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Abstract

Background This analysis aimed to characterize the pharmacokinetics (PK) of the inhaled corticosteroid (ICS) fluticasone
furoate (FF), the long-acting muscarinic antagonist umeclidinium (UMEC), and the long-acting f3,-agonist (LABA) vilanterol
(VI), administered as dual (FF/VI) or triple (FF/UMEC/VI) single-inhaler therapy to patients with asthma, and to identify
covariates that may influence the PK of each analyte.

Methods Blood samples were obtained from the phase IIIA CAPTAIN study (ClinicalTrials.gov: NCT02924688), which
evaluated the efficacy and safety of once-daily FF/UMEC/VI versus FF/VI in patients with uncontrolled asthma taking ICS/
LABA. Samples were collected at trough (defined as > 20 h after the last dose) from all subjects randomized to the six treat-
ment groups (FF/UMEC/VI 100/31.25/25 pg, 100/62.5/25 pg, 200/31.25/25 pg, 200/62.5/25 pg; FF/VI 100/25 pg, 200/25
pg) at week 24 or the early withdrawal visit. In a subset of patients, PK samples were obtained predose at week 12, and at
5-30 min, 45-90 min, and 2-3 h postdose. For each analyte, a population PK model was developed using non-linear mixed-
effects modeling. The maximum likelihood method was utilized to incorporate data below the quantifiable limit (BQL).
Final models were used to derive the area under the plasma concentration-time curve and maximum observed concentration
at steady-state for each analyte.

Results We obtained 4018, 2695, and 4032 samples from 1891, 1258, and 1891 patients, for FF, UMEC, and VI, respectively;
48%, 49%, and 50% of samples were reported as BQL for each analyte, respectively. The PK were adequately described by a
two-compartment model with first-order absorption and elimination for FF, a two-compartment model with intravenous bolus
input and first-order elimination for UMEC, and a three-compartment model with zero-order input and first-order elimina-
tion for VI. Statistically significant covariates were body weight on apparent inhaled clearance of FF, creatinine clearance
on apparent clearance and body weight on apparent inhaled volume of distribution of the central compartment for UMEC,
and race (East Asian, Japanese, and South East Asian heritage) on inhaled apparent volume of distribution of the central
compartment for VI. However, the overall effects of covariates were marginal and thus do not warrant dose adjustment. Sys-
temic exposures of FF or VI did not differ when administered as a single-inhaler triple (FF/UMEC/VI) or dual combination
(FF/VI), and were similar to those reported for patients with chronic obstructive pulmonary disease.

Conclusion Only marginal covariate effects were observed, and thus no dose adjustments are deemed necessary for FF,
UMEC, or VI. There was no difference in FF or VI systemic exposure in patients with asthma when administered as either
triple (FE/UMEC/VI) or dual therapy (FF/VI). Together with efficacy findings from the CAPTAIN study, our data support
the use of single-inhaler FF/UMEC/VI triple therapy for patients with uncontrolled asthma currently receiving ICS/LABA.
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The pharmacokinetic profile of inhaled fluticasone furo-
ate (FF) was adequately described by a two-compartment
model with first-order absorption and first-order elimi-
nation; a two-compartment model with an intravenous-
type bolus input and first-order elimination described
umeclidinium (UMEC), and a three-compartment model
with zero-order absorption and first-order elimination
adequately described vilanterol (VI).

Although weight, creatinine clearance and weight, and
race were identified as significant covariates on the PK
of FF, UMEC, or VI, respectively, their effects were mar-
ginal and thus dose adjustments were not warranted.

Systemic exposures of FF or VI were similar whether
administered as a triple therapy with UMEC via a single
inhaler (FF/UMEC/VI) or as a dual combination (FF/
VI); these findings were similar to those reported in
patients with chronic obstructive pulmonary disease.

1 Introduction

Despite adherence to inhaled corticosteroids/long-acting f3,-
agonist (ICS/LABA) maintenance therapy, approximately
30-50% of patients with asthma are still not well controlled
[1-4]. Guidelines from the Global Initiative for Asthma [5]
recommend a long-acting muscarinic antagonist (LAMA)
as add-on treatment for patients with uncontrolled asthma
currently taking medium- to high-dose ICS/LABA dual
maintenance therapy.

A single-inhaler triple therapy containing the ICS/LABA/
LAMA combination of fluticasone furoate (FF), umecli-
dinium (UMEC), and vilanterol (VI) [FF/UMEC/VI, via
dry powder inhaler] was first approved for the treatment of
chronic obstructive pulmonary disease (COPD) in 2017 [6].
The phase IITA, randomized, double-blind CAPTAIN study
(Clinical study in Asthma Patients receiving Triple therapy
in A single INhaler) was designed to investigate the safety
and efficacy of FF/UMEC/VI versus FF/VI in patients with
uncontrolled asthma, despite ICS/LABA therapy [7]. The
CAPTAIN study demonstrated that once-daily single-inhaler
FF/UMEC/VI reduced airflow obstruction and enabled more
patients to achieve asthma control, effectively reducing risk
for patients whose asthma is inadequately controlled on ICS/
LABA, with no additional safety concerns [7].
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Population pharmacokinetic (PK) models using non-
linear mixed-effects modeling have previously been devel-
oped in adults with asthma following administration of FF,
UMEQC, and VI as monotherapies or as dual therapy (FF/
VI) [8, 9]. These studies reported minimal effects of creati-
nine clearance (CR), age, race, and body weight on over-
all plasma PK, and thus no relevant dosage adjustments are
required [8, 9]. While the PK of FF, UMEC, and VI, admin-
istered as a single-inhaler triple therapy, have been charac-
terized in patients with COPD [10], the same assessments
have not been made in patients with asthma, as monotherapy
with a long-acting bronchodilator would not be appropriate.
Therefore, this analysis aimed to characterize the systemic
exposure of FF, UMEC, and VI and to assess covariates
that may influence the PK of the individual components
when administered as a triple therapy via a single inhaler to
patients with asthma.

2 Methods
2.1 Study Design

Data for this PK analysis were obtained from the CAPTAIN
study (GSK: 205715; ClincialTrials.gov: NCT02924688)
[7]. CAPTAIN was a phase IIIA, randomized, double-blind,
24- to 52-week variable duration, active-controlled, parallel-
group, multicenter, superiority study evaluating once-daily
FF/UMEC/VI versus FF/VI (both administered via the
ELLIPTA dry powder inhaler) in patients with uncontrolled
asthma receiving ICS/LABA [7]. Patients were randomly
assigned to one of six treatment arms following a 5-week
run-in/stabilization period: FF/VI 100/25, 200/25 pg;
FF/UMEC/VI 100/31.25/25, 100/62.5/25, 200/31.25/25,
200/62.5/25 pg [7].

Eligble patients were adults > 18 years of age, with a
pre-bronchodilator forced expiratory volume in 1 s (FEV))
percent predicted > 30% to < 85% and airway reversibility
(defined as an increase in FEV, of > 12% and > 200 mL
20-60 min following four inhalations of salbutamol) at
screening, an Asthma Control Questionnaire-6 score of > 1.5
(at screening and enrollment), and were required to have been
receiving > 12 weeks of maintenance ICS/LABA therapy
(stable dose of daily fluticasone proprionate > 250 pg/day
or equivalent for > 6 weeks) prior to the pre-screening
clinic visit. In addition, in the year prior to screening, eligi-
ble patients were required to have a documented healthcare
contact for acute asthma symptoms or a temporary change in
asthma therapy for the treatment of acute asthma symptoms.
Patients with a COPD diagnosis (based on the Global Initia-
tive for Chronic Obstructive Lung Disease criteria [11]), or
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other concurrent respiratory disorders, including pneumonia
and pneumonia risk factors, were excluded, along with those
who had experienced an asthma exacerbation requiring a
change in maintenance asthma therapy within 6 weeks prior
to screening. Current smokers and former smokers with a
smoking history of > 10 pack years were also excluded [7].

The study was conducted in accordance with the Declara-
tion of Helsinki, International Conference on Harmonisation
Good Clinical Practice, and applicable country-specific reg-
ulatory requirements. The protocol received approval from
applicable central or local Institutional Review Boards or
independent Ethics Committees. Written informed consent
was obtained from all patients before participation.

A glossary of PK abbreviations is included as electronic
supplementary Table 1.

2.2 Pharmacokinetic (PK) Sample Collection
and Bioanalysis

Blood samples for PK analysis of FF, UMEC, and VI were
collected at trough (defined as > 20 h after last dose) from
all patients at the week 24 study visit, or, in patients dis-
continuing treatment prematurely, the early withdrawal
visit. In a consenting subset of patients, PK samples were
obtained predose on the day of the visit at week 12 and then
postdose at each of the following three intervals: 5-30 min,
45-90 min, and 2-3 h postdose.

Plasma samples were analyzed using validated analyti-
cal methods based on solid-phase extraction followed by
high-pressure liquid chromatography with tandem mass
spectrometry, as used in previous studies [8—10], using a
150 pL aliquot of human plasma for FF and 250 pL aliquots
for UMEC and VI. The lower limit of quantification (LLOQ)
was 10 pg/mL for all three analytes, while the higher limit
of quantification was 1000 pg/mL for FF and VI, and
2000 pg/mL for UMEC.

Quality-control samples, prepared at three different ana-
lyte concentrations, were analyzed with each batch of sam-
ples against separately prepared calibration standards. For
the analysis to be acceptable, no more than one-third of the
total quality control results and no more than one-half of the
results from each concentration level were to deviate from
the nominal concentration by more than 15%. The applicable
analytical runs met all predefined run acceptance criteria.

2.3 PKPopulation Modeling

The population PK modeling and simulations were per-
formed using NONMEM v7.4.3 (ICON Development
Solutions, Ellicott City, MD, USA) under the Windows 7
Professional operating system with Intel Visual FORTRAN
Complier Professional, version 11.1, interfaced with PDx-
Pop v5.2.2 (ICON Development Solutions). Supporting

applications for data handling, exploratory diagnostics, sim-
ulation, and data summary were conducted in R v3.1.1 (The
R Foundation for Statistical Computing, Vienna, Austria).

The previously developed final population PK models [8,
9] (with covariates included) for inhaled FF, UMEC, and VI
in subjects with asthma were used as the starting point for
the structural model development. Concentration data below
the LLOQ [below the quantifiable limit (BQL)] were incor-
porated in the models using the maximum likelihood M3
methodology with the F_FLAG option in NONMEM [12].
Stochastic approximation expectation maximization with
interaction was used as the estimation method. Specifically,
the PK of FF were described by a two-compartment model
with first-order absorption and first-order elimination, with
race as a covariate on apparent clearance (CL/F); for VI, the
PK were described by a three-compartment model with zero-
order absorption and first-order elimination, with race as a
covariate on apparent volume of distribution (V1/F); and the
UMEC PK were described using a two-compartment model
with intravenous bolus input, due to fast absorption follow-
ing inhalation, with CR; as a covariate on CL/F, and age
and weight on V1/F. Monte Carlo simulations were under-
taken to first assess the ability of these earlier PK models to
describe the observed concentration versus time data from
the present study for these analyses. Further model updates
were considered by including new covariates or excluding
non-significant covariates from the model.

2.4 Covariate Analysis

For each of the three compounds, a final population PK
model including potential influential covariates was fur-
ther investigated. The covariates of interest for this study
included age, race, ethnicity (Hispanic or Latino vs. non-
Hispanic or non-Latino), sex, weight, body mass index, and
additional baseline characteristics, for example smoking sta-
tus, CR(;, and lung function status (FEV, and forced vital
capacity). Race was grouped as East Asian versus non-East
Asian (White, African American/African heritage, and oth-
ers). The covariates were introduced into the models and
selected using the same approach as described by Allen et al.
[8] when describing the PK of FF and VI as dual therapy for
patients with asthma, and by Mehta et al. [10], who reported
on the PK of FF, UMEC, and VI as triple therapy for patients
with COPD. Treatment group as a covariate was also tested
in modeling the PK of FF or VI.

2.5 Model Evaluation
For each analyte, the final PK model was evaluated by pre-
diction-corrected visual predictive checks (pcVPC) using

the parameter estimates from each model [13]. One thousand
replicates of the original datasets were simulated based on
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the model, and the 90% prediction interval (PI) was com-
puted from these simulations. The observed concentration
versus time data were overlaid onto the PI to assess the con-
cordance between the simulated and observed data. For this
evaluation, both observed concentrations reported as BQL
and model-predicted concentrations below the LLOQ were
set to a value of half the LLOQ (i.e. 5 pg/mL). Similarly,
concordance between the observed and predicted proportion
of BQL data over time was also assessed to further support
model diagnostics.

2.6 Model-Predicted Systemic Exposure

For each of the three analytes (FF, UMEC, and VI), the final
model was used to predict steady-state exposure over a 24-h
period (area under the concentration—time curve from time
zero to 24 h [AUC,,]) and the maximum plasma concentra-
tion (C,,,,) in patients with asthma. Individual AUC,, values
were derived as the ratio of dose divided by the individual
post hoc estimate of CL/F from the final population PK
model [AUC = dose/CL/F x 1000 (pg-h/mL)]. More intense
concentration—time profiles were simulated using the param-
eter estimates from the final model to derive C,,, (pg/mL)
estimates for each patient. The AUC,, and C,,,, estimates
for each analyte were summarized by treatment group, and,
for VI, by race as well.

Comparisons of the individual derived exposures for each
treatment group and FF and UMEC dose level were per-
formed using linear mixed-effects models to obtain a point
estimate for each comparison and the corresponding 90%
confidence intervals (CI). The comparison of interest was
assigned as a fixed effect with subject as a random variable.

3 Results

3.1 Patient Demographics and Baseline
Characteristics

The final dataset for population PK analysis comprised a
total of 4018 samples from 1891 patients for FF, 2695 sam-
ples from 1258 patients for UMEC, and 4032 samples from
1891 patients for VI. The week 12 PK subset comprised 579,
395, and 582 patients in the three groups, respectively. Base-
line demographics were similar across all PK datasets. The
majority of patients were White, female, and non-smokers,
with a median age of 55 years (Table 1). FEV, and CR at
baseline were also similar for all treatment groups.
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3.2 Fluticasone Furoate (FF), Umeclidinium (UMEC),
and Vilanterol (VI) Concentration-Time Data

Of the samples obtained, 48%, 49%, and 50% were reported
as BQL (i.e. below the LLOQ of 10 pg/mL for FF, UMEC,
and VI), respectively. However, at least one quantifiable con-
centration was obtained from 962, 696, and 916 subjects
for the FF, UMEC, and VI datasets, while 429, 267, and
480 subjects had more than one quantifiable concentration,
respectively; 65%, 61%, and 73% of predose concentrations
(samples taken >20 h after the previous dose) were BQL for
FF, UMEC, and VI, respectively (Table 2).

Overall, the distribution and range of the observed plasma
concentration—time data for FF was similar for both doses
across both the dual- and triple-therapy treatment groups.
For UMEC, observed plasma concentration—time data were
also similar in the triple-therapy groups for each of the two
UMEC doses. The observed plasma concentration—time data
for VI were similar across the dual- and triple-therapy treat-
ment groups (Fig. 1).

3.3 Final PK Models for FF, UMEC, and VI

A pcVPC plot with the parameter estimates from the pre-
viously reported FF model for subjects with asthma [8]
showed that the majority of the observed FF PK concen-
tration—time data from the CAPTAIN study was within
the 90% PI derived from the respective PK models for
FF (electronic supplementary Fig. la, b). FF concentra-
tions were adequately described by a two-compartment
model with first-order absorption and elimination [8] and
there was also a good agreement between observed BQL
data and the model-predicted BQL (Table 2). A review of
the interindividual variability (NONMEM interindividual
error [ETA]) versus covariate plots indicated that weight
was a significant covariate on FF CL/F. When weight was
included in the model, race was no longer a statistically
significant covariate; therefore, only weight was retained
in the final model for FF (Table 3).

The observed distribution and range of UMEC plasma
concentration—time data, as well as the observed and
model-predicted BQL data, were also consistent with the
previous PK model for UMEC [9], as demonstrated in
Table 2 and by the pcVPC plots (electronic supplemen-
tary Fig. Ic, d). UMEC concentrations were adequately
described by a two-compartment model with intravenous
bolus input and first-order elimination [9]. The effects of
weight on V1/F and CR; on CL/F, as well as the relative
bioavailability ofthe lower dose, were incorporated into
the final model for UMEC (Table 3); the effect of age was
not statistically significant and was thus removed from the
model.



Population PK Analysis of FF/UMEC/VI in Patients with Asthma 891
Table 1 Baseline FF UMEC VI
population demographics
and characteristics in the Total n (number of samples) 1891 (4018) 1258 (2695) 1891 (4032)
pharmacokinetic datasets N (%) from the week-12 subset 579 (31) 395 (31) 582 (31)
Age, years [median (range)] 55 (18-85) 55 (18-84) 55 (18-85)
Weight, kg [median (range)] 78.4 (40-202) 77.9 (41-202) 78.2 (40-202)
Sex, female [n (%)] 1179 (62) 780 (62) 1179 (62)
Race? [n (%)]
East Asian 276 (15) 182 (14) 275 (15)
White 1506 (80) 1011 (80) 1507 (80)
African American 77 (4) 47 (4) 77 (4)
Other 32(2) 18 (1) 32 (2)
Smoking status [n (%)]
Non-smoker 1534 (81) 1000 (79) 1531 (81)
Former smoker 357 (19) 258 (21) 360 (19)

FEV,, L [median (range)]
FEV,/FVC [n (%)]

>0.7

< 0.7
CR¢;, mL/min [median (range)]

1.94 (0.54-4.60) 1.95 (0.54-4.60) 1.94 (0.54-4.60)

652 (34) 448 (36) 652 (34)
1237 (65) 810 (64) 1237 (65)
104 (37.2-424) 103 (37.2-424) 103 (37.2-424)

CR; creatinine clearance, FEV, forced expiratory volume in 1 s, FF fluticasone furoate, FVC forced vital
capacity, UMEC umeclidinium, VI vilanterol

*Race is grouped as follows: East Asian: Asian—Japanese Heritage + Asian—East Asian Heritage +
Asian—South-East Asian Heritage; White: White—White/Caucasian/European Heritage + White—Ara-
bic/North-African Heritage + White—Mixed Race; African American: African American/African herit-
age; others: all remaining geographic ancestries, as well as mixed heritage

As with FF and UMEC, the majority of the observed VI
concentration—time data from the CAPTAIN study were
within the 90% PI from the previously reported model [8]
(electronic supplementary Fig. le). The PK of VI were
adequately described by a three-compartment model with
zero-order absorption and first-order elimination. Further-
more, race remained a significant covariate on VI V1/F,
and was thus included in the final VI model (Table 3).

3.4 Model-Predicted Systemic Exposure

Using the final PK models, the predicted systemic exposures
for FF or VI were comparable for FF/UMEC/VI single-
inhaler triple therapy and FF/VI single-inhaler dual therapy.
A dose-dependent increase in exposure with FF 200 pg ver-
sus 100 pg (Table 4) was observed. For UMEC, exposures
associated with the 62.5 pg versus 31.25 pg were slightly
higher than dose-proportional: the ratio of the geometric
mean AUC,, (95% CI) for the 31.25 pg UMEC dose versus
the 62.5 pg dose was 0.879 (0.853-0.907), while for C,
the ratio was 0.851 (0.815-0.889).

max?

3.5 Effect of Covariates

Population PK models identified weight as a significant
covariate on CL/F for FF, and race as a significant covari-
ate on V1/F for VI (Table 3). For UMEC, CR; and weight
identified as significant covariates on CL/F and V1/F,
respectively. However, the overall effects of the identified
covariates on the systemic exposure of FF, UMEC, and VI
were marginal (electronic supplementary Fig. 2), with the
exception of the observable difference on VI C,,, between
East Asian and non-East Asian patients (Table 5). The
model-predicted systemic exposure of VI following FF/VI
or FF/UMEC/VI administration according to race showed
that the overall geometric mean (95% CI) C,,,, in the East
Asian group (n = 275) was 147 pg/mL (143-151) compared
with 53.3 pg/mL (52.4-54.2) and 50.0 pg/mL (44.9-55.7)
for White (n = 1507) or African American (n = 77) groups,
respectively (Table 5).

4 Discussion
This population PK analysis using data from the CAPTAIN

study demonstrated that the distribution and range of the
observed plasma concentration—time data were similar
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Table 2 Comparison of observed and model-predicted proportion of below quantifiable limit observations in the pre-planned sampling windows

VI 25 pg regimen

UMEC 62.5 pg regimens

UMEC 31.25 pg regimens

FF 200 pg regimens

FF 100 pg regimens

Interval

% Predicted

% Observed % Predicted % Observed % Predicted % Observed % Predicted % Observed

% Predicted

% Observed

50 73 67
16

18
23

82 41
37

50
62

53 82
31

52
18

71

78

Predose

19

13

16
14
14

40
36
36

38

5-30 min postdose

13
26

40
59

28

45-90 min postdose
2-3 h postdose

11

12

28

FF fluticasone furoate, UMEC umeclidinium, VI vilanterol

whether FF, UMEC, or VI were administered as single-
inhaler triple therapy (FF/UMEC/VI), or FF and VI as a
single-inhaler dual therapy (FF/VI). In addition, this analysis
showed that the structure of the previously derived PK models
established for FF, UMEC, and VI during their development
as asthma therapies [8, 9] adequately described the data from
the CAPTAIN study, as demonstrated by pcVPC stimulation-
based diagnostics, where the majority of the observed FF,
UMEC, and VI PK concentration—time data lay within the
90% PI from the previously reported models for each analyte.

FF concentrations were described by a two-compartment
model with first-order absorption and elimination [8]; UMEC
concentrations were described by a two-compartment model
with intravenous bolus input and first-order elimination [9];
and VI concentrations were described by a three-compart-
ment model with zero-order input and first-order elimination
[8]. The model-predicted systemic exposure of FF, UMEC,
or VI demonstrated good agreement for each analyte between
treatment groups. For FF, there was a dose-proportional
increase in predicted systemic exposure with 100 pg versus
200 pg doses in both the dual- and triple-therapy groups, as
expected. As observed previously by Yang et al. [9], the sys-
temic exposure of UMEC was slightly higher than dose pro-
portional when comparing 62.5 pg versus 31.25 pg, although
the reasons for this are unclear. However, this observation
was not considered to be clinically relevant, since the safety
profiles of both doses of UMEC were similar [7].

For analysis of the covariates affecting the PK of each
analyte, the majority of the fixed-effect parameters in the
current models were estimated with sufficient precision, and
the model parameter estimates were similar to those previ-
ously reported following either FF, UMEC, or VI monother-
apy or dual therapy (FF/VI) in subjects with asthma [8, 9],
further confirming the robust nature of the current models.
For FF, body weight was a statistically significant covariate
on CL/F, and, for UMEC, CR(; was a statistically signifi-
cant covariate on CL/F. While the effect of body weight on
V1/F was marginal, with 95% CI including 0, this covari-
ate was retained in the model. Race (East Asian, Japanese,
and South-East Asian heritage) was a statistically significant
covariate on V1/F for VL.

In the present study, the effects of race were not statisti-
cally significant on FF CL/F after including body weight on
CL/F, in contrast to the results reported by Allen et al. [8],
where body weight was not a significant covariate on FF
CL/F but race was. This is not surprising as patients of East
Asian origin are typically lighter than other patients, and the
impact of the weight effect on FF CL/F in the present analy-
sis was similar to that of the previously reported race effect
on FF CL/F, with slightly higher FF systemic exposures for
subjects of East Asian origin [8].

CR, was a significant covariate for CL/F of UMEC,
and this effect was consistent with the previous model by
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Fig. 1 Observed concentration-
time data for (a) FF, (b) UMEC,
and (¢) VI. Dashed red line
represents the LLOQ (10 pg/
mL). FF fluticasone furoate,
LLOQ lower limit of quantifica-
tion, UMEC umeclidinium, VI
vilanterol

Yang et al. [9]. However, the impact was marginal over the
range of CR(; (37.2-424 mL/min) in this study. In addi-
tion, a previously reported study using 125 pg of UMEC or
UMEC/VIin patients with severe renal impairment (CRq.
< 30 mL/min) reported no clinically relevant increases in
systemic exposure compared with healthy volunteers, con-
firming that UMEC dose adjustments on the basis of CR,
are not warranted [14]. These findings further support our

a
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observation that the effects of CR; on UMEC PK are
unlikely to be clinically relevant [14]. Moreover, whereas
Yang et al. [9] reported that age was a significant predic-
tor of UMEC V1/F in patients with asthma, in the pre-
sent analysis, where subjects tended to be older (median
age 55 years vs. 45 years in the previous analysis), the
covariate selection indicated that age was not a signifi-
cant covariate on V1/F after adjusting for body weight.
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Table 3 Parameter estimates of

Parameter Estimate (95% CI)

the final models for FF, UMEC,

and VI FF UMEC VI
CL/F (L/h) 169 (158-181) 189 (176-202) 96.5 (90.9-103)
VI1/F (L) 1.25 FIXED 2644 (1850-3790) 545 (473-626)
V2/F (L) 265 (158-446) 6311 fixed 100 (82.3-123)
V3/F (L) NA NA 2276 fixed
Q/F (L/h) 290 fixed 973 fixed NA
Q2/F (L/h) NA NA 255 fixed
Q3/F (L/h) NA NA 136 fixed
DI (h) NA NA 0.0442 (0.0317-0.0614)
KA (h™ 1) 0.0545 (0.0488-0.0608) NA NA
F low dose® NA 0.877 (0.806-0.948) NA
Effect of weight on CL/F  0.522 (0.301-0.743) NA NA
Effect of creatinine NA 0.510 (0.390-0.630) NA

clearance on CL/F
Effect of weight on VI/F NA
Effect of race on V1/F NA

0.786 (=0.0352t0 1.61) NA
NA 0.292 (0.156-0.546)

CI confidence interval, CL/F apparent inhaled clearance, DI input duration, FF fluticasone furoate, KA
absorption rate constant, Q/F, Q2/F and Q3/F apparent intercompartmental clearance, UMEC umecli-
dinium, VI vilanterol, VI/F apparent volume of central compartment, V2/F and V3/F apparent volume of

peripheral compartments

“Estimate of relative bioavailability of UMEC 31.25 pg relative to 62.5 pug

In addition, substantially more patients were included in
this study (n = 1258) compared with the previous study
(n = 128), and thus a more robust covariate analysis was
performed with this analysis.

With regard to VI, the explanation behind the higher
C...x 1n patients of East Asian origin is unclear; however,
this finding is consistent with what was previously reported
[8]. The exact reason for this difference is unclear, but it
could be attributed to differences in the rate of lung absorp-
tion of VI between different race groups [15]. Furthermore,
there was no evidence of a difference in adverse events,
including increased heart rate, among patients in the East
Asian race category in the CAPTAIN study [7], negat-
ing the need for any compensatory dose adjustments to
be made on account of this observation in the East Asian
group. Therefore, despite being statistically significant, the
effects of weight, CR(;, and race on the PK of FF, UMEC,
or VI were all considered to be marginal and not clinically
relevant, thus no dose adjustments are deemed necessary
for each of the three analytes based on these factors.

Although it was not straightforward to directly compare
the population PK models derived in this study with those
derived from patients with COPD [10], systemic exposure
(AUC,, and C,,,,) of FF, UMEC, and VI following admin-
istration of FF/UMEC/VI 100/62.5/25 was generally similar
and overlapping between asthma and COPD populations.

For a number of individuals, FF, UMEC, and VI concen-
trations measured at predose were unexpectedly high, despite
the assessment time point (> 20 h postdose) being assumed to

A\ Adis

be a trough measurement. However, no data were available to
verify the relative time from dosing for these measurements
due to the nature of the study. A similar effect was reported in a
study using data from two phase III clinical trials, investigating
the PK of UMEC and VI when administered as single-inhaler
dual therapy or as individual monotherapies to patients with
COPD [16]. The sensitivity analysis performed in that study
demonstrated that excluding such data did not significantly
alter the PK estimates for either analyte. Consequently, by
applying that inference, all available data were utilized for the
current analyses.

5 Conclusion

The population PK analysis of data from the CAPTAIN
study showed only marginal covariate effects and no dose
adjustment requirements for FF, UMEC, or VI. There was
no difference in FF or VI systemic exposure when admin-
istered either as a single-inhaler triple therapy (FF/UMEC/
VI) or as the dual combination of FF/VI. Observed expo-
sures for FF, UMEC, or VI in patients with asthma from
this study were also similar to those previously reported
in patients with COPD. Alongside the favorable efficacy
and safety data reported from the CAPTAIN trial [7],
this PK analysis further supports the use of FF/UMEC/
VI single-inhaler triple therapy without the need for dose
adjustments, in patients with uncontrolled asthma, despite
current treatment with ICS/LABA.
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Table 4 Model-predicted systemic exposure following administration of FF/VI or FF/UMEC/VI
Treatment FF UMEC VI
Geometric mean (95% CI) Geometric mean (95% CI) Geometric mean (95% CI)
N  Cox(pg/mL)  AUC,, (pgh/ N  C,, (pg/mL) AUC,, (pg*h/ N C,(pg/mL)  AUC,, (pg h/mL)
mL) mL)
FF/VI 100/25 316 13.2(12.6-13.7) 211(201-221) NA NA NA 315 60.4 (57.2-63.8) 290 (272-309)
FF/UMEC/VI 309 15.1 (14.4-15.9) 244 (230-259) 313 15.5(14.7-16.3) 161 (156-167) 315 61.6(58.2-65.2) 272 (255-289)
100/31.25/25
FF/UMEC/VI ~ 308 14.1 (13.5-14.7) 225(214-236) 308 35.6(33.9-37.3) 362 (348-377) 308 63.0(59.7-66.5) 266 (250-283)
100/62.5/25
FF/V1 200/25 313 27.4(26.1-28.8) 443 (418-470) NA NA NA 313 61.9(58.9-65.1) 292 (273-312)
FF/UMEC/VI 317 29.7 (28.2-31.2) 486 (456-517) 311 15.1 (14.5-15.8) 158 (153-163) 313 60.6 (57.2-64.1) 262 (247-278)
200/31.25/25
FF/UMEC/VI 328 30.6 (29.1-32.2) 504 (474-535) 326 36.4 (34.2-38.8) 363 (349-378) 327 62.2(59.0-65.6) 281 (263-300)
200/62.5/25

AUC,, area under the concentration—time curve over 24 h, CI confidence interval, C,,,, maximum plasma concentration, FF fluticasone furoate,
UMEC umeclidinium, VI vilanterol

Table 5 Model-predicted systemic exposure of VI following administration of FF/VI or FF/UMEC/VI, by race category

a

Treatment

East Asian

White

Geometric mean (95% CI)

Geometric mean (95% CI)

N Crnax (pg/mL)

AUC,, (pg h/mL)

N Cmax (pg/ 'mL) AUC24 (pg h/mL)

FF/VI 100/25

48

143 (131-156)

237 (207-272)

249

51.9 (49.7-54.1)

305 (283-328)

FF/UMEC/VI 100/31.25/25 47 142 (129-157) 259 (220-304) 245 54.4 (52.0-56.9) 281 (262-302)
FF/UMEC/VI 100/62.5/25 45 152 (143-161) 264 (225-310) 255 53.9(51.8-56.1) 263 (246-281)
FF/VI1200/25 43 149 (144-155) 386 (239-342) 245 53.6 (51.5-55.7) 293 (272-316)
FF/UMEC/VI 200/31.25/25 45 151 (148-153) 254 (221-293) 256 52.3 (50.0-54.7) 265 (248-283)
FF/UMEC/VI 200/62.5/25 47 145 (133-157) 234 (208-264) 257 53.6 (51.3-56.1) 289 (268-312)
Overall VI 25 275 147 (143-151) 255 (240-270) 1507 53.3(52.4-54.2) 282 (274-291)

AUC,, area under the concentration—time curve over 24 h, CI confidence interval, C,,,, maximum plasma concentration, FF fluticasone furoate,

UMEC umeclidinium, VI vilanterol

“East Asian (Asian—Japanese Heritage + Asian—East Asian Heritage + Asian—South East Asian Heritage); White (White—White/Caucasian/
European Heritage + White—Arabic/North African Heritage + White—Mixed Race)
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