tia (R Healthy 919 2372 {8.00, 36.00) MNA
Moderate Hepatic Impairment | 9 | 9 36.00 {12.00, 36.00) NA
tmax (h)* Healthy 918 0.08 (0.08, 0.12) NA
Moderate Hepatic Impairment | 9 | 9 0.08 (0.08,0.12) NA

*=prezented as median and range
Cl=confidence interval; NA=not applicable
Az the dosing interval for UMEC is once-daily, AUCp-zs comresponds to AUC:—;

Summary statistics for VI pharmacokinetic parameters are presented below.

Vi Group N | n | Geometric 95% CI CVb(%)
Parameter Mean
AUGCp-1) Healthy 919 46 (32, 66) 489
(h*pg/mL) | Moderate Hepatic Impairment | 9 | 9 36 (27, 46) 354
Crmax Healthy 919 124 (87, 176) 486
(pg/mL) Moderate Hepatic Impairment | 9 | 9 96 (70, 132) 427
tiast () Healthy 919 1.00 (0.50, 4.00) NA
Moderate Hepatic Impairment | 9 | 9 1.00 (063, 2.00) NA
tmax (h)° Healthy 919 0.08 (0.08, 0.25) NA
Moderate Hepatic Impairment | 9 | 9 0.08 (0.08,0.12) NA

*=presented as median and range
Cl=confidence interval; NA=not applicable

Conclusions:

Reference ID: 3358407

There was no evidence of increased UMEC systemic exposure in subjects with
moderate hepatic impairment compared with healthy subjects, following either
single or repeat dose administration of UMEC 125 mcg, or single dose
administration of UMEC/VI 125/25 mcg

On average 1.3- to 1.4-fold accumulation based on both Cmax and AUC was seen
in both subject groups following repeat dosing with UMEC 125 mg. The degree
of accumulation was similar between the two subject groups. Urine
pharmacokinetic results for UMEC were consistent with plasma data with no
evidence of an increased UMEC urine excretion in subjects with moderate hepatic
impairment compared with healthy subjects

There was no evidence of increased VI systemic exposure in subjects with
moderate hepatic impairment compared with healthy subjects, following single
dose administration of UMEC/VI 125/25 mcg

Repeat dose inhaled UMEC 125 mcg and single dose inhaled UMEC/VI 125/25
mcg were well tolerated in subjects with moderate hepatic impairment and
matched healthy controls
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FF/VI

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
e 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

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

Results:

Pharmacokinetic results

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. A higher extent of accumulation was seen for
AUC(0-8) for subjects in all hepatic impairment groups, as presented in the following
table.
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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.

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% Cl of
Geometric Adjusted The Ratio

Means Geometric

Means

AUC(0-8) 1 Hepatic Mild /Healthy 81.76 /20461 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 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)

Summary of results from statistical analysis of dose-normalised VI pharmacokinetic parameters to

assess accumulation

Parameter Group Adjusted Geometric Ratio of  90% Cl 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 2.18 (1.73,2.73)

Cmax Healthy 246.82/225.69 1.09 (0.89, 1.35)
Hepatic Mild 154.51/107.08 144 (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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—=— Mild Hepatic Day 7
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Time After Dose [h]

Mean VI Plasma Concentration-Time Profiles Following Single and Repeat Dose (Once-Daily for 7
Days) FF/V1 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 is FF/VI (100/12.5 mcg). PD
effect was assessed on day 7.

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

less than 4 bpm across all hepatic impairment groups, as presented in the following table.
Serum potassium was not consistently lower in the hepatic impairment subjects. 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.

Summary of results from statistical analysis of maximum heart rate (0-4 h) (bpm) on Day 7

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

Hepatic mild / 76.9/73.1 3.8 (-1.2,8.8)

healthy

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

healthy

Hepatic severe / 70.7173.1 2.4 (-1.7,3.0)

healthy

(Source — Table 10, Study HZA111789 report)

Summary of results from statistical analysis of minimum serum potassium (0-4 h) (mmol/L) on Day
7
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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:
No dose adjustment needed for subjects with hepatic impairment.

DRUG-DRUG INTERACTIONS

DDI with Ketoconazole

VI

Trial # B2C112205

Title: A double-blind, placebo-controlled, randomised, 2-way crossover drug interaction
study to investigate the pharmacokinetic and pharmacodynamic effects following
coadministration of GW642444M with ketoconazole.

Objective:

e Primary: To determine whether co-administration of repeat dose ketoconazole
with single dose inhaled GW642444M had an effect on the single dose systemic
pharmacodynamics of GW642444M (supine heart rate and blood potassium
levels).

e Secondary:
* To determine whether repeat dose co-administration of ketoconazole
with single dose VI inhalation powder had an effect on blood pressure,
QTc duration and blood glucose levels.
* To determine whether repeat dose co-administration of ketoconazole
with single dose VI inhalation powder had an effect on the
pharmacokinetics of VI.
* To investigate the safety and tolerability of co-administration of VI
inhalation powder and ketoconazole.

Study design and treatment schedule: This was a single centre, randomised, double-
blind, placebo-controlled, two-way crossover study in healthy male and female subjects
with two 7-day treatment periods. During each treatment period subjects received single
doses of ketoconazole (400 mg) or placebo on the morning of days 1 to 6 with a single
dose of GW642444M (25 pg) coadministered on the morning of Day 5.

Reviewer’s comment:
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The given schedule of ketoconazole 400 mg QD is sufficient in achieving the inhibition
of CYP3A4 enzymes in liver and intestine at steady state. VI half-life is ~11 hrs. The
inhibition of CYP3A4 would cover the majority of the elimination phase of VI.

The product tested in this study (VI 25mcg in NDPI) is in the to-be marketed
formulation.

PK Sampling Schedule
Blood -0, 2, 5, 10, 20, 30, 40, 60, 80, 100 min, 2, 3, 4, 6, 8, 12, 16, 24, 30, 36 and 48 hrs
after VI administration.

Results:
Pharmacokinetic results

Higher systemic VI exposure with coadministration of ketoconazole: When co-
administered with repeat dose ketoconazole 400 mg, single dose GW642444 Cmax was
comparable with, and AUC is 90% higher than, that observed following coadministration
of GW642444M with repeat dose placebo.

PK parameters and statistical summary for comparison of plasma VI with and without ketoconazole

Adjusted
Geometric  Ratio of Adjusted 90% Cl of
Parameter Treatment Comparison Means Geometric Means Ratio
AUCpy Ketoconazole + VI 25 mcg vs.
(h*pg/mL) Placebo + VI 25 mcg 304 /160 1.90 1.37,2.64
Ketoconazole + VI 25 mcg vs.
Crax (Pg/mL) Placebo + VI 25 mcg 224 ] 252 0.89 0.67,1.18

(Source — Table 6 and 7, Study B2C112205 report)

Pharmacodynamic results

VI related:_Co-administration of repeat dose ketoconazole and VI (25 mcg) had no
significant effect on maximum heart rate, weighted mean heart rate, or minimum serum
potassium. Maximum QTcF (0—4 h) was, on average 3.1 msec higher and maximum
QTc(B)(0-4h) was 5.4 msec higher in the ketoconazole coadministration group.

Summary of statistical analysis of maximum and weighted QTcF (0-4 h) and QTcB(0-4h)
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Day Treatment n | Adjusted Treatment Difference
Mean | (90% Confidence Interval)

Change from Baseline in Maximum QTc(F) (04 h) (msec)

4 Ketoconazole 400 mg 20 14.6 1.2(-5.7,8.1)

4 Placebo 19 13.4

o GW642444M 25 ng + ketoconazole 400 mg | 19 17.9 3.1(-28,8.9)

5 GW642444M 25 ng + placebo 18 14.8

Change from Baseline in Weighted Mean QTc(F) (04 h) (msec)

4 Ketoconazole 400 mg 20 1.9 0.7 (-3.7, 5.0)

4 Placebo 18 1.2

5 GW642444M 25 ng + ketoconazole 400 mg | 19 4.7 4.7(04,8.9)

o GW642444M 25 ng + placebo 18 0.0

Change from Baseline in Maximum QTc(B) (04 h) (msec)

4 Ketoconazole 400 mg 20 18.5 2.0(-6.5,10.5)

4 Placebo 19 16.5

S GW642444M 25 g + ketoconazole 400 mg | 19 26.9 54 (-4.2,15.0)

o GW642444M 25 ng + placebo 18 215

Change from Baseline in Weighted Mean QTc(B) (04 h) (msec)

4 Ketoconazole 400 mg 20 1.0 21(-27,6.9)

4 Placebo 18 -1.1

o GW642444M 25 g + ketoconazole 400 mg | 19 7.7 7.0(1.3,12.7)

o GW642444M 25 ug + placebo 18 0.7

(Source — Table 5, Study B2C112205 report)

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

Prolonged QT interval was observed with ketoconazole coadministration. While

ketoconazole alone may be associated with QT increases, the increased VI exposure

added to the magnitude of QT prolongation. The sponsor label misinterpreted this result

and stated (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, N
This statement abou| > needs to be revised.

Conclusions:

When coadministered with ketoconazole, exposure for VI increased by 90% based on
AUC(0-t). The changes in PK lead to 3.1 msec increase in QTcF and 5.4 msec increase in
QTcB; therefore, we recommend use with caution with no dose adjustment.

FF/VI

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
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ketoconazole.

Objective:
e Primary:

0 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 VL
* 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). 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).

Study design for HZA105548.

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

Period 1 11 Days 5-11 Period2 1_4 Days 5-11
AB A Keto Keto + FFNVI B Placebo Placebo + FF/VI
or or
BA B Placebo Placebo + FF/NVI 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. VI half-life is ~11hrs. The
inhibition of CYP3A4 would cover the majority of the elimination phase of VI.

The VI formulation tested in this study (FF/VI 200/25mcg in NDPI) is the same as the to
be marketed product, 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:
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Pharmacokinetic results

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. Mean VI AUC(0-t’) and
Cmax were increased by 65% (90% CI: 38% to 97%) and 22% (90% CI: 8% to 38%),
respectively.

PK parameters and statistical summary for comparison of plasma VI with and without ketoconazole.

Parameter Comparison Ratio of Geometric Means  90% Cl of the Ratio

AUC(0-t)  Ketoconazole + FF/VI 200/25 : 1.65 (1.38, 1.97)
Placebo + FF/VI 200/25

Cmax Ketoconazole + FF/VI 200/25 : 1.22 (1.08, 1.38)
Placebo + FF/VI 200/25

(Source — Table 12, Study HZA 105548 report)

-4~ Day 5 Placebo+FF/VI 200/25

VI —+—Day 5 Ketoconazole+FF/VI 200/25
500 -

- 8- Day 11 Placebo+FF/VI 200/25

—a—Day 11 Ketoconazole+FF/VI 200/25
------ LLQ (10 pg/mL)

50

Median Concentration [pg/mL]

Time [h]

Median 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
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
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potassium (0-4h). Maximum QTcF (0—4 h) was, on average 7.55 msec higher in the
ketoconazole coadministration group, as presented in the following table.

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/%9.8 -2.0 (-4.4,0.3)
FF/VI200/25 meg - pressure (0-4 h) (mmHg)
placebo + FF/VI Maximum systolic blood 114.9/115.0 -0.1 (-2.7,2.5)
200725 mcg pressure (0—4 h) (mmHg)
Maximum QTcF (0-4 h) 425.96 /418 .41 7.55 (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.

Conclusions:

When coadministered with ketoconazole, exposure for VI increased. The changes in PK
lead to 7.6msec increase in QTcF; therefore, we recommend use with caution with no

dose adjustment.

7. DDI with Verapamil
UMEC/VI
Trial # DB2113950

Title: A single-centre, randomised, open-label study to evaluate the effects of steady-
state verapamil, a moderate P-glycoprotein and CYP3A4 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:

Reference ID: 3358407

Page 144 of 160



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 UMEC and VI.

Notably throughout the study report, the dose of GSK573719 and GW642444 are 500
mg, and 25 mg respectively, instead of mcg. 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

UMEC PK results are shown in the table below. The analysis showed that the ratio of
adjusted geometric means of Cmax showed no evidence of a difference when
GSK573719 500 mg was administered in presence or absence of verapamil or in
combination with GW642444 (25 mg). The treatment ratios were close to 1 for Cmax for
both cohorts. For the 719 cohort (ratio=1.05, 90% CI; 0.90 to 1.22) and for the 719/444
cohort (ratio=0.89, 90% CI; 0.73 to 1.07). However, in the analysis of AUC(0-t), the ratio
of adjusted geometric means showed evidence of a verapamil effect with the treatment
ratio for the monotherapy group being 1.39 (90% CI; 1.18 to 1.64) and 1.37 (90% CI:
1.29 to 1.46) for the combination therapy, thereby indicating ~40% higher GSK573719
systemic exposure in terms of AUC when co-administered with verapamil.

Table 7 Summary of Analysis of Derived Plasma GS5K573719
Ratio of Adjusted Geometric Means
Parameter Treatment Ratio 90% CI of the
Ratio
AUC(0-0.25) 719 +Vvs 719 1.06 (0.93,1.21)
719/444 + Vs 719/444 0.93 (0.78,1.12)
AUC(0-2) 719 +Vvs 719 1.15 (1.03,1.28)
719/444 + Vvs 719/444 1.07 (0.95,1.21)
AUC(0-t) 7N9+Vvsi19 1.39 (1.18, 1.64)
719/444 + V vs 719/444 1.37 (1.29, 1.46)
Cmax 119 +Vvs 719 1.05 (0.90, 1.22)
719/444 + V vs 719/444 0.89 (0.73,1.07)

Source Data: Table 12.4
Cl = confidence interval; \/ = verapamil; AUC(0-x) = area under the plasma concentration-time curve from time zero to
a fixed time x (h); AUC{0-t) = AUC over the dosing interval; Cmax = maximum observed plasma concentration.

Plasma GW 642444 pharmacokinetic parameter estimates are summarized by treatment in
the table below. GSK573719/VI co-administration with verapamil (240 mg once daily for
five days) did not affect the VI Cmax or AUC.
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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
AUC(9-025) 719V + V vs 719/VI 1.08 (0.93,1.27)
AUC(-0.5) 719V + V vs 7T19/VI 1.02 (0.90, 1.15)
AUC 0.y 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(ox = area under the
plasma concentration-time curve from time zero to a fixed time x (h).
(Source — Table 14, Study DB2113950 report)

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

Parameter Treatment N | n | Geometric 95% ClI CVh(%)
Mean

AUC(00.25) | 719 500mg/4dd 25mg | 46| 15 | 38805 | (20.448,51.372) | 536

(h*pg/mL) ' R '

AUC(00.5) | 719 500mg/4dd 25mg | 46| 15 | 53021 | (36311,80.073) | 815

(h"pg/ml) : S :

AUC(0-2) | 719 500mg/444 25mg | 16| 15 | 75399 (52.168, 117.608) 845

(h°’pg/mL)

AUC(O-8) | 719 500mg/44d 25mg | 1o | 45 | G3934 | (40.156,101.792) | 101.2

(h*pg/mL)

g)gfn;‘L) 719 500mg/444 25mg | 46 | 15 | 229048 | (174.813,302471) | 52.7

tmax ()" | 719 500mq/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)

Pharmacodynamic results
Maximum heart rate increased by 0.4 bpm with co-administration of repeat dose
verapamil , as presented in the table below. Weighted mean (0-4h) heart rate was 0.61
bpm higher. Maximum QTcF was 7.67 msec longer. Minimum potassium (0-4h) was
0.13mmol/L lower. The clinical implication of these changes is not clear, and the
interpretation of the PD change is complicated by the presence of another drug
GSK573719.

= Heartrate T

= QI

= Plasma potassium]

Summary of Analysis of Maximum Heart Rate (0-4 h) (bpm)

Treatment Comparison Adjusted Means Difference 90% ClI of
Test (+V) Reference Difference

719 v 719+V 69.07 63.33 5.74 (-3.25,14.73)

719/444 v 719/444+V 70.87 70.47 0.40 (-3.04, 3.84)

(Source — Table 18, Study DB2113950 report)
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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)

7119/444 v 719/444+V 407.0 399.3 1.67 (3.74,11.59)

(Source — Table 24, Study DB2113950 report)

Summary of Analysis of Minimum Potassium (0-4 h) (mmol/L)

Treatment Comparison Adjusted Means Difference 90% CI of
Test (+V) Reference Difference

719v 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 UMEC and VI

Trial #AC4110106

Title: A single centre, randomised, double-blind, dose ascending, placebo-controlled
study, in two parts, to evaluate the safety, tolerability and pharmacokinetics of escalating
single and repeat inhaled doses of GSK573719 and placebo formulated with the excipient
magnesium stearate, in healthy subjects and in a healthy population of Cytochrome P450
Isoenzyme 2D6 poor metabolisers.

Objective:

Part 1

* To evaluate the safety and tolerability of GSK573719 administered as single inhaled
doses of 100 pg, 500 pg and 1000 pg in healthy subjects (extensive, intermediate or
ultra-rapid CYP2D6 metabolisers).

* To evaluate the safety and tolerability of GSK573719 administered once daily by
inhalation of 500 pg and 1000 pg doses for seven days in healthy subjects

(extensive, intermediate or ultra-rapid CYP2D6 metabolisers).

Part 2

* To evaluate the safety and tolerability of GSK573719 administered as single inhaled
doses of 100 ug, 500 pg and 1000 pg in a healthy population of CYP2D6 poor
metabolisers (PM).

* To evaluate the safety and tolerability of GSK573719 administered as repeat daily
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dose at 100 pg, 500 pg and 1000 ug for 7 days in a healthy population of CYP2D6
PM.

Secondary:

Part 1

* To evaluate the pharmacokinetics (PK) of GSK573719 administered as single
inhaled doses of 100 pg, 500 ug and 1000 pg in healthy subjects (extensive,
intermediate or ultra-rapid CYP2D6 metabolisers).

* To evaluate the PK of repeat inhaled doses of GSK573719 administered once daily
by inhalation of doses of 500 ug and 1000 pg doses for seven days in healthy

subjects (extensive, intermediate or ultra-rapid CYP2D6 metabolisers).

* To explore any relevant relationship between dose and concentration of GSK573719
versus systemic effects [including heart rate (HR)].

Part 2

* To evaluate the PK of GSK573719 administered as single inhaled doses of 100 ug,
500 pg and 1000 pg in a healthy population of CYP2D6 PM.

* To evaluate the PK of repeat inhaled doses of GSK573719 administered once daily
by inhalation of doses of 100 ug, 500 pg and 1000 pg for seven days in healthy
population of CYP2D6 PM.

* To explore any relevant relationship between dose and concentration of GSK573719
versus systemic effects (including HR).

Study design and treatment schedule: This was a single centre, randomised, double-
blind, placebo-controlled study, in two parts, to evaluate the safety, tolerability and
pharmacokinetics of escalating single doses and repeat doses of inhaled GSK573719 (100
ug, 500 pg and 1000 pg) formulated with the excipient magnesium stearate (MgSt) and
placebo in healthy subjects and in a healthy population of Cytochrome P450 Isoenzyme
CYP2D6 PM. Drug was administered using a novel dual strip dry powder device.

Twenty subjects were randomised into Part 1 of the study. The ratio of subjects receiving
active: placebo drug was 4:1. Thus, 16 healthy subjects received ascending doses of
GSK573719. Eight subjects were randomised to Sequence 1, receiving 500 pg in the
repeat dose period and 8 subjects were randomised to Sequence 2, receiving 1000 pg in
the repeat dose period. Four subjects were randomised to Sequence 3 and received
Placebo for all four periods.

Randomisation Sequence for Part 1

Sequence Period 1 Period 2 Period 3 Period 4
sD SD SD RD

1 (8 subjects) 100 pg 500 ng 1000 pg 500ug

2 (8 subjects) 100 ug 500 ug 1000 pg 1000 pg

3 (4 subjects) Placebo Placebo Placebo Placebo

80= Single dose; RD= Repeat Dose

Sixteen CYP2D6 PM subjects were randomised into Part 2, 8 in Cohort I (Sequences 1
and 2) and 8 in Cohort II (Sequences 3 and 4). Six CYP2D6 PM were randomised to
Sequence 1 and 6 to Sequence 3. Two CYP2D6 PM were randomised to Sequence 2 and
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2 to Sequence 4. Thus, 12 CYP2D6 PM in total received ascending doses of GSK573719
and 4 subjects received placebo for all periods.

Randomisation Sequence for Part 2

Cohort | Sequence | Period1 | Period2 | Period3 | Period 4 | Period5 | Period 6
sSD RD SD RD SD RD
| 1 (6 subjects) | 100 ug 100 pg 500 ug 500 ug X X
2 (2 subjects) | Placebo | Placebo | Placebo | Placebo X X

I 3 (6 subjects) X X 500 ug | 500pug | 1000 ug | 1000 ug

4 (2 subjects) X X Placebo | Placebo | Placebo | Placebo

SD0= Single dose; RD= Repeat Dose

PK Results and Conclusions:
The ratio of the adjusted geometric means and corresponding 90% Cls showed no clear
evidence of a difference in systemic exposure between HVT and PM populations.

Statistical Analysis of Derived Plasma Parameters to Assess Differences in
Exposure between PM and HVT

Parameter Treatment Comparison | Day | Ratio of Ad,. 90% ClI
PM vs HVT Geo. Means
AUC0-0.25) (h"ng/mL) GSK573719 100 pg 1 1.261 (0.955. 1.663)
AUC0-4) (h*ng/mL) GSK573719 500 pg 1 1.076 (0 862, 1.342)
AUC(0-24) (h"ng/mL) GSK5737191000 ug | 1 1.093 (0.831, 1439)
AUC(0-t) (h*ng/mL) GSK573719 500 pg 7 1.029 (0.789, 1.343)
GSK573719 1000 pg [ 1.331 (0.978, 1.811)
Cmax (ng/mL) GSK573719 100 pg 1 1277 (0836, 1.743)
GSK573719 500 pg 1 1.212 (0.942, 1.558)
GSK573719 1000 pg 1 1.040 (0.764, 1.416)
GSK573718 500 pg [ 0.800 (0.594, 1.078)
GSK573719 1000 pg 7 1.072 (0761, 1511)
BIOPHARMACEUTICS
9. Absolute Bioavailability
UMEC

Trial # AC4112008
Title: A single-centre, open-label, sequential, cross-over study to examine the safety,
tolerability and pharmacokinetics of three ascending single intravenous doses, a single
1000 pg oral dose and a single 1000 pg inhaled dose of GSK573719 in healthy male
volunteers.
Objectives:
Primary objective:
* To establish a safe and well-tolerated intravenous (IV) dose of
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GSK573719 for administration in the subsequent radiolabel study.
Secondary objectives:

* To evaluate the pharmacokinetics of ascending single IV doses, a single
oral dose and a single inhaled dose of GSK573719, in healthy male
subjects.
* To determine the bioavailability of GSK573719 following single oral
and single inhaled administration.

Methods: The treatments in Study AC4112008 were as follows:

e Single IV doses of umeclidinium 20, 50, and 65 microgram: Umeclidinium
solution for infusion (20 microgram/mL) was provided in 10 mL wvials.
Intravenous infusion delivered in 20 mL 0.9% w/v sodium chloride over 30
minutes.

e A single oral dose of umeclidinium 1000 microgram: Umeclidinium solution for
infusion (20 microgram/mL) was provided in 10 mL vials and administered as a
single 50 mL oral bolus dose followed by an additional 100 mL of water.

e A single IH dose of umeclidinium 1000 microgram (2x500 microgram strips in
inhaler) inhalation powder administered as a single oropharyngeal inhalation.

Subjects: 10 subjects will be enrolled. Healthy non-smoking male subjects aged
18—65 years with a body mass index within the range 18-30 kg/m2, inclusive.

Criteria for evaluation: Safety tolerability, plasma PK and urine PK

Results:

Safety: GSK573719 was well tolerated. There were no serious adverse events (SAEs) and
no AEs leading to withdrawal. There were no AEs that appeared to increase in frequency
with increasing IV dose (GSK573719 2065 pg). All AEs were of mild intensity; there
were no AEs of moderate or severe intensity.

PK: Following a single inhaled dose administration, umeclidinium was rapidly absorbed
with the Cmax values occurring at approximately 5 to 15 minutes post-dose. Plasma
concentrations declined rapidly following the occurrence of Cmax. Plasma concentrations
of umeclidinium following single oral dose administration were all non-quantifiable (NQ);
Lower Limit of Detection, bioanalytical assay LLQ was 0.02 ng/mL). Absolute
bioavailability of umeclidinium following inhaled administration was calculated using
plasma data following 1000 microgram inhalation which averaged 12.8% (95% CI: 9.0%,
18.2%). Absolute bioavailability of umeclidinium following oral administration using
plasma data was reported as negligible (<1%) since all plasma concentrations of
umeclidinium were non-quantifiable following oral administration.

Selected plasma GSK573719 pharmacokinetic parameters are shown below:

Summary of Selected Umeclidinium Pharmacokinetic Parameters Following a Single Dose
Administration in Healthy Subjects (Study AC4112008)

Page 150 of 160

Reference ID: 3358407



Parameter Dose N n Geometric Mean 85% CI CV%
AUC(p) 20 meg IV 10 10 0.132 0.087,0.201 64.3
(h*ng/mL) 50 meg IV 8 8 0.525 0.416, 0.661 282
65 meg IV g 9 0.543 0.277,1.067 108
1000 meg H g 9 1.33 1.08, 1.65 283
AUC 65 meg IV g 9 0.688 0.550, 0.860 297
(h*ng/mL) 1000 meg H g 9 0615 0.525,0720 208
Crmax (ng/mL}) 20 meg IV 10 10 0.377 0.305, 0.465 303
50 meg IV g9 8 114 099 133 18.0
65 meg IV g 9 1.55 122,198 324
1000 meg H g 9 167 118,235 472
fmax (D) 2 20 meg IV 10 10 048 033,053 -
50 meg IV g 8 0.48 048,053 -
65 meg IV g 9 0.48 033,048 -
1000 meg H g 9 0.083 0.08,025 -
F (%) 1000 meg H 9 8 12.82 9.04, 1817 437

Urine GSK573719 pharmacokinetic parameters
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Parameter Dose N n Geometric Mean 95% Confidence Interval CWs(%]
Ae((-12) (ng) ug v 10 1 10 22972 (18264 2689.3) 329
M ug v E B 5267 5 {4629.0, 5994.0) 155
B2 g IV 9 g 89086 (7681.2 10332.2) 195
1000 ug H 9 g 140627 (106469, 18574 3) 74
Ae(-24) (ng) Muglv 0] 10 23265 (18423 2938.0) 335
30 ug IV g 8 23834 MAr337 61222 155
B5 ug IV 9 g 775 (83238, 112514) 198
1000 ug H 3 g 165986 (126486, 21782.0) 365
Ae(0-36) (na) Mug v 10 ] 10 23265 {1842.3, 2938.0) 335
50 ug IV 9 8 M283 {47821 6161.9) 152
B5ug IV 9 g 104231 (8950.7, 12137 k) 200
1000 g H g g 18518.0 (140653, 24380 4) 370
Ae(0-48) (ng) Muglv 10 1 10 23265 (18423 2938.0) 335
30 ug IV 3 B 36026 [4846.7 6247 .2 153
b5 ug IV 3 g 111265 (#3134, 130131) 208
1000 ug H 9 g 201539 (152498, 26635.1) 375
Fe(H)[%) = gV 0] 10 10551 (8.2952 12.8550) NC
50 ug IV g g 93342 (8.0317, 10.7568) NC
65 ug IV 9 g 11.8058 (9.9433, 136743) NC
1000 g H 3 g 1.0749 (0.8061, 1.3£37) NC
Fe(l-12)(%) = 2 ug IV 0| 10 11.9791 [A.5784, 14.3797) NC
Muglv E B 10.6450 [9.2585, 12.0325) NC
B5ug IV 9 g 139202 (12.0288, 15.8117) NC
1000 ug H 9 g 1.4861 (1.0983, 1.8739) NC
Fe(l-24)(%) = 20 ug IV 10 1 10 121455 (9.6985, 14.5943) NC
30 ug IV E B 10.6792 (94697, 12.2687) NC
B5 ug IV 3 g 151357 (13.0383, 17.2210) NC
1000 pg H 3 g 1.7502 {1.3007, 2.195) NC
Fe{l-36)(%) = DugV 10 [ 10 121485 [9.6988, 15.5943) NC
50 ug IV 9 8 10.9661 [9.5786, 12.3535) NC
b5 ug IV 9 g 162958 (14.0458, 18.5519) NC
1000 g H E g 1.9547 (1.4501, 24552 NC
Fe{0-48)(%)= 20 ug IV 10 [ 10 12146 (9.699, 14 554) NC
Mugv 3 B 11.118 (9.707, 12.526) NC
BouglV E g 17413 {14.967,19.859) NC
1000 g H 9 g 2130 (1577, 2.682) NC
ClLr (L) 1000 ug H 9 g 10427 (8.870, 12.257) 213
F (%) 1000 g H E g 13.066 (10.456, 16.326) 2956
AUER ((-30) 2 ug IV 10 [ 15674 (12126, 2025.1) 263
(ng) 50 ug IV 9 8 30564 (3187.3, 3968.3) 132
BSug v 3 g 1067 5 (61235 81571) 188
1000 pg H E g 142063 (107423, 18787 3) RIS
AUER ((-42) D pg v 10 7 15702 (1214.0,2030.9) 284
(ng) 50 ug IV E B Jodd ( (32755, 4064 4) 130
65 ug IV E g 11867 (6639.5, 9050 4) 198
1000 ug H 9 [i 19660 8 (107762, 22817.7) 423

a.  Arthmetc mean (95% confidence nterval).
N(_] = not calculated; Ae = amount of drug excreted unchanged in unne, Fe = fraction of dose excreted unchanged in
uring.

Source: page 6 from synopsis of AC4112008

Conclusions:
e Following administration of inhaled GSK573719 at 1000 pg, rapid absorption
was observed with Cmax values for individual subjects occurring at
approximately 5—15 minutes post-dose.
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e Plasma concentrations of GSK573719 were all NQ following oral administration
of GSK573719 1000 pg.

e Bioavailability of GSK573719 following inhaled GSK573719 at 1000 pg
averaged 13% based on both plasma and urine data.

e Urine pharmacokinetic data showed that on average 2% of the total inhaled dose
administered was excreted unchanged in urine (Fe) over 48 h post dose, and on
average approximately 11% to 17% of the total IV dose administered was
excreted unchanged in urine (Fe) over 48 h post dose.

e Plasma pharmacokinetic data suggested a dose proportional increase in AUC and
Cmax as dose increased from 20 pg to 65 ng following IV administration of
GSK573719; however, urine Ae(0-48) data suggested a more than dose
proportional increase as dose increased from 20 pg to 65 pg.

VI

Trial # B2C106180

Title: A single-centre, open-label, sequential, dose-ascending study to examine safety,
tolerability, pharmacodynamics and pharmacokinetics of single intravenous and oral
doses of GW642444 in healthy male subjects.

Objective:

To determine the PK and safety of GW642444 (vilanterol, VI) when administered as IV,
oral, or inhalation powder from novel dry powder inhaler in healthy subjects.

Study design and treatment schedule:

open-label, ascending single dose study in nine healthy male volunteers divided into two
groups, Group 1 (n=3) and Group 2 (n=6). The study design is presented in the table
below. The treatment periods were separated by a washout period of at least 7 days and
no more than 14 days.

Study period Treatment given (single dose) Subject numbers

1 GW642444 2.5 ng IV 1103

2 GW642444 20 ug IV 1103

3 GW642444 55 ug IV 1109

4 GW642444M/MgSt 100 g inhaled 1t09

S None — Period 5 cancelled Not applicable

6 GW642444 200 pg oral 1t03
GW642444 500 pg oral 4109

Source: Table 1, study report b2c106180

PK Sampling Schedule

Blood — IV at pre-dose, 30, 1, 1.25, 1.5, 2,2.5, 3, 3.5, 4, 6, 8, 12, 24 and 48 hour after
dosing; Inhaled dosing at pre-dose, 2, 5, 10, 20, 30 min, 1, 2, 3, 4, 6, 8, 10, 12, 24 and
48 hour after dosing; Oral dosing at pre-dose, 15, 30, 45 min, 1, 1.5, 2,2.5,3, 4,6, 8, 12
and 24 hour after dosing;

Results and Conclusions
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The absolute bioavailability of VI following oral inhalation administration was about
30%, as calculated from the ratio of AUCs to a common time point after [V
administrations. The estimated absolute bioavailability based on urinary excretion data is

26% for VI.

Individual Inhaled Bioavailability Estimated from Urinary Excretion of Unchanged GW64244 (0-

48h)
STUDYID | SUBJID PATRTGRP PCTYP PARAMETER ESTIMATE | UNITS
B2C106180 1 444M 100mceg Inh Urine F_inhaled_urine 256 %
B2C106180 2 444M 100mceg Inh Urine F_inhaled_urine 324 %
B2C106180 3 444M 100mcg Inh Urine F_inhaled_urine 241 %
B2C106180 4 444M 100mceg Inh Urine F_inhaled_urine 13.9 %
B2C106180 5 444M 100meg Inh Urine F_inhaled_urine 24.2 %
B2C106180 6 444M 100mceg Inh Urine F_inhaled_urine 16.8 %
B2C106180 7 444M 100mceg Inh Urine F_inhaled_urine 259 %
B2C106180 8 444M 100mceg Inh Urine F_inhaled_urine 27.0 %
B2C106180 9 444M 100mcg Inh Urine F_inhaled_urine 317 %

(Source — Table 13.0, Study B2C106180 report)

PD study

12. PKPD

Trial # DB2113208

Title: A single centre, randomised, placebo-controlled, four-way cross over study to
assess the safety, tolerability, pharmacodynamics and pharmacokinetics of single inhaled
doses of GSK573719 and GW642444 as monotherapies and concurrently in healthy
Japanese subjects.

Objectives:

Primary:

* To evaluate the safety and tolerability of GSK573719 500 pg and GW642444 50 pg
administered as single inhaled doses and in combination (GSK573719 500 pg and
GW642444 50 pg) in healthy Japanese subjects.

Secondary:

* To evaluate the pharmacokinetics (PK) of GSK573219 500 pg and GW642444

50 pg administered as single inhaled doses and concurrently (GSK573719 500 pg
and GW642444 50 ng) in healthy Japanese subjects.

Exploratory:

* To evaluate the effect of GSK573719 500 pg and GW642444 50 ug administered as
single inhaled doses and concurrently (GSK573719 500 pg and GW642444 50 ng)

in healthy Japanese subjects on lung function parameters.

Study design and treatment schedule:
This was a single centre, double-blind, placebo-controlled, four-way crossover,
randomised, single dose study in healthy Japanese subjects.
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All subjects attended the unit for Screening within 30 days of their first dosing period.
Each subject was admitted to the unit in the day prior to Day 1 of each of the treatment
period and remained resident until all the 24 h assessments had been completed. The
GSK573719 and GW642444 products were delivered using 2 monotherapy devices (one
GSK573719 and GW642444 device). Therefore, each subject received a total of two
devices; the second device was a Placebo (lactose monohydrate) except when both
GSK573719 and GW642444 were administered. Each subject received the following
treatments once only.

* Placebo and Placebo

* GSK573719 500 pg and Placebo

» GW642444 50 ng and Placebo

* GSK573719 500 pg and GW642444 50 pg

The order in which these treatments were administered was in accordance with the
randomisation schedule, and there was a minimum washout period of 7 days between
doses. All subjects attended the unit for a Follow-up visit 5 to 10 days following their
final dose. The maximum duration of the study for each randomised subject was about 10
weeks (Screening to Follow-up inclusive).

Criteria for evaluation: PK and PD (FEV1)
Results: Following a single dose administration of either GSK573719 alone or
combination of GSK573719 and GW642444, GSK573719 was rapidly absorbed with all

of the Cmax values occurring at 5 min following which plasma concentrations declined
rapidly.
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Parameter Treatment N | n| n |Geometric 95% Cl CVhb(%:)
Mean

AUC(0-0.25) | GSK573719500 g | 15[ 15] 2 | 126519 | (82.969, 192.928) | 887
(h"pg/mL) | GSK573719 500 ug

GW642444 50 g 15 (15| 0 | 179603 | (140.326,229.873) | 46.9
AUC(0-2) | GSK573719500pg | 15[ 15| 2 | 312130 | (194.090,501.959) | 1043
(h"pg/mL) | GSK573719 500 ug

JOWB42444 50 g 15 (15| 0 | 413471 | (315589,541712) | 51.8
AUC(04) | GsKs73719500pg | 15[ 15| 2 | 377787 | (226.444,630.280) | 1162
(h'pg/mL) | GSK573719 500 pg

JCWB42444 50 ug 15 (15| 0 | 513611 | (380.274,693.702) | 585
AUC(0-1) GSK573719500 ng | 15 [ 15| 2 | 374225 | (213.422,656.186) | 1340
(h'pg/ml) | GSK573719 500 pg

15|15| 0 | 537.640 | (380.159,760.359) | 69.2

IGW642444 50 pg ( ' )
AUC(0) | GSK573719500pg | 15[ 15| 3 | 368704 | (196.798,690.770) | 1617
(h"pg/mL) | GSK573719 500 pg

15 (15| 0 | 617322 | (434415 877.242) | 704

IGW642444 50 ug ( ' )
Crmax GSK573719 500 pg (224.078,
(og/mL) 15 15| 2 | 578.301 1490 478) 4213

GSK573719 500 g (991659,

IGWB12444 50 g | 0| 1] O | 1289384 1676.496) 502
t2(h) GSK573719500ug | 15 [ 12] 3 | 1563 (1.288, 1.897) 312

GSK573719 500 g

JGW642444 50 g 1515 0 | 1.776 (1.166, 2.703) 88.2
tmax ()’ GSK573719500 ug | 15 [13] 2 | 0.080 (0.08, 0.13) NA

GSK573719 500 g

JWB42444 50 ug 15 (15| 0 | 0.080 (0.08, 0.08) NA
tlast ()’ GSK573719500 g | 15 [13] 2 | 4.000 (1.00, 8.00) NA

GSK573719 500 g

GW642444 50 g 15(15| 0 | 5000 (1.00, 16.00) NA

Plasma GW642444 PK parameter estimates are summarised by treatment in the table

below. Following a single dose administration of either GW642444 alone or combination
of GSK573719 and GW642444, GW642444 was rapidly absorbed with most of the
Cmax values occurring at 5 min following which plasma concentrations declined rapidly.
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Parameter Treatment N | n|n" | Geometri 95% CI CV(%)
¢ Mean
AUC(0-1) GWB4244450 ug | 16 [ 16 [ 0 | 207995 | (171502, 252.254) | 374
(h"pg/mL) GSK573719 500 pg/
CWB42444 50 g 15 (15| 1 | 225337 | (177.127.286.669) | 456
AUC(0-1) GWB4244450 g | 16 [ 16| 0 | 234342 | (183.621,299.074) | 483
(h"pg/mL) GSK573719 500 pg/
CW642444 50 g 15 [15| 1 | 271343 | (204.657.359.759) | 544
AUC(0-<) GWe4244450 g | 16 [16] 1 | 233768 | (176.956,308.819) | 56.0
(h"pg/mL) GSK573719 500 g/
CWB42444 50 g 15 (15| 1 | 315562 | (237.212,419.791) | 552
Cmax (pg/ml) | GWe4244450 g | 16 [16] 0 | 495929 | (396.693, 619.989) | 438
GSKS73MI500 gl | 45 | 45| o | 499208 | (330787, 753.651) | 859
GW642444 50 pg ' (330.781, 153.651) ]
t¥2 (h) GW64244450pug | 16 [15] 1 | 0422 (0.361, 0.493) 289
GSK573719 500 pg/
CWEA444 50 g 15 14| 1 | 0707 (0.515, 0.971) 593
tmax (h)! GW64244450 g | 16 |16 0 | 0.080 (0.08, 0.10) NA
GSKS73T19500 ngl | 45 | 45| 0 | 0.080 0.08,0.08 NA
GW642444 50 g ' (0.08,0.08)
tlast (h)’ GWB4244450 ug | 16 [16] 0 | 1500 (1.00, 4.00) NA
GSK573719 500 pg/
CWAM44 50 g 15 15| 0 | 2000 (0.08, 5.00) NA

13. PK Assessment in Efficacy/Safety Trials
The following briefly summarizes the study design of the efficacy/safety trials with PK

assessment.
Study Identifier Study Objective(s) | Study Design Healthy Subjects or Treatment Details (Test Product(s); Total No. of
(Identifier of Study Diagnosis of Patients | Dosage Regimen; Subjects by Group
Report) Routet; Entered?/
Duration) Completed
Dose in mog unless otherwise specified
DB2113120 Evaluate safetyand | R, DB, PC, PG COPD subjects 240 UMECMI 500025 QD 42135
(YM2010/00171) tolerability years Placebo QD 419
with post-bronchodilator
FEV £80% of predicted | H
and FEVWFVC ratio
<0.70 28 days
DB2113361 Evaluate efficacy R.DB, PG, PC COPD subjects =40 UMECHT 125/25 QD 4031326
(2011N130134) and safety over 24 years UMEC 125 QD 4071312
weeks with post-bronchodilator | V125 QD 404/298
FEV1 <70% predicted Placebo QD 275183
and FEVWFVC <0.70
mMMRC dyspnea score | [H
=2
24 weeks
DB2113373 Evaluate efficacy R.DB, PG, PC COPD subjects 240 UMECNI 62.5/25 QD 4131332
(2011N130136) and safety over 24 years UMEC 62.5 QD 4181324
weeks with post-bronchodilator | V125 QD 4211318
FEV: <70% predicted Placebo QD 2801204
and FEVuFVC <0.70
mMMRC dyspnea score | H
=2
24 weeks
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AC4113589 Dose ranging R, DB, PC, PG COPD subjects =40t0 | UMEC 125 QD 71065
(RM2010100314) <80 years with post- UMEC 250 QD 72/68
bronchodilator FEVH UMEC 500 QD 71/64
>35% to <70% of Placebo QD Lali-Td
predicted and
FEVWFVC ratio<070 | 1M
28 days
AC4115321 Dose ranging R, DB, PC, X0 COPD subjects =401o | Total 163147
(2011N124430) <B0 years with post- UMEC 156 QD 58
bronchodilator FEV UMEC 31.25 QD b
>35% to <70% of UMEC 62.5 QD 594
predicted and UMEC 125 QD 58+
FEVWFVC ratio <0.70 | UMEC 15.6 BID 55*
UMEC 31.25BID 56+
TIO 18 QD 56+
Placebo QD e
H
7 days
ACA113073 Daose ranging and R,DB, PC, X0 COPD subjects =40 to Total 176135
(RM2008/00680) daose-interval <80 years with post- UMEC 62.5 QD 4
pronchodilator UMEC 125 QD 3
FEV: 235%to <70% of | UMEC 250 QD 35
predicted and UMEC 500 QD anr
FEVWFVCratio=0.70 | UMEC 1000 QD 2
UMEC 62.5 BID a3
UMEC 125 BID 3¢
UMEC 250 BID 32
TIO 18 QD 4
Placebo QD 1524
H
14 days
ACA1B48T Relative pharmaco- | R, DB, PC, X0, Healthy subjects UMEC H:
(2011N120460) dynamics sD 62.5 active/no sfrip 18115
2.5 activelplacebo 15115
125 active/no sfrip 15114
125 activelplacebo 15115
0 placebo/placebo 15115
Single dose
AC4106889 Safety, tolerability, R, DB, PC, PG, Healthy subjects UMEC [H: DISKUS
(GM2008/00043) PK, PD 14-day repeat 250 QD 369
dose ascending 750 QD 36/9
1000 QD 369
Placebo 3619
14 days
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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 203975 Brand Name ANORO ELLIPTA
OCP Division (1, 1, 111, 1V, V) 11 Generic Name Umeclidinium
Bromide/Vilanterol
Inhalation Powder
Medical Division Pulmonary, Allergy, and Drug Class Inhaled LAMA/ LABA
Rheumatology Products
OCP Reviewer Ping Ji, 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 Hongshan Li, Ph.D. Dosing Regimen UMEC/VI (62.5/25 and
125/25 mcg) QD
Date of Submission 12/18/2012 Route of Administration Oral Inhalation
Estimated Due Date of OCP Review Sponsor GSK
Medical Division Due Date Priority Classification Standard
PDUFA Due Date 12/17/2013

Clin. Pharm. and Biopharm. Information

“Xifincluded | 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
Methods
I. Clinical Pharmacology
Mass balance: X 2 AC4112014 (UMEC)
B2C106181 (VI)
1sozyme characterization: X
Blood/plasma ratio: X
Plasma protein binding: X
Transporter specificity: X
Pharmacokinetics (e.g., Phase 1) -
Healthy Volunteers-
single dose: X 5 AC4105209 (UMEC, DISKUS)
AC4115487 (UMEC, lstrip vs 2)
B2C106180 (VI)
DB1112017 (VI, Japanese)
B2C10001 (VI, DISKUS)
multiple dose: X 3 AC4113377 (UMEC, Japanese)
AC4106889 (UMEC)
B2C108784 (V])
Patients-
single dose: X 2 AC408123 (UMEC, COPD)
B2C110165 (VI, COPD)
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multiple dose: X 2 AC4105211 (UMEC, COPD)
DB2113120 (UMEC/VI, COPD)
Dose proportionality -
fasting / non-fasting single dose: X
fasting / non-fasting multiple dose: X
Drug-drug interaction studies -
In-vivo effects on primary drug: X 2 B2C112205- Ketoconazole
DB2113950-Verapamil
In-vivo effects of primary drug: X 1 Low systemic concentration
Combination rule-DB2113208
In-vitro: X
Subpopulation studies -
ethnicity: X Japanese/non-Japanese studies
Pop PK
gender: X Pop PK
pediatrics:
geriatrics: X Pop PK
renal impairment: X 1 DB2114636
hepatic impairment: X 1 DB2114637
PD -
Phase 2: X 6 UMEC dose-rangingdose-ranging
(AC4113589, AC4115321,
AC4113073, AC4115408)
VI dose-rangingdose-ranging
(B2C111045, B2C 109575)
Phase 3: X 7 DB2113360,, DB2113361,
DB2113373, DB2113374,
DB2114417, DB2114418,
DB2113359
PK/PD -
Phase 1 and/or 2, proof of concept: X
Phase 3 clinical trial: X DB2113361, DB2113373,
Population Analyses -
Data rich:
Data sparse: X DB2116975 (pop PK for phase Illa
DB2113361 &DB2113373)
11. Biopharmaceutics
Absolute bioavailability X 2 HZA102934
AC4112008 (UMEC)
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
111. Other CPB Studies X
Genotype/phenotype studies X 1 AC4110106
QT studies X 1 DB2114635
Chronopharmacokinetics
Pediatric development plan Full waiver request
Literature References X
Total Number of Studies 40
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signature.
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08/16/2013
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08/16/2013
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08/16/2013
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08/16/2013
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BIOPHARMACEUTICSREVIEW
Office of New Drugs Quality Assessment

Application No.: NDA 203-975 (000) Reviewer: Sandra Suarez Sharp, Ph.D
Division: DPARP

Biophar maceutics Team L eader:
Applicant: GlaxoSmithKline Angelica Dorantes, Ph.D
Trade Name: Acting Supervisor: Richard Lostritto, Ph.D

ANORO ELLIPTA

Umeclidinium/Vilaterol
Inhalation Powder Date Assigned:
Indication: Treatment of subjects with
chronic obstructive pulmonary | Date of Review:
disease (COPD). Aug 02, 2013

Generic Name: January 10, 2013

For mulation/strengths Inhalation Powder
Route of Administration | Oral Inhalation
SUBMISSIONSREVIEWED IN THISDOCUMENT

Date of Primary review due date
Submission date informal/Formal
Consult
December 18, 2012 January 10, 2013 08/16/13
Type of Submission: Original NDA |
Revi _ -Clinical relevance of differences in solubility between L&
eview focus:
content

REVIEW SUMMARY:

Umeclidium (UMEC)/Vilanterol (V1) Inhalation Powder 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). UMEC/VI Inhalation Powder is a novel fixed-dose combination of
UMEC, along acting muscarinic antagonist (LAMA) and vilanterol (V1), along-acting beta2-agonist
(LABA) with sustained duration of effect in the lung. When actuated, the inhaler delivers the contents
of asingle blister ssimultaneously from each of the two blister strips. The product will be available in
two strengths, 62.5/25 microgram and 125/25 microgram.

Currently, dissolution testing is not being 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. Although dissolution was
implemented for some batches of the proposed product, this test was not carried on to the clinical
batches or the release and stability batches. 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 (Ol Ps)
and therefore, it is not arequired parameter for QC purposes.

During the review cycle (e.g. filing meeting), this Reviewer informed the CMC team of the solubility
differences between the @@ forms of UMEC and VI and recommended the
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monitoring of these forms upon batch release and on stability as follows:

e We recommend that the amount of ®@ tor both UMEC and VI in the drug
product be controlled and monitored at release and throughout the stability program to assure a
consistent drug product quality. Alternatively, we recommend the implementation of a control
strategy that ensures that the ratio of @@ throughout the product’s shelf life is
consistent and similar to the ratio observed in the clinical batches.

e Our overall recommendations are based on the following:

o Solid state form was classified as a CQA by the Applicant.

o There are differences in solubility for the ®® forms which
may have an impact on the mean residence time in the lungs and/or the rate and extent
of absorption from the lungs.

o According to the Applicant, no @@ above the detection limit has been
observed in the micronized drug substances. However, the limit of detection needs to
be qualified.

o UMEC and VI are potent drugs and the in vivo impact (PK/efficacy/safety) of
differences in the content of @@ has not been determined.

RECOMMENDATION:

ONDQA-Biopharmaceutics has reviewed NDA 203-975 (000) submitted on December 18, 2012.
From the Biopharmaceutics perspective, NDA 203975 for UMEC/VI Inhaation Powder is

recommended for APPROVAL.

Sandra Suarez Sharp, Ph. D. Angelica Dorantes, Ph. D.
Biopharmaceutics Reviewer Biopharmaceutics Team Leader

Office of New Drug Quality Assessment Office of New Drug Quality Assessment

c.c. RLostritto
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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

203975 Brand Name

ANOROELLIPTA

OCP Division (I, I1, 111, 1V, V)

1 Generic Name

Umeclidinium
Bromide/Vilanterol
Inhalation Powder

Medical Division Pulmonary, Allergy, and Drug Class Inhaled LAMA/ LABA
Rheumatology Products
OCP Reviewer Ping Ji, 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
Pharmacometrics Reviewer Hongshan Li, Ph.D. Dosing Regimen UMEC/VI (62.5/25 and

125/25 mcg) QD

Date of Submission 12/18/2012 Route of Administration Oral Inhalation

Estimated Due Date of OCP Review Sponsor GSK

Medical Division Due Date Priority Classification Standard
12/17/2013

PDUFA Due Date

Clin. Pharm. and Biopharm. Information

“X" if included | Number of Number of Critical Comments|f any
at filing studies studies
submitted reviewed
STUDY TYPE
Table of Contents present and sufficient to X
locatereports, tables, data, etc.
Tabular Listing of All Human Studies X
HPK Summary X
Labeling X
Reference Bioanalytical and Analytical X
Methods
I. Clinical Phar macology
Mass balance: X 2 AC4112014 (UMEC)
B2C106181 (VI)
| sozyme char acterization: X
Blood/plasma ratio: X
Plasma protein binding: X
Transporter specificity: X
Pharmacokinetics (e.g., Phasel) -
Healthy Volunteers-
single dose: X 5 AC4105209 (UMEC, DISKUS)
ACA4115487 (UMEC, 1strip vs 2)
B2C106180 (V1)
DB1112017 (VI, Japanese)
B2C10001 (VI, DISKUS)
multiple dose: X 3 AC4113377 (UMEC, Japanese)
AC4106889 (UMEC)
B2C108784 (V1)
Patients-
single dose: X 2 AC408123 (UMEC, COPD)
B2C110165 (VI, COPD)
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multiple dose: X 2 AC4105211 (UMEC, COPD)
DB2113120 (UMEC/VI, COPD)
Dose proportionality -
fasting / non-fasting single dose: X
fasting / non-fasting multiple dose: X
Drug-drug interaction studies -
In-vivo effects on primary drug: X 2 B2C112205- K etoconazole
DB2113950-V erapamil
In-vivo effects of primary drug: X 1 Low systemic concentration
Combination rule-DB2113208
In-vitro: X
Subpopulation studies -
ethnicity: X Japanese/non-Japanese studies
Pop PK
gender: X Pop PK
pediatrics:
geriatrics: X Pop PK
renal impairment: X 1 DB2114636
hepatic impairment: X 1 DB2114637
PD -
Phase 2: X 6 UMEC dose ranging (AC4113589,
AC4115321, AC4113073,
AC4115408)
VI dose ranging (B2C111045, B2C
109575)
Phase 3: X 7 DB2113360,, DB2113361,
DB2113373, DB2113374,
DB2114417, DB2114418,
DB2113359
PK/PD -
Phase 1 and/or 2, proof of concept: X
Phase 3 clinical trial: X DB2113361, DB2113373,
Population Analyses -
Datarich:
Data sparse: X DB2116975 (pop PK for phase llla
DB2113361 & DB2113373)
II. Biopharmaceutics
Absolute bioavailability X 2 HZA102934
AC4112008 (UMEC)
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
BCSclass
Dissolution study to evaluate alcohol induced
dose-dumping
[I1. Other CPB Studies X
Genotype/phenotype studies X 1 AC4110106
QT studies X 1 DB2114635
Chronophar macokinetics
Pediatric development plan Full waiver request
Literature References X
Total Number of Studies 40
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Oninitial review of the NDA/BLA application for filing:

| Content Parameter | Yes | No [ N/A | Comment
Criteriafor Refusal to File (RTF)
1 | Hasthe applicant submitted bioequival ence data comparing to-be- X
marketed product(s) and those used in the pivotal clinical trials?
2 | Hasthe applicant provided metabolism and drug-drug interaction X

information?

3 | Hasthe sponsor submitted bioavailability data satisfying the CFR X
requirements?

4 | Did the sponsor submit data to allow the evaluation of the validity of | X
the analytical assay?

5 | Hasarationale for dose selection been submitted? X

6 | Istheclinical pharmacology and biopharmaceutics section of the X
NDA organized, indexed and paginated in a manner to allow
substantive review to begin?

7 | Istheclinical pharmacology and biopharmaceutics section of the X
NDA legible so that a substantive review can begin?

8 | Isthe electronic submission searchable, doesit have appropriate X

hyperlinks and do the hyperlinks work?

Criteriafor Assessing Quality of an NDA (Preliminary Assessment of Quality)

Data

9 | Arethe data sets, as requested during pre-submission discussions, X
submitted in the appropriate format (e.g., CDISC)?

10 | If applicable, are the pharmacogenomic data sets submitted in the X
appropriate format?

Studies and Analyses

11 | Isthe appropriate pharmacokinetic information submitted? X

12 | Hasthe applicant made an appropriate attempt to determine X
reasonabl e dose individualization strategies for this product (i.e.,
appropriately designed and analyzed dose-ranging or pivotal
studies)?

13 | Arethe appropriate exposure-response (for desired and undesired X
effects) analyses conducted and submitted as described in the
Exposure-Response guidance?

14 | Isthere an adequate attempt by the applicant to use exposure- X
response relationships in order to assess the need for dose
adjustments for intrinsic/extrinsic factors that might affect the
pharmacokinetic or pharmacodynamics?

15 | Arethe pediatric exclusivity studies adequately designed to X full waiver
demonstrate effectiveness, if the drug is indeed effective? reguest

16 | Did the applicant submit al the pediatric exclusivity data, as X full waiver
described in the WR? reguest

17 | Isthere adequate information on the pharmacokinetics and exposure- | X
response in the clinical pharmacology section of the label?

General

18 | Aretheclinical pharmacology and biopharmaceutics studies of X
appropriate design and breadth of investigation to meet basic
requirements for approvability of this product?
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19

Was the translation (of study reports or other study information) from X
another language needed and provided in this submission?

ISTHE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE?
Yes

If the NDA/BLA isnot fileable from the clinical pharmacology perspective, state the reasons and provide

comments to be sent to the Applicant.

Please identify and list any potentia review issues to be forwarded to the Applicant for the 74-day |etter.
- None

Jianmeng Chen and Ping Ji

Reviewing Clinical Pharmacologist Date
Suresh Doddapaneni
Team L eader/Supervisor Date

Submission in brief:

I ndication and mechanism of action

GSK has submitted the NDA 203975 seeking the marketing approval for Umeclidinium bromide
/Vilanterol Inhalation Powder (ANORO ELLIPTA), to be used as “the long-term, once-daily,
maintenance bronchodilator treatment of airflow obstruction in patients with chronic obstructive
pulmonary disease (COPD), including chronic bronchitis and emphysema.” Umeclidinium
bromide /Vilanterol Inhalation Powder (hereafter referred to as UMEC/VI) is not indicated for
the prevention of exacerbation or the treatment of asthma.

UMEC/VI isanovel long-acting muscarinic antagonist (LAMA) /long-acting betay, agonist
(LABA) combination for oral inhalation to be administered from a Novel Dry Powder Inhaler
(NDPI). Recommended dose is UMEC/VI (62.5/25 and 125/25 mcg) for the treatment of COPD.
Both UMEC and VI are new molecular entities (NME). GSK has another pending NDA 204275
Fluticasone Furoate/Vilanterol Inhalation Powder (BREO ELLIPTA) for the treatment of COPD.

There have been several interactions between Agency and Sponsor to discuss dosing for the
proposed product aslisted in Table 1.

Table 1. Summary of Regulatory history relevant to doseregimen

TypeC « Agreed that 25 mcg VI isreasonable for Phase 3 trials for COPD, but not asthma
(Mar 2010) » Agreed that once daily dosing of VI appeared reasonable

EOP2-COPD |« FDA suggested to explore lower doses (<125 mcg) for UMECto establish a dose response

(Oct 2010) curve.

« FDA acknowledged that the datais supportive of once daily dosing for UMEC, but
concerned that it might be the result of anominal dose that’s higher than necessary.
Confirmation of the dosing interval should be preceded by adequate dose-ranging

* In post meeting communications, FDA agreed that two different doses of LAMA (62.5 and
125 mcg) be evaluated in the safety and efficacy trials

PNDA Comment on dose/ dose interval selection is pending on dose ranging study data
(Jan 2012)
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Summary of information submitted

NDA 203975 consists of 40 clinical pharmacology studies (Table 2), including 8 studies with
UMEC/VI combination drugs, 13 studies with UMEC, and 19 studies with VI. The clinica
pharmacology information for UMEC/VI is mainly derived from Phase 1 studies as well as in
vitro studies evaluating plasma protein binding, role of transporters, and potential for CY P 450
metabolic enzymes inhibition and induction. Population based modeling analyses including
population pharmacokinetics analysis were performed to assess the effect of covariates on
pharmacokinetics (PK) and to understand the time course of toxicities and their association with
dose or exposure.

Table 2. Summary of clinical pharmacology studies

Type of Study | Number of Studies | Studies
All Clinical Pharmacology Studies (40 studies total)

UMEC/VI a 8 DB2113208, DB2113950, DB2114635, DB2114636,
DB2114637, DB2113120, DB2113361, DB2113373
UMEC 13 AC4105209, AC4105211, AC4110106, AC4106889,

AC4108123, AC4112008, AC4113377, AC4115487,
AC4112014, AC4113589, AC4115321, AC4113073,

AC4115408
VI (including 19 B2C10001, B2C106180, B2C106181, B2C108784,
GW642444H) b B2C110165, B2C112205, DB1112146,

DB1111509/AC2111509, DB1112017, HZA102934,
HZA102936, HZA102940, HZA105548, HZA105871,
HZA111789, HZA113970, HZC111348, HCZ110946,
B2C104604

a. UMEC/VI treatment arm included in study, may also have included UMEC or VI monotherapy arms.
b. GW642444H is the H salt of GW642444 (VI is the M salt of GW642444).

Contribution of UMEC and VI to combination
-PK

The comparison of systemic PK for UMEC or VI following administration in combination from
the NDPI vs. administration as mono product is shown in Table 3. UMEC Cp is higher

in the UMEC/VI treatment arm compared with UMEC aone (30% (90% CI: 4%, 64%)). VI
AUC is higher in the UMEC/VI treatment arm compared with VI alone (21% (90% ClI: 2%,
44%)). The higher systemic exposures in combination drugs are more relevant to safety rather
than efficacy.

Table 3. Geometric mean ratios and 90% CI for comparison of systemic PK from
combination product vs. mono products

Adjusted Ratio of Adjusted 90% Cl of
Parameter  Treatment Comparison  Geometric Means Geometric Means Ratio
'(T]L.Emu \U”""S%Cr; \2'9500’ 50 meg vs. 252208 121 1.02,1.44
(C;;j"ml_) | \U”""S%Cr; \2'9500’ 50 meg vs. 500/4% 1.01 - 070,145
'(T]L.JF%E’L) \L,JSM Eﬁ g ('35%’55“20”;‘:9 624/ 576 1.08 0.74,1.59
&Tml_) 3?5%:&55355“20”;09 1299 / 996 1.30 1.04,1.64
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Rational for 62.5/25 and 125/25 qd dose regimen selection
-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 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 in patients with asthma.

Fig 1. Effect of VI on lung function (trough FEV;) across doses ranging from 3 mcg to 50

mcg QD
go?:m(stuaynms, Day29, 30%0n ICS) Asthma (study109575, Day 28, on ICS)
50% —_— ! | SR N—
g |z l @0_137 ‘ L N\0A21
g’ 12w —— 0110 . < \ » 1/ 0.130
|
2 6.25! —_— _ I

005 00 005 01 015 02 025 -02 -01 00 01 02 03 04

Difference From Placebo and 95% Confidence Interval (L)

-Dose for UMEC

Results for different UMEC doses on trough FEV1 from the four Phase 2 dose ranging studies in
subjects with COPD are summarized in Table 3, which show substantial

efficacy with UMEC 62.5 and near maximal efficacy with UMEC 125. Sponsor selected two
doses of UMEC (62.5 and 125 mcg) for further evaluation in combination with VI in the COPD

phase III program.
Table 3. Difference from Placebo for LS Mean Change from Baseline in Trough FEV1 (L) (95%
CD
Difference from Placebo for LS Mean Change from Baseline in Trough FEV1 (L) (95% CI)
by once daily UMEC dose (mcg) *
Study 15.6 31.25 825 125 250 500 1000
0.113 0.101 0.124 0.183
2%:158321 (0.058, (0.045, (0.068, (0.127,
Y 0.168) 0.158) 0.179) 0.239)
0.128 0.147 0.095 0.140 0.186
Ae11307e (0.060, 0,077, (0,027, (0.074, (0.113,
y 0.196) 0.216) 0.162) 0.205) 0.259)
0.159 0.168 0.150
AtCS ! 12289 (0.088, (0,098, (0.080,
atbay 0.229) 0.238) 0.220)
0.127 0.152
ACaTIoe (0.052, (0.076,
Y 0202) 0.220)
— s
Limited efficacy toxicity
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Following selection of doses for individual components of UMEC and V1, sponsor evaluated the
efficacy of UMEC/VI1 62.5/25 and 125/25 mcg in Phase |11 studies in COPD patients and
demonstrated that both doses showed benefit in lung function over placebo(Figure 2). Sponsor
reported that UMEC/VI 125/25 conferred some additional lung function and symptom benefit
compared with UMEC/VI 62.5/25 in the salbutamol reversible subgroup. UMEC/VI 62.5/25 was
reported to be less efficacious than UMEC/VI 125/25 in some symptomatic endpoints. Thus,
sponsor seeks approval for both UMEC/VI 62.5/25 and 125/25 strength for the treatment of
COPD.

Fig 2. COPD; Trough FEV1 (L); Integrated Studies DB2113361, DB2113373, DB2113360,
DB2113374 ITT Population

025 A

2
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E 0.15 -
S 010
S
§ 0.05
w
-
2 28 56 84 112 168169
Study Day
Placebo ] UMEC/VI 125125 B—&— UMEC 125 G—&—+f TIO +—o—=
UMECHVI 625125 A—A—ah UMEC 62.5 A—h—a V125

Dosing Frequency:

Qd vs Bid: Study AC4115321 in subjects with COPD supported the comparability of once and
twice daily dosing for UMEC (Figure 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).
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Fig 3. COPD; Change from baseline FEV1 (L) on Day 7; study AC4115321
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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

All phase II and III studies used morning dosing. The timing of dosing is not specified in the
proposed label.

Effect of intrinsic/extrinsic factors on dose

Food effect study was not conducted because the oral bioavailability for UMEC/VT is low. No
dose adjustments have been proposed based on studied intrinsic and extrinsic factors such as
weight, age, gender, and race. UMEC is a substate for CYP2D6. No clinically significant
increase in exposure was observed in CYP2D6 poor metabolizers. In patients with moderate or
severe hepatic impairment, no dose adjustment is recommended. In subjects with moderate
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hepatic impairment, UMEC systemic exposure is not increased compared with healthy subjects.
There was no effect of hepatic impairment on VI systemic exposure. For renal impairment, no
dose adjustments are recommended. Systemic UMEC exposure is not increased and systemic VI
exposure is higher in severe renal impairment patients. The increased exposure of V1 did not
increase heart rate or decrease serum potassium. Co-administration with ketoconazole (CY P3A4
inhibitor) showed modest increasesin VI systemic exposure and did not result in an increased
effect on heart rate or blood potassium. P-gp inhibitor verapamil did not significantly affect the
PK of UMEC or VI.

Effect on QT interval

As per sponsor’ s report, athorough QT study (DB2114635) demonstrated the lack of effect of
UMEC/VI1 at therapeutic dose (125/25 mcg) on the QTcF interval as compared with placebo after
10 days dosing. At a supradose of 500/100 mcg for 10 days, there was an effect on QTcF during
the first hour after dosing. The largest mean time-matched difference from placebo was 8.2 msec
(90% CI: 6.2, 10.2) at 30 minutes after dosing.

Pediatrics development plan
Since COPD is adisease of adults and has no pediatric correlate, sponsor has requested a full
waiver from the requirement to conduct pediatric research with UMEC/V1 for COPD.

Summary of PK
The PK characteristics of UMEC/V1 are summarized in Figure 5.

Oral bioavailability of both UMEC and VI islow, on average <1% and <2% respectively.
Consequently, systemic exposure for both inhaled UMEC and V1 is primarily due to absorption
of the inhaled portion of the dose delivered to the lung. Following inhaled administration of
UMEC or VI in healthy subjects,Crax Occurres at 5 to 15 minutes. The absolute bioavailability
for UMEC and VI (administered as UMEC/VI) is 13% and 27.3%, respectively. The apparent
termina phase elimination half-life of UMEC and VI following inhaled UMEC/V1 is on average
19 h and 11 h respectively.

UMEC and VI are extensively distributed, with average volumes of distribution at steady-state of
86 L and 165 L, respectively. In vitro plasma protein binding for UMEC and V1 is 89% and
94%, respectively.

UMEC is primarily metabolized by CYP2D6. VI is primarily metabolized BY CYP3A4 . Both
UMEC and VI are P-gp substrates. In humans, UMEC/V1 is eliminated primarily by metabolism
with metabolites excreting both in urine and feaces.

Steady-state for UMEC and V1 was achieved by day 10 and day 6 with once-daily dosing. Based
on AUCo.y), accumulation ranged from 1.5 to 2 fold for UMEC and 2.4 fold for VI. Population
PK analysis of Phase |1l data showed plasma UMEC and V1 concentration time profiles
following administration of UMEC/VI was best described by a two-compartment model with
first order absorption.
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Fig 5. Schematic presentation of UMEC/VI PK properties
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Summary of population based modeling analysis

UMEC/VTI 1s administered by oral inhalation and efficacy is presumed to be driven by topical
effects in the lung. Systemic exposures of UMEC 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 (heart rate) and
the association of dose with efficacy endpoint (trough FEV1).

Summary of drug-interaction studies

Effect of other drugs on UMEC/VI

Effect of co-administration of ketoconazole and verapamil on UMEC/VI exposure (AUC) and
Cumax Was evaluated. Co-administration of repeat dose inhaled VI (25 mcg once daily) and the
strong CYP3A4 and potent P-gp inhibitor ketoconazole (400 mg once daily), resulted in
increases in mean VI AUC@-+) by 90% and no change in VI C,ax. Co-administration of repeat
dose inhaled UMEC/VI (25 mcg once daily) with the moderate P-gp inhibitor verapamil resulted
n 1.4 fold higher UMEC systemic exposure(AUC) with no effect on Cppx. Co-administration of
verapamil did not affect the VI C,y.x or AUC.

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

Mid-Cycle Deliverables
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Following are the Mid-Cycle Deliverables;

= Any approvability issues

= Dose Selection

= Exposure-Response Evaluation for Safety

e Drug-drug Interaction and Extrinsic/Intrinsic Factors
e Labeling
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